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Abstract 
Due to its faster evolution rate compared to nuclear genes, haploid mitochondrial DNA (mtDNA) 

is a promising species identification tool. This has led to its significant use in taxonomic and 

phylogenetic studies. While mtDNA is subject to selective constraints that prevent the 

accumulation of deleterious mutations, the prevalence of nuclear-mitochondrial fragments (known 

as NUMTs or pseudogenes) in mammals has complicated the use of mtDNA for taxonomy. In the 

present study, a pseudogene of the mitochondrial cytochrome b (Cytb) was detected in Meriones 

persicus. This pseudogene differed from its mitochondrial counterpart at 235 out of 1140 sites and 

is characterized by frame-shift mutations, indels, and accumulation of non-synonymous 

substitutions. It is the first report of the Cytb pseudogene in a jird, highlighting the risk of 

misidentifying NUMTs as authentic mtDNA and the importance of addressing this potential pitfall 

in taxonomic studies.  
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Introduction 

Rodents are known as the key components of every ecosystem as they impact the structure and 

processes of their ecosystems (Wilson et al., 2017). Rodents also influence in many ways human 
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well-being and lives in providing food, serving as pets, being agricultural pests, and the source of 

epidemiologic problems (Buckle & Smith, 1994; Plourde et al., 2017; Rabiee et al., 2018; 

Mahmoudi et al., 2022). As a result, a diverse range of disciplines and researchers regularly work 

with or on rodents, either directly or indirectly. Jirds of the genus Meriones are common 

inhabitants of the arid and semi-arid ecosystems including the Iranian plateau (Denys et al., 2017), 

posing a significant public health burden as they serve as reservoirs for numerous infectious 

diseases, including Plague, Leishmaniosis, Hepatic capillariasis, Trichinellosis, and Hymenolepsis 

(Rabiee et al., 2018). Although the species can be distinguished from the congeners through 

morphological characteristics (Darvish, 2011; Kryštufek & Vohralík, 2009), this approach is time-

consuming and requires broad taxonomic expertise. Therefore, the analysis of a mitochondrial 

DNA sequence or DNA Barcoding has become a routine in taxonomy and related fields. The 

mtDNA evolves nearly four to ten times faster than nuclear genes in animals (Brown et al., 1979; 

Lynch, 1997; DeSalle et al., 2017), and is subject to different selective pressures (Shtolz & 

Mishmar, 2019). However, genomic analysis has revealed that most eukaryotes contain mtDNA 

fragments in their nucleus, referred to as NUMTs or nuclear-mitochondrial pseudogenes which 

particularly are prevalent in mammals (DeWoody et al., 1999; Zhang et al., 2004; Jaarola & Searle, 

2004; Triant & DeWoody, 2007, 2008; Wei et al., 2022). Unlike mtDNA, nuclear copies are prone 

to the accumulation of deleterious mutations due to the absence of selective pressures (Li et al., 

1980). Consequently, there is a high likelihood of finding i) premature stop codons or frame-shift 

mutations, especially when they are long enough, ii) an accumulation of non-synonymous 

mutations, and iii) a high rate of base call admixture (Jaarola & Searle, 2004; Triant & DeWoody, 

2008; Dubey et al., 2009). Despite this fact, such signals could be diluted in various ways, so 

NUMTs can still introduce significant biases in species identification, systematics, and diversity 

estimation (Zhang & Hewitt, 1996, 2003; Triant & DeWoody, 2007; Dubey et al., 2009). 

Material and methods  

In our study on Meriones species in Iran, we utilized L7 and H6 (Montgelard et  al., 

2002), universal primers to amplify the entire cytochrome b gene (1140-bp). During 

electrophoresis, we did not observe any indication of NUMT contamination as there was only a 

single band in the 1100-1200 bp range. PCR products were purified using QIAquick PCR 

purification Kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions and 

sequenced using dye-labeled dideoxy terminator cycle sequencing with Big Dye V.3.1 (Applied 
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Biosystems, Inc). Raw sequences were checked for ambiguous sites using CodonCode Aligner 

software (CodonCode Corp.). Nucleotide translation, premature stop codon, and the presence of 

indels were checked using MEGA v7.0 (Kumar et al., 2016). The phylogenetic tree was inferred 

by the Maximum likelihood (ML) approach in IQTREE (Nguyen et al., 2015) using 1000 bootstrap 

replications to obtain the nodal supports. 

Results 

In the final alignment (n=240 sequences with 1140-bp length), five samples from NW Iran showed 

a huge mismatch with all other Cytb sequences. Although morphologically identified as Meriones 

persicus, these specimens differed from other conspecific Cytb sequences at 235 sites (20.61%) 

out of 1140-bp. Two premature stop codons were also detected at positions 406-408 (AGG) and 

positions 424-426 (AGA), indicating that these sequences are pseudogenes. Moreover, a 3-bp 

deletion at 184-186 positions and a 1-bp deletion at position 747 were observed. (Table 1). The 

examination of the base compositions indicated that pseudogenes exhibit a greater amount of non-

synonymous sites (NSS) accumulation compared to the authentic Cytb sequences in 136 M. 

persicus (NSS=76.64% versus NSS=58.39%). 

Table 1. Polymorphic positions (235-bp) were observed between the consensus Cytb sequence of 136 

samples and NUMT in Meriones persicus. A 3-bp and 1-bp deletions (highlighted in red) as well as two 

premature stop-codons were characterized in pseudogenes (highlighted in blue). see text for detailed 

information. 
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Figure 1. Maximum Likelihood tree based on Cytb sequences showing the relationship among the 

Meriones species. The remote position of the NUMT sequences is shown by a grey shadow. 

We also observed that three short Cytb sequences (533-bp) (MH384463-5) retrieved from the 

GenBank database and labeled as Meriones sp. (Hosseini et al., unpublished) from NE Iran are 

distinct from the others with 101 unique mutations. Although no stop-codons or frame-shift 
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mutations were found in these sequences, a considerable accumulation of NSS (74.94%) is an 

indicator to its origin. Further analysis revealed that these cryptic Cytb pseudogenes closely 

aligned with the pseudogenes discovered in NW Iran as they formed a single highly divergent 

clade in the ML tree (Fig. 1), with significant genetic divergence from the Meriones species 

ranging from 24-31%.  

Discussion 

Based on Cytb data, M. persicus consists of two primary clades (I and II) that are mainly allopatric 

in western and eastern Iran with >9.3% K2P divergence (Dianat et al., 2017; see also Fig. 1). In 

terms of geographic distribution, the pseudogenes found in NW and NE Iran are belonging to 

clades I and II, respectively. However, their proximity suggests that mitochondrial translocation 

occurred once in their ancestor prior to the formation of clades I and II (~1.5 Mya cf. Dianat et al., 

2017). However, there were three positions in which pseudogenes from NE were identical with 

authentic Cytb sequences but differed from pseudogenes from NW Iran. Moreover, the 

pseudogenes from NE Iran lack a 1-bp deletion at position 747 that was observed in pseudogenes 

from NW Iran (Fig. 2a). These variations can be explained under base-call admixture of the 

authentic Cytb and its nuclear copy. Finally, the sequence MH384464 from NE Iran has cytosine 

(C) at position 875, which is thymine (T) in all authentic Cytb sequences of the genus Meriones 

(n=235) and also pseudogenes from NW Iran (Fig. 2b). This variation could probably be originated 

from a bad quality sequence processing. The premature stop codons in our sequences from NW 

Iran resulted from the amino acid codons AGG and AGA which both encoded ‘Arginine’ in the 

universal genetic code, but function as stop codons in the vertebrate mitochondrial genome (Osawa 

et al., 1989). As a result, pseudogenes can produce false phylogenies (Dubey et al., 2009), 

particularly when the signals are masked by small sample size, the similarity in size of the authentic 

mtDNA and its nuclear copy, insufficient sequence length to detect frame-shift or stop codon 

mutations, and the formation of chimeric sequences due to the simultaneous amplification of both 

authentic and NUMT fragments (Fig. 3), as is the case with the pseudogenes from NE Iran. 

The present study highlights the importance of careful utilization of mtDNA sequences, especially 

incomplete and partial sequences which might result in critical errors in taxonomy. Specifically, 

misidentification of cryptic pseudogenes might drive one to classify the divergent clade as either 

an unknown Meriones or, more likely, a new gerbil, a condition that once creates a false phylogeny 

among field mice (genus Apodemus cf. Dubey et al., 2009). 
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Figure 2. Variations among NUMT sequences of Meriones persicus from NW and NE Iran (a), and an 

example of artificially generated polymorphism in sample MH384464 in position 875, the position which 

is constant not only among 235 Cytb sequences belonging to seven Meriones species, but also among other 

NUMTs in M. persicus (b). 
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Figure 3. Chromatograms of one chimeric, two authentic Cytb, and two NUMT sequences in Meriones 

persicus. 

Conclusion  

This is the first report of a full-length Cytb pseudogene in gerbils (Gerbillinae; Rodentia) 

categorized as a "duplicated pseudogene", since it has not been subject to any selection and has 

accumulated frame-shift mutations and indels (Dainat et al., 2021). This study emphasizes the 

drawback of relying on incomplete mtDNA sequences for species identification, particularly in 

fields dealing with hosts and reservoirs of zoonotic infectious diseases. Consequently, this 

discovery highlights the need for combining morphology with genetic identification and extensive 

sampling to identify potential cryptic pseudogenes in gerbils, a significant rodent group in the arid 

and semi-arid ecosystems with poorly resolved phylogeny (Chevret & Dobigny, 2005; Alhajeri et 

al., 2015; Ding et al., 2022), and considerable public health burden. 
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