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Figure 3. Neighbour-Joining tree using the Tamura-Nei model with gamma distributed rates for the
RpS2 sequences.
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Figure 4. Strict consensus cladogram of the concatenated data set of COI + RpS2.

Discussion
Barcoding

Lukhtanov et al. (2009) tested the utility of COI barcodes for Central Asian butterflies
by sampling specimens from a considerable geographical range. They observed that
this substantially increased intraspecific variation reducing the interspecific divergences
(“barcoding gap”), but that this did not hamper species identification. The present
study shows that most Colias taxa form monophyletic entities that can be identified
with COI data alone. The RpS2 gene region showed identical sequences in cocandica
pljutshrshi and cocandica hinducucia (Table 3, Figure 3), differing by only three nucleo-
tides from cocandica cocandica. Based on the molecular data the recognition of these
subspecies is not or weakly supported.

The fact that the three C. nebulosa samples were scattered over different parts of the
COI tree might be the result of a laboratory contamination due to carry over between
samples. The C. nebulosa samples were collected on the same day and in the same
place. C. nebulosa is morphologically distinct from other Colias species, excluding pos-
sible misidentification. The RpS2 data, however, could point to two morphologically
cryptic species in sympatry (samples MZH_]JL24 vs. MZH_]JL9 and MZH_]JL26), so
that the different COI barcodes might represent numts, despite no apparent ‘signs’ (no
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indels). This discrepancy between morphology and DNA sequence data emphasises
the necessity to use multiple samples to detect this sort of challenging issues.

Even though C. cocandica and C. nebulosa did not form monophyletic groups
our results show that COI barcodes are useful for (1) identifying Palaearctic and
Central Asian Colias, (2) pointing to a possible cryptic species, and (3) highlight-
ing the necessity to further investigate the question on the subspecific rank of C.
cocandica cocandica.

The utility of RpS2 as a species barcode for Colias spp. is clearly more limited, since
e.g. C. heos, C. lada, C. nina, C. thisoa of the subgenus Eriocolias and C. tyche (subgenus
Eucolias) have identical sequences (Table 3, Figure 3). Still, RpS2 yielded species spe-
cific (diagnostic) haplotypes for 11 species of the subgenus Eriocolias and for C. hyale
(subgenus Colias s.str.).

Congruence with traditional classification: analysis of concatenated COI + RpS2

The strict consensus tree was more resolved than either of the trees resulting from sepa-
rate analyses of the gene regions (Figure 4).

Although the concatenated data did not resolve the phylogenetic relationships
among all Colias species, some observations can be made. The majority of the species
confined to the adjacent Tian Shan, Pamir and Hindukush mountain ranges form
a well supported clade. This includes C. eogene, C. regia, C. romanovi, C. marcopolo,
C. staudingeri, C. christophi, C. alpherakii and C. wiskotti. Yet, C. sieversi, which also
occurs in these mountain ranges (Peter I and Khozratishoh mountains), was not in-
cluded in this clade. C. sieversi is morphologically most similar to C. alpherakii, thus
showing another case of disagreement between morphological and DNA sequence
data. C. thisoa, t00, lives in the aforementioned mountain ranges, but it has a wider
distribution, stretching from Turkey to the Altai Mountains. A third taxon, C. ¢. co-
candica, is considered closely related to C. ramerlana (e.g. Verhulst 2000), a species
occurring in southern Siberia and Mongolia. Thus, the origin of C. #hisoa and C. c.
cocandica may differ from that of the species confined to the Tian Shan, Pamir and
Hindukush mountain range. One sample of C. cocandica (MZH_]1L43) was placed
within this “mountain” clade, while the other two samples appeared as sister taxa to
the Himalayan species C. ladakensis. As with C. sieversi, our DNA data disagree with
the morphological characters, but it should be noted that this clade is not well sup-
ported. Conversely, two morphologically similar Himalayan species, viz. C. nina and
C. ladakensis, were assigned to different clades. In the COI + RpS2 tree they were
placed in different, more encompassing species clusters (Figure 4), in the COI NJ tree
they were joined with C. ¢. pljutsheshi and C. c. hinducucia (Figure 2), while the COI
cladogram resolved these taxa together with C. adelaidae, C. tibetana, C. c. pliutshtshi
and C. ¢. hinducucia (Figure 1).
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The analyses did not support the monophyly of the subgenera Eucolias and Erio-
colias sensu Berger (1986). The Eucolias species C. tyche was not resolved as a separate
monophyletic lineage, but was resolved into Eriocolias. This is congruent with the results
of Pollock et al. (1998) and Brunton (1998). Only the the subgenus Co/ias, here repre-
sented by C. hyale, is supported as a distinct lineage, placed as sister to all other Co/ias sp.

Barcodes of Palaearctic Colias spp.

The parsimony (Figure 5) and NJ analyses (Figure 6) of the larger matrix of Palaearctic
COI barcodes (total COI) recovered the same species clusters, but some of the species
show different placements (e.g. C. thisoa, C. christophi). This is not surprising as all in-
ternal nodes are very shallow. The samples of C. zyche and C. hyperborea show very low
sequence difference, morphologically these taxa are different, and they largely share the
same distribution area. An example of species that share the same distribution and that
exhibit clear morphological similarities, and which as such were resolved as sister spe-
cies in both analyses, includes C. wiskotti and C. alpherakii. Identification of Palaearctic
Colias based on COI barcodes is in most cases possible, since shared haplotypes were
recorded only for C. erate and C. croceus.

Intraspecific variation is notable between some of the recognized subspecies, both
among our own samples and those downloaded from GB. The intraspecific variation can
partly be explained by morphologically clearly distinct subspecies, such as those of C.
wiskotti, or by specimens from widely different localities, such the different specimens of
C. hyale (sample FJ663418 from Russia, FJ663421 from Kazakhstan, HQ004297 from
Romania and MZH_JL35 and MZH_]JL44 from SW Transbaikalia). However, notable
intraspecific variation also occurs within populations, such as C. thisoa acolides with all
samples originating from the same locality and date, but the limited sampling prevents
conclusions on the reasons for this. It is apparent that the understanding of intraspecific
variability of the COI barcode for Colias is presently very limited.

The combined COI data of our sequences and sequences downloaded from GB
include species belonging to one additional subgenus, Neocolias, represented by C.
myrmidone and C. erate. Only the subgenus Colias, represented by C. hyale, is well
supported as distinct lineage. Yet, one specimen of C. hyale (F]663419) clustered to-
gether with C. erate (Neocolias) and C. croceus (Eriocolias). The other subgenera were
not resolved as clades according to present classification, in agreement with our results
for the combined analysis.

Our findings generally support COI as a species specific barcode for Colias, but we
also highlight the necessity of including multiple individuals of species in molecular
barcoding studies. Problematic ‘cases’ of widely divergent barcodes or conflicting mor-
phological and molecular ‘signals’ are found in most if not all barcoding studies, and
this study makes no exception.


http://www.ncbi.nlm.nih.gov/nuccore/FJ663418
http://www.ncbi.nlm.nih.gov/nuccore/FJ663421
http://www.ncbi.nlm.nih.gov/nuccore/HQ004297
http://www.ncbi.nlm.nih.gov/nuccore/FJ663419
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Figure 5. Strict consensus cladogram of COI sequences for Palaearctic Colias taxa.
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