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L E T T E R  T O  T H E  E D I T O R

No hybrid snowcocks in the Altai— Hyper- variable markers can 
be problematic for phylogenetic inference

1  | INTRODUC TION

According to recent genomic studies, speciation with gene flow 
seems to be more frequent than previously believed (Feder et al., 
2012; Nosil, 2008) and hybridization was suggested to play a so- far 
underestimated role in speciation processes (Abbott et al., 2013; 
Ottenburghs, 2018). Whole- genome data have detected traces of 
past gene flow between ancestors of extant species in a couple 
of vertebrate examples (Jónsson et al., 2014; Thom et al., 2018). 
However, hybrid origin of an extant species still seems to be rare 
in terrestrial vertebrates, for example, for birds, a review paper by 
Ottenburghs (2018) lists only seven hybrid species proposed to date. 
Since then, recent studies have added a few further candidate spe-
cies of possible hybrid origin to this rather short list, such as Salvin's 
prion, Pachyptila salvini (Masello et al., 2019), and Steller's eider, 
Polysticta stelleri (Lavretsky et al., 2021). Several bird species were 
shown to hybridize with more than one congener (Ottenburghs, 
2019), and as a very rare outcome of such crossings, some hybrid in-
dividuals were suggested to have derived from successive interspe-
cific and intrageneric hybridization (thus having an admixed hybrid 
genome of three species; Toews et al., 2018).

In a recent paper on the diversification of Tetraogallus snowcocks 
(Galliformes, Phasianidae), Ding et al. (2020) reported on the discov-
ery of three putative hybrid individuals that they supposed to have 
originated from a hybridization event between the Himalayan snow-
cock (T. himalayensis) and the Tibetan snowcock (T. tibetanus). These 
three birds had originally been identified as T. himalayensis by Wang 
et al. (2011) and carried to two distinct D- loop haplotypes (H35, 
H36). From Wang et al. (2011), there is no information on a depo-
sition of any specimen that would refer to these two haplotypes, 
so for the time being we must assume that Wang et al. (2011) at 
best had seen the birds and identified them as T. himalayensis based 
on their phenotype. However, in Ding et al.’s (2020) re- analysis of 
the D- loop data set by Wang et al. (2011), the two crucial T. hima-
layensis sequences (H35 and H36) clustered with T. tibetanus. Ding 
et al. (2020) took this as firm evidence of having detected previously 
undocumented hybrid specimens that must have originated from a 
putative recent event when “the male T. himalayensis hybridized with 
the female T. tibetanus.” To be precise, at this stage of analysis, Ding 

et al. (2020) were discussing two snowcock specimens that someone 
else had identified as Himalayan snowcocks, T. himalayensis, and that 
contrary to expectations, they believed to carry a mitochondrial hap-
lotype of another species- level lineage, that is, that of the Tibetan 
snowcock, T. tibetanus. This alone is not indicative of hybrid origin 
of these specimens, because there are other obvious explanations 
for this supposed mismatch between taxon assignment at GenBank 
and molecular species identification, for example a simple misiden-
tification (Tritsch et al., 2017). The result might also be indicative 
of mitochondrial introgression into a phenotypical T. himalayensis 
population with a nuclear gene pool of that species. Readers would 
therefore expect further and stronger evidence from molecular data 
for the hybrid hypothesis. However, instead Ding et al. (2020) took 
the unexpected position of the T. himalayaensis specimens in the D- 
loop tree as firm evidence of a putative hybrid population existing 
in the area of sympatry of the two putative parental species. The 
origin of that theoretical hybrid population (T. himalayensis × T. ti-
betanus) was dated back to the Early Pleistocene at about 1.83 Mya. 
Furthermore, (Ding et al., 2020) hypothesized that the extant Altai 
snowcock, T. altaicus, should have emerged from that postulated 
hybrid population. Thus, according to Ding et al. (2020), the Altai 
snowcock should be the next candidate to be added to the short-
list of avian hybrid species. They put this hypothesis to test using a 
multi- locus data set of five mitochondrial markers and four nuclear 
markers for six species (four Tetraogallus sp. and two Alectoris sp.) 
each of them represented by a single concatenated sequence.

However, a sampling that includes a single individual of a hypoth-
esized hybrid taxon and a single individual of each of the putative 
parental taxa has barely any explanatory power. Moreover, a closer 
look at the results presented by Ding et al. (2020) reveals further 
peculiarities and striking deviations from expectations on their pos-
tulated hybrid scenario.

As concerns the postulated hybrid origin of the Altai snow-
cock, their argumentation suffers from a striking inconsistency: If 
that putative hybrid form T. altaicus indeed would have originated 
from the past hybridization event assumed by Ding et al. (2020), it 
should carry the same mitochondrial lineage as the putative hybrids 
H35/H36 (or a haplotype derived from that lineage). Considering 
the ratio of mtDNA and nuclear markers of 5: 4 in the multi- locus 
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data set, we should expect a strong mitochondrial signal and thus a 
closer relationship of the putative hybrid species T. altaicus to the 
postulated female parent, that is, T. tibetanus. However, the op-
posite is the case: The multi- locus phylogeny by Ding et al. (2020) 
showed a sister- group relationship of T. altaicus and the presumed 
male parent, T. himalayensis (Ding et al., 2020: figure 2). Taking into 
account that the hybrid origin of T. altaicus under the scenario de-
veloped by Ding et al. (2020) would be realistic, extremely strong 
mito- nuclear discordance could be one (if not the sole) alternative 
explanation for this unexpected topology (Bonnet et al., 2017; 
Toews & Brelsford, 2012).

Identification of hybrid individuals using a single mitochondrial 
marker (D- loop as in case of haplotypes H35/H36) seems even less 
convincing. However, if we acknowledged the hybrid origin of these 
specimens from cross- breeding between a female T. tibetanus and 
a male T. himalayensis, then we would expect the hybrid offspring 
to carry any of the known recent haplotypes of the female paren-
tal species or at least a haplotype that was firmly nested in one of 
the parental clades. The Italian sparrow, Passer italiae, that was re-
liably shown to have originated from past hybridization between 
two sparrow species (P. domesticus, P. hispaniolensis) during the late 
Pleistocene is a perfect example: In all populations genotyped so far, 
haplotypes of the house sparrow (P. domesticus) lineage occur with 
frequencies near 100% (Hermansen et al., 2011, 2014; Päckert et al., 
2019). However, the situation in Tetraogallus snowcocks is different: 
The two putative hybrids haplotypes H35 and H36 were not “em-
bedded in the T. tibetanus clade” as, claimed by Ding et al. (2020), 
they were sister to this clade separated by a deep split dated at 
1.83 Ma from all T. tibetanus (figure 5 in Ding et al., 2020).

Finally, a cross- check of the original paper by Wang et al. (2011; 
who generated the D- loop data set and analyzed it before) reveals 
one striking deviation from the D- loop tree by Ding et al. (2020): In 
the D- loop phylogeny by Wang et al. (2011), the two sequences H35 
and H36 (originally inferred from three T. himalayaensis specimens) 
belonged to the T. himalayensis clade with full support. Thus, H35/
H36 could also represent descendants of an ancient mitochondrial 
lineage of the Himalayan snowcock. However, the conflicting po-
sition of the latter two haplotypes (H35, H36) in the two previous 
studies could be indeed due to deficient sampling, because Wang 
et al. (2011) used only two T. tibetanus sequences to root their D- 
loop phylogeny. Thus, a more comprehensive sampling of that latter 
species in Ding et al.’s (2020) study plus a different choice of more 
distantly related outgroups (Alectoris) might explain the different to-
pologies with respect to the position of haplotypes H35 and H36.

All these striking peculiarities and contradictions in Ding et al.’s 
(2020) study require further explanation; however, they have not 
been put to test yet. Therefore, I decided to re- examine their entire 
molecular data sets to evaluate reasons for (i) the mismatch of the 
position of haplotypes H35 and H36 in the D- loop trees by Ding 
et al. (2020) and by Wang et al. (2011), and (ii) the unexpected sister- 
group relationship of the putative hybrid species T. altaicus and the 
postulated male parent T. himalayensis in the multi- locus tree by Ding 
et al. (2020).

2  | METHODS

2.1 | Mitochondrial markers

To control for the position of the three putative hybrid specimens 
(haplotypes H35, H36) in the Tetraogallus tree, I downloaded the 
original D- loop sequences used by Ding et al. (2020) from GenBank. 
Because there was no information on alignment procedure in Ding 
et al. (2020), I applied the ClustalW algorithm (Higgins et al., 1994) 
in MEGAX (Kumar et al., 2018). From that first alignment, it was evi-
dent that original GenBank sequences had different lengths, because 
they were gathered from two different studies: All T. himalayensis 
were 1154– 1155 bp long (Wang et al., 2011: GenBank accession 
numbers GQ343513– GQ343549), whereas most sequences of T. ti-
betanus were shorter and comprised only 883– 884 bp of the D- loop 
(An et al., 2015: GenBank accession numbers JX136799– JX136833). 
Ding et al. (2020) did not provide information whether they cut 
down the alignment to the same sequence length or whether they 
used a full- length alignment allowing for missing data in T. tibetanus. 
Therefore, I decided to use both the full- length and the cut- down 
sequence data set for phylogenetic reconstructions.

The D- loop sequence set used by Ding et al. (2020) used for 
re- analysis contained 74 sequences: T. himalayensis haplotypes H1– 
37, T. tibetanus haplotypes H1– H35, and two outgroup sequences 
(Alectoris chukar, A. rufa; compare Table S1). For data set 1, those 
74 sequences were cut down to 890 bp, whereas data set 2 con-
tained full- length sequences in an alignment of 1163 bp with missing 
data for the last 273 bp of most T. tibetanus sequences.

A closer look revealed that the putative hybrid specimens (hap-
lotypes H35, H36) differed greatly from all other sequences only in 
a short hyper- variable region of the D- loop (about 100 bp long). In 
the cut- down alignment (890 bp), ClustalW incorporated a deletion 
(gap) at position 119 in sequences H35 and H36. However, if this 
gap is deleted and the deletion is shifted to position 139 in the 890- 
bp alignment, D- loop sequences of H35 and H36 look surprisingly 
similar to T. tibetanus sequences, whereas in other parts of the se-
quence nearly all variable sites are shared between H35, H36, and T. 
himalayensis. Thus, the sister- group relationship of H35/H36 and T. 
tibetanus might be strongly influenced by the position of a single de-
letion in the hypervariable region of the D- loop. To see whether the 
inclusion of further sequence information for the more conserva-
tive second fragment had an effect on tree topology, I downloaded 
further full- length sequences of the 1163- bp D- loop fragment of 
T. tibetanus and T. himalayensis from whole mitochondrial genomes 
from GenBank (KY766921, NC_023939, KF027439; GQ343550, 
GQ343551; KY766922) and included these in another alternative 
data set 3 (= data set 2 + the latter 6 D- loop fragments from whole 
mitogenomes; 1163 bp, n = 80 sequences).

Because manual editing of automatically aligned sequences is a 
common procedure, I took into account that Ding et al. (2020) might 
have re- edited their alignment manually. Therefore, I aligned each 
of the three data sets under two different strategies: (1) automatic 
alignment by ClustalW (under default settings; deletion at position 
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119 of the 890- bp alignment) and (2) ClustalW alignment with man-
ual editing of H35 and H36 for similarity of the hypervariable region 
with T. tibetanus (deletion at position 139; see above).

Strikingly, Ding et al. (2020) did not include a D- loop sequence of 
the putative hybrid species T. altaicus neither in the D- loop data set 
nor in the multi- locus data set, presumably because of a lack of se-
quence data for this species at that time. However, meanwhile a full 
mitochondrial genome of the Altai snowcock, T. altaicus, was pub-
lished by Kimball et al. (2021). If Ding et al.’s (2020) hypothesis on 
the hybrid origin of T. altaicus from an admixed ancestral population 
carrying the putative ancestral hybrid lineage of haplotypes H35/
H36 was reliable, then the D- loop sequence of T. altaicus should be 
closely related to the latter two haplotypes. Furthermore, a clade 
uniting H35/H36 and T. altaicus should be sister to (or embedded 
in) a clade of the putative female parent T. tibetanus (compare Ding 
et al., 2020). To verify their hypothesis on the phylogenetic relation-
ships of T. altaicus, I repeated single- locus and multi- locus analyses 
with the D- loop sequence of T. altaicus included.

To check whether other mtDNA markers would support a similar 
branching pattern like the D- loop, I also used a cytochrome b data 
set (from Ruan et al., 2010) for comparison of intra-  and interspecific 
diversification (Table S2).

2.2 | Multi- locus sequence data

To control for the position of the putative hybrid form T. altaicus in 
the Tetraogallus tree, I downloaded original sequences included in 
the multi- locus- data set of 9 loci by Ding et al. (2020) from GenBank 
(Table S3). During multi- locus alignment preparation, I realized that 
ND2 sequences of the two outgroup species Alectoris rufa and A. 
chukar (DQ307002, FJ752426) were nearly identical. This appeared 
rather unreliable, because the two coding mtDNA markers (COI and 
cytb) differed greatly among the two species and so did the non- 
coding mtDNA markers (D- loop, 12S rRNA). Because Ding et al. 
(2020) used the split among these two outgroup species for time 
calibration of their multi- locus phylogeny, I assumed a notable ef-
fect of that mismatch among mtDNA markers on divergence times. 
Indeed, divergence time estimates by Ding et al. (2020: figures 2 
and 4)) inferred from the multi- locus tree are nearly twice as old as 
those inferred from their time- calibrated D- loop tree. No plausible 
explanation for such divergence was provided by Ding et al. (2020); 
however, we might assume that this could be due to the use of an 
inappropriate ND2 sequence for one of the outgroups. Therefore, 
I downloaded a comprehensive data set of ND2 sequences for 
Alectoris and Tetraogallus to control for the position of the two par-
tridge outgroup sequences DQ307002, FJ752426 (Table S4).

2.3 | Inference of phylogeny

For Bayesian inference of phylogeny using BEAST v.1.8.1 (Drummond 
et al., 2012), I applied exactly the same settings as provided in Ding 

et al. (2020): MCMC chain length of 50 Mio generations, sampling 
every 1000th generation, and a burn- in of 10% applied. I also re-
ferred to the same time calibration as Ding et al. (2020) who as-
sumed a fixed node age for the time of the most recent common 
ancestor (tmrca) of the two partridge species used as outgroups: 
2.84 Ma for the split between Alectoris chukar and A. rufa, mean 
tmrca prior starting value, SD = 0.01 (compare Ding et al., 2020). 
Following Ding et al. (2020), I applied the HKY + I + G to the D- loop 
data set. Though Ding et al. (2020) claimed that they had a priori 
identified “best partition schemes for the dataset,” they applied a 
single model (GTR + I) across all 9 loci of the multi- locus data set. 
Because they stated that they had used concatenated sequence data 
for Bayesian inference of phylogeny with BEAST, I must assume that 
they treated their entire multi- locus alignment as a single partition. 
Although there are more appropriate alternatives for partitioning of 
a multi- locus data set including coding and non- coding mtDNA and 
nuclear markers, I decided to stick closely to Ding et al.’s (2020) pro-
tocols and treated the whole multi- locus data set as one partition.

Moreover, Ding et al.’s (2020) hypothesis of a hybrid origin of 
T. altaicus was based on the assumption that the putative hybrids 
must carry haplotypes of the mitochondrial lineage of T. tibetanus 
(because they were supposed to have emerged from hybridization 
between a male T. himalayensis and a female T. tibetanus). Strikingly, 
T. altaicus was sister to T. himalayensis in the multi- locus tree by Ding 
et al. (2020) and not to T. tibetanus. If there was any support for Ding 
et al.’s (2020) theory of a hybrid origin of T. altaicus, then this tree 
topology can only have arisen from an extremely strong signal of 
the nuclear markers that would have masked the mitochondrial sig-
nal (sister- group relationship with T. altaicus and the putative female 
parent species T. tibetanus). This can be doubted, because together 
the nuclear markers comprised only about half as many base pairs 
as the mitochondrial markers, thus nuclear markers made up only 
about one third of Ding et al.’s (2020) concatenated alignment. To 
control for such an effect, I performed phylogenetic reconstructions 
for separate data sets of mtDNA (COI, cytb, ND2, 12S rRNA, and D- 
loop) and nuclear markers (CLTC, CLTC1, EEF2, RHO; compare Table 
A1 in Ding et al., 2020). I had to remove T. caspicus from the nuclear 
data set, because none of the nuclear markers was available for that 
species. When according to the model settings in Ding et al. (2020) 
the GTR + I model was applied to the nuclear data set, BEAST runs 
were always aborted due to a numerical likelihood error, no matter 
which prior settings were modified. I had to apply the simpler HKY 
+ I + G model (that Ding et al., 2020 had selected for single- locus 
analysis of the D- loop data set) and include Francolinus swainsonii 
as a further outgroup in accordance with the tree topology in Wang 
et al. (2013). Then, BEAST ran smoothly for 50 Mio generations for 
the set of four concatenated nuclear loci.

To check for adequate ESS values for all parameters, I used 
TRACER v. 1.4 (Rambaut & Drummond, 2007).

Apart from Bayesian inference of phylogeny with BEAST, Ding 
et al. (2020) did not consider any alternative reconstruction methods. 
As a control, I used a maximum- likelihood approach using RaxML 
(Stamatakis, 2006, 2014) with the GTR + I + Г model applied for tree 

info:refseq/DQ307002
info:refseq/FJ752426
info:refseq/DQ307002
info:refseq/FJ752426


     |  16357LETTER TO THE EDITOR

reconstruction with all data sets and alignments. All obtained phylo-
grams were edited in FIGTREE vers. 1.4.2 (Rambaut, 2009).

For illustration of mitochondrial lineage differentiation, I re-
constructed unrooted minimum spanning networks with PopART 
(http://popart.otago.ac.nz) and with TCS (Clement et al., 2000) 
to check for a potential effect of gaps in the D- loop alignment. 
For calculation of uncorrected pairwise distances between spe-
cies and intraspecific mitochondrial lineages, I used MEGAX 
(Kumar et al., 2018).

3  | RESULTS

3.1 | Mitochondrial markers

Figure 1 shows a comparison of six independent runs with BEAST 
(Figure 1a) and RaxML (Figure 1b) using two different alignment op-
tions (CLUSTAL W with and without manual editing of sequences 
H35 and H36) for three data sets: 1 = Ding et al.’s (2020) sampling, 
n = 74, length 890 bp; 2 = Ding et al.’s (2020) sampling, n = 74, 
1163 bp; 3 = Ding et al.’s (2020) sampling plus further mitogenome 
data for T. tibetanus and T. himalayensis, n = 80, length 1163 bp. Only 
one out of six Bayesian trees matched the D- loop tree topology 
shown in Ding et al. (2020) with the same full support for a sister- 
group relationship of H35 and H36 with T. tibetanus (Figure 1, node 
I): That tree was inferred from the 890- bp alignment 2 with manual 
correction for similarity with T. tibetanus in the hypervariable region. 
Node support for this relationship decreases in runs with full- length 
D- loop sequences to poor Bayesian support of 0.49 when further 
full- length sequences of T. tibetanus were added to data set 3 in a 
manually edited alignment (Figure 1, node I). BEAST runs based on 
the automatic alignment of data sets 1, 2, and 3 did not confirm the 
sister- group relationship of H35 and H36 with T. tibetanus, nor did 
any of the six RaxML reconstructions (Figure 1, nodes II). All of these 
showed the same sister- group relationship of H35 and H36 with T. 
himalayensis.

The manually edited 890- bp alignment of D- loop sequences 
contained 80 variable sites of which 63 were parsimony- informative 
(the two Alectoris outgroup taxa excluded). Among the latter, 26 
parsimony- informative sites were located within the region between 
site 101 and 138, that is, 41% of the total parsimony- informative sites 
were accumulated in a hypervariable region of only 37 bp length. 
When the entire first fragment including that hypervariable region 
was cut off, the remaining fragment (751 bp length) contained 37 
variable sites (the two Alectoris outgroup taxa excluded) of which 28 
were parsimony- informative. At those parsimony- informative sites, 

sequences H35 and H36 shared ten (out of 28) substitutions with all 
T. himalayensis, whereas only one substitution with T. tibetanus and 
another strongly diversified T. himalayensis haplotype H37. When 
only that last fragment of the D- loop (751 bp without the hypervari-
able region) was analyzed (including sequence information for the 
putative hybrid form T. altaicus), H35 and H36 were sister to T. hima-
layensis with full support from Bayesian posterior probabilities and 
moderate support from likelihood bootstrap (Figure 2, Figure S1). 
Due to removal of the hypervariable region, the number of distinct 
D- loop haplotypes decreased from 73 to 36 (T. himalayensis, n = 18; 
T. tibetanus, n = 15; T. altaicus, n = 1). To avoid inflation of the data set 
and a possible effect of duplicate identical sequences, the analysis 
was repeated with the remaining 35 distinct haplotypes. Removal 
of duplicate haplotypes had no effect on likelihood bootstrap val-
ues; however, it evoked a notable decrease of node support from 
Bayesian posterior probabilities (except for the node uniting clades 
A, B1, and B2 of T. himalayensis; Figure 2). Nevertheless, a sister- 
group relationship of the supposed hybrid lineage H35/H36 or of 
the supposed hybrid species T. altaicus with the putative female par-
ent T. tibetanus was not supported in any run with BEAST or RaxML 
based on the second conservative fragment (751 bp; Figure 2, Figure 
S1). The Altai snowcock, T. altaicus, was firmly nested in T. himalay-
ensis; however, its relationships with clades A, B1, and B2 of the lat-
ter species were conflicting among phylogenetic reconstructions; 
for example, in the Bayesian tree T. altaicus was sister to clade B1 
(Figure 2), in the RaxML tree it was nested in clade B2 (not shown).

Comparison of minimum spanning networks showed that man-
ual editing of D- loop sequences placed H35 and H36 between hap-
lotype clusters of T. himalayensis and T. tibetanus (Figure 3, for data 
set 1, 890 bp, manually edited alignment: minimum distance of 21 vs. 
12 substitutions; 25 vs. 16 substitutions in the TCS network when 
gaps were treated as a 5th character, Figure S2). Due to the position of 
H35/H36 closer to T. tibetanus and to the greater diversification of the 
T. himalayensis cluster (groups A, B, C, and T. altaicus linked to group 
A; Figure 3), mean uncorrected p- distances were higher for pairwise 
comparisons between H35/H36 and T. himalayensis (2.7% < p- dist < 
3.6%) as for comparisons between H35/H36 and T. tibetanus (p- dist 
= 1.9%: Table 1, above diagonal). This is a clear effect of the hyper-
variable region, because removal of the first 139 bp from the D- loop 
alignment yielded a much closer relationship of H35 and H36 with the 
T. himalayensis cluster (Figure 3: minimum distance H35/H36: T. hima-
layensis = 4 substitutions; H35/H36: T. tibetanus = 11 substitutions; 
4 vs. 13 substitutions in the TCS network when gaps were treated as 
a 5th character, Figure S2). Accordingly, pairwise distances between 
H35/H36 and the putative female parent T. tibetanus inferred from 
the second conservative D- loop fragment alone were about 2 to 3 

F I G U R E  1   Phylogenetic relationships of enigmatic haplotypes H35 and H36 inferred from three different data sets of mitochondrial 
D- loop sequences (1= 890 bp, n = 74; 2= 1163 bp, n = 74; 3= 1163 bp, n = 80) based on two different alignment procedures (automatic 
alignment by ClustalW (left) and automatic alignment plus manual editing of the hypervariable region of sequences H35 and H36 (right) 
using two different methods: (a) Bayesian inference of phylogeny; time- calibrated node Alectoris (mean age = 2.84 Ma; below RaxML, node 
support inferred from 1000 bootstrap replicates); (b) maximum- likelihood using RaxML; node support inferred from all three data sets 
indicated as shown in the figure; asterisk indicates full support; diamonds indicate nodes supporting a sister- group relationship of specimens 
H35/H36 with either T. tibetanus (diamond I) or T. himalayensis (diamond II)

http://popart.otago.ac.nz
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times greater (p- dist = 1.6%) than those between H35/H36 and each 
of the three intraspecific mitochondrial lineages of T. himalayensis 
(0.5% < p- dist < 0.9%; Table 1, below diagonal).

Both the D- loop and the cyt- b data confirmed the existence 
of several intraspecific splits among mitochondrial lineages of the 
Himalayan snowcock, T. himalayensis (Figure 3, Figure S3). In both 
data sets, mean intraspecific divergence within T. himalayaensis was 
greater than mean interspecific divergence between the latter spe-
cies and T. altaicus (Figure 3, Figure S3; Table 1). This is another rea-
son why resolution of phylogenetic relationships was problematic 
for a deeply divergent mitochondrial lineage of T. himalayensis like 
H35/H36, particularly when phylogenetic inference was based on a 
hypervariable marker like the D- loop.

3.2 | Multi- locus data set

Separate tree reconstructions for concatenated mtDNA and nu-
clear markers showed that T. altaicus carried a mitochondrial line-
age that was closely related to T. himalayensis (not to the postulated 
female parent T. tibetanus), however, with poor support (Figure 4). 
Both species formed a fully supported monophyletic clade with 
the Caspian snowcock (T. caspius; Figure 4). In contrast, the nuclear 
maker set supported a closer relationship of T. altaicus with T. tibeta-
nus (Figure 4). Inclusion of the newly available D- loop sequence for 
T. altaicus (that was missing from the data set used by Ding et al., 
2020) did not change neither tree topology nor node support values 
(not shown). None of the mitochondrial markers analyzed separately 
confirmed Ding et al.’s (2020) hypothesis on a closer relationship of 
the Altai snowcock, T. altaicus, with the postulated female parent, T. 
tibetanus (see above).

Comparison of ND2 sequences showed that the Alectoris rufa 
sequence DQ307002 Ding et al. (2020) had selected for multi- locus 
analyses was firmly nested in the A. chukar clade (Figure S4). Thus, 
their two outgroup species used for time calibration were unnatu-
rally similar in one mtDNA marker, which as a consequence led to un-
reliably ancient divergence time estimates among snowcock species 
(Table 2). When the inappropriate outgroup sequence DQ307002 
was replaced by another sequence that represented the true A. rufa 
lineage, divergence time estimates for all nodes decreased as ex-
pected (Table 2).

4  | DISCUSSION

Re- examination of D- loop sequence data from Ding et al. (2020; and 
Wang et al., 2011) reliably showed that the unexpected position of 

samples H35 and H36 in the Tetraogallus tree was strongly affected 
by alignment procedure and the position of gaps in a hypervariable 
region (compare Swain, 2018). As a consequence, the sister- group 
relationship of H35 and H36 with T. tibetanus— the sole argument by 
Ding et al. (2020) for the putative hybrid status of the three speci-
mens carrying those haplotypes— was strongly supported by only 
one out of six runs with BEAST and by none of the six maximum- 
likelihood trees inferred from RaxML analysis.

Although the control region generally appeared to perform 
equally well for phylogenetic reconstructions as other mitochon-
drial genes (such as cytochrome b for example in Galliformes; Randi 
et al., 2001), the hypervariable domains I and II can be considerable 
sources of error in alignments and thus lead to incorrect tree topol-
ogies. Particularly the phylogenetic signal of gaps and their position 
in an alignment can have a strong effect on phylogenies (Dessimoz 
& Gil, 2010; Lutzoni et al., 2000), even more when shifts of larger 
sequence fragments are associated with gap positions, like in our 
snowcock example. Moreover, characteristically strong intraspecific 
variation of the hypervariable D- loop can be associated with tandem 
repeats (such as in bush tits; Wang et al., 2015) which furthermore 
complicates sequence alignment. In fact, for hypervariable genetic 
markers alignment strategy can have a considerable effect on tree 
topologies (e.g., 12S rRNA of birds; Espinosa de los Monteros, 2003). 
To ensure alignment accuracy, removal of hypervariable regions from 
alignments prior to phylogenetic reconstruction is therefore a com-
monly applied strategy, for example, for D- loop sequences (Robins 
et al., 2010) or other hypervariable markers like 16S rRNA (Anthes 
et al., 2008). Removing ambiguously aligned parts from alignments 
can even make sense for phylogenetic analysis of protein sequence 
data sets (Talavera & Castresana, 2007). According to these expec-
tations, removal of the first hypervariable D- loop fragment from the 
alignment resulted in a fully supported monophyletic T. himalayensis 
including sequences H35 and H36.

In fact, Ding et al. (2020) did not discover previously unknown 
hybrid snowcocks, because haplotypes H35 and H36 just repre-
sent another deeply split mitochondrial lineage of the genetically 
diverse Himalayan snowcock, T. himalayensis (Figure 1, clades A, B1, 
B2; compare Wang et al., 2011). Strong intraspecific variation of the 
Himalayan snowcock was corroborated by two strongly diverged cy-
tochrome b lineages of T. himalayensis (Figure 3) and by a recent mi-
crosatellite study (An et al., 2020). Strikingly, the strong intraspecific 
diversification of T. himalayensis does not seem to be associated with 
phylogeographic structure: Although lineage HIM1 was exclusively 
found in T. h. grombczewskii from the Kunlun Mountains, and T. h. 
koslowi from Qinghai, several haplotypes from the central T. himalay-
ensis cluster were found within the range of these two subspecies, 
too. Range- wide admixture of distinctive mitochondrial lineages and 

F I G U R E  2   Time- calibrated phylogeny of Tetraogallus snowcocks based on the second conservative fragment of the D- loop excluding the 
hypervariable region (751 bp; sequence information for the putative hybrid species, T. altaicus); node support values from Bayesian posterior 
probabilities and maximum- likelihood bootstrap indicated above and below nodes; support values are shown for independent runs with 
BEAST and RaxML for (1) all samples included (n = 75), (2) each distinct haplotype represented by only one sequence (black numbers at tip 
clades) and duplicate haplotypes deleted (gray numbers at tip clades; total n= 38); the Alectoris outgroup clade was deleted from the tree

info:refseq/DQ307002
info:refseq/DQ307002
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local sympatry of individuals belonging two different haplogroups 
was described for other Palearctic birds, such as the common red-
start, Phoenicurus phoenicurus (Hogner et al., 2012), or the long- 
tailed tit, Aegithalos caudatus (Zink et al., 2008).

In the end, from the results presented in Ding et al. (2020), there 
is no evidence of a possible hybrid status of the two specimens H35 
and H36 nor is there any evidence of a hybrid origin of the Altai 
snowcock, T. altaicus. The lesson learnt from this case study is that 

F I G U R E  3   Minimum spanning 
networks of the D- loop for data set 1 
(890 bp, n = 74) based on the manually 
edited alignment that yielded the same 
tree topology as shown in Ding et al. 
(2020); full fragment of 890 bp including 
the hypervariable region (above); 
shorter conservative fragment of 751 bp 
excluding the hypervariable region (below)

T. altaicus

T. himalayensisT. himalayensis T. tibetanus

H35/ H36

A

B1

B2

890 bp including hypervariable region

751 bp excluding hypervariable region

T. himalayensis

T. altaicus
T. tibetanus

H35/ H36

TA B L E  1   Uncorrected genetic distances (p- dist.) between divergent mitochondrial lineages of the Himalayan snowcock (Tetraogallus 
himalayensis) and close relatives (T. altaicus, T. caspicus, and T. tibetanus); separate calculations for and for the cytochrome b data set and the 
D- loop data set (below diagonal = 751 bp without the hypervariable region; above diagonal=890 manually edited alignment; missing data for 
T. caspicus; pairwise comparison among H35/H36 and the putative female parent T. tibetanus in bold)

Cytochrome b

himalayaensis caspius altaicus HIM1 HIM2

himalayensis – 

altaicus 0.0167 – 

caspius 0.0239 0.0285 – 

HIM1 0.0339 0.0388 0.0452 – 

HIM2 0.0505 0.0593 0.0667 0.0748 – 

tibetanus 0.0632 0.0645 0.0703 0.0769 0.086

D- loop

HIM A HIM B1 HIM B2 H35/36 altaicus tibetanus

HIM A – 0.0199 0.0162 0.0274 0.0293 0.0388

HIM B1 0.00882 – 0.0168 0.0309 0.0331 0.0402

HIM B2 0.00528 0.00639 – 0.0321 0.0336 0.0434

H35/36 0.00706 0.00721 0.00623 – 0.0363 0.0189

altaicus 0.01755 0.01522 0.01335 0.01603 – 0.0449

tibetanus 0.02188 0.02098 0.02091 0.01618 0.02716 – 
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results inferred from mitochondrial markers (in particular from those 
including hypervariable regions) require a thorough quality check 
(see Botero- Castro et al., 2016), moreover if specimens are not avail-
able and like in the snowcock example any information on taxonomic 
assignment of DNA sequences is inferred from GenBank information 
only (compare Hofstetter et al., 2019).
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TA B L E  2   Divergence time estimates for nodes of the Tetraogallus snowcock tree inferred by Ding et al. (2020) from their multi- locus 
data set (9 loci) and from the D- loop data set compared to re- analysis of Ding et al.’s (2020) original multi- locus data set including the wrong 
ND2 sequence for Alectoris rufa and an alternative data set including a correct ND2 sequence for A. rufa; nodes: crown = T. himalayensis, T. 
caspicus, T. altaicus; sister = terminal sister species T. himalayensis, T. altaicus

Nodes

Ding et al. (2020) This study

9 loci D- loop

9 loci, wrong ND2 9 loci, correct ND2

Mean 95% HPD Mean 95% HPD

Root 23.06 12.18 20.51 [8.86– 29.36] 16.2 [7.46– 22.31]

Tetraogallus 5.91 3.54 5.88 [2.48– 8.60] 4.62 [2.31– 6.79]

Crown 2.28 – 2.16 [0.98– 3.48] 1.70 [0.77– 2.62]

Sister 1.95 – 1.83 [0.87– 2.73] 1.22 [0.73– 2.13]



     |  16363LETTER TO THE EDITOR

currently discussed future restrictions of access to digital sequence 
information (DSI) under the regulations of the Nagoya Protocol.

CONFLIC T OF INTERE S T
None to declare.

AUTHOR CONTRIBUTION
Martin Päckert: Conceptualization (equal); Formal analysis (equal); 
Methodology (equal); Validation (equal); Visualization (equal); 
Writing- original draft (equal); Writing- review & editing (equal).

DATA AVAIL ABILIT Y S TATEMENT
All sequence data used in this study are available at GenBank. For 
information on sequence data sets accession numbers, please refer 
to information provided in the Methods and to the full documenta-
tion of the sequence data sets in Tables S1– S4.

Martin Päckert

Senckenberg Natural History Collections, Museum of Zoology, 
Dresden, Germany

Correspondence
Martin Päckert, Senckenberg Natural History Collections, 

Museum of Zoology, Königsbrücker Landstraße 159, 01109 
Dresden, Germany.

Email: martin.paeckert@senckenberg.de

ORCID
Martin Päckert  https://orcid.org/0000-0001-5045-0139 

R E FE R E N C E S
Abbott, R., Albach, D., Ansell, S., Arntzen, J. W., Baird, S. J. E., Bierne, 

N., Boughman, J., Brelsford, A., Buerkle, C. A., Buggs, R., Butlin, 
R. K., Dieckmann, U., Eroukhmanoff, F., Grill, A., Cahan, S. H., 
Hermansen, J. S., Hewitt, G., Hudson, A. G., Jiggins, C., … Zinner, D. 
(2013). Hybridization and speciation. Journal of Evolutionary Biology, 
26, 229– 246. https://doi.org/10.1111/j.1420- 9101.2012.02599.x

An, B., Zhang, L. X., Liu, N. F., & Wang, Y. (2015). Refugia persistence of 
Qinghai- Tibetan plateau by the cold- tolerant bird Tetraogallus tibet-
anus (Galliformes: Phasianidae). PLoS One, 10, e0121118. https://
doi.org/10.1371/journ al.pone.0121118

An, B., Zhang, L., Wang, Y., & Song, S. (2020). Comparative phylogeogra-
phy of two sister species of snowcock: impacts of species- specific 
altitude preference and life history. Avian Research, 11, 1. https://
doi.org/10.1186/s4065 7- 019- 0187- 0

Anthes, N., Schulenburg, H., & Michiels, N. K. (2008). Evolutionary links 
between reproductive morphology, ecology and mating behavior 
in opisthobranch gastropods. Evolution, 62(4), 900– 916. https://doi.
org/10.1111/j.1558- 5646.2008.00326.x

Bonnet, T., Leblois, R., Rousset, F., & Crochet, P. A. (2017). A reassess-
ment of explanations for discordant introgressions of mitochon-
drial and nuclear genomes. Evolution, 71(9), 2140– 2158. https://doi.
org/10.1111/evo.13296

Botero- Castro, F., Delsuc, F., & Douzery, E. J. P. (2016). Thrice better 
than once: Quality control guidelines to validate new mitogenomes. 

Mitochondrial DNA, 27, 449– 454. https://doi.org/10.3109/19401 
736.2014.900666

Clement, M., Posada, D., & Crandall, K. A. (2000). TCS: A computer 
program to estimate gene genealogies. Molecular Ecology, 9, 1657– 
1659. https://doi.org/10.1046/j.1365- 294x.2000.01020.x

Dessimoz, C., & Gil, M. (2010). Phylogenetic assessment of alignments 
reveals neglected tree signal in gaps. Genome Biology, 11(4), R37. 
https://doi.org/10.1186/gb- 2010- 11- 4- r37

Ding, L., Liao, J., & Liu, N. (2020). The uplift of the Qinghai- Tibet Plateau 
and glacial oscillations triggered the diversification of Tetraogallus 
(Galliformes, Phasianidae). Ecology and Evolution, 10, 1722– 1736. 
https://doi.org/10.1002/ece3.6008

Drummond, A. J., Suchard, M. A., Xie, D., & Rambaut, A. (2012). Bayesian 
phylogenetics with BEAUti and the BEAST 1.7. Molecular Biology 
and Evolution, 29, 1969– 1973. https://doi.org/10.1093/molbe v/
mss075

Espinosa de los Monteros, A. (2003). Models of the primary and sec-
ondary structure for the 12S rRNA of birds: A guideline for se-
quence alignment. DNA Sequence, 14(4), 241– 256. https://doi.
org/10.1080/10425 17031 00014 9066

Feder, J. L., Egan, S. P., & Nosil, P. (2012). The genomics of speciation- 
with- gene- flow. Trends in Genetics, 28(7), 342– 350. https://doi.
org/10.1016/j.tig.2012.03.009

Hermansen, J. S., Haas, F., Trier, C. N., Bailey, R. I., Nederbragt, A. J., 
Marzal, A., & Sætre, G. P. (2014). Hybrid speciation through sorting 
of parental incompatibilities in Italian sparrows. Molecular Ecology, 
23, 5831– 5842. https://doi.org/10.1111/mec.12910

Hermansen, J. S., Sæther, S. A., Elgvin, T. O., Borge, T., Hjelle, E., & Sætre, G.- 
P. (2011). Hybrid speciation in sparrows I: Phenotypic intermediacy, 
genetic admixture and barriers to gene flow. Molecular Ecology, 20, 
3812– 3822. https://doi.org/10.1111/j.1365- 294X.2011.05183.x

Higgins, D., Thompson, J., Gibson, T., Thompson, J. D., & Gibson, T. J. 
(1994). CLUSTAL W: Improving the sensitivity of progressive mul-
tiple 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

Hofstetter, V., Buyck, B., Eyssartier, G., Schnee, S., & Gindro, K. (2019). 
The unbearable lightness of sequenced- based identification. Fungal 
Diversity, 96, 243– 284. https://doi.org/10.1007/s1322 5- 019- 
00428 - 3

Hogner, S., Laskemoen, T., Lifjeld, J. T., Porkert, J., Kleven, O., Albayrak, 
T., Kabasakal, B., & Johnsen, A. (2012). Deep sympatric mitochon-
drial divergence without reproductive isolation in the common red-
start Phoenicurus phoenicurus. Ecology and Evolution, 2(12), 2974– 
2988. https://doi.org/10.1002/ece3.398

Jónsson, H., Schubert, M., Seguin- Orlando, A., Ginolhac, A., Petersen, 
L., Fumagalli, M., Albrechtsen, A., Petersen, B., Korneliussen, T. 
S., Vilstrup, J. T., Lear, T., Myka, J. L., Lundquist, J., Miller, D. C., 
Alfarhan, A. H., Alquraishi, S. A., Al- Rasheid, K. A. S., Stagegaard, 
J., Strauss, G., … Orlando, L. (2014). Speciation with gene flow in 
equids despite extensive chromosomal plasticity. Proceedings of the 
National Academy of Sciences, 111(52), 18655– 18660. https://doi.
org/10.1073/pnas.14126 27111

Kimball, R. T., Guido, M., Hosner, P. A., & Braun, E. L. (2021). When 
good mitochondria go bad: Cyto- nuclear discordance in landfowl 
(Aves: Galliformes). Gene, 801, 145841. https://doi.org/10.1016/j.
gene.2021.145841

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: 
Molecular Evolutionary Genetics Analysis across computing plat-
forms. Molecular Biology and Evolution, 35, 1547– 1549. https://doi.
org/10.1093/molbe v/msy096

Lavretsky, P., Wilson, R. E., Talbot, S. L., & Sonsthagen, S. A. (2021). 
Phylogenomics reveals ancient and contemporary gene flow con-
tributing to the evolutionary history of sea ducks (Tribe Mergini). 

mailto:﻿￼
https://orcid.org/0000-0001-5045-0139
mailto:martin.paeckert@senckenberg.de
https://orcid.org/0000-0001-5045-0139
https://orcid.org/0000-0001-5045-0139
https://doi.org/10.1111/j.1420-9101.2012.02599.x
https://doi.org/10.1371/journal.pone.0121118
https://doi.org/10.1371/journal.pone.0121118
https://doi.org/10.1186/s40657-019-0187-0
https://doi.org/10.1186/s40657-019-0187-0
https://doi.org/10.1111/j.1558-5646.2008.00326.x
https://doi.org/10.1111/j.1558-5646.2008.00326.x
https://doi.org/10.1111/evo.13296
https://doi.org/10.1111/evo.13296
https://doi.org/10.3109/19401736.2014.900666
https://doi.org/10.3109/19401736.2014.900666
https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://doi.org/10.1186/gb-2010-11-4-r37
https://doi.org/10.1002/ece3.6008
https://doi.org/10.1093/molbev/mss075
https://doi.org/10.1093/molbev/mss075
https://doi.org/10.1080/1042517031000149066
https://doi.org/10.1080/1042517031000149066
https://doi.org/10.1016/j.tig.2012.03.009
https://doi.org/10.1016/j.tig.2012.03.009
https://doi.org/10.1111/mec.12910
https://doi.org/10.1111/j.1365-294X.2011.05183.x
https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1007/s13225-019-00428-3
https://doi.org/10.1007/s13225-019-00428-3
https://doi.org/10.1002/ece3.398
https://doi.org/10.1073/pnas.1412627111
https://doi.org/10.1073/pnas.1412627111
https://doi.org/10.1016/j.gene.2021.145841
https://doi.org/10.1016/j.gene.2021.145841
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096


16364  |     LETTER TO THE EDITOR

Molecular Phylogenetics and Evolution, 161, 107164. https://doi.
org/10.1016/j.ympev.2021.107164

Longying, W., Lixun, Z., Bei, A. N., Huaxing, L., Naifa, L., Luzhang, R., & 
Backstrom, N. (2010). Phylogeographic structure and gene flow of 
Himalayan snowcock (Tetraogallus himalayensis). Animal Biology, 60, 
449– 465. https://doi.org/10.1163/15707 5610X 523314

Lutzoni, F., Wagner, P., Reeb, V., & Zoller, S. (2000). Integrating ambigu-
ously aligned regions of DNA sequences in phylogenetic analyses 
without violating positional homology. Systematic Biology, 49(4), 
628– 651. https://doi.org/10.1080/10635 15007 50049743

Masello, J. F., Quillfeldt, P., Sandoval- Castellanos, E., Alderman, R., 
Calderón, L., Cherel, Y., Cole, T. L., Cuthbert, R. J., Marin, M., 
Massaro, M., Navarro, J., Phillips, R. A., Ryan, P. G., Shepherd, L. D., 
Suazo, C. G., Weimerskirch, H., & Moodley, Y. (2019). Additive traits 
lead to feeding advantage and reproductive isolation, promoting 
homoploid hybrid speciation. Molecular Biology and Evolution, 36, 
1671– 1685. https://doi.org/10.1093/molbe v/msz090

Nosil, P. (2008). Speciation with gene flow could be com-
mon. Molecular Ecology, 17(9), 2103– 2106. https://doi.
org/10.1111/j.1365- 294X.2008.03715.x

Ottenburghs, J. (2018). Exploring the hybrid speciation continuum 
in birds. Ecology and Evolution, 8(24), 13027– 13034. https://doi.
org/10.1002/ece3.4558

Ottenburghs, J. (2019). Multispecies hybridization in birds. Avian 
Research, 10(1), https://doi.org/10.1186/s4065 7- 019- 0159- 4

Päckert, M., Belkacem, A. A., Wolfgramm, H., Gast, O., Canal, D., 
Giacalone, G., Lo Valvo, M., Vamberger, M., Wink, M., Martens, J., 
& Stuckas, H. (2019). Genetic admixture despite ecological segrega-
tion in a North African sparrow hybrid zone (Aves, Passeriformes, 
Passer domesticus x Passer hispaniolensis). Ecology and Evolution, 9, 
12710– 12726. https://doi.org/10.1002/ece3.5744

Rambaut, A. (2009). FigTree version 1.2.2 -  Computer program distributed 
by the author. http://tree.bio.ed.ac

Rambaut, A., & Drummond, A. J. (2007). TRACER v1.4. http://beast.bio.
ed.ac.uk/Tracer

Randi, E., Lucchini, V., Hennache, A., Kimball, R. T., Braun, E. L., & 
Ligon, J. D. (2001). Evolution of the Mitochondrial DNA con-
trol Region and cytochrome b genes and the inference of phylo-
genetic relationships in the avian genus Lophura (Galliformes). 
Molecular Phylogenetics and Evolution, 19(2), 187– 201. https://doi.
org/10.1006/mpev.2001.0922

Robins, J. H., McLenachan, P. A., Phillips, M. J., McComish, B. J., Matisoo- 
Smith, E., & Ross, H. A. (2010). Evolutionary relationships and diver-
gence times among the native rats of Australia. BMC Evolutionary 
Biology, 10, 375. https://doi.org/10.1186/1471- 2148- 10- 375

Stamatakis, A. (2006). RAxML- VI- HPC: Maximum likelihood- based 
phylogenetic analyses with thousands of taxa and mixed models. 
Bioinformatics, 22, 2688– 2690. https://doi.org/10.1093/bioin forma 
tics/btl446

Stamatakis, A. (2014). RAxML Version 8: A tool for phylogenetic analysis 
and post- analysis of large phylogenies. Bioinformatics, 30, 1312– 
1313. https://doi.org/10.1093/bioin forma tics/btu033

Swain, T. (2018). Revisiting the phylogeny of Zoanthidea (Cnidaria: 
Anthozoa): Staggered alignment of hypervariable sequences im-
proves species tree inference. Molecular Phylogenetics and Evolution, 
118, 1– 12. https://doi.org/10.1016/j.ympev.2017.09.008

Talavera, G., & Castresana, J. (2007). Improvement of phylogenies after 
removing divergent and ambiguously aligned blocks from protein 
sequence alignments. Systematic Biology, 56(4), 564– 577. https://
doi.org/10.1080/10635 15070 1472164

Thom, G., Amaral, F. R. D., Hickerson, M. J., Aleixo, A., Araujo- Silva, L. 
E., Ribas, C. C., Choueri, E., & Miyaki, C. Y. (2018). Phenotypic and 
genetic structure support gene flow generating gene tree discor-
dances in an Amazonian floodplain endemic species. Systematic 
Biology, 67(4), 700– 718. https://doi.org/10.1093/sysbi o/syy004

Toews, D. P. L., & Brelsford, A. (2012). The biogeography of mitochon-
drial and nuclear discordance in animals. Molecular Ecology, 21(19), 
3907– 3930. https://doi.org/10.1111/j.1365- 294x.2012.05664.x

Toews, D. P. L., Streby, H. M., Burket, L., & Taylor, S. (2018). A wood- 
warbler produced through both interspecific and intergeneric hy-
bridization. Biology Letters, 14, 20180557. https://doi.org/10.1098/
rsbl.2018.0557

Tritsch, C., Martens, J., Sun, Y.- H., Heim, W., Strutzenberger, P., & 
Päckert, M. (2017). Improved sampling at the subspecies level 
solves a taxonomic dilemma –  A case study of two enigmatic 
Chinese tit species (Aves, Passeriformes, Paridae, Poecile). 
Molecular Phylogenetics and Evolution, 107, 538– 550. https://doi.
org/10.1016/j.ympev.2016.12.014

Wang, N., Kimball, R. T., Braun, E. L., Liang, B., & Zhang, Z. (2013). 
Assessing Phylogenetic Relationships among Galliformes: A multi-
gene phylogeny with expanded taxon sampling in Phasianidae. PLoS 
One, 8(5), e64312. https://doi.org/10.1371/journ al.pone.0064312

Wang, X., Liu, N., Zhang, H., Yang, X.- J., Huang, Y., & Lei, F. (2015). 
Extreme variation in patterns of tandem repeats in mitochondrial 
control region of yellow- browed tits (Sylviparus modestus, Paridae). 
Scientific Reports, 5, 13227. https://doi.org/10.1038/srep1 3227

Wang, X. L., Qu, J. Y., Liu, N. F., Bao, X. K., & Song, S. (2011). Limited 
gene flow and partial isolation phylogeography of Himalayan 
Snowcock Tetraogallus himalayensis based on part mitochon-
drial D- loop sequences. Current Zoology, 57, 58– 767. https://doi.
org/10.1093/czool o/57.6.758

Zink, R. R., Pavlova, A., Drovetski, S., & Rohwer, S. (2008). Mitochondrial 
phylogeographies of five widespread Eurasian bird species. Journal 
of Ornithology, 149, 399– 413. https://doi.org/10.1007/s1033 
6- 008- 0276- z

SUPPORTING INFORMATION
Additional supporting information may be found in the online version 
of the article at the publisher’s website.

https://doi.org/10.1016/j.ympev.2021.107164
https://doi.org/10.1016/j.ympev.2021.107164
https://doi.org/10.1163/157075610X523314
https://doi.org/10.1080/106351500750049743
https://doi.org/10.1093/molbev/msz090
https://doi.org/10.1111/j.1365-294X.2008.03715.x
https://doi.org/10.1111/j.1365-294X.2008.03715.x
https://doi.org/10.1002/ece3.4558
https://doi.org/10.1002/ece3.4558
https://doi.org/10.1186/s40657-019-0159-4
https://doi.org/10.1002/ece3.5744
http://tree.bio.ed.ac
http://beast.bio.ed.ac.uk/Tracer
http://beast.bio.ed.ac.uk/Tracer
https://doi.org/10.1006/mpev.2001.0922
https://doi.org/10.1006/mpev.2001.0922
https://doi.org/10.1186/1471-2148-10-375
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1016/j.ympev.2017.09.008
https://doi.org/10.1080/10635150701472164
https://doi.org/10.1080/10635150701472164
https://doi.org/10.1093/sysbio/syy004
https://doi.org/10.1111/j.1365-294x.2012.05664.x
https://doi.org/10.1098/rsbl.2018.0557
https://doi.org/10.1098/rsbl.2018.0557
https://doi.org/10.1016/j.ympev.2016.12.014
https://doi.org/10.1016/j.ympev.2016.12.014
https://doi.org/10.1371/journal.pone.0064312
https://doi.org/10.1038/srep13227
https://doi.org/10.1093/czoolo/57.6.758
https://doi.org/10.1093/czoolo/57.6.758
https://doi.org/10.1007/s10336-008-0276-z
https://doi.org/10.1007/s10336-008-0276-z

