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Abstract

We report for the first time the occurrence of heteroplasmy in Grey Partridge (Perdix perdix) revealed by means of two
mitochondrial fragments. The possible serious biological and management implications of this exception to unilateral

inheritance of mMtDNA were underlined.
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The Grey Partridge (Perdix perdix Linnaeus, 1758) is a
polytypic Galliform species included in the Least Con-
cern (LC) category of the IUCN Red List of Threatened
Species at both global (Staneva and Burfield 2017) and
national scale (Peronace et al. 2012). Considering that,
to date, Grey Partridge’s population genetics is based
on mtDNA (Andersen and Kahlert 2012), and that het-
eroplasmy has been previously described specifically
in hybrids and other Galliform species (Barr et al. 2005;
Gandolfi et al. 2017), we decided to investigate the pres-
ence of this phenomenon in P, perdix.

During this research, both wild and farm animals were
analyzed (102 samples, Additional file 1); as concerns
wild animals, both present and historical (see Gandolfi
et al. 2017 for “historical” definition), P perdix samples
were characterized, whereas as to contemporary live
samples, non-invasive specimens belonged both to hus-
bandries or were sampled in nature (feather or faeces).

DNA was extracted through a specifically modified
protocol (Lucentini et al. 2010), and two mitochondrial
genes, Cytochrome Oxidase Subunit I (COI) and Con-
trol Region (CR/D-loop), were amplified (Kerr et al.
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2007; Barbanera et al. 2009) and Sanger sequencing
was outsourced for both ends of amplicons to Eurofins
Genomics.

All sequences of 561 bp for D-loop and of 334 bp for
COI were screened manually looking for double peaks in
order to evaluate the presence and to validate point het-
eroplasmy (Ramos et al. 2013). We found out that, out of
102 individuals, nine showed point heteroplasmy in the
D-loop fragment (Fig. 1A), and two in COI gene. Both
mutations are missense, causing in the first case the sub-
stitution of an Isoleucine (AUU) by a Serine (AGU) while
in the other case a Glycine (CAA) was substituted by an
Arginine (CGA).

Different haplotypes were retrieved and deposited in
GenBank (Accession Numbers MN413488—MN413500,
MT649222-MT649228 for D-loop and MN480303—
MN480304, MT649229-MT649247 for COI).

Specimens presenting clear heteroplasmic D-loop sin-
gle mutation sites and others showing electropherograms
suggesting D-loop heteroplasmy insertion/deletion, were
cloned using pGEM-T Easy vector (Promega) following
the manufacturer’s instructions. The analysis of clones
strongly confirms the presence of heteroplasmy and the
absence of any contamination. In fact, obtained clones,
when sequenced, showed two different haplotypes, con-
firming the presence of more than one mtDNA in each
cloned sample (Fig. 1B).
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the cloned samples and of two related clones (MN413488-MN413489)

Fig.1 A Examp\e of D-loop heteroplasmy in Perdix samples. Example of polymorphic site (b) (GenBank MN413492), clearly showing mtDNA
heteroplasmy compared with homoplasmic samples for this site (a) (GenBank MN413497) (c) (GenBank MN413494). B Electropherogram of one of

Furthermore, to rule out possible contaminations,
39 individuals, including the nine heteroplasmic ones,
were genotyped with a nuclear gene, the Oocyte matu-
ration factor (c-mos) using both primers appropriately
designed for this purpose (CMOS2F; F5'-3'GCTGTG
AAGCAAGTGAAGAA; CMOS2 R; R5-3’AGCCGA
AGTCTCCAATCTT) and those described by Shen
et al. (2014). The analysis of this nuclear locus never
showed any double peaks and/or signal superimposition,
thus excluding the presence of sample contamination.

Obtained related sequences were registered in GenBank
(MN442418-MN442421).

In conclusion, this study provides the first evidence
of mitochondrial heteroplasmy in Perdix perdix, a phe-
nomenon that can create some ambiguities in phyloge-
netic and evolutionary interpretations. In fact, paternal
mtDNA could lead to inaccurate estimates of divergence
times if the molecular clock is used, and could confuse
the putative haplogroup assignment. Furthermore, the
data obtained, suggesting the occurrence of hybridization
in Perdix perdix, strongly underlined the importance of
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the rapid adoption of control measures aimed to prevent
the introduction of genomes from different geographical
areas and to avoid the concrete risk of an extinction vor-
tex to which the residual, small and isolated populations
are segregated.

Further researches should focus to advance the knowl-
edge on the hybridization scheme of Perdix species and
on the possible interfertile species, to better under-
stand the evolutionary history of the species and its
management.
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