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S TN

Abstract: We investigated the evolutionary relationships between the taxa in the butterfly genus
Iolana Bethune-Baker, 1914 and others in the subtribe Scolitantidina using information from nine
DNA markers (COI-COII, ND1, ITS2, 28S, CAD, EF-1«, wg, and H3). We show that the genus lolana
originated about 10 mya in Central Asia and gradually expanded to the west to reach Europe about
5 mya. We then compared our inferred phylogeny with that of the Iolana larval host plants in the
genus Colutea, reconstructed using three DNA markers (ITS, matK, and rpl32). Although the host
plant phylogeny was weakly resolved, the close spatiotemporal correlation between Iolana butterflies
and their larval hosts suggests that they may have co-evolved. Based on the molecular results and
the morphology of male and female genitalia, we confirm nine species in the genus Iolana, which are
distributed in allopatry from Europe and North Africa to Central Asia. We synonymize I. andreasi
andreasi Sheljuzhko, 1919 (=I. andreasi khayyami Bernardi, 1964 syn. nov.) and I. iolas wullschlegeli
Oberthiir, 1914 (=I. iolas protogenes Fruhstorfer, 1917 syn. nov.).

Keywords: blue butterflies; Palearctic; historical biogeography; comparative phylogenetics; co-evolution;
co-cladogenesis

1. Introduction

Iolana butterflies are undoubtedly among the largest and most charismatic species
of lycaenid blues in Eurasia, but they are also among the most threatened. The larvae of
Iolana are specialists on deciduous shrubby and sub-shrubby plants in the genus Colutea
(Fabaceae), whose inflated pods they burrow to feed on the seeds [1]. Their life cycles are
also facultatively associated with ants [2]. Iolana iolas has been listed as endangered in
the Swiss Red List [3] and is classified among the species with the highest conservation
priority [4], while in Romania, it is regarded as critically endangered [5]. In Catalonia, the
taxon debilitata is listed as vulnerable [6], and it seems to be on the brink of extinction in the
Maghreb ([7] and online updates, www.lepidofrance.fr/les-papillons-de-jour-du-maroc).

The genus lolana was erected by Bethune-Baker [8], primarily based on genitalia char-
acteristics, to accommodate four species: Lycaena iolas Ochsenheimer, 1816 (type species);
L. gigantea Grum-Grshimailo, 1885; L. coeligena Oberthiir, 1876 (now in genus Caerulea
Forster, 1938); and L. astraea Freyer, [1851] (now in genus Glaucopsyche Scudder, 1872).
While the original concept of the genus clearly did not stand the test of time, modern
molecular studies (e.g., [9]) have proven lolana to indeed be a well-supported monophyletic
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group with new taxa discovered and described as recently as 2004 (lolana kermani Dumont,
2004). The genus, which is widely distributed from North Africa and Southern Europe
to Central Asia and the Himalayas, is best known for its type species lolana iolas, which
has been long considered the only species in Europe and much of the Palearctic region.
However, over time, studies have highlighted the possibility of the presence of multiple
species under Iolana [10-13]. In 1972, Bernardi introduced a “superspecies” concept, where
he listed several “semi-species” (gilgitica, gigantea, andreasi, alfierii, debilitata, and iolas) under
superspecies lolana iolas, some with multiple subspecies [11]. Later, in a detailed revision
of the genus, Dumont [14] reiterated the distinctiveness of the genitalia in Iolana and rec-
ognized nine species, an arrangement largely confirmed by a recent molecular study that
investigated the phylogeny of the subtribe Scolitantidina [15]. The latter study, however,
did not include molecular data for Iolana arjanica Rose, 1979 and I. gilgitica (Tytler, 1926),
nor for any representatives from genera Palaeophilotes Forster, 1938; Sinia Forster, 1940; and
Subsolanoides Koiwaya, 1989. Two subsequent large-scale genomic studies [16,17] made
available numerous sequences from some of these missing genera with suggestions on
their taxonomic statuses, phylogenetic positions, and divergence times. Here, we compile a
new molecular dataset for all species in Iolana as well as representatives from all genera in
the subtribe Scolitantidina (equivalent to the Glaucopsyche section sensu Eliot [18]) with the
aim of confirming or clarifying the statuses of these genera. We also analyze and discuss
the geographic evolutionary history of the genus lolana with respect to geography and the
diversification of its Colutea host plants.

2. Materials and Methods

DNA sequencing and analysis. Specimens used in this study were selected mainly
from the collections of RV (Institut de Biologia Evolutiva CSIC-UPF, Barcelona, Spain),
WtH (M6mlingen, Germany), and AN (Tehran, Iran). Legs from selected specimens were
submitted to the Center for Biodiversity Genomics in Guelph, ON, Canada, where samples
were barcoded using mini-primers (LepF/mLepR and mLepF/LepR) [19]. Another part of
the sequences (COI, ND1, ITS2, and CAD) were generated at Institut de Biologia Evolutiva
(CSIC-UPEF), Barcelona, Spain, using primers and protocols included in Supplementary
Information Table S1. Additional molecular data for COI-COII, 28S, EF-1«, wg, and H3
genes were downloaded from Genbank (Supplementary Information Table S2). Since the
species-level taxonomy at the sub-tribe level was not the primary focus of this study, in
order to improve the phylogenetic resolution at the backbone, we substituted missing CAD
sequences with those of closely related species in two cases: Philotiella leona OK744181 for
P. speciosa, and Pseudophilotes vicrama OK743243 for P. baton. We used Polyommatus icarus
to root the tree. A total of 171 new sequences were submitted to GenBank (for accessions,
see Supplementary Table S52). A combined dataset was assembled using MEGA 11.0.8 [20].
Alignment of sequences was carried out using MUSCLE modules implemented in AliView
1.28 [21] and double-checked visually. After final alignment, the dataset contained a total
of 8613 base pairs (bps). The partitioned Nexus file was analyzed using the IQtree web
server (https://iqtree.cibiv.univie.ac.at) [22]. Excluding short and incomplete sequences,
a Median-Joining Network of full-length (658 bps) COI barcode sequences of lolana was
constructed in PopART [23].

Eight calibration points for Scolitantidina were adopted from two recent comprehen-
sive time-calibrated backbone trees provided by Wiemers et al. [24] and Kawahara et al. [16]
(Table 1). Estimated node ages were added as MRCA priors in BEAUTi 2.7.5 [25] under
normal distributions. The analysis was allowed to run in BEAST 2.7.3 [26] for 20 million
generations and was repeated multiple times to check for convergence and stationarity, and
the results were tested using TRACER 1.7.1 [27]. The resulting consensus tree was viewed
in FigTree 1.4.4. [28] and edited using the open-source software GIMP 2.10.32 (gimp.org).

We used the R package BioGeoBEARS [29] to reconstruct the biogeographic history of
Iolana. The model with the highest likelihood was DIVALIKE+x, which, in addition to the
likelihood implementation of the processes assumed by DIVA, also considers geographic
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distances between the different areas and reflects them as pie charts with all possible ranges
for each node and their respective probabilities.

Table 1. Calibration points used in our molecular clock analysis. Values represent millions of years.

Calibration Point Wiemers et al. Kawahara et al. Results from
2020 2022 This Study
1 Pseudophqiﬂll({;aeg/al?a&;a:ophilotes 12.26 i 1146
2 Caerulea + Phengaris - 9.35 10.44
3 P. bavius + P. baton 8.12 - 7.18
4 T. endymion + T. ariana - 4.67 4.05
5 P. alcon + P. arion 5.12 - 3.81
6 I iolas + I. debilitata 3.39 - 4.16
7 Euphilotes + Philotiella - 2.47 2.79
8 G. divina + G. lygdamus - 2.36 2.27

Host plant phylogeny. Host plant data for lolana species were taken from the com-
prehensive review by Dumont [14]. Some authors have split Colutea species into more
localized species, but this should not substantially affect our interpretations since we cover
these taxa as subspecific entities in our analysis. Four genes (ITS1-ITS2, matK, and rpl32)
for all available “Coluteid” species were selected from previous studies [30-36] and down-
loaded from GenBank (Supplementary Information Table S3). Alignment was carried out
in AliView 1.28 [21], and a Maximum Likelihood tree for the combined dataset (3248 base
pairs in length) was inferred using IQtree web server (https://iqtree.cibiv.univie.ac.at) [22].
A partitioned Bayesian analysis in MRBAYES 3.2.6 [37] produced a similar topology
(Supplementary Figure S1).

Genitalia dissections. The abdomens of the butterflies were detached from the thorax
using forceps and macerated for 20 min at 90 °C in 10% potassium hydroxide. Genitalia
dissections were performed under a Leica MZ8 stereomicroscope in a small Petri dish
(e = 50 mm). The cleaning procedure was carried out in several washes with ethanol at
increasing concentrations from 10% to 70%. The abdomen was dissected by tearing one of
the pleurae along its entire length with two-pointed forceps. Then, the male genitalia were
dissected by separating the valvae from their articulations or by removing the tegumen.
The phallus was extirpated together with the vesica. Female genitalia were cleaned and
arranged in order to show the lamella antevaginalis. For photography, the genitalia were
immersed in a thin layer of 70% ethanol, pressed under a coverslip, and visualized with a
Leica Z16 macroscope equipped with a CF500 camera and LAS 5.0 (Leica®) image capture
software. We preserved dissections in vials containing EtOH 70% at room temperature
in an air-conditioned room (22-26 °C). The photographs obtained were processed with
Photoshop (R) to show the valvae of the males and the lamella antevaginalis of the females,
separating them from the background and enhancing the images. Genitalia terminology
follows Higgins [38].

3. Results

Butterfly phylogeny. Our ML and Bayesian analyses produced well-supported topolo-
gies (Figure 1; see Supplementary Figures S2 and S3 for node support values). We noticed
that the COI sequence of specimen SCAUB:BNO006, identified as Sinocupido lokiangensis in
GenBank [16], showed the same haplotype as that of another record (0Q311407), identi-
fied as Palacophilotes triphysina [17]. An examination of the original descriptions, types,
and voucher photos for both of these records made it clear that the voucher specimen for
Sinocupido lokiangensis is misidentified and it belongs to Palaeophilotes triphysina. Thus, in
our dataset, we merged the available sequences for these two under the latter species.
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Throughout our analyses, lolana always appeared monophyletic and sister to the Glau-
copsyche clade; however, the taxon Glaucopsyche piasus Boisduval, 1852, recognized under
subgenus Phaedrotes, always stayed far apart from the remaining Glaucopsyche and closer
to the genera Euphilotes and Philotiella with good support (ML: 72, BPP: 0.97). In addition,
one specimen of Iolana from the south of Iran (Fars: Dashte Arjan, coll. Naderi) appeared
morphologically and genetically closer to I. andreasi. Since a single specimen is involved,
the presence of I. andreasi in Fars remains to be confirmed.

Our phylogeny placed Subsolanoides nagata Koiwaya, 1989 as a distinct lineage sister to
Scolitantides orion, contrary to Kawahara et al. [16], who found it in a more basal position in
the Scolitantidina phylogeny. As noted previously [17], we also found Sinia Forster, 1940 to
be part of Glaucopsyche Scudder, 1872, and found Palaeophilotes Forster, 1938 to fall within
Pseudophilotes Beuret, 1958. Our molecular clock analysis was also largely congruent with
previous studies [16,24], with minor deviations (Figure 1). The split between ancestral
Iolana and Glaucopsyche seems to have occurred about 10.25 mya, followed by gradual
diversification of Iolana starting about 8 mya. The BioGeoBears analysis unambiguously
assigned single ancestral areas to the majority of internal nodes in the Iolana phylogeny,
with alternatives representing small proportions. The results clearly support an origin
of the genus in Central Asia, and a gradual differentiation associated with east-to-west
dispersal. Anatolia was colonized ca. 5.8 mya and in Europe ca. 4.6 mya (Figure 2). Finally,
our COI Median-Joining Network of Iolana clearly separated the nine species, placing the
taxa debilitata and farriolsi on the same branch, albeit substantially diverged (Figure 3).
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ARAARAALA

b J

Figure 1. (a) BEAST phylogeny of the combined dataset (9 genes) for Scolitantidina. Node values
indicate the average node age estimated by BEAST; for node support values, see Supplementary

Figure S2. (b) BEAST phylogeny of the combined dataset for Iolana. Node values indicate the average

node age estimated by BEAST; for node support values, see Supplementary Figure S2. Upperside

(D) and underside (V) of representative male (left) and female (right) specimens of Iolana species are

depicted in phylogenetic order as they appear on the tree.
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lolana gilgitica

8.63 lolana gigantea

B /olana andreasi

lolana arjanica

lolana kermani

lolana lessei

lolana d. debilitata

lolana d. farriolsi

lolana alfierii

lolana iolas

10 5 o millions of years ago

Figure 2. Historical biogeography of lolana. The most supported ancestral area reconstruction model
(DIVALIKE+x) was estimated within the R package BioGeoBears. Pie charts on each node depict the
relative probabilities of ancestral ranges corresponding to the colors on the map, which depict the
distribution of the sequenced specimens (dots) and the approximate ranges for each species today.
Median ages for each node and the error bars are inferred in BEAST.

I. arjanica I. gigantea

I. kermani

I. debilitata
debilitata

1. debilitata

s farriolsi
1. gilgitica

I. andreasi

1. alfierii

1. lessei

1. iolas

Figure 3. Median-Joining Network of Iolana mitochondrial COI barcode sequences inferred using
PopART (popart.otago.ac.nz, accessed on 10 December 2023). Circles are proportional to sample
size for each haplotype. Smallest black dots represent unsampled but predicted haplotypes, and
mutations are shown as dashes.

Host plant phylogeny. Despite the use of multiple ribosomal and chloroplast genes, the
overall nucleotide variation within the host plant dataset was very low. Our reconstructed
phylogeny did not differ significantly from the one inferred by Moghaddam et al. [33],
with very little to no support for the deeper nodes in Colutea (see Supplementary Figure
51). We note that the split between Colutea and its Central Asian sister genera (Smirnowia,
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Eremosparton, and Sphaerophysa) also occurred around 10 mya [33], contemporaneous with
the split between Iolana and Glaucopsyche. A simplified phylogeny of the Colutea clade was
plotted against the lolana phylogeny following Muto-Fujita et al. [39] (Figure 4).

19

3
174

j
_IZG'

999998999889
S CENC S SIS C B C EC
P i i i B S B S S i, B e
M M®MMMMMMMMMMDMMMM
QQQQQQQQQQ QQ
FECEEEEEEEEE
“BCEEHE B EH B
QL X/ AFAS3953S°
2333082 oI
¥ Q033 S »
Q=6 Q 0
2w 3
X &
lolana gilgitica o0
lolana gigantea e°?
lolana andreasi 20 ?
lolana arjanica o
lolana kermani &
lolana lessei [ X ) e
lolana d. debilitata [ )
lolana d. farriolsi [ X )
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Figure 4. Relationship between Iolana species and their Colutea host plants. Bayesian Posterior
Probabilities are indicated at supported nodes. Additional Colutea species not recorded as hosts of
Iolana are omitted (for a complete host plant phylogeny see Supplementary Figure S1). No sequences
were available for some Colutea species recorded as hosts (e.g., C. atabajevii, C. jamnolenkoi) and their
phylogenetic position remains unclear.

Genitalia. As noted previously [10,11,14], both the male and female genitalia in Iolana
showed consistent differences between the nine recognized species, with some individual
variation within each. We did not observe any meaningful differences in the male genitalia
between I. debilitata ssp. debilitata from North Africa and the Iberian populations (here all
treated as ssp. farriolsi); instead, we observed a considerable amount of individual variation
in the genitalia of both the males and females without any clear pattern (Supplementary
Figure 54).

4. Discussion

Fragmented distributions are a hallmark of species with highly specialized
(e.g., monophagous or myrmecophilous) life histories. In the case of Iolana, both the
butterflies and their larval host plants are characterized by localized, and often small,
populations that evolved as a result of allopatric diversification. With about 30 species
worldwide, Colutea are deciduous shrubby to sub-shrubby plants with inflated pods, dis-
tributed from Southern Europe and Northern Africa to Central Asia [33,40]. Recent studies
have shown that Colutea diverged from Central Asiatic relatives around 10 mya in the
Late Miocene, followed by a more recent burst of radiation about 3.2 mya [33]. This is
interesting for two reasons: (1) the split between Iolana and its sister genus Glaucopsyche
was estimated to have occurred around the same time (ca 10.25 mya), and (2) the ancestral
area reconstruction unambiguously places the origin of the genus Iolana in Central Asia.

It is well established that host plant diversity generally sets the stage upon which
Lepidoptera later diversify, and co-cladogenesis due to co-diversification is extremely
rare [41]. The Iolana—Colutea partnership thus seems to represent a rare case to the contrary:
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the extreme dependence of the butterfly on its host plant, together with the fragmented
distribution that does not facilitate dispersal between host plant populations, appears to
have forced the simultaneous evolution of these butterflies together with their hosts. Our
data show that Iolana originated in Central Asia from a common ancestor with Glaucopsyche
and followed the dispersal and diversification of Colutea westwards, continuing to diversify
in parallel, with additional speciation events interspersed due to other isolating factors
(e.g., the split between L. kermani and I. arjanica in South Iran around 2.96 mya, both feeding
on C. persica). The ancestral area reconstruction suggests that Iolana dispersed from the east
Mediterranean to Iberia ca. 4.6 mya, and from there, reached the Maghreb later on. It is
tempting to speculate that the Messinian salinity crisis could have facilitated the expansion
across the Mediterranean. It is also worth noting that this dispersal event that reached
Iberia seems to be unrelated to that of I. iolas, which is estimated as more recent (ca. 4 mya).
Finally, it is hard to completely discard a route along the southern Mediterranean range
that no longer exists due to recent aridification. Today, there is a distribution gap of Colutea
in Tunisia, Libya, and most of Egypt; however, Colutea abyssinica is present in Eastern
Africa (Ethiopia, Kenya, Tanzania, etc.), where no species of lolana are known. The close
phylogenetic relationship between C. abyssinica, C. atlantica, and C. arborescens suggests that
Colutea previously had a much wider distribution in Northern Africa.

An interesting ecological aspect is the need for a precise emergence of the adult lolana
butterflies at the flowering and early seed development time of the Colutea host plants.
Indeed, the flight period of Iolana is very short, and the caterpillars have a narrow time
frame to feed on the tender seeds before they dry out. Such exquisite butterfly—plant
phenological tuning necessarily involves local adaptation through natural selection, which
could easily lead to co-evolution.

Despite the availability of several molecular markers, the phylogeny of Colutea remains
poorly resolved. Even though without a robust Colutea phylogeny, it is not possible to
infer a sensible phylogeographic scenario for the co-evolution of lolana butterflies with
respect to their hosts, given the coincidence in age, the specialization (monophagy) of Iolana
on Colutea, and the highly allopatric distributions, this system is a potential candidate
for butterfly-host plant parallel phylogeography. We predict that a comprehensive and
well-resolved phylogeny of Colutea will likely closely mirror that of lolana.

Species of Colutea are generally uncommon and very vulnerable to grazing and human
activities, such as road work (e.g., [42]). Naturally, the monophagous Iolana that heavily
depend on Colutea for survival are also vulnerable. In addition, climate change could
potentially produce a mismatch between the phenologies of the butterflies and the host
plants. These ecological specializations and the fragmented distribution patterns highlight
the need to conserve both the host plants and the butterflies across their range. A similar
extreme specialization with consequences for conservation can, for example, be seen in the
endangered butterflies in the genus Phengaris [43]. As for lolana, so far, only one species
(I. iolas) has been assessed according to the IUCN criteria, and it is listed on the IUCN
website (LC for the Mediterranean and NT for Europe). Based on the available information,
L. debilitata is likely in a critical situation in North Africa [7], and the remaining Asiatic taxa
(e.g., L alfierii, I. lessei, I. kermani, and I. arjanica) are also extremely rare and threatened, and
they seem to be locally extinct in some areas (WtH pers. obs., [44]). Future research should
thus focus on identifying priority areas for the conservation of both Iolana and Colutea, as
well as prospecting poorly studied areas.

5. Taxonomic Considerations

1. Our results confirm many of the previously proposed synonymies (i.e., Glaucopsyche
(=Shijimiaeoides); Turanana (=Otnjukovia; =Micropsyche); and Pseudophilotes (=Inderskia))
and taxonomic arrangements (Apelles, Bajluana, and Sinia as subgenera of Glaucopsyche;
Palaeophilotes as the senior generic name for the Pseudophilotes clade; and Philotiella as
the subgenus of Euphilotes) [9,15,17,45].
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Ugelvig et al. [9] separated Glaucopsyche (Phaedrotes) piasus from other Glaucopsyche
species due to the paraphyly of the clade that also included Iolana spp. and S. divina.
We also found G. piasus to belong to a distinct lineage closer to Euphilotes and far from
the Glaucopsyche group (type species: G. lygdamus Doubleday, 1841). Nuclear genomic
data from Zhang et al. [17] place this taxon as sister to all the rest of Glaucopsyche
(including Sinia), but their mitochondrial phylogeny is supporting a different position,
similar to the one we obtained. The same ambiguous situation was obtained in the
study by Lukhtanov and Gagarina [15]. Thus, some kind of mito-nuclear discordance
seems to be involved in this case. Even though Phaedrotes has been previously used
as a stand-alone genus (cf. [46]), given its unstable phylogenetic position, and until
better and more comprehensive methods are employed to address this question
appropriately, we refrain from recognizing Phaedrotes as a monotypic genus.

In our analyses, the monotypic Chinese endemic Subsolanoides nagata appears to be a
distinct genus and species most closely related to Scolitantides orion. In the phylogeny
presented by Kawahara et al. [16], Subsolanoides appears as sister to a clade consisting
of Praephilotes, Scolitantides, Philotes, Iolana, and Glaucopsyche. Since the latter study
used a larger amount of genomic information, we cannot exclude that the pattern
observed in our study can change once additional genes become available.
Lukhtanov and Gagarina [15] suggested that the African and Iberian populations
attributed to lolana debilitata Schultz, 1905 (TL: Algeria) may perhaps represent dif-
ferent species. Garcia-Barros et al. [47] listed three subspecies present in the Iberian
Peninsula: ssp. debilitata in Andalusia; ssp. thomasi Hemming, 1931 in Central Spain;
and ssp. farriolsi Sagarra, 1931 in the northeast of Iberia. These authors, as well as
Dumont [14], describe subtle differences in the male genitalia and the external mor-
phology across the range of these populations. However, our molecular clock analysis,
which estimates that the split between the Spanish populations and those in Morocco
occurred around 2 mya (Figure 1), does not support the presence of the North African
lineage (taxon debilitata) in Spain. On the other hand, a genetic structure roughly corre-
lating with geography is observed within the Iberian populations. Here, we maintain
Spanish and African populations under a single species, lolana debilitata, but with
the nominotypical populations restricted to North Africa, and tentatively consider a
single subspecies in Spain, I. debilitata farriolsi Sagarra, 1931, possibly with a latitudinal
morphological differentiation. A finer population genetics and morphometric study
may shed light on the variation within the Iberian Peninsula.

The distribution of I. iolas in Southern Europe is not continuous, and there are gaps,
for example, between Stidtirol and Slovenia [48]. The species is absent in Austria. The
currently recognized subspecies include ssp. iolas (TL. Hungary) in Southeastern Eu-
rope, the Eastern Alps, and Italy; ssp. wullschlegeli (Oberthiir, 1914) [49] (TL. Martigny,
Switzerland) in France (Western Alps), Italy (Val d’Aoste), and Switzerland (Valais);
and ssp. protogenes Fruhstorfer, 1917 [50] (TL. Digne, France) in Southern France [14].
Martigny and Digne are both in the Western Alps, about 200 km apart. In addition to
the localities and haplotypes investigated by Groza et al. [42], we obtained sequences
from two populations in Northern Italy (Studtirol [COI] and Friuli-Venezia Giulia
[ND1]), both of which showed new and unique haplotypes (Figure 1). Based on
current evidence, the presence of two subspecies in the Western Alps makes little
sense. Dumont [14] mentions that these two taxa are weakly characterized, with the
variation within subspecies being larger than that between subspecies. Our I. iolas
haplogroup includes individuals from both ssp. wullschlegeli and ssp. protogenes.
Therefore, here, we propose a synonymy: lolana iolas wullschlegeli (Oberthiir, 1914)
(=protogenes Fruhstorfer, 1917 syn. nov.).

We also did not find any reliable diagnostic differences in the morphology, genitalia, or
DNA sequences between the nominotypical Iolana andreasi Sheljuzhko, 1919 [51] and
the subspecies khayyami Bernardi, 1964 [52]. Therefore, here, we propose a synonymy:
I. andreasi Sheljuzhko, 1919 (=khayyami Bernardi, 1964, syn. nov.).
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Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/d16020089/s1: Table S1. Primers and PCR protocols used for
the amplification of COI (DNA barcode region), ND1, ITS2, and CAD; Table S2. Material examined
and sequences used in this study; Table S3. Sequences used in the reconstruction of the host plant
phylogeny; Figure S1. MrBayes reconstruction of the host plant phylogeny using a dataset composed
on sequences in Supplementary Information Table S3; Figure S2. BEAST phylogeny of Scolitantidina
combined dataset showing node posterior probabilities; Figure S3. Maximum Likelihood recon-
struction with IQtree showing support for 1000 replicates of the same dataset; Figure S4. Genitalia
dissections.
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