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Abstract
Deer species has both scientific research and economic value, and half of these species, however, are listed as endangered 
animals. For the conservation purpose, we designed a novel universal deer-specific PCR primer pair based on an evolu-
tionarily conservative coding sequence (i.e., CEP295NL gene) across some deer species. This primer pair was successfully 
amplified and sequenced, showing around ~ 540 bp in cervids. Validation results showed that it can be utilized to develop 
a reliable and simple diagnostic tool for distinguishing other closely related species, as well as possibly interspecific iden-
tification amongst cervids.
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Cervidae is the second largest family in Ruminantia (second 
to Bovidae) and consists of 56 species (Geist 1998). Half 
of these deer species are today red listed by the IUCN as 
vulnerable, endangered or extinct in the wild. Deer are excel-
lent models for studying evolution, biodiversity, interspe-
cies hybridization (Abernethy 2008; Derr et al. 1991), social 
organization (i.e. hierarchical status) (Bartos and Bubenik 
2011), unique organ development (i.e. fully regenerable 
antlers) (Li et al. 2009) and habitat selection (Blix 2016; 
Qiao et al. 2006). Moreover, some species (such as sika deer 
and wapiti) have the more economically values than oth-
ers (such as roe deer and muntjac). Deer meat with a low 
fat content is appreciated for its characteristic taste, and its 

consumption has been associated with positive health effects 
(Kaltenbrunner et al. 2018b). Velvet antlers are widely used 
as a famous Traditional Chinese Medicine in East Asian 
countries for many centuries. However, before applicable for 
their scientific research, conservation and detection of adul-
teration of deer production, a reliable and simple diagnostic 
tool must be developed. Here, we developed and validated a 
PCR-based assay with a universal primer pair from a single 
copy nucleus gene. Compared with the deer species-specific 
PCR primers (Kaltenbrunner et al. 2018a,  2018b; Yang 
et al. 2020), our universal PCR primer has the advantage of 
saving time and more widely application for identification 
of deer species.

In order to establish this assay, we used 12 published deer 
genomes consisting of all subfamilies, including red deer 
(Ba et al. 2020; Bana et al. 2018), Eurasian elk, roe deer (de 
Jong et al. 2020), Pere David’s deer (Zhang et al. 2018), Chi-
nese water deer (Chen et al. 2019), white-lipped deer (Chen 
et al. 2019), hog deer (Wang et al. 2019), mule deer (Russell 
et al. 2019), black muntjac (Chen et al. 2019), reeves munt-
jac (Mudd et al. 2020), white-tailed deer and reindeer (Li 
et al. 2017), and three closer non-deer species (i.e., cattle, 
sheep and goat) to retrieve evolutionary conservative cod-
ing genes for designing universal PCR primers across deer 
genomes. We obtained 4,603 orthologous coding sequences 
among these 15 species by using reciprocal BLASN match. 
These orthologs were aligned using the ClustalX v1.83 (Lar-
kin et al. 2007). Next, to design PCR primers, with the aid 
of an in-house script, we manually screened these multiple 
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alignments according to three criteria: (1) Regions for PCR 
primer design are located inside a single exon, in so doing it 
can eliminate effects of intron sequences in the actual appli-
cation (DNA samples), because a gene coding sequence is 
usually consisted of multiple exons that are separated by 
introns. Therefore, the single exon sequences to be selected 
are essential to have sufficient length (≥ 1000 bp) for design-
ing the PCR primer pairs; (2) the orthologs for designing 
PCR primers must be present in all these 12 deer species; 
(3) the selected PCR primer regions must be evolutionarily 
conserved within deer species, but not with other non-deer 
species. Based on these criteria, we focused on a gene named 
CEP295NL, consisting of only one exon with the length of 
1677 bp, and this gene is evolutionarily conservative across 
deer species. Finally, we designed a PCR primer pair based 
on two conserved regions, although they include some dis-
tinguishing polymorphisms between deer species (F: 5′-ACG​
AGC​GCC​TTC​CAT​GAA​GAC​YGG​T-3′; R: 5′-AGG​TGG​
GCT​TCC​ATC​CCC​GCT​GAA​CTT-3′) (Fig. S1).

We selected eight deer species (i.e., sika deer, wap-
iti, reindeer, Chinese water deer, samba, muntjac, Pere 
David’s deer and roe deer) that span all subfamilies and 
their closer non-deer species (i.e., cattle and goat) to test 
the PCR amplification of this primer pair. We extracted 
total genomic DNA using the DNeasy Blood and Tissue 
extraction kit (Qiagen, Valencia CA, USA). PCR amplifi-
cation was carried out in a final reaction volume of 25 µL 
composed of 2.0 µL of 10 × PCR buffer, 1.6 µL MgCL2 
(25 mM), 1.2 µL of dNTP mixture (25 mM), 2 µL each 
of universal primers (10 mM), 1 U of Taq polymerase 
(Takara Biotech Co. Ltd., Dalian, China), 2  µL DNA 
template (about 30 ng) and ultrapure water to 25 µL. The 
PCR cycler conditions used were an initial denaturation 
at 95 °C for 5 min, followed by 32 cycles of 95 °C for 
30 s, 67 °C for 30 s and 72 °C for 45 s with a final exten-
sion at 72 °C for 10 min. After resolution by 2% agarose 
gel electrophoresis and staining in ethidium bromide, the 

resulting amplicons were visualized under UV light. As 
expected, the PCRs successfully amplified a fragment of 
~ 540 bp in all tested deer species without any other vis-
ible non-specific bands (Fig. 1). For all mutations of the 
primer regions, there was one specific mutation (T536A) 
(Fig. S1) in both mule and white-tailed deer, but the muta-
tion was not confirmed by our PCR testing due to lacks of 
their DNA samples. Therefore, it is no guarantee if our 
designed primer pair could amplify these two deer species. 
Chinese water deer were also found to have two specific 
mutations (C530T and A1048G), but their DNA samples 
were available and successfully PCR-amplified, suggest-
ing that these species-specific mutations inside our primer 
binding regions could be PCR-amplified. Finally, these 
PCR products were subjected to sequencing in both direc-
tions by Sangon Biotech (Shanghai, China) Co., Ltd on an 
ABI 3500x sequencer (Applied Biosystems, USA).

Using the BLAST algorithm, we found that the nearest 
100 matches for these amplicon sequences were all from the 
CEP295NL genes, further confirming that our PCR ampli-
fications are right products. Next, a phylogenetic tree of 19 
species (including cattle, sheep and goat as outgroups) was 
inferred by using the Maximum Likelihood method and 
Hasegawa-Kishino-Yano model (Hasegawa et  al. 1985) 
employed in MEGA X (Kumar et al. 2018). The bootstrap 
consensus tree was inferred from 1000 replicates. Initial tree 
for heuristic search was obtained automatically by applying 
Neighbor-Join/BioNJ algorithms (Saitou and Nei 1987) to 
a matrix of pairwise distances estimated using the Maxi-
mum Composite Likelihood (MCL) approach (Tamura et al. 
2012), and then selecting the topology with superior log 
likelihood value (− 1531.53). Our results yielded an essen-
tially identical tree topology (Fig. 2) to the previous studies 
(Frank et al. 2016; Hassanin et al. 2012; Randi et al. 1998), 
confirming that these sequences perfectly match the phy-
logeny of deer species and is likely to be as an interspecific 
discriminating molecular marker.

Fig. 1   PCR amplification for 
10 species. 1: no DNA template 
control; 2: sika deer; 3: wapiti; 
4: reindeer; 5: Chinese water 
deer; 6: samba; 7: muntjac; 8: 
Pere David’s deer; 9: roe deer; 
10: cattle; 11: goat
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In conclusion, utilizing our universal PCR primer pair 
designed for the CEP295NL gene, we provided a good 
genetic resolution between cervids and other closely related 
species. With the additional application of sequencing 
technology, BLAST match and phylogenetic analysis, our 
approach could also be helpful for developing a reliable and 
simple diagnostic tool for the identification of deer species 
in Cervidae.
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