UNIVERSIDADE DE LISBOA
FACULDADE DE CIENCIAS

DEPARTAMENTO DE BIOLOGIA ANIMAL
F * A [ ]
C Ciencias
ULisboa

Shrouded in a flashing mystery: decoding the gene flow and
species boundaries in the firefly Luciola lusitanica (Lampyri-

dae: Coleoptera)

Viviane Campos da Silva Nunes

Mestrado em Biologia do Organismo e Evolugao

Dissertagéo orientada por:
Prof. Dr. Octavio S. Paulo
Prof. Dr. Luiz Felipe Lima da Silveira

2023



AGRADECIMENTOS

O apoio que as pessoas € a Universidade abaixo listadas prestaram faz com que qualquer ensaio
narrativo parega pequeno diante da grandiosidade que foi, para mim, ter tido este suporte. Desde a
familia aos amigos, sem esquecer da Universidade, as palavras sdo poucas gotas na chuva de
agradecimentos que eu gostaria de prestar. Entretanto, ndo listar personagens fundamentais nesse
processo seria invisibilizar pessoas que me ajudaram, sobretudo emocionalmente, durante essa
jornada. Aos que porventura ndo foram listados, adianto as minhas sinceras desculpas. A todos que

me rodeiam e me prestaram algum tipo de suporte, meu eterno agradecimento.

A realizagdo desse trabalho ndo seria possivel sem a ajuda, desde o inicio da minha jornada como

estudante, dos meus familiares.

Aos meus queridos tios Rubem Luiz e José Luiz, a minha eterna gratiddo por terem investido
em mim desde pequena. A minha tia Sénia Maria, meu profundo agradecimento pelas aulas néo s6
propedéuticas, mas civicas que me proporciou — e me levou a sabia escolha de querer ser professora.
A minha tia Heloisa (in memorian), minha divida eterna por ter me ensinado a apreciar as belezas
naturais desde pequena e ter feito despertar em mim a necessidade de conhecer o0 mundo e suas
riquezas. Ao meu tio Aloisio (in memorian), por sempre ter acreditado em mim e ter me motivado a

ser bidloga.

Aos meus pais, Glaucia e Sérgio, pelo apoio, amor, cuidado e por suportarem tantos momentos

de saudade durante as minhas buscas por conhecimento.

Aos meus irmaos, Vitor Hugo, Vivian, Ana Carolina e Luiz Claudio, pelos momentos e palavras

de apoio durante a minha jornada académica.

Aos meus sobrinhos, Gisella, Gabriella e Théo, por existirem e tornarem todo esse processo que

é viver ser mais leve e valer a pena.

Aos meus primos e demais tios da familia Nunes, por todas as memorias que guardo e capital
cultural que me proporcionaram. Um especial obrigada a&s minhas tias Eliana, Aparecida (in

memorian) e Elizabeth, e a Ana, que se tornou da familia e abragou a minha historia.

A Liliane, por todos os momentos de suporte e velas acesas. Vocé foi o significado mais forte

de companheirismo nessa minha reta final. Obrigada por tanto cuidado, amor e momentos de alegria.

A Luciana, Leandro e Maria Eduarda, por terem sido personagens importantes na tarefa de

desanuviar e esquecer da tensdo do dia a dia. Fui sempre feliz com vocés.

A Paula Souto, por ter me acompanhado na vida e na tese. Minha eterna gratid4o pelos anos de

parceria.



Aos bidlogos que, direta ou indiretamente, fizeram esse trabalho acontecer. Meus
agradecimentos & Manuella Folly e lIsabella Costa, por terem colaborado com sugestfes e muita

conversa que fugiram do escopo desta tese. Vocés moram no meu coragéo!

A Carol Mello, minha amiga, confidente e ombro amigo. Vocé me acolheu em momentos

cruciais.

A Thais Assumpcéo, minha comadre e amiga. VVocé também é sindnimo de acolhimento e forca.
Me escuta, me distrai, segurou a minha méo na tarefa de ser académica e conseguir cumprir 0s prazos.

Estaremos sempre juntas!
A minha tia Glads e aos meus primos, Robson e Jo&o Pedro, por todas as memorias que guardo.

As minhas amigas coimbrenses, Jéssica, Lara e Julia, pelos momentos inesqueciveis na cidade

que marcou a minha vida. “Segredos desta cidade, levo comigo pra vida”.

Ao meu compadre, amigo e irmao, Pedro Souza, por ter me presenteado com a sua maior riqueza,

Maria, e por ter se feito presente em todos 0s momentos da minha vida.

A querida Dani Takiya, por prontamente ter abracado o projeto e ter aceitado ser parte dele. Que

honra a minha!

A Tatiana, por ter sido de uma simpatia sem fim e de muita ajuda durante a minha chegada a

Universidade. Meu muito obrigada pela disponibilidade e incansavel ajuda na busca por pirilampos.

Ao professor Elio Sucena, por ter sido incentivador da minha vinda e por toda ajuda prestada

durante a minha chegada a Universidade de Lisboa.

A professora Sofia Seabra, por ter sido a primeira a acolher as minhas ideias e por ter me

apresentado ao professor Octavio.

As minhas amigas do Colégio Pedro II, que sempre acreditaram no meu trabalho. “Por isso, sem
temer, foi sempre o nosso lema: buscarmos no saber a perfei¢ao suprema”

Aos meus orientadores, os professores Octavio Paulo e Luiz Felipe, pelo apoio, orientagdo e
incentivo. Agradeco por ambos terem acreditado nesse projeto e terem mergulhado nele comigo.

Aos meus colegas do Cobig2, com quem trabalhei e convivi durante este ano. Agradeco pelas
facilitagdes, convivio e ajuda que sempre demonstraram e disponibilizaram.

A todos aqueles que contribuiram com o material utilizado nesta tese, sobretudo: Luiz Felipe
Silveira, Sara Silva, Tatiana Moreira, Ana Catalan, Giuseppe Camerini, Raphaél De Cock, Goran
Vignjevi¢, Martin Novak, Kathrin Stanger-Hall, Fabricio Fanti, Marcel Koken, e Yelena Pacheco.

Aos meus amigos brasileiros lampiridélogos, pelas valiosas trocas que estabelecemos e

discussfes que muito enriqueceram esse e todos 0s meus outros trabalhos. Em especial ao William



Lima, Lucas Campello e Stephanie Vaz.

Ao professor Elio Sucena, por ter sido um grande incentivador na jornada que iniciei na
Universidade de Lisboa. VVocé foi um farol durante todos estes anos.

Aos meus colegas e alunos do Agrupamento Vertical Almeida Garrett, por terem sido a alegria
dos meus dias e encherem o meu coragdo de esperanca em um mundo melhor.

A familia, em especial & minha avé (in memorian), que sempre se orgulhou de mim e me ensinou
que a vida é o bem mais precioso e que estar vivo é poético. Ao meu avd Marcos (in memorian), por
ter sido téo carinhoso comigo

Por fim, & Universidade de Lisboa, que possibilitou que a minha formacao fosse continuada e
gue este trabalho acontecesse. Serei eternamente grata pelo incentivo.

A todos que compartilharam momentos comigo e me preencheram de alguma forma, meu muito

obrigada!



Ao infecto luzente, ou Pyrilampo.
(Joanna de Menezes, Condessa da Ericeira)

“Luciola dos italianos,
Do Francez Luzente bicho,
Tu Pyrilampo dos Gregos,

Cicindela dos Latinos.

S6 em Portuguez ndo achas,
Hum periphrasis bem quisto,
Hypotiposi dos cultos,

Enthimema dos polidos.

(...)

Porque ndo gozarés tu

Deste insulto tdo benigno?

E assim porque te introduzas,

Pyrilampo te confirmo.”



RESUMO

A espécie de pirilampo Luciola lusitanica (Charpentier, 1825), amplamente distribuida na
Europa, representa uma das espécies de lampirideos mais estudadas no continente, notadamente por seus
intrigantes padrbes de luz intermitente, conforme detalhado em estudos a respeito da biologia de
lampirideos europeus e referéncias associadas. No entanto, a identidade taxondmica de L. lusitanica
permanece historicamente incerta, destacando a necessidade de investigacGes abrangentes sobre sua
biologia, fluxo génico e status taxonémico. Embora seja uma espécie bem representada em colecdes
entomoldgicas europeias e de facil detecdo em sua distribuicdo conhecida, informagdes cruciais sobre
sua biologia e fluxo génico ao longo da distribuicdo da espécie sdo limitadas, com algumas observacgdes
ndo publicadas. A peculiaridade da distribuicdo de L. lusitanica, com suas fémeas braquipteras e
capacidade de dispersao limitada, torna-a particularmente interessante para estudos biogeograficos e
evolutivos. Estudos recentes focados em sistematica e taxonomia indicaram a ineficécia de caracteres
taxondmicos tradicionais na distingdo entre L. lusitanica e espécies intimamente relacionadas, como L.
italica, sugerindo variacdes morfoldgicas significativas entre populacGes. Essas variagdes morfoldgicas
levantam a possibilidade da existéncia de multiplas espécies ndo reconhecidas dentro da atual definicao
de L. lusitanica. No entanto, a histéria evolutiva de L. lusitanica dentro de Luciolinae e taxons
relacionados, bem como sua narrativa taxondmica, permanecem pouco compreendidas. A dificuldade
em distinguir L. lusitanica de outras espécies de Luciola, principalmente L. italica, é evidenciada pela
falta de uma lista robusta de caracteres diagnosticos durante sua descrigdo original, contribuindo para
erros taxonémicos recorrentes. Por exemplo, um dos caracteres tradicionalmente usados para distinguir
L. lusitanica, a auséncia de uma marca pronotal preta, foi recentemente destacado como altamente
variavel em um estudo com diferentes populag¢@es do sul da Europa. Erros taxondmicos anteriores, como
0s cometidos por Fabricius em 1801 e Olivier em 1790, resultaram em sinonimias entre L. italica e L.
lusitanica, ressaltando a necessidade de um estudo abrangente dos hol6tipos dessas espécies para uma
descricdo diagnostica mais precisa. No entanto, os espécimes historicos (i.e., holétipos) dessas espécies
permanecem desconhecidos, o que dificulta ainda mais o estabelecimento de uma diagnose precisa com
base no material original. Ao examinarmos retrospectivamente a histéria de Luciola lusitanica desde
sua descricao até os dias atuais, notamos que o primeiro estudo detalhado de sua morfologia remonta a
1929, realizado por Bugnion, que apresentou poucas ilustracdes de adultos e larvas, incluindo detalhes
como pecas bucais e terminais. Antes desses esforgos, naturalistas notaveis como Fabricius e Olivier
cometeram erros ao tentar classificar Luciola lusitanica, contribuindo para confusdes na nomenclatura.
Surpreendentemente, Fabricius, aluno de Linnaeus, erroneamente atribuiu o material examinado a
espécie descrita por Linnaeus (ou seja, L. italica), destacando desafios técnicos da época, como
limitagbes em microscopia, ferramentas e iluminacdo adequada. Até o momento, nenhum estudo
descreveu a variacdo morfoldgica dessas espécies em toda a sua distribui¢do geogréafica ou propds uma

comparagdo morfoldgica completa entre diferentes populacfes destas espécies. Entretanto, estudos nao



publicados realizaram analises filogenéticas e filogeogréficas utilizando marcadores nucleares
(Luciferase) e mitocondriais (Citocromo Oxidase 1) em populacBes de L. italica e L. lusitanica da
Franca, Grécia, Italia e Portugal. Os resultados indicaram pelo menos cinco hapldtipos diferentes e uma
grande divergéncia dentro das populagdes de L. lusitanica, sugerindo a possibilidade de que L. lusitanica
seja, de fato, um complexo de espécies. Infelizmente, nenhum esfor¢co adicional foi feito para uma
melhor gestdo taxondmica nesse estudo, deixando a taxonomia desses grupos incerta até 0 momento.
Estas questdes em aberto, que incluem a falta de uma descricdo diagndstica precisa, as variagoes
morfoldgicas observadas e a possivel complexidade de espécies em L. lusitanica, dificultam previsdes
relacionadas a filogenia, evolugdo, comportamento e conservagdo dessa espécie. Essas incertezas sao
particularmente evidentes quando comparadas com outros representantes de Luciolinae ao redor do
mundo, onde estudos abordando aspectos filogenéticos, evolutivos e comportamentais sdo mais
robustos. Por exemplo, em taxons de lucioline do Sudeste Asiatico, como o género Pteroptyx, foram
observadas populac@es incipientes e filogeograficamente estruturadas. Os dados filogeograficos nao
publicados de L. lusitanica destacam a necessidade urgente de trabalhos revisionais destinados a ampliar
a amplitude e profundidade da amostragem geografica para uma compreensdo mais abrangente da
histdria evolutiva desta espécie na Europa. Para elucidar as fronteiras da espécie, o fluxo génico e a
comparagdo morfologica entre populagOes, este projeto tem como objetivo determinar se Luciola
lusitanica representa uma ou maltiplas espécies, utilizando métodos de delimitacéo de espécies baseados
na abordagem de descoberta, como ABGD e mPTP. O estudo visa caracterizar a diversidade genética
em populagdes em toda a Europa, avaliando niveis de divergéncia por meio do gene mitocondrial COl.
Além disso, busca propor a primeira filogenia baseada em Inferéncia Bayesiana (Bl) e Méaxima
Verossimilhanca (ML) para L. lusitanica. Para isto, cerca de 101 individuos de L. lusitanica e L. italica
foram incluidos e analisados neste trabalho. As populagdes incluem espécimes das diferentes peninsulas
da Europa, a dizer: Peninsula Italica, Peninsula Ibérica e Peninsula Balcanica. Observou-se uma grande
divergéncia genética entre as sequéncias das diferentes populacBes, o que resultou em dois grandes
clados e trés diferentes linhagens de L. lusitanica — Linhagem 1 (Peninsula Italica + Franca); Linhagem
2 (Peninsula Balcénica); e linhagem 3 (Peninsula Ibérica). A interpretacdo da diversidade genética
baseia-se em comparacdes aprofundadas, indicando potencialmente diferentes espécies dentro de L.
lusitanica. A analise da rede de hapl6tipos revelou uma alta diversidade e uma fronteira filogeogréafica
bem estruturada entre populacfes das trés linhagens. A hipotese filogeografica destacou a possivel
centralidade de diversificacdo genética na Peninsula Ibérica e na Peninsula Italiana, provavelmente
ocorrendo ap6s a Ultima glaciacdo do Pleistoceno. A analise de AMOVA reforcou a subdivisdo da
populagédo ancestral de L. lusitanica, evidenciando uma elevada diversidade molecular entre populagdes.
Valores de FST indicaram alta diferenciacdo genética entre linhagens, sugerindo isolamento genético
substancial entre populagfes. A alta variacdo genética dentro de L. lusitanica, especialmente na
Linhagem 1, sugere a presenca de diferentes espécies dentro da Peninsula Italica. Comparado a outros

estudos em coleopteros, os valores de variagdo genética intraspecifica em L. lusitanica sdo notaveis.
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Relativamente aos métodos de delimitacdo de espécie, ambos foram congruentes e apontam para, no
minimo, trés espécies e, no maximo, 8 espécies em L. lusitanica. Ambos os métodos de descoberta,
ABGD e mPTP, reconheceram 0s mesmos grupos de espécie, com diferencas minimas nos conjuntos
de espécies destacadas para a linhagem 2. A compreenséo desses padrdes genéticos é crucial para futuras
pesquisas e destaca a complexidade na identificacdo de espécies de Luciola na Europa. Este estudo
representa um passo significativo para entender a filogenia, diversidade genética e evolucdo de L.
lusitanica. A abordagem integrada, envolvendo dados genéticos e filogeograficos, busca preencher as
lacunas de conhecimento existentes, proporcionando uma base solida para futuras pesquisas sobre
pirilampos. O impacto dessa pesquisa vai além do ambito taxondmico, contribuindo para o entendimento
mais amplo da ecologia e evolugdo de lampirideos e, por extensdo, de insetos em escala global. Esta
pesquisa ndo apenas redefiniu a compreensdo da diversidade de Luciola na Europa, mas também
ressaltou a importancia de se investir em pesquisas que explorem a intricada teia genética subjacente a
diversidade bioldgica, como a taxonomia. Em um mundo de crescente impacto na biodiversidade devido
as mudangas climaticas, conhecer a riqueza de espécies é de suma importancia para o desenvolvimento
de politicas de conservacdo condizentes com as particularidades de cada espécie. Neste sentido, a
conservagdo efetiva dessas especies ndo e apenas uma questdo de manter a biodiversidade visivel, mas
também de preservar a diversidade genética que sustenta a resiliéncia e a adaptacdo desses organismos

fascinantes.

Palavras-Chave: Luciolinae da Europa, delimitagdo de espécies, filogeografia, gendmica populacional

ABSTRACT

Luciola lusitanica, a prominent species in Europe renowned for its mysterious flashing display,
has been the focus of numerous studies by European coleopterists, primarily exploring its flash
communication and ecological aspects. While past investigations delved into the phenology of this
species, there remains a scarcity of studies addressing its morphological settings. L. lusitanica has often
been deemed morphologically similar to its congeneric, Luciola italica, particularly posing challenges
in differentiation based on unreliable features, such as pronotum spots and body size. The identification
difficulty is exacerbated by significant morphological variability across their European distributions,
casting uncertainty among specialists regarding the true status of L. lusitanica populations. The debate
intensifies as to whether L. lusitanica represents a distinct species or merely constitutes a geographic
morph, characterized by morphological variations within populations, of the genus's type species, L.
italica. Here, 101 individuals of L. lusitanica (96 sequences) and L. italica (5 sequences) were sampled
across Europe and analyzed to (i) assess genetic (COI) variation, and (ii) evaluate if L. lusitanica is a

single species, by combining Bayesian phylogenetic analyses and species delimitation methods - the



latter based on discovery approach: Automatic Barcode Gap Discovery (ABGD) and Multi-rate Poisson
tree processes (MPTP). To map genetic diversity within and between groups, nucleotide and haplotype
diversity were also calculated. Surprisingly, pairwise genetic divergences in COl mtDNA are
remarkably higher among populations (up to 16,6%), supposedly belonging to the same species.
Phylogenetic and species delimitation methods recovered the typical form of L. lusitanica to be
paraphyletic, with three major clades and at least eight putative species discovered by the delimitation
methods. Because morphological traits traditionally used in Lampyridae taxonomy were ineffective in
distinguishing these taxa in the past, L. lusitanica is here considered to be a species complex.

Keywords: European Luciolinae, species delimitation, phylogeography, population genomics

FIRST NOTE

The firefly Luciola lusitanica (Charpentier, 1825) is widely distributed in Europe and is one of
the most well-studied lampyrid species, especially with regard to flash patterns. However, the identity
of L. lusitanica is historically uncertain. Information on biology and gene flow along the species’ range
is lacking, despite its widespread representation in European entomological collections, stressing the
easiness of finding this species. Interestingly, L. lusitanica females are brachypterous, with limited
dispersal capacity. This is mirrored in this species’ disjunct distribution, which makes it an appealing
species to be further investigated from biogeographical and evolutionary perspectives. Ongoing studies
focusing on systematics and taxonomy indicated the insufficiency of taxonomic characters to distinguish
between L. lusitanica and its closely related species spread in Europe. As such, these studies point out
to significant morphological variations among populations of L. lusitanica, suggesting a break in gene
flow among populations. Therefore, multiple unrecognized species may exist under L. lusitanica as
currently defined. This work aims to model the genetic divergence among L. lusitanica populations and

to test the hypothesis the latter includes unrecognized species.
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1 INTRODUCTION
1.1 Elateroidea - phylogenetic relationship between fireflies and lightning bugs

The Elateroidea comprise beetles that may be bioluminescent or not, and soft or hard-bodied
(e.g., fireflies - Lampyridae; click beetles - Elateridae; glowworms - Phengodidae; Rhaghophtalmidae)
(e.g., Lycidae, Cantharidae). Phylogenetic studies focused on Coleoptera have proposed several hypoth-
eses of relationship within the superfamily Elateroidea (see Kundrata et al. 2014; Douglas et al. 2021,
Kusy et al. 2021). According to the most recent molecular phylogeny, Elateridae was proposed to be
paraphyletic (Douglas et al. 2021). Other recent phylogenies have found Lampyridae as the sister group
of Sinopyrophoridae and Phengodidae + Rhagophthalmidae, families within Elateroidea (see Kusy et
al. 2021). In this classification (e.g., Kusy et al. 2021), it was suggested an Elaterid clade (i.e., Elateridae
representatives, also with lineages without bioluminescence) and a “Lampyroid clade” (i.e., biolumi-
nescent lineages, which include Lampyridae, Phengodidae, Rhaghophtalmidae, and Synopyrophoridae),
even though the latter is yet to be formalized. Noteworthy, this study suggests that bioluminescence in

the “Lampyroid clade” had a single origin.

The “Lampyroid clade”, which includes representatives from various families of beetles, may
seem difficult to distinguish at first glance due to common aspects of them (i.e., presence of
bioluminescence and body plan). However, taxa within this clade are morphologically diverse,
especially immatures, which are widely variable in size, body patterns (i.e., presence/absence of spots,
color), and habitats among families (see Nunes et al. 2021; Riley et al. 2022). In addition, adults within
some families (e.g., Phengodidae) are hardly sclerotized, distinguishing from Lampyridae. Despite such
similarity among immatures of these families within the “Lampyroid clade”, fireflies can be
distinguished from them by the following phenotypic traits based on McDermott (1964) and Martin et
al. (2019): most larvae (except for one species — see Kok et al. 2019) are bioluminescent (shared with
Phengodidae + Rhagophthalmidae), usually bearing lanterns on the sternum VIII or VII and VIII (i.e.,

8th ventral sclerite) (Riley et al. 2021), but also bearing lanterns on pronotum (see Nunes et al. 2021).
1.2 Lampyridae

Lampyridae includes insects called fireflies and are represented by ca. 2,200 species (Martin et
al. 2019) within at least 140 genera allocated into twelve subfamilies [viz. Luciolinae, Pterotinae,
Ototretinae, Lamprohizinae, Cyphonocerinae, Psilocladinae, Amydetinae, Cheguevariinae,
Photurinae, Lampyrinae, Cladodinae, and Chespiritoinae (see Martin et al. 2019; Ferreira et al. 2019,
2020; Bocakova et al. 2022)]. The most comprehensive classification of Lampyridae was first
compiled and published by Olivier (1912), a canonical study that assigns the hierarchical

rearrangement of the group into subfamilies, tribes, and subtribes. Olivier’s classification was largely
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followed later by the revision and catalog of McDermott (1964, 1966). Further, several studies
improved lampyrid taxonomy, focusing on phylogenetic analysis, either by using morphological
(Branham & Wenzel, 2003; Jeng, 2008) or molecular/combined data (Stanger-Hall et al. 2007; Martin

et al. 2017; Martin et al. 2019), to better understand the relationship among subfamilies.

According to Martin et al. (2019), the largest molecular phylogeny of the group so far (436
loci and 98 taxa), none of the larger subfamilies (e.g., Lampyrinae, Luciolinae, Photurinae) were
recovered as monophyletic, which led to taxonomic rearrangements. However, this study had several
shortfalls regarding the sampling effort, which was not suitable for testing the monophyly of the
subfamilies (e.g, Ototretinae was recovered as monophyletic based on only 2 genera in certain
topologies, but paraphyletic in others, rendering incongruences in its position). Despite these
advances, the classification of lampyrid subfamilies is still debated (see Martin et al. 2019), even
though recent phylogenetic studies have found robust monophyly of some lampyrid subfamilies (e.g.,
the monotypic Cheguevariinae - Ferreira et al. 2019; Cladodinae - Bocakova et al. 2022). Taxonomy-
wise, the catalog that is still the most used regarding species level is McDermott’s (1966), while
Martin et al. (2019) is the reference for subfamilies, even though several works focusing on specific
subfamilies provide a better support for managing taxa (e.g., Ballantyne & Lambkin 2009; Ballantyne
et al. 2015, 2016, 2019; Jusoh et al. 2021 for Luciolinae; Bocakova et al. 2022 for Cladodinae).

Fireflies are charismatic insects largely involved in various research topics: i) they are one of
the most cited insects in poems, films, paints, and music (Lenko & Papavero, 1996; Prischmann-
Voldseth, 2022): ii) they are important for assessing habitat quality due to its sensibility to light
pollution (Lewis et al. 2021; Vaz et al. 2021); iii) they are used as biological agents in agriculture and
plays a sanitary role against disease vectors [e.g., gastropods regarded as agricultural pests and
schistosomiasis, respectively (Peterson 1957; Nunes et al. 2021) iv) fireflies’ enzyme, called
luciferase (responsible for transducing chemical energy into luminous energy), drawn great attention
for studying gene deliver and regulation (Thompson et al. 1991); v) fireflies’ lantern it has technology
importance per se [(i.e., mimicked in the bioinspired design of an organic light-emitting diode (OLED
- technology used in the manufacturer of any type of screens) (Kim et al. 2016)];. Therefore,
understanding the taxonomy and evolution of several lampyrid taxa is pivotal to seek their

conservation and facilitate studies focusing on its applicability in society.

When investigating biomolecules, ecology, phylogenies, and medical-sanitary roles, accurately
communicating the identity of taxa is critical to ensure replicability and falsification (Chalmers,
1976). On the other hand, in applied studies, accurate and precise taxonomic treatment is often
lacking, which means that the identity of taxa is contentious, even in studies with health impacts (see

Viviani, 1989). Noteworthy, the difficulty to identify fireflies at the species level in these works may
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be due to the paucity of experts, gaps in the literature, and/or lack of identification tools (Silveira &
Mermudes, 2014).

1.3 Biological aspects of fireflies

Fireflies live for up to three years depending on the species and spend most of that time as
larvae. According to Riley et al. (2021), larvae from hatched eggs take 2-11 months to reach the pupal
phase and can undergo 3 up to 8 instars before metamorphosis (see also DeCock, 2009). Larvae are
quite diverse within Lampyridae and can be found in a wide array of habitats, which includes the leaf
litter, rock crevices, rotten logs, inside bromeliads, and, in the case of aquatic habits, associated with
corals or brackish water (see Riley et al. 2021; Ballantyne & Buck, 1979). Unlike almost all adults,
that usually do not eat (e.g., except for Photurinae adults, that pray on other fireflies — see Souto et
al. 2019), larvae are the sole feeding stage in a firefly's life cycle, which means that it is totally re-
sponsible for gathering energy to maintain its metabolism, especially regarding reproductive output
(Lewis & Crastley 2008). The larvae menu includes especially soft-bodied invertebrates, such as
earthworms, mollusks, and gastropods (Nunes et al. 2021).

Adult fireflies only live for about a couple of weeks and spend most of their time, as adult,
searching for a mate. Because larval stage comprises the most part of a fireflies’ life history, under-
standing species’ biology requires an in-depth knowledge of its immatures. Paradoxically, studies on
firefly larvae are scarce, and mostly biased towards specific groups (i.e., Lampyrinae and Luciolinae)
and regions [e.g., North America, Asia (see Riley et al. 2021) for a complete review)]. Therefore,
subjects regarding species’ ecology, phenology, and lifespan are quite incomplete for several taxa,
especially those dwelling in Europe and South America, where larvae are understudied (see Riley et
al. 2021).

While information regarding species’ biology is incipient, those addressed to adults, especially
with regard to flash displays, are solid for at least a few species (see Branham & Wenzel, 2003; De
Cock, 2009). Sexual communication in fireflies was, and still is, a trend topic (see Lewis & Cratsley,
2008; Day, 2011; Riley et al. 2021). Most experts divide the species according to the presence or
absence of lanterns, categorizing them into two major groups, as follows: i) bioluminescent fireflies
(those species that display flash patterns and are active at twilight or night); ii) and non-biolumines-
cent fireflies (those active during the day, relying on pheromones to sexually attract their mates). In
bioluminescent species, males seek females producing flash patterns of different colors, intensity, and
duration, which vary among species (see Lewis & Cratsley, 2008). Some flashing species can also
count on pheromones to attract females (see Stanger-Hall et al. 2018). In its turn, non-bioluminescent
species count on those traits that play a role in perceiving chemical substances, and usually have large
antennae (Stanger-Hall et al., 2018) Therefore, the evolution of sensor morphology, either for biolu-

minescent or non-bioluminescent species, have shaped the evolution of some traits in firefly taxa,
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such as eyes, lanterns, and antennae (Stanger-Hall et al. 2018). Noteworthy, pheromones as the main
signal mode are thought to be a plesiomorphic character (i.e., ancestral state — see Branham & Wen-
zel, 2003).

One of the most intriguing subjects at the core of fireflies” biology is understanding paedo-
morphosis and brachypterous conditions in females (reviewed in Jeng, 2008). Both conditions have
a direct influence on the vagility of species, since both make flight impossible, thus rendering a spatial
limitation (see South et al. 2010). Paedomorphosis in fireflies is a widespread condition, in which
females exhibit a juvenile characteristic in adulthood as a result of heterochronic processes (Cicero,
1988). Otherwise, brachyptery is a condition in which adults have reduced wings (Jeng, 2008). The
occurrence of both conditions needs to be comprehensively reviewed for a better understanding of
their origin in Lampyridae. Recent studies sought to investigate the control of metamorphosis and its
consequence in life-history in neotenic groups (see Cicero, 1988; Jeng, 2008; South et al. 2010), an
important piece to follow up the known increased evolvability of characters (see McMahon & Hay-
ward, 2016). In other words, the development of incomplete metamorphosis in some lineages within
Lampyridae, for instance, seems to be connected to dietary strategies, paedomorphic traits, habitat
range, and potentially cryptic lifestyle, argued by the authors that pre-adaptation may exist to give
space to neoteny (see McMahon & Hayward, 2016). Therefore, such subjects are relevant to under-

stand the evolution commonness of neotenic lineage in Lampyridae taxa.

In other lineages within Elateroidea (e.g., neotenic lycid), taxa are mostly affected in terms of
flight ability and fecundity, and several lines of evidence point to its negative effects [i.e., lineages
with low species richness, and vulnerability to extinction - (see Gould, 1977; Bocak et al. 2008)].
Albeit without proper comparative methods, neoteny is largely reported in soft-bodied beetles (fam-
ilies mentioned above), which suggests a relevant evolutionary signal. Despite the presumable risk of
extinction, several lineages have neotenic taxa, which stresses that neoteny also has positive effects.
Possible explanations of supposedly “pros” lay in the fact that neotenic taxa may benefit from their
low vagility (e.g., consequently, can cause speciation) and high investment in offspring (e.g., profit
from the reduced investment in energy on wings development and dispersal). This explanation might
be behind the evolutionary history of many neotenic lampyrid taxa and presents itself as a seductive
topic to study species with neotenic females for a couple of reasons, as follows: i) studies focusing
on neoteny is still inching up and little is known about the triggers of neoteny; ii) neoteny lineages
are often neglected, lacking key information about their ecology and geographical range, important
data for studying evolution and biogeography.

Even though brachypterous females do not match the definition of paedomorphosis (i.e., loss
of complete metamorphosis), Cicero (1988) has proposed a gradient of paedomorphic levels that ac-
count for all types of flightless females, which include brachypterous morphs. Flightless females in

lampyrids are widespread across subfamilies (e.g., Lampyrinae: Pyrocoelia analis; Luciolinae:
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Luciola lusitanica), but larviform females are also very common [e.g., several taxa within the sub-
family Lamprohizinae - Lamprohiza paulinoi and Phausis spp. (Jeng, 2008); Lampyrinae: Phos-
phaenus hemipterus; Luciolinae: Emeia pseudosauteri]. Based on the last improvement of Cicero’s
scheme, proposed by Jeng (2008), the levels of neoteny in fireflies vary from 0 (not neotenic - fully
imaginal, “normal females") to 8 (maximally neotenic, larviform females with up to 2 molts and
extremely rudimentary traits). Curiously, female fireflies usually exhibit level 1 (i.e., brachyptery or
physogastry arrangement - e.g., Luciola lusitanica), level 3 (i.e., rudimentary wings with integument
unsclerotized and unpigmented - e.g., Pleotomus pallens), and level 4 (i.e., wings absent - e.g.,
Lampyris noctiluca) across the neotenic spectrum (see review in Jeng, 2008). Therefore, studying the
implication of neoteny in all Lampyridae taxa is imperative to better understand biogeographic pat-
terns and dispersal limits. Such a topic is thought-provoking in taxa with dubious taxonomic identity
and disjunct distribution, which may clarify whether a species complex may be hidden under the same
name [e.g., Luciola lusitanica (see De Cock, 2009)].

Thus, patterns resulted from paedomorphosis may be a driver of speciation in some lineages.
First, the loss of flight in paedomorphic females reduce their capacity to colonize new habitats, im-
plying oviposition immediately after copulation in a vicinity nearby (Wong, 1996). Second, female
adult morphology is significantly different from males, which suggests that such evolutionary novelty
was sex biased. Therefore, providing a possibility to investigate the macroevolutionary consequences
of neoteny can raise meaningful insights into life-history evolution, sexual selection, and biogeo-

graphical history of several taxa.

1.4 European fireflies

Gamma diversity of fireflies in Europe is comparatively low if compared to tropical regions
(e.g., Southeast Asia, South America) (see De Cock, 2009). About 68 species are described (De Cock,
2009), placed in three subfamilies [viz. Lampyrinae, Lamprohizinae, and Luciolinae (De Cock 2009)]
and 8 genera, as follows: i) Lampyris - the most diverse group in Europe, with at least 30 species; ii)
Nyctophila - the second most diverse group, with 16 species; iii) Pelania - a monotypic genus;
Lamprohiza - with nine species; Phosphaenopterus - with 2 species; Phosphaenus Laporte - a mon-
otypic genus; Lampyroidea - with six species; and Luciola - with 3 species. Unfortunately, this num-
ber seems to underestimate the diversity in Europe, as a hiatus existed between the last century and
contemporary taxonomists focusing on European lampyrids, even though many efforts have been
made by Michael Geisthardt since 1978 (e.g., Geisthardt, 1982). Therefore, the taxonomy of Lampyr-
idae in Europe was virtually stagnant for a while and seems to be gaining momentum recently
(Geisthardt et al. 2008; De Cock, 2009; Constantin, 2014; Novak, 2017, 2018; Nunes et al. 2021b).
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Molecular-based phylogenetic studies focusing only on European taxa are sparse (Day et al.
unpublished). In fact, when considering Palearctic fireflies included in phylogenetic analyses, all of
them are undersampled, setting some genera aside (e.g., Pelania, Nyctophila — see Martin et al. 2019
and references therein), never included in any molecular study so far. Indeed, gather fresh specimens
in Europe is a challenging task, as few researchers are interested in studying fireflies. Moreover,
available information on species distribution in Europe is virtually absent in the literature, which
makes the experimental design a hard task to do. Although citizen science platforms have several
observational data, they are not accurately/reliably identified (e.g., GBIF, iNaturalist, Viste Pi-
rilampos - Facebook page). Therefore, important steps towards a more complete understanding of
evolutionary patterns of Palearctic fireflies should start by filling gaps on species’ range, biogeogra-
phy, and taxonomy in Europe.

Ecology-wise, European fireflies are relatively well represented in the literature concerning
behavior, phenology, niche, and sexual communication (De Cock, 2009). Among these, sexual be-
havior, especially flash displays, stand out: the intensity, duration, and rhythm were profoundly stud-
ied in order to provide diagnostic patterns to distinguish species in the field (Lewis & Cratsley, 2008).
Flash-based diagnoses are accurate enough to distinguish numerous species in other regions [e.g.,
Nearctic - (see Faust & Forrest, 2017)], but general aspects of courtship and flash patterns of some
European fireflies are very similar [e.g., Pelania, Nyctophila reichii, and Lampyris noctiluca - see De
Cock, 2009). Curiously, almost all species rely on light signals to attract mates, setting aside only
three species, which rely on pheromones alone to find their females - Phosphaenus hemipterus, Phos-
phaenopterus metzneri, and P. montandoni (De Cock & Matthysen 2000, 2005; Nunes et al. 2021b).

However, light signals as a tool for species identification are still incipient in Europe.

To compound the issue, fireflies in Europe are commonly misidentified, rendering a complex
taxonomic history. Part of these misidentifications is driven by a lack of taxonomic studies on the
European fauna of fireflies. However, confounding factors in taxonomy, especially due to apocryphal
data, increase the feedback between erroneous information associated with misidentified taxa (see
Nunes et al. 2021b). That is, not all the information gathered truly belongs to the mentioned taxa due
to difficulty and little precision in identification - owing to the following reasons: i) lack of compar-
ative morphological studies using European fireflies as a focal group; ii) lack of tools to identify
species such as identification keys, morphological atlas, well-established barcoding thresholds; iii)
lack of user-friendly information on diagnostic flash patterns, where they apply. Thus, compiling and
processing this data can be a huge task, as identifying the species is a challenge in itself. In fact, the
latter statement is one of the reasons why taxonomic studies in Europe are sorely necessary, once
morphology, molecular, and behavioral data are scattered and scarce, thus precluding reliable asso-

ciations between general data and species biology in many taxa (De Cock, 2009; Nunes et al. 2021b).
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Information on the distribution, biology, and identity of European firefly species is dubious.
Some species stand out regarding their identity and are difficult to recognize, mostly because they
have overlapping diagnostic features with other species, as occurs with Lamprohiza splendidula and
Lamprohiza paulinoi. However, the most difficult species to distinguish seems to be those belonging
to Lampyris, which are commonly identified without epithet in citizen science platforms (e.g.,
iNaturalist, GBIF). In addition, Europe harbors species that have not even been found since their
descriptions, which lack important information for future identification, as occurs with Pelania
mauritanica and Phosphaenopterus montandoni. The focal taxa of this study, namely Luciola
lusitanica, was described for Portalegre, Portugal, and since 1825 has been reported to occur in
multiple spots in Europe. However, these locations seem disjunct, which causes mistrust among
experts regarding their identification (De Cock, 2009). The information available suggests that we
are far from a solid catalog of species and data of European lampyrids, and stresses that morphological
and molecular research are fundamental steps toward a better classification of these charismatic

insects.

1.5 Luciolinae - a historical overview worldwide

Luciolinae is the richest subfamily within Lampyridae (McDermott 1966; Martin et al. 2019).
Luciolinae have 6 ventrites, contrasting with 7-8 in most subfamilies (see Martin et al 2019). Despite
such uniqueness among other families, Luciolinae has several species similar to each other, and sepa-
rating these taxa has been a continuous task (see Ballantyne et al. 2019 and references therein). There-
fore, reappraisal and review studies are sorely necessary and have been published at a steady pace (see
Ballantyne et al. 2013, 2015, 2019; Jusoh et al. 2018; Jusoh et al. 2021).

Species under the genus Luciola were first distinguished by the remaining genera based on
coloration and minor traits on external morphology only. Thanks to extensive studies of Ballantyne
and colleagues, Luciola spp. can be distinguished from other members of the subfamily by the follow-
ing features, mainly male-based: i) male abdominal shape (e.g., presence/absence of posterior projec-
tions - to distinguish from Colophotia, Pteroptyx, Pygoluciola, and Pyrophanes); ii) elytra margination
(e.g., to distinguish from Curtos, Medeopteryx, Pteroptyx); iii) flightless females to distinguish from
the subgenus Hotaria and the genus Lampyroidea (this latter present in Europe); iv) male pronotum
shape (e.g., degree of development of expansions, presence/absence of central disc, presence/absence
of translucid edge spots - to distinguish from Lamprigera Motschulsky, 1853, genera incertae sedis -
Martin et al., 2019; and Australoluciola Ballantyne, 2013). To date, Luciolinae is represented by 29
genera, most raised from the genus Luciola after morphological and phylogenetic reassessments (Bal-
lantyne et al. 2015, 2019; Martin et al. 2019).
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Regarding genera not as “taxonomic questionable” as Luciola, the subfamily Luciolinae
displays a lot of interesting characteristics. For instance, it is the group with the most complete
mitogenome sequences so far (Liu et al. 2017; Hu & Fu, 2018; Sriboonlert & Wonnapinij, 2019), with
a special mention for heteroplasmy in fireflies (a singular case in Inflata indica Ballantyne et al. 2015);
the only one with back swimming larvae; the group with most species displaying flash synchronous
behavior. In addition, Luciolinae seems to not occur in the Americas, a striking pattern within
Lampyridae, as all subfamilies have representatives in North, Central or South America (see
McDermott, 1966). However, that subject has not yet been explored from a geological and evolutionary
point of view. This information reinforces how deep our knowledge about the evolutionary aspects of
fireflies has reached when studying Luciolinae taxa, but taxonomic issues still hamper progress in other
aspects, such as systematics, biogeography, and ecology within the subfamily. Therefore, studies
focusing on Luciolinae taxa in neglected areas, such as those present in Europe and Africa, are of
utmost importance for a broader review of evolutionary patterns and biogeographical history.

Luciola was, and potentially still is, a troublesome group even for experts. Studies focusing on
classification did not cover Africa and Europe, except by including the type-species, Luciola italica, a
European taxon, in their analyses (Ballantynet et al. 2015, 2019). Therefore, the current classification
of Luciolais virtually established only for Australopacific taxa, but still paves the way for other regions
(e.g., Martin et al. 2019; Jusoh et al. 2021). Hitherto, the Australopacific area harbors at least 56 species
of Luciola (setting aside African and European Luciola) and is subdivided into two major groups,
following the last Ballantyne’s classification, represented by Luciola s. str. and Luciola s. lato (Bal-
lantyne et al. 2015). Luciola s. str. has 17 species so far and were raised to accommodate species
morphologically similar to the type-species, Luciola italica (Ballantyne et al. 2015; Jusoh et al. 2021).
Therefore, according to diagnostic features of L. italica (i.e., the type-species), similar species based
upon those characters were transferred to Luciola s. str.. Accordingly, Luciola s. lato was established
to compile all the remaining species of the genus, but with a different set of traits than L. italica. In
other words, all species that do not fit under the type-species morphology were placed under Luciola

s. lato, which has 34 species so far (Ballantyne et al. 2019).

The remaining Luciola spp. (from Africa and Europe) include 103 species of uncertain affini-
ties. In Africa, since 1966 no other study has filled any gap regarding species richness, distribution,
or classification. Likewise, taxonomic studies on European Luciolinae have been stationary since 1966,
and only 3 species of Luciola exist, albeit this number is controversial (Day et al. unpublished; Novak
& DeCock, unpublished). This great void on Luciolinae in Europe and Africa hampers not only taxo-
nomic goals but also phylogenetic studies. Therefore, before any in-depth study on ecology, modeling,
and biogeographical analyses, taxa comprised in these continents deserves a thorough morphological
and phylogenetic appraisal instead. Only by revisiting these taxa, using integrative taxonomy, will it

be possible to distinguish each species in Europe and Africa and deepen studies on broader topics (such
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as biogeography, ecology, and evolution). Therefore, this unusual genus stresses how incipient its clas-
sification is, and calls for attention to a collective effort to better manage its taxonomy in order to find
reliable characters to clearly separate species. In addition, this genus is still the type of the subfamily,
which reinforces the need to establish a solid taxonomy in the genus to further allow morphological

comparisons within the genus and between genera.

Considering European Luciolinae, only two genera are present, Lampyroidea Costa, 1875
and Luciola, and eight species (five belonging to Lampyroidea and three belonging to Luciola). A huge
problem does exist involving both genera, especially regarding the diagnoses of each genus. In Lampy-
roidea (type-species Lampyroidea syriaca), recent phylogenetic analysis recovered Lampyroidea syr-
iaca as Luciola s.tr., which means that this genus was described based on morphological traits that
now are diagnostic of Luciola (Ballantyne et al. 2019). However, no taxonomic changes were taken
due to small sampling in the analysis (see Ballantyne et al. 2019). In Luciola, several nomenclatural
issues are up for debate (e.g., L. pedemontana is a junior synonym of L. italica; L. mingrelica, a species
earlier described for the Balkans, was synonymized with L. lusitanica). This brief review stresses how
taxonomy of Luciolinae need an in-depth investigation of those species, which, in turns, prevents us

from addressing important issues regarding their evolutionary patterns.

Species of Lampyroidea are distributed in the Mediterranean, Alpine, and Continental bioge-
ographical regions in Europe (i.e., the Balkans). The main problems involving these species are the
lack of information regarding their behavior, ecology, and distribution. An important aspect of these
taxa is that they may produce ultrasonic clicks during flight as an aposematic signal against bats, which
is reported for Lampyroidea occurring in Israel (Krivoruchko et al. 2021). In its turn, species of Luciola
are widely distributed in Europe, from Western Portugal to South Russia, and drew attention in the
past due to their conspicuous flash patterns. For example, L. lusitanica was in-depth studied by Papi
(1969) regarding its sexual communication. Papi (1969) noticed that flash displays are unique in dura-
tion and intensity according to the focal population studied, evidencing that dialectics may exist in this
species - or that more than one species is assigned to L. lusitanica in the literature. In fact, this rumor
was further prompted by De Cock (2009) once again, suggesting that morphologically different popu-
lations are found within L. lusitanica (Silveira, pers. ob.) (see morphological scheme shown in Figure
1).

Other two species of Luciola exist in Europe, L. novaki (endemic to Montenegro) and L.
mingrelica [name still used by some taxonomists (see De Cock, 2009), but synonymized with L.
lusitanica by McDermott (1964)]. Along with Lampyroidea spp., these taxa also do not have much
information available in the literature. As far as experts are aware (Novak & De Cock, unpublished),
L. novaki has never been reported since the 1960’ and no study has emerged since its original
description. Actually, many experts wonder if the species still exists (e.g. De Cock, 2009). Considering

L. mingrelica a valid name, this species still occurs in Europe, mainly in Russia and some spots in
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Greece (De Cock 2009; R. De Cock, pers. comm.). This species is confused with L. lusitanica due to
spatial overlap and morphological similarity, resulting in misidentification. Therefore, the taxonomy,
genetics, distribution, and ecology of European Luciolinae are poorly understood and largely
neglected. Moreover, the need for an in-depth study on these taxa is imperative to fill those gaps to

further manage properly those taxa systematically- and ecology-wise.

Figure 1: Two females from different populations of Luciola lusitanica. A-E — Female from

Pisa, Italy; A — Habitus dorsal, scale bar: 2 mm; B — Habitus ventral, scale bar: 2 mm; C — Close up
of the head, scale bar: 500 um; D — Detail of the lantern bipartite, scale bar: 1 mm; E — Close up of
the pronotum, scale bar: 1 mm. F-J — Female from Porto, Portugal; F — Habitus dorsal, scale bar: 2

mm; G — Habitus ventral, scale bar: 2 mm; H — Close up of the head, scale bar: 1 mm; I — Detail of
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the lantern entire, scale bar: 2 mm; J — Close up of the pronotum, scale bar: 500 um. Note how
different these females are when comparing the shape and length of the elytra (pointed with the red

arrow), shape of the pronotum and the lantern.

1.6 Luciola lusitanica (Charpentier) - a comprehensive review

According to recent studies (see Lewis et al. 2020; Van den Broeck et al. 2021; Vaz et al.
2021), fireflies are under profound habitat loss worldwide mostly due to light pollution, a subject that
is recognized as one of the major threats to nocturnal biodiversity (Owens & Lewis, 2021). Likewise,
European fireflies might also be threatened by artificial light at night (ALAN), which can cause
temporal disorientation (i.e., decoupling from their typical biorhythms) and other effects on their
behavior (e.g., on reproduction, migration). Because females of L. lusitanica are stationary and not
able to fly, environmental impacts of ALAN can be a factor responsible for declining populations, as
this stressor also operates as a confounding factor for L. lusitanica during their courtship behavior (i.e.,
rely on flash signals). In this sense, and since many populations are diminishing across the globe due
to light pollution (Owens & Lewis, 2021), studying fireflies that may be more prone to be affected by
ALAN (e.g., those species with females not able to fly and less vagile) can significantly improve our
understanding of the impacts of artificial light by the following arguments: i) populations are not
equally adapted, which means that ALAN impacts populations differently; ii) as such, how populations
can respond to this type of stressor can vary among them, and understanding the set of effects that
ALAN can have on populations is important; iii) understand if less vagile species are more likely to be
affected than flight species is necessary if we are to cope with conservation measures for the most

threatened species.
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Figure 2: Localities where L. lusitanica has been reported formally detached by a red circle (see De
Cock, 2009). Note the disjunct distribution of the species. Red circle in Portugal (zoom in) represents
localities of formal report and collection event for this study. Data from Citizen platforms (GBIF,
iNaturalist) were not considered due to the doubt and difficulty in distinguishing European Luciola.
Only data gathered in the literature, which supposedly involved examined material and comparisons

with other specimens, were included.
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The European lucioline L. lusitanica is regarded a prima facie endemic to Europe. Populations
of L. lusitanica are widely separated from each other (e.g., Mediterranean - except Spain x Alpine X
Continental populations), in a hon-continuous distribution (De Cock, 2009). Although populations of
L. lusitanica are not overlapped, they occur in sympatry, but not in syntopy (i.e., same habitat), with
populations of L. italica (e.g., both species are present in the Balkans and in the Italian Peninsula, for
instance). These lucioline species are, apart from closely related, very alike morphologically (Bona-
duce & Sabelli, 2006; Gurcel et al. 2020). Consequently, those populations are largely confused with
each other by laypeople and even experts [see De Cock (2009), (Fig. 2)].

Such difficulty in separating both species date from a century ago, when Fabricius (1801) -
Linnaeus’ student - and Olivier (1790), both renowned European naturalists, named specimens of lu-
cioline they were dealing with as L. italica - now known as being specimens belonging to L. lusitanica
after a review from Lacordaire (1857). It is quite surprising that Fabricius mistakenly assigned the
examined material to the species described by Linnaeus (i.e., L. italica), his supervisor. On one hand,
it would not be pretentious to think that he had free access to the holotype, with which he could com-
pare the material examined. On the other hand, there were many technical limitations (e.g., microscopy,
tools, suitable illumination). Because synonymies were made between L. italica and L. lusitanica from
these alleged misidentifications made by Fabricius and Olivier, a thorough study of both holotypes is

sorely necessary for establishing a better diagnostic description of these taxa.

In the case of L. lusitanica, it is impressive how many specimens dealt with inaccurate and
misidentifications when observing modern literature and pages of citizen science, respectively
(Bonaduce & Sabelli, 2006; GBIF, iNaturalist; pers. obs.). Therefore, past misidentifications due to
limited resources available for microscopy may still remain. This stresses the need for a thorough
revisional study on Luciolinae in Europe based on integrative taxonomy, with fully illustrated
specimens and an in-depth morphological redescription. It means that to partially solve the difficulty
in distinguishing Luciola spp. in Europe, morphological and genetic studies must be great allies in
whatsoever the subject of study using Luciola (i.e., integrative taxonomy). Unfortunately, no study has
been undertaken to distinguish lucioline species in Europe, and taxonomic, ecological, and

biogeographical data on those species are still a gap waiting to be filled out.

1.7 Evidence and gaps in Luciola lusitanica

Luciola lusitanica does not have any detailed and illustrative morphological or genetic study
published so far comparing populations across its geographical range. The most in-depth study on L.
lusitanica morphology to date does not cover all morphological aspects of the species, encompassing
general dorsal morphology and genital overview, lacking important diagnostic features of immatures

and adults [e.g., pupal descriptions, terminalia illustrations (see Bugnion 1929)]. To fill this gap, some
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authors carried out a morphological study of L. lusitanica populations across Europe a few years ago,
even though their results were not published (pers. comm. De Cock, Silveira, Novak). While studying
populations from France, Italy, Portugal, and the Balkans, these authors noticed that L. lusitanica from
Portugal is morphologically different from populations outside (e.g., Italy, Croatia, France). Moreover,
they also noticed unique characters reliable to identify each population per se, implying that isolated
populations of L. lusitanica may actually be several species under the same scientific name. Another
unpublished study conducted by Day and collaborators performed phylogenetic and phylogeographic
analyses using both nuclear (Luciferase) and mitochondrial (cytochrome oxidase 1) markers. They have
included L. italica and L. lusitanica populations from France, Greece, Italy, and Portugal. As a result,
they have found at least 5 different haplotypes and a great divergence within L. lusitanica populations,
suggesting that cryptic species may be under L. lusitanica (Day et al., unpublished). Unfortunately, no
further proposal was considered for better taxonomic management in this study, and the taxonomy of

these groups remains uncertain.

All these open questions hinder predictions on phylogenetics, evolution, behavior, and
conservation of L. lusitanica, which are particularly overlooked when compared with other Luciolinae
of the globe (e.g., Fu & Ballantyne 2008: Ballantyne & Lambkin 2009; Jusoh et al. 2020; Jusoh et al.
2021). For example, other lucioline taxa also showed incipient and phylogeographically structured
populations in Southeast Asia, as occur in the genus Pteroptyx, one of the most studied taxa within the
subfamily Luciolinae (Jusoh et al. 2020). Even in well-studied taxa and areas, the dynamic and
intriguing interplay between genes and environment in shaping fireflies’ evolution is unknown (see
Jusoh et al. 2020). Therefore, the unpublished data provided by Day and collaborators stress the need
for revisional works intended to increase the breadth and depth of geographical sampling for a better

picture of fireflies’ evolutionary history.

2 OBJECTIVES

To elucidate the species boundaries and gene flow among populations, this project aims to assess
whether Luciola lusitanica represents a single or multiple species. Here, we characterize the genetic
diversity of populations across Europe and assess levels of divergence using mitochondrial (COIl)
genes in this species. In addition, this study aims to propose the first phylogeny for a European
lampyrid taxon, namely L. lusitanica. Samplings took place across the species’ known distribution

range, with a deeper emphasis on Portugal due to the pandemic and lockdown restrictions.

General objective
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- Understand the phylogenetic relationship among Luciola lusitanica populations.

Specific objectives

- Propose a phylogenetic relationship for the Luciola lusitanica complex.

- Characterize the phylogeographic pattern, haplotype diversity, and gene flow across
the distribution of Luciola lusitanica.
- Carry out species delimitation analyses (based on probabilistic methods) to test the

hypothesis that L. lusitanica is a single species.

3 MATERIAL & METHODS
3.1 Phylogeny

3.1.1 Sampling

A total of 96 adult specimens of L. lusitanica were collected by me and/or collaborators in

Southern and Western Europe (see Tab. 1). Specimens used in this study as an outgroup were collected

by me and/or collaborators and include the most widely distributed genus in Europe, which was never

considered an ingroup earlier (i.e., Lampyris). All individuals were preserved in 100% ethanol for

further molecular and morphological studies and stored at -20°C at the University of Lisbon and

Western Carolina University.

Table 1: Specimens information including voucher specimens’ codes and respective collecting

localities for COI sequences of L. lusitanica, L. italica, and Lampyris species. Vouchers detached with

asterisk represent specimens excluded from mPTP analyses. GenBank accession number will be

provided when ready for publication.

Species Voucher Locality Lineage Haplogroup
Luciola LUL-NIC- Nice, Southeast France 1 Southeast
lusitanica 001 France
Luciola LUL-NIC- | Nice, Southeast France 1 Southeast
lusitanica 002* France
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Luciola LUL-NIC- Nice, Southeast France Southeast
lusitanica 003* France

Luciola LUL-NIC- | Nice, Southeast France Southeast
lusitanica 004* France

Luciola LUL-NIC- Nice, Southeast France Southeast
lusitanica 005* France

Luciola LUL- Corsica, Mediterranean Sea, France Corsica/Sardinia
lusitanica CSC-001 Island

Luciola LUL- Corsica, Mediterranean Sea, France Corsica/Sardinia
lusitanica CSC-003 Island

Luciola LUL- Corsica, Mediterranean Sea, France Corsica/Sardinia
lusitanica CSC-004* Island

Luciola LUL- Corsica, Mediterranean Sea, France Corsica/Sardinia
lusitanica CSC-005* Island

Luciola LUL- Corsica, Mediterranean Sea, France Corsica/Sardinia
lusitanica CSC-006* Island

Luciola ENT5530 Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5531 Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5532 Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5533 Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5534* | Pisa, Central Italy Central Italy
lusitanica
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Luciola ENT5535* | Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5536* | Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5537 Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5538* | Pisa, Central Italy Central Italy
lusitanica

Luciola ENT5539 Pisa, Central Italy Central Italy
lusitanica

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-001

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-002

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-003*

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-004

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-005

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-006

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-007*

Luciola LUL- Florence, Central Italy Central Italy
lusitanica TUS-008
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Luciola LUL- Turin, Northwest Italy North Italy
lusitanica TUR-002*
Luciola LUL- Turin, Northwest Italy North Italy
lusitanica TUR-003
Luciola LUL- Turin, Northwest Italy North Italy
lusitanica TUR-004
Luciola LUL- Turin, Northwest Italy North Italy
lusitanica TUR-005
Luciola LUL- Sardinia, Mediterranean Sea, Italy Corsica/Sardinia
lusitanica SAR-001 Island
Luciola LUL- Sardinia, Mediterranean Sea, Italy Corsica/Sardinia
lusitanica SAR-005* Island
Luciola LUL- Grazzano Visconti, North Italy North Italy
lusitanica GRA-001
Luciola LUL- Grazzano Visconti, North Italy North Italy
lusitanica GRA-

001D
Luciola LUL- Grazzano Visconti, North Italy North Italy
lusitanica GRA-

001E*
Luciola LUL- Grazzano Visconti, North Italy North Italy
lusitanica GRA-003
Luciola LUL- Sommo, North Italy North Italy
lusitanica SOM-

001*
Luciola LUL- Sommo, North Italy North Italy
lusitanica SOM-002
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Luciola LUL- Sommo, North Italy North Italy
lusitanica SOM-

003*
Luciola LUL-LET- | Castelletto Di Branduzzo, North Italy North Italy
lusitanica 001*
Luciola LUL-LET- | Castelletto Di Branduzzo, North Italy North Italy
lusitanica 002*
Luciola LUL-LET- | Castelletto Di Branduzzo, North Italy North Italy
lusitanica 003
Luciola LUL- Cologno Al Serio, North Italy North Italy
lusitanica CAS-002
Luciola LUL- Cologno Al Serio, North Italy North Italy
lusitanica CAS-003*
Luciola LUL- Cava Manara, North Italy North Italy
lusitanica CAV-001*
Luciola LUL- Cava Manara, North Italy North Italy
lusitanica CAV-002
Luciola LUL- Cava Manara, North Italy North Italy
lusitanica CAV-003
Luciola LUL- Lungavilla, North Italy North Italy
lusitanica LUN-001*
Luciola LUL- Lungavilla, North Italy North Italy
lusitanica LUN-002*
Luciola LUL- Lungavilla, North Italy North Italy
lusitanica LUN-003*
Luciola LUL- Corfu, Northwest Greece Corfu Island
lusitanica COR-001
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Luciola LUL- Corfu, Northwest Greece Corfu Island
lusitanica COR-002

Luciola LUL- Zapresi¢, Central Croatia Central Croatia
lusitanica CRO-001

Luciola LUL- Paxos Island, Greece Paxos Island
lusitanica PAX-002

Luciola LUL- Greece Greece
lusitanica GRE-001

Luciola LUL- Greece Greece
lusitanica GRE-003

Luciola LUL- Greece Greece
lusitanica GRE-004*

Luciola LUL- Greece Greece
lusitanica GRE-005*

Luciola X1292* Agios Nikolaus, Western Greece Western Greece
lusitanica

Luciola X1293 Agios Nikolaus, Western Greece Western Greece
lusitanica

Luciola LIT-CRO- Slunj, Northwest Croatia Central Croatia
italica 005

Luciola X1294* Agios Nikolaus, Western Greece Western Greece
lusitanica

Luciola LUL-AVI- | Avintes, North Portugal North Portugal
lusitanica 001

Luciola LUL-AVI- | Avintes, North Portugal North Portugal
lusitanica 002*
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Luciola LUL- Parque Biologico de Gaia, North North Portugal
lusitanica PBG-001 Portugal

Luciola LUL- Parque Bioldgico de Gaia, North North Portugal
lusitanica PBG-002* | Portugal

Luciola LUL- Parque Bioldgico de Gaia, North North Portugal
lusitanica PBG-006 Portugal

Luciola LUL- Alfarelos, Central Portugal Central Portugal
lusitanica ALF-001

Luciola LUL- Alfarelos, Central Portugal Central Portugal
lusitanica ALF-002*

Luciola LUL- Alfarelos, Central Portugal Central Portugal
lusitanica ALF-003

Luciola LUL- Alfarelos, Central Portugal Central Portugal
lusitanica ALF-004*

Luciola LUL- Alfarelos, Central Portugal Central Portugal
lusitanica ALF-005*

Luciola LUL- Alfarelos, Central Portugal Central Portugal
lusitanica ALF-006*

Luciola LUL- Valongo, North Portugal North Portugal
lusitanica VAL-001

Luciola LUL-PDP- | Parque da Paz, Central Portugal Central Portugal
lusitanica 001*

Luciola LUL-PDP- | Parque da Paz, Central Portugal Central Portugal
lusitanica 002

Luciola LUL-PDP- | Parque da Paz, Central Portugal Central Portugal
lusitanica 003*
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Luciola LUL-PDP- | Parque da Paz, Central Portugal Central Portugal
lusitanica 004

Luciola LUL-PDP- | Parque da Paz, Central Portugal Central Portugal
lusitanica 005

Luciola ENT5522 Porto, North Portugal North Portugal
lusitanica

Luciola LUL- Torres Vedras, Central Portugal Central Portugal
lusitanica TOV-002*

Luciola LUL- Torres Vedras, Central Portugal Central Portugal
lusitanica TOV-004

Luciola LUL- Torres Vedras, Central Portugal Central Portugal
lusitanica TOV-005*

Luciola LUL-SES- | Sesimbra, Central Portugal Central Portugal
lusitanica 001

Luciola LUL-SES- | Sesimbra, Central Portugal Central Portugal
lusitanica 002

Luciola LUL-SES- | Sesimbra, Central Portugal Central Portugal
lusitanica 003

Luciola LUL-SES- | Sesimbra, Central Portugal Central Portugal
lusitanica 004

Luciola LUL-SES- | Sesimbra, Central Portugal Central Portugal
lusitanica 005

Luciola LUL-SIN- | Sintra, Central Portugal Central Portugal
lusitanica 001*

Luciola LUL-SIN- | Sintra, Central Portugal Central Portugal
lusitanica 002*
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Luciola LUL-SIN- | Sintra, Central Portugal 3 Central Portugal
lusitanica 003*
Luciola LUL-SIN- | Sintra, Central Portugal 3 Central Portugal
lusitanica 004*
Luciola LUL-SIN- | Sintra, Central Portugal 3 Central Portugal
lusitanica 005*
Luciola X1295* Pazin, Western Croatia L. Italica X
italica
Luciola X1296* Pazin, Western Croatia L. Italica X
italica
Luciola X1297 Pazin, Western Croatia L. Italica X
italica
Luciola LIT-CRO- | Pazin, Western Croatia L. Italica X
italica 001*
Luciola LIT-CRO- Pazin, Western Croatia L. Italica X
italica 002*
Lampyris LIB- Mata Nacional dos Medos, Central | outugroup | X
iberica MNM-001 | Portugal
Lampyris LIB- Tomar, Central Portugal outugroup | X
iberica TOM-

001*
Lampyris LIB- Tomar, Central Portugal outugroup | X
iberica TOM-002
Lampyris LIB-PBG- | Parque Biologico de Gaia, North | outugroup | X
iberica 001 Portugal
Lampyrissp. | LAM- Algarve, South Portugal outugroup | X

ALG-001
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3.1.2. DNA Procedures

A total of 120 DNA samples were extracted from Luciola lusitanica, Luc. italica, Lamprohiza
sp., Lampyris iberica, Phosphaenus hemipterus, and Nyctophila reichii using E.Z.N.A.® Tissue DNA
Isolation Kit from Omega Bio Tek Corporation. All samples were extracted following the
manufacturer’s instruction, with a minor adjustment in the elution step (e.g., the manufacturer
recommends 15 minutes with the elution buffer previously at 70°C, while the entire sample was mixed
with the elution buffer at 70°C for 1 hour). All DNA aliquots were stored at -20°C at the University of

Lisbon.

Samples were submitted to a polymerase chain reaction (PCR) to amplify DNA fragments by
using specific primers suitable for targeting regions of interest. Here, a mitochondrial gene, namely
cytochrome oxidase | (COI), a faster-evolving gene was used. Primer sequences used in this work to

amplify about 700bp of COIl are shown in Table 2.

For amplification reactions (i.e., PCR) I used the following reagents and respective concentra-
tions per sample: i) 1,0 uL of each primer diluted 10% (i.e., forward and reverse from COI or CAD);
ii) 8 uL of deionized water; iii) 7 uL of MgCl, (25mM); iv) 5 uL of GoTag® Green Reaction Flexi
Buffer; v) 0,01 uL de GoTag® DNA Polimerase (5U/ uL); vi) 2 uL of dNTPs (2,5 mM); vii) 1 pL of
DNA sample. The final volume of each sample I had was 25 pL disregarding the volume of Taq poly-
merase (i.e., 0,01 uL). The PCR profile used for COI gene followed previous studies (Silveira et al.
2016b) and amplification reactions were performed using a profile with an initial denaturation at 94°C
for 2 minutes, 35 cycles at 94°C for 60 seconds, 50°C for 90 seconds, and 72°C for 7 minutes. Samples
that did not amplify following this pattern underwent adjustments in the number of cycles (>45 cycles)
and in the annealing temperature (48-51 degrees). Amplicons were obtained using BioRad MyCycler
Thermal Cycler.

PCR products were submitted to 0,5% agarose gel electrophoresis to check for positive ampli-
fication of expected sizes. Amplicons were purified with ExoCleanUp Fast following the manufac-
turer’s protocol and sequenced by Macrogen (Madrid, Spain). The resulting electropherograms from
both DNA strands were aligned, analyzed, and adjusted manually to generate consensus sequences for
each specimen using Geneious 8.1.7 (Kearse et al., 2012). Individual sequences were aligned using
ClustalW (Thompson et al., 1994), implemented in Geneious 8.1.7, and translated into amino
acids to ensure the non-amplification of numts. Sequences were coded as invertebrate mito-
chondrial, and the codon reading was set to the first nucleotide. As no numts or stop codons
were present, the final alignment was used as input in all analyses and contained sequences
with 600 to 708 base pairs (see Sup. Mat. 2).
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Sequences were checked with Basic Local Alignment Search Tool (BLAST; Altschul et al.,
1997) against the GenBank nucleotide database to ensure that the sequenced amplicon was the target

and was not contaminated. A total of 107 sequences in good stand were achieved and used in this study.

Table 2: Information on primers sequences and respective reference.

Primer name Direction Sequence (5' to 3') Reference
LCO-1490 F GGTCAACAAATCATAAAGATATTGG Folmer et al. 1994
HCO-2198 R TAAACTTCAGGGTGACCAAAAAATCA Folmer et al. 1994

3.1.3. Molecular Data Analyses

Pairwise divergences between COIl sequences of Luciola specimens and other taxa (i.e.,
outgroup) were inferred by Kimura-2 parameter (K2P, Kimura, 1980), using datasets containing
identical sequences. The K2P model accounts for different transition (purine-purine and pyrimidine-
pyrimidine exchanges) and transversion (purine-pyrimidine interchanges) rates and has been
extensively used in DNA barcoding studies. In addition, this model is widely used for studies of cryptic
species and intra and interspecific variation in Lampyridae (Jusoh et al. 2014; Jusoh et al. 2020) and it

was used to compare the results with other K2P divergences cited in the literature.

3.1.4. Phylogenetic data analyses

The Bayesian inference (BI) was performed using MrBayes version 3.2.6 (Ronquist et al.,
2012) at the CIPRES portal (Miller et al., 2010) using the final alignment without identical sequences.
The best-fit evolutionary model for each molecular partition was identified using IQTREE2 (Minh et
al., 2020), using the ModelFinder option ‘-mset mrbayes’, which restricts the search to those models
implemented in MrBayes. The partition considered codon position from COI gene (i.e., partition 1
considered first nucleotide of a codon, partition 2 considered the second one, and partition 3 considered
the third nucleotide). Four independent Metropolis Coupled Markov Chain Monte Carlo (MCMCMC)
analyses each with four chains were run for 50,000,000 generations, sampling trees every 5000 gener-
ations. The initial 25% of sampled trees were discarded as burn-in. Convergence among independent
analyses was assessed by monitoring the values of the standard deviation of split frequencies (<0.05)
in MrBayes and parameter sampling was assessed with Tracer version 1.6 (Rambaut et al., 2018) by
the effective sample size (ESS) 34 criterion (>200). A 50% majority-rule consensus post-burnin tree

was constructed and values of posterior probabilities (pp) were calculated.
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Maximum Likelihood analysis was run using the option ‘MFP+MERGE’ implemented in
IQTREEZ2, with final alignment without identical sequences. Node support was estimated with: (i)
Shimodaira—Hasegawa-like approximate likelihood ratio test (Guindon et al., 2010); and (ii) 1000 Ul-
trafast Bootstrap resampling replicates (UFBOOT; Hoang et al., 2018). For each dataset, the best model
was estimated separately by partition (Lanfear et al., 2012) in ModelFinder (Kalyaanamoorthy et al.,
2017) using the option “MFP+MERGE”, implemented in IQTREE2.

Clades with UFBOOT and posterior probabilities greater than 95 were referred to as strongly
supported, 70-90 as moderately supported, and lower than 70 as being poorly supported, respectively.
The resulting trees, including both Bl and ML approaches, were previewed at Figtree version 1.4.0
(Rambaut, 2018) and posteriorly edited in Adobe Illustrator CC 2017. Evolutionary models found in

both phylogenetic analyses are shown in Supplementary Material 1.

3.2 Phylogeography and Genetic Diversity

By performing the median-joining method (Bandelt et al. 1999), genetic diversity was assessed
and grouped to construct parsimony haplotype networks from the same COI dataset - excluding the
outgroup. Haplotype networks are an important approach for understanding how genetic variability is
printed along a given landscape, allowing us to infer an array of putative events behind the origin of
genetic patterns of a given species (Leigh & Bryant, 2015). The median-joining method was imple-
mented in POpART version 1.7 (Analysis with Reticulate Trees, Leigh & Bryant, 2015), with the pa-
rameter epsilon set to 0. According to Bandelt et al. (1999), epsilon (€) is a parameter used to estimate
levels of homoplasy, and an increase in this parameter can enhance the search for potential new median
vectors (i.e., “interior node” among sequences in a median-joining network, thus, a possible extant
unsampled sequences or extinct ancestral sequences). Moreover, the higher the €, the weaker the cri-
terion to search for distances among sequences (Bandelt et al. 1999). Therefore, when € is set to 0, it
only considers minimum length connections among triplets of sequences (Bandelt et al. 1999), im-

portant for searching minimum distances among sequences.

Nucleotide diversity was also calculated for each lineage using Arlequin version 3.5.2.2 (Ex-
coffier et al., 2005). Such diversity depicts the genetic variability within a population (Excoffier et al.,
2005). In addition, a molecular analysis of variance (AMOVA) was also performed to estimate the
population differentiation. This method calculates a set of statistics, designated as ¢-statistics (Excof-
fier et al., 1992), as follows: i) ¢CT, genetic variability among clusters; ii) ST, the genetic variability
of a given population in relation to the total variability; iii) ¢SC, variability among the populations of
each of the clusters. All these statistics were calculated using software Arlequin version 3.5.2.2 (Ex-
coffier et al., 2005). Clusters were previously defined by considering the resulting ML and BI trees

(e.g., clusters were set after an interpretation of the phylogenetic analyses, resulting in three clusters,
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according to the lineages proposed here — lineage 1 and 2 from Southern Europe; lineage 3 from West-

ern Europe).

3.3 Species delimitation analyses

Most descriptions and even species concept is based on quantitative differences alone to sep-
arate species. Species are defined by individuals that share a given set of traits morphologically similar,
according to the 12 operational criteria of species (Sites & Marshall, 2004). However, the determina-
tion of certain groups of species is only possible with molecular data (see Souto et al. 2021), taking
into consideration tree-based methods of species delimitation. Therefore, morphology alone is not al-
ways efficient for delimiting species, which leads to the development of various tools to assist re-
searchers in a better understanding of species diversity (e.g. species delimitation methods). For in-
stance, there may be a complex of species, which means that morphological differences are, in most
cases, absent, and then other tools are necessary for identifying them (e.g., Souto et al. 2021). Such
methods aim at identifying species-level biological diversity and are extensively used in the field of
phylogeography, especially (see Cartens et al. 2013). In the case of entities difficult to separate using
morphological data alone, DNA-based species delimitation methods help identify and define species
boundaries (see Cartens et al. 2013, Souto et al. 2021). Because L. lusitanica is difficult to separate
from other species of Luciola in Europe, two methods were performed to combine with phylogenetic
analyses and interpretate the entities, as multiple species may be under L. lusitanica. Here, discovery
methods of species delimitation were used to find putative entities within L. lusitanica, namely Auto-

matic Barcode Gap Discovery (ABGD) and Multi-rate Poisson Tree Processes (MPTP).

For species delimitation, identical sequences were excluded in order to avoid false positives
(Ahrens et al., 2016). Identical sequences were identified and excluded from the final alignment using

the Perl script unigHaplo.pl (accessible at: http://raven.wrrb.uaf.edu/~ntakebay/teaching/program-

ming/perl-scripts/perl-scripts.html). From a total of 106 sequences, considering ingroup and outgroup,

52 identical sequences were excluded (counting the outgroup) - necessary to run ABGD analysis (Tab.
1). Among the most widely used methods, PTP and ABGD are often performed to search for putative
speciation scenarios (see Luo et al. 2018). While PTP requires as an input a fully resolved Maximum
likelihood gene tree, ABGD uses as an input a final alignment excluding identical sequences and the

outgroup.

The difference between both methods is based on the input and algorithm (Luo et al. 2018).
The search method of ABGD suggests species boundaries based on eventual barcode gaps (i.e., a gap
between the distribution of intra- and interspecific genetic divergences) and from a priori specification
of an intraspecific genetic threshold and relative gap width (Puillandre et al., 2012; Luo et al. 2018).

Therefore, the method searches for putative species taking into consideration the divergence threshold
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previously defined (x= 1,5 - method default). This analysis was performed using the graphic web ver-

sion (available at: https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html, accessed on 27th January).

The PTP method differs from ABGD as it infers putative species based on a gene tree with
branch lengths proportional to the number of genetic changes (Zhang et al., 2013; Luo et al. 2018).
The mPTP analysis was performed on the webserver using default settings (available at: https://mcmc-
mptp.h-its.org/memc/, accessed on 25th January). The ML tree obtained in IQ-TREE was used as an
input file and was obtained through the method aforementioned (see Phylogenetic data analyses).
Noteworthy, both methods are based on the discovery of entities (i.e., putative species), which differs
from other methods based on validation (see Hotaling et al. 2016), usually performed using a

coalescent model-based approach (see Cartens et al. 2013; Hotaling et al. 2016).

4 RESULTS
4.1 Phylogeny

The Bayesian Inference (BI) and Maximum (ML) analyses of COI sequences were highly con-
gruent (Figs. 2-3). Datasets containing 58 sequences (viz. identical sequences were removed for per-
forming phylogenetic analyses) with 684bp were constructed defining codon position and disregarding
codon position. The Akaike information criterion (AIC) favored three different models according to
codon position in both analyses, as follows: K2P+G4 (first position), HKY+F+| (second position),
GTR+F+G4 (third position) for Bl and TNe+G4 (first position), HKY+F+I (second position), and
TN+F+G4 (third position) for ML. Because three different models were retrieved while searching for
the best-fit partition model, both phylogenetic analyses were performed following the dataset parti-

tioned.

The mentioned models are defined as follows: Kimura-2-Parameter (K2P) interpret rates of
substitution model by assuming unequal frequencies of transitions (purines x purines — A, G or C, T)
and transversions (i.e., pyrimidines x purines— A x C; Gx T; C x G, A x T), with transitions being more
frequent in the dataset (Lam et al. 2010). In its turn, Hasegawa, Kishino, and Yano (HKY) allow for
different frequencies of transversions and transitions, but also assume that the frequency of bases varies
(see Lam et al. 2010). Tamura-Nei (TN) presupposes the same model as HKY, but with unequal pu-
rines/pyrimidines rates, while TNe assumes equal base frequencies (see Tamura & Nei, 1993). Finally,
the general time reversible model (GTR/REV), which allows unequal rates of transitions and transver-

sions, and unequal base frequencies (see Tavare, 1986).

Bl and ML recovered Luciola lusitanica s. str. multiple clades with strong support (i.e., 1 pp
and 100 UFBOOT), with one well-supported inner node (Figs. 2-3), which includes three major clades:
one that includes individuals from Italian Peninsula and Western Europe, another one that includes in-

dividuals from the Balkans, and the last one including sequences from Iberian Peninsula (Figs. 2-3).
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Worthy of mentioning, the monophyly of L. lusitanica would only be possible in this dataset if consid-
ering L. italica within L. lusitanica clade. Moreover, sequences of L. lusitanica from Portugal seem to
form a well-structured, genetically differentiated clade from the remaining populations analyzed,

namely the other two clades, called L1 and L3 (see Figs. 2, 3).

Both Bl and ML recovered L. lusitanica topology and the same phylogenetic relationships
among populations analyzed (i.e., same putative lineages recovered). Furthermore, relationships within
major clades were relatively well-supported: i) the clade formed by sequences from Lineage 2 was split
into two minor clades, which include one sequence of L. lusitanica from the Balkans (Croatia) (i.e., L.
lusitanica CRO 001) + sequences of L. lusitanica “mingrelica-like” from the Balkans (Greece) + L.
lusitanica from the Balkans (Greece). Within the Lineage 3, 2 major clades were also recovered in both
analyses, which include a clade with sequences from North and another one from Central populations.
Finally, Lineage 1 major clade was split into three minor clades, which include a minor clade from
Central populations (Tuscany), and a clade with Northern Italy + Sardinia + Corsica (France), and the
remaining one with Northern populations from Italy + Nice (France).

Relationships within clades were poorly resolved in both analyses, recovering polytomies
within most clades, but with strong support in inner nodes in BI, especially those recovering each major
clade as a distinct lineage (i.e., here called L1, L2, L3; pp= 0,94) (Figs. 2,3). Bl analysis provided a
better resolution of the relationship within clades, and with most inner nodes with high support (i.e.,
node Lineage 1, 2, and 3; inner node Lineage 1; node Lineage 1+2), while ML provided a great resolu-

tion when recovering only two major clades (L3 + (L1 + L2), UFBoot = 100).
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Figure 3: Bayesian analyses of COI sequences (684bp) of L. lusitanica. Posterior probability supports
are given above branches. Lineage 1 (L1) includes sequences from Italy and France. Lineage 2 (L2)
includes sequences from Greece and Croatia, while Lineage 3 (L3) comprises sequences from Portu-

gal. Outgroup (OG) is detached in blue and include sequences of Lampyris spp..
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Figure 4: Maximum likelihood tree of COI sequences (684 bp) of L. lusitanica. Shimodaira-
Hasegawa approximate likelihood ratio test replicates (SH-aLRT) support (%) / ultrafast bootstrap
support (UFBoot) is given above branches. Bars indicate species delimitation analysis based on the

distance-based (ABGD) and tree-based (mPTP) models.
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4.2 Phylogeography and genetic diversity

The COI haplotype network was performed separately by considering the existence of 3 putative
species under each major clade (viz., lineage 1, lineage 2, and lineage 3 — see figs. 3,4). The total number
consists of 38 haplotypes, of which 19 belong to lineage 1, 7 belong to lineage 2, and 12 belong to
lineage 3 (see Figs. 5,6,7). Haplogroups were mainly defined by population structure, strongly related
to geographical component (see figs. 5,6,7). All lineages contain multiple haplogroups, with a particular
mention of a possible admixture between samples from Greece, present in lineage 2. The sample LUL-
COR-001, from Corfu Island, includes haplotypes from Western Greece, Agios Nikolaus (see Fig. 5).

Pairwise distance, genetic diversity within (i.e., within the same lineage) and between groups
(i.e., populations from different lineages) were also performed in order to assess levels of divergence
(see Sup. Mat. 3-12). Pairwise distance, based on Kimura-2-Parameter, in lineage 1, it ranged from 0 to
0,84 (among Luciola lusitanica GRA 001 and all sequences of L. lusitanica from Nice - France); in
lineage 2, it ranged from 0 to 1,6 (among Luciola lusitanica CRO 005 and all sequences belonging to
L2); and in lineage 3, pairwise K2P ranged from 0 to 15,03 (among Luciola lusitanica TOV 002 and
Luciola lusitanica AVI 001). Curiously, most sequences belonging to lineage 3 showed a high value of
pairwise distance when compared to the sequence of L. lusitanica from Torres Vedras, Central Portugal
(i.e., voucher ID Luciola lusitanica TOV 002). Likewise, the high genetic distance among the sequence
codified as Luciola lusitanica CRO 005 and all sequences from the supposedly same population,
grouped in the clade designated as lineage 2, suggests that this specimen must be L. italica (earlier

covered in section 1 of the results).

Within lineages K2P divergences were as follows (Sup. Mat. 4,7,10): 1) in lineage 1, it ranged
from 0% (population from Southeastern France) to 4,7% (population from North Italy); 2) in lineage 2,
it ranged from 0% (all populations except that from Central Croatia) to 14,1% (i.e., Central Croatia): 3)
in lineage 3, it ranged from 0,4% (population from North Portugal) to 16,2% (population from Central
Portugal) (Sup. Mat. 4). The divergence between populations of the same lineage ranged as follows
(Sup. Mat.: 4,7,10) 4,6% (between populations from Corsica/Sardinia Island and North Italy) to 8%
(between North and Central Italy) in lineage 1; 2) 0% (between Western Greece and Corfu Island) to
10,6% (between Central Croatia and Greece) in lineage 2; 3) 9,6% between North and Central Portugal
populations). Pairwise distance was also performed between lineages (see Sup. Mat. 12). Due to the
amount of data, only divergences above 10% between lineage 3 and the other lineages were printed for
discussion. Lineage 3 was chosen as a reference because it seems to be the most geographically isolated
species of this study (i.e., is expected to find higher levels of genetic divergence than in lineages
geographically closer). Values ranged from 13% (e.g., between samples from North Portugal and
Central Croatia — lineage 2) to 18% (between LUL-TOV-002, sequence from Central Portugal, and

almost all samples from lineage 1).
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Figure 5 Haplotype network of COI sequences of Lineage 1 (L1). Colors indicate the collecting locality
of haplotypes according to legend. The size of circles related to the frequency of haplotypes, intrinsically
related to the number of sequences, and dashes on branches represent the number of mutations between

haplotypes.
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Figure 6: Haplotype network of COI sequences of Lineage 2 (L2). Colors indicate the collecting locality
of haplotypes according to legend. The size of circles related to the frequency of haplotypes, intrinsically
related to the number of sequences, and dashes on branches represent the number of mutations between
haplotypes.
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Figure 7: Haplotype network of COI sequences of Lineage 3 (L3). Colors indicate the collecting locality
of haplotypes according to legend. The size of circles related to the frequency of haplotypes, intrinsically

related to the number of sequences, and dashes on branches represent the number of mutations between

haplotypes.
4.3 Species delimitation

Multiple species within L. lusitanica were recovered on both ABGD and mPTP analysis. Both

analyses agreed upon at least eight species within L. lusitanica as currently understood. Surprisingly,
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there was a large overlap between methods regarding the species boundaries (see Fig. 4). A slight
difference was observed in one of the major lineage 1 clades, since Luciola lusitanica NIC 001 was
considered a distinct species in this clade in mPTP. Also, in lineage 2, Luciola lusitanica CRO 001 was
considered a distinct species within this clade (Fig. 4). The recovered species seem to reflect geographic
barriers across their distribution, especially the boundary between the Balkans and the Italian Peninsula
(e.g., Dinaric Alps, Mediterranean Sea), and the Italian Peninsula and the Iberian Peninsula (e.g.,

Pyrenees).

The haplotype (h) and nucleotide () diversity were calculated for each “haplogroup” (i.e., each
lineage found in phylogenetic analyses) recovered in both phylogenetic and haplotype network analyses
(Tab. 3). Within each haplogroup, distinct populations were recovered considering geographical distri-
bution (see table 1 and captions in figures 5-7). The calculated values for h and & for each population
are shown in Table 3 and reference values were taken from Grant & Bowen (1998). In general, all groups
showed high values of haplotype diversity (ranging from 0,5 to 1).

Likewise, nucleotide diversity was also relatively high for all groups, with values ranging from 0 to
0,135 (Tab. 3). Among the groups with the highest haplotype diversity, populations from Central Croatia
within lineage 2 stand out (i.e., 1), probably due to the dubious identity of specimens from Croatia (the
Balkans). Not surprisingly, sequences from Portugal (lineage 3) and Italy (lineage 1) also have high
values of nucleotide diversity [i.e., both populations from Portugal (0.009 — Central Portugal; 0.005 —
North Portugal; 0.135 — Central Italy; 0.036 — North Italy), as differences in morphology (see Fig. 1)
was observed and strong population structure was previously reported (Day et al. 2014, unpublished).
The haplotype and nucleotide diversity were also calculated for L. lusitanica s. str. (i.e., considering L.
lusitanica as a single species, but partitioning groups per lineage to perform the statistics — important to
observe the genetic divergence among and within lineages). Not surprisingly, number of haplotypes
were the same as the number found when calculating diversity within each lineage (see Tab. 4, 5). How-
ever, haplotype and nucleotide diversity were different when comparing sequences among lineages, both

remarkably higher than values obtained within lineages (Tab. 4).

The fixation index (Fsr), one of the so-called F-statistics applied to measure population differenti-
ation, was also calculated (Tab. 4,5). The highest values of Fsrwere found when comparing popula-
tions from the Balkans (lineage 2) (Fsr> 0,7). Populations from lineage 1 (Mediterranean, samples
from Italy and France) also showed a high value of genetic differentiation (Fsr> 0, 6). Considering
reference values from Holsinger & Weir (2015), lineage 3 also showed a high value of Fsr (Fst> 0,
15), despite its genetic differentiation being less impressive than the remaining lineages. When consid-
ering Fsr values among lineages, compared pair by pair, lineage 3 showed the highest values of Fst
when compared to all other lineages, evidencing huge population structure and possibly breaks in gene

flow with lineage 1 and 2 (see Tab. 4). It means that level of genetic differentiation between lineage 1
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and 2 is milder than these lineages compared with lineage 3. Therefore, it is tempting to think that

breaks in gene flow may occurred later between lineages 1 and 2.

An Analysis of Molecular Variance (AMOVA) was also carried out with the purpose of infer-
ring the patterns of subdivision and structure in the populations. These were grouped based on putative
lineages evidenced in the phylogenetic analyses and haplotype networks. The percentage of variation
explained by AMOVA, by comparing the variation among and within the populations in each lineage,
was as follows: i) among populations in each lineage - 62,76% from lineage 1; 73,03% from lineage 2;
and 19,13% from lineage 3; ii) within populations in each lineage - 37,23% from lineage 1, 26,96%
from lineage 2, and 80,86% from lineage 3 (Tab. 5). This means that the more populations are genet-

ically different from one another, the greater the percentage of variation among populations.

Table 3: Haplotype (Hd) and nucleotide (rr) diversity found in L. lusitanica in all lineages.
Abbreviations’ meanings are as follows: n=number of sequences; Hn= number of haplotypes; Hd=

haplotype diversity; © = nucleotide diversity.

Lineage 1 n Hn Hd =
Central Italy 18 8 0.83 0.135
Corsica/Sardinia

Island 7 2 057 0
North Italy 22 8 0.86 0.036
Southeastern

France 6 1 0 0
Lineage 2 n Hn Hd =
Central Croatia 2 2 100 0.128
Corfu Island 3 2 0.66 0
Western Greece 2 1 0 0
Greece 4 205 0
Lineage 3 n Hn Hd =
Central Portugal 24 7 0.78 0.009
North Portugal 7 5 0.85 0.005

47



Table 4: Haplotype (Hd) and nucleotide () diversity found in L. lusitanicas. str. in all lineages.

Abbreviations’ meanings are as follows: n=number of sequences; Hn= number of haplotypes; Hd=

haplotype diversity; = nucleotide diversity.

Luciola lusitanicas.str. n Hn Hd n FST
Lineage 1 53 19 0.94049 0.04913

Lineage 2 12 6 0.81818 0.04380

Lineage 3 31 11 0.85591 0.01264

Lineage 1 x Lineage 2 0.52421
Lineage 1 x Lineage 3 0.78855
Lineage 2 x Lineage 3 0.76589

Table 5: Analyses of Molecular Variation (AMOVA) among Luciola lusitanica populations for

the COI gene calculated for each lineage. Note the difference genetic variation when comparing within

and among populations.

Lineage Source of Sum of Variance % p- ST
variation squares components variation  value

Among populations 1021.527 13.91699 62.76303

L1  Within populations 830.964 8.25688 37.23697
Total 1852.491 22.17386 0.0 0.62763
Among populations 253.667 12.80478 73.03308

L2  Within populations 89.833 4.72807 26.96692
Total 343.500 17.53285 0.0 0.73033
Among populations 101.243 4.07696 19.13002

L3  Within populations 1023.806 17.23488 80.86998
Total 1125.049 21.31184 0.0 0.19130

5 DISCUSSION

5.1 Phylogeny of L. lusitanica s. str.
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Phylogenetic studies combining both molecular and morphological data focusing on Luciola
spp. in Europe are incipient. In fact, many studies addressing Luciolinae taxa were led by a few experts,
most of whom have been particularly interested in exploring the Australopacific area (Ballantyne &
Lambkin, 2001; Ballantyne et al. 2015, 2019; Jusoh et al. 2018, 2021). A minor part of those studies
added integrative taxonomy, which means that several comprehensive phylogenies on Luciola spp. are
from Southeast Asia and were based only on morphological characters or genetic data (see Ballantyne
& Lambkin, 2001; Suzuki et al. 2002; Ballantyne et al. 2015, 2019; Mu et al. 2016). Considering these
phylogenies, L. lusitanica has never been used as an ingroup, which hampers further hypotheses of its
relationship within the genus Luciola.

Unpublished studies focusing on European Luciolinae emerged recently and investigated the
distribution and how many species of Luciola exist in Europe (see Bonaduce & Sabelli, 2006; Day et
al., unpublished; Novak & De Cock, unpublished; Gurcel et al. 2020). So far, only one tried to establish
a phylogeographic hypothesis for European Luciolinae. In the unpublished phylogeographic hypothesis
for European Luciolinae (e.g., Day et al. 2014), 5 major clades were recovered, which include specimens
of L. italica and L. lusitanica from the Italian and the Iberian Peninsula and the Balkans - L. italica
collected in Italy, and L. lusitanica in Portugal, Italy, and Greece. Therefore, there is still a narrow
knowledge of Luciola identity and distribution, as this previous result illustrates the existence of a clear

genetic divergence among populations of L. lusitanica.

Curiously, such a troublesome relationship between L. lusitanica and L. italica was found in De
Cock et al. (unpublished) and the phylogenetic analyses covered in my study. This intimate relationship
was already covered in the introduction and lies in the fact of their morphological similarity and geo-
graphical overlap. Such a topic has been intriguing experts for many years and makes the taxonomy of
lucioline in Europe a hard task to deal with (see De Cock, 2009). As also mentioned, L. lusitanica, as
its name suggests, is a lucioline from Portugal, but with its type-locality still obscure [e.g., the original
description says Portugal and Hispania, even though without any record data of the species in Spain —
(see Charpentier, 1825)]. Not surprisingly, L. italica grouped with L. lusitanica belonging to Lineage 3
(i.e., Mediterranean — western of Pyrenees, Portugal) (see Figs., 2, 3), sharing a common ancestor.
Therefore, it is tempting to think about species boundaries between these two taxa and whether previous
authors were assertive when raising the idea that these species would be, in fact, the same species, but

with a strong geographical structure and, thus, very genetically differentiated.

This is the first study to propose a phylogenetic hypothesis for L. lusitanica populations includ-
ing samples from almost all its geographical coverage (see Chimisliu, 2007; De Cock, 2009; Gurcel et
al. 2020). Even though both ML and BI recovered the same topology on the relationship of the three
lineages, these analyses also showed a higher level of polytomy, which can be explained by the fact that

the genetic differences found among various haplotypes do not reveal a well-marked geographic pattern,
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despite their diversity. Taking into consideration the sequence from the Balkans as belonging to L. lusi-
tanica (i.e., Luciola lusitanica CRO 005), both Bl and ML supported the paraphyly of the group (Figs.
3-4), suggesting that L. lusitanica is not a single species as it is currently understood. It must be stressed
that this sequence is grouped with sequences of L. italica, but such a relationship could be an artifact of
the misidentification of this specimen. A careful morphological analysis of all specimens used in this
study will pave the way for a more comprehensive interpretation of this phylogeny and will serve as a

basis for a proper redescription of lucioline in Europe.

A huge genetic divergence among sequences from Central Croatia within lineage 2 was ob-
served (Sup. Mat. 7). As stressed above, one specimen included in this study has a dubious identity (viz.
Luciola lusitanica CRO 005), as it was identified as L. lusitanica, but grouped with L. italica clade in
both trees (i.e., Bl and ML). Moreover, specimens and populations (e.g., especially specimens from
Switzerland, not included here) of L. italica and L. lusitanica must be studied and addressed in further
analyses. Likewise, morphological studies, especially those focusing on comparative morphology, are
imperative to solve problems of dubious identity in molecular analysis. Considering my results, values
of genetic divergence within lineage 2 exceeded those found within lineage 1 (maximum intraspecific
per lineage = 16% lineage 2; 9,6% - lineage 3; followed by 8% from lineage 1). Therefore, such a high
value stresses that the population within lineage 2 may comprise distinct species. In fact, this issue was
early reported by De Cock (2009), highlighting the morphological similarity among European Luciola,
a subject that hampers an in-depth and precise identification of most specimens due to the lack of com-
parative studies and strong morphological resemblance among species. Due to this, | would consider the
highest genetic divergence found among sequences from Central Croatia within lineage 2 as a conse-
guence of misidentification (Figs. 3-4), which also calls into question the paraphyletic condition of L.

lusitanica (i.e., voucher Luciola lusitanica CRO 005 may be misidentified).

Bearing in mind that there is no fixed threshold above which a group is considered as a different
species (Buckley et al. 2001), such interpretation is taken after an in-depth comparison following similar
studies, along with available data regarding the biology of the species. Within fireflies, such a value of
intraspecific variation, as it is found within L. lusitanica species complex, is outstanding and exceeds
those found in other lineages of Lampyridae (e.g., Silveira et al. 2016b). Therefore, the level of sequence
divergence found in the three main lineages of L. lusitanica (L1 — Italian Peninsula, L2- Balkans, and
L3- Iberian Peninsula - Figs. 3-4), along with the phylogenetic results, recognize three putative, distinct

evolutionary lineages, with multiple species under L. lusitanica s.str..
5.2 Phylogeography and genetic diversity of L. lusitanica s. str.

The haplotype network showed an evident high haplotype diversity and well-structured

phylogeographical boundary among populations of the three lineages (see Fig. 5). According to the
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haplotype network and nucleotide and haplotype diversity, L. lusitanica has multiple species, which is
also illustrated in the phylogenetic analyses, suggesting that this group is paraphyletic (see previous
section, Figs. 3-5). Because taxonomic status and diagnostic characters are inconsistent for Luciola in
Europe, it would be more accurate to test the monophyly origin of this group after future revisional

works, based on morphology and comparisons among holotypes of European Luciola.

The haplotype network obtained for each putative lineage within L. lusitanica and the high
haplotype diversity suggests that both the Iberian Peninsula and the Italian Peninsula could be a possible
and important center of genetic diversification with subsequent expansion of the species' distribution
further East. Such a scenario could have occurred after the last Pleistocene glaciation, a very common
event in other insect taxa present in Europe (e.g. Gébmez & Lunt, 2006). These populations may have
expanded in this period as weather conditions improved and the ice sheet retreated. This result is
highlighted by the high level of divergence within the given haplotypes.

Considering the result of AMOVA, which subsidizes the first thoughts onto the subdivision of
the ancestral population of Luciola lusitanica s.str., values of molecular diversity among populations
were impressive (from ~19% up to ~73%). This result corroborates the idea that there is more molecular
diversity among populations than within populations (compared within each lineage and among
lineages) - which means that populations are highly genetically differentiated and, likely, different
species. Relatively to the diversity within populations, the unexpected result found in lineage 3, that is,
the value of genetic differentiation among population be lower than within populations (80% and 19%,
respectively), can be explained by the presence of an intriguing sequence (viz. LUL-TOV-002), which

showed a huge genetic divergence compared to other sequences in haplotype network (see Fig. 6).

Relatively to differentiation (FST), FST was high when compared within lineages (Tab. 5). In
fact, the FST value is more than a simple descriptive statistic that provides a measure of genetic differ-
entiation in a sample. The FST is directly related to the variance of alleles among populations. Reference
values of FST are difficult to reach agreement among authors (e.g., Hartl & Clark, 1997; Frankham et
al. 2002, 2010), yielding different reference values according to the taxonomic group to be studied.
Following Hartl & Clark (1997), if FST has a low value (FST < 0,05), it means that individuals within
this population have similar frequencies of a given set of alleles. Conversely, if FST has a high value
(FST > 0,15), it means that the allele frequencies are different (Holsinger & Weir, 2015). In the case of
this study, all lineages showed impressive values of FST, way higher than those suggested by Hartl &
Clark (1997), implying that allele frequencies are very different and, thus, genetically isolated popula-
tions exist within species of each lineage. When searching for high values of FST, those compared pair
by pair among lineages are impressive — all values of FST are above 0,5, which according to literature
(see Holsinger & Weir, 2015) represent different species (see Tab. 6). Although the FST is widely used

to detect signs of introgression and migration rate between populations of the same species, here and in
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other studies (e.g., Postaire et al. 2017) it is used only for the purpose of identifying possible similar
patterns of genetic structure. It means that FST may be an informative statistic for those species, or
putative species, with similar life history and somewhat geographical connectivity, as the output of this

analysis can reveal the degree of genetic connectivity among species and between populations.

High values of genetic variation within species in Coleoptera are not uncommon (see Wang et
al. 2014; Raupach et al. 2016). On the one hand, values of intra- and interspecific K2P divergences in
fireflies are not commonly reported in phylogenetic studies (pers. obs.). On the other hand, those provid-
ing such data showed that values of intraspecific variation were up to 0.5% (Silveira et al. 2016b) and
interspecific variation was up to 41% and 20% (Jusoh et al. 2014; Silveira et al. 2016b, respectively). In
fireflies, similar values of genetic variation as it found in L. lusitanica were only reported by Jusoh et
al. (2014). Therefore, comparisons within fireflies are still limited, hampering any further correlations
across taxa. Among lineages found in L. lusitanica complex, the values of intralineage variation (i.e.,
comparing all subpopulations within lineage) ranged from 0% (all lineages) to 16% (lineage 3 — “spe-
cies” from the Iberian Peninsula), while values of variation between subpopulations (i.e., comparing
subpopulations by pairs within the lineage) ranged from 0% (lineage 2) to 9,6% (lineage 3 — see Sup.
Mat. 4, 5, 7, 8, 10, and 11). Noteworthy, lineage 2 showed the highest value of between-groups variation
(i.e., > 10%) which means that populations comprised in lineage 2 from Croatia are more genetically
differentiated. These results further support the idea that Croatia may harbor more than one species of

the genus (possibly L. italica, L. lusitanica — see Figure 4).

Interestingly, high values of genetic divergence between populations seem to be a result of ge-
ographic barriers among populations (i.e., the Pyrenees between populations from the Iberian and the
Italian Peninsula), combined with the brachypterous condition in females. It is tempting to think that
both have disrupted gene flow among populations of L. lusitanica s.str.. First, flightlessness condition
in females reduces dispersal abilities, leading to isolation among populations (South et al. 2010). Sec-
ond, during vicariant or dispersal processes, a single population can be divided into several others after
geological changes in the landscape, which causes the separation of the ancestral population and, thus,
breaks in gene flow (see Sanmartin, 2003). Diversity in COI gene in other groups of insects, also with
flightless females, showed values of about 2.34% in Lepidoptera (see Huemer & Hebert, 2011) and
13.2% in Scarabaeidae (see Bell et al. 2004). Therefore, the high value of diversity between populations
in the COI gene can be explained by taxa with flightless females, which can act as a trigger for isolation

processes.
5.3 Is Luciola lusitanica a species-complex? Lessons from ABGD and mPTP

One of the lesser-known species concepts is “genetic species”, also known as the phylogenetic

species concept (sensu Dobzhansky, 1950; Mayr, 1969; Simpson, 1943), a postulation used to account
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for genetic differences to infer reproductive isolation and evolutionary “independence” among taxa
(Bradley & Baker, 2001). It suggests that a genetic value threshold exists to further determine and dis-
tinguish putative species based on molecular data only (Bradley & Baker, 2001). Therefore, the genetic
species used in this study seem to be indistinguishable based on primary diagnostic morphological char-
acters commonly used in Lampyridae taxonomy, considering adults only and current diagnoses. How-
ever, such genetic divergence may draw even more attention from experts to take a closer approach to
the taxonomy of these taxa in future studies. In fact, by personal observation, specimens of L. lusitanica
are morphologically different across its sampling (see Fig. 1), and putative new species could arise, with
a solid diagnostic description, from them.

Although this study does not use morphological characters as a source of comparison, all spec-
imens used in this study were identified accordingly - that is, following diagnostic guidelines provided
by other authors (De Cock, 2009; Novak & De Cock, unpublished). This indicates that diagnostic fea-
tures stated for L. lusitanica to further distinguish it from other Luciola spp. in Europe are not reliable
and need an in-depth revision and illustration. In addition, it suggests that comparative studies between
these putative species under L. lusitanica are strongly necessary and, unfortunately, lacking, which in

part explains the difficulty in distinguishing among L. lusitanica x L. mingrelica x L. italica.

The historical nomenclatural problems involving European Luciola (i.e., L. italica, L. lusitanica,
L. mingrelica, and L. novaki) are far from being solved. First, an in-depth morphological study of L.
lusitanica should be in charge by experts familiar with Lampyridae and the issues related to European
lucioline. Such a task would not be easy due to the lack of information regarding the locality where the
holotype of L. lusitanica and L. italica is hosted, which hampers a solid review to clarify synonyms
made between these taxa in the past and their diagnostic descriptions. Second, understanding patterns
of spatial distribution and the biology of European Luciola would favor better discrimination of these
four species, which is still a challenge in lampyrid taxonomy in Europe. To date, synonym between L.
mingrelica and L. lusitanica still prevails, even though genetic data in this study recovered these species
as different taxa, according to the high diversity of lineages 2 (maybe L. mingrelica) and 3 (maybe L.
lusitanica). Although L. novaki has never been synonymized with any other Luciola, it has been ne-
glected for decades, and no other study addressing data on its biology, morphology, and distribution

exists but its original description (Muller, 1946).

Luciola lusitanica is here considered a species complex, with at least 8 species found by species
delimitation methods (i.e., ABGD and mPTP), both methods focusing on the discovery of putative
entities. The resulting putative species from both methods were highly congruent (see Fig. 4), and found
the same group of species, with mild differences (i.e., lineage 1 was recovered by mPTP as having 5
species, while ABGD found 4; lineage 2 was recovered by mPTP as having 1 species, while ABGD

found 2 — see fig. 4). Therefore, these methods of discovery found 8 species under the three major
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lineages recovered by phylogenetic analyses. Along with the genetic divergence found within L.
lusitanica complex, these results indicate that the genetic diversity found within L. lusitanica may reflect
a geographical component shaping the genetic structure of these populations and that these populations

seem to be isolated from one another.

At first glance, these species can be difficult to separate, but some morphological differences among
populations were already covered by dissection illustrated above (see Fig. 1). By personal observations,
it is easy to distinguish more populations of the species occurring further west of the Pyrenees (the only
species recovered by both discovery methods, ABGD and mPTP, in lineage 3). For example, species
recovered by ABGD, and mPTP are morphologically different from the only species in lineage 3 (only
present westernmost of the Pyrenees). A robust morphological study is sorely needed to further address
diagnostic traits and taxonomic keys to help researchers and stakeholders deal with these putative
species. Moreover, this should pave the way towards a better resolution of whether 8 species are reliable
or not with new morphological and molecular data. Therefore, new sampling efforts seeking to fill
important gaps in the distribution of Luciola in Europe is imperative.

To avoid future taxonomic problems, all putative species were kept under the same scientific name
until new morphological, and comparative studies arose to clarify the taxonomic status of these lineages.
Moreover, reaching a consensus on which group should bear the name of L. lusitanica is impossible so
far as the type material and type locality of the species is unknown. Therefore, after all phylogenetic,
phylogeographical, and delimitation analyses it can be ruled out that L. lusitanica is possibly a species
complex with one to eight putative species in advanced stages of a speciation process, belonging to three

paraphyletic lineages.
5.4 Decoding the lineages within Luciola lusitanica

Genetic diversity within L. lusitanica populations found three distinct evolutionary lineages (see
Fig. 3 e 4), possibly mostly underpinned by spatial scale - geographical boundaries in the lIberian
Peninsula, Italian Peninsula, and the Balkans. These three lineages were also recovered as distinct
species by mPTP. Lineage 1 (L1) is a widespread species with a strong geographical structure (e.g.,
Mediterranean-Continental distribution - mostly present in France and Italy), followed by Lineage 2
(L2), possibly L. mingrelica. This species was previously synonymized with L. lusitanica by McDermott
(1964), reported in Eastern Europe [e.g., Georgia, Greece, Hungary, and Russia (Motschulsky, 1854;
De Cock, 2009)], but once argued as a distinct species of Luciola by Novak & De Cock (unpublished).
Lineage 3 (L3) is mostly restricted to Portugal, well-structured into two clades - one from North and
another one from Central Portugal. Such lineages have been separated from each other either by the
rugged landscape in the Peninsulas (i.e., Iberian, Italian, and Balkans) or by sea (e.g., putative species

from Central Croatia - a geographic barrier between Mediterranean x Continental x Alpine populations).
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These three putative lineages, with a strong geographic structure across Europe, underline the un-
derestimation of biodiversity in Luciola also in Europe, and would not be surprising that new samplings
in other bioregions are likely to find new species. For example, there is a supposed lack of lucioline
species in Spain, even though lucioline representatives are present in Portugal and France, both neigh-
boring countries. Further studies should investigate whether this is a real absence or only a bias in pre-
vious sampling delimitations. Moreover, the westernmost distributed species (i.e., the one with a strong
geographic structure in Portugal) showed great similarity with L. italica and was the second most similar
haplogroup (e.g., the Balkan haplogroup — lineage 2 — was the most related to Portuguese haplogroup —
lineage 3).

This result also suggests that the lineage further west to the Pyrenees (i.e., only species recovered
by discovery methods in lineage 3) may have shared a common ancestor with L. italica in the past, as
both species were also recovered with moderate support in the same clade in Bl and ML analysis (Fig.
3 e 4). Such populations are also morphologically very similar, which may explain the historical diffi-
culty in separating both species since the lineage present in Portugal must have been used as a basis to
identify L. lusitanica across Europe. Therefore, misidentification between both species is not surprising
as diagnostic features underpinning their classifications are mostly subtle and based on sensitive char-
acters, such as coloration and size (see reviews in De Cock, 2009; Bonaduce & Sabelli, 2006; Gurcel et
al. 2020). Moreover, L. lusitanica and L. italica were synonymized in the past (see Introduction), which
stresses that both species have been handled as being the same, even though they are treated as distinct
taxa today. Even so, recovering L. italica and the Portuguese lineage in the same clade, with such a
confusing history involving both taxa, also raises the doubt whether these taxa could not be synonymized
in the near future. This study also stresses the need for a thorough morphological review, with a complete

illustration of the diagnostic features, of these taxa.

The moderate level of genetic differentiation and high haplotype and nucleotide diversity make it
tempting to think that these lineages might have been restricted to several refugia within the Iberian and
the Italian Peninsula, then further reaching other areas easternmost when ice glaciers retreated. Vicariant
events, such as those caused by glacial periods, eventually broke up the distribution range of the ances-
tral firefly population, leading each putative species of the L. lusitanica complex to subsequently evolve
its own characteristics by either genetic drift or selection. Not surprisingly, Mediterranean refugia, which
also cause vicariant divergence, mirror several events of new colonization and speciation in a wide range
of lineages in Europe, and such lineages could overcome periods of ice ages and be able to disperse and

colonize new areas in interglacial periods (see Gomez & Lunt, 2007).

Another putative explanation behind Luciola lusitanica complex takes into consideration neutral
processes of speciation. Such processes consider that all individuals in a community are functionally

equivalent, with equal demographic rates among species [e.g., birth, death, migration (Etienne et al.
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2007)]. Under this concept, highly diverse communities arise because the chances of extinction are bal-
anced by stochastic events that lead to speciation (Etienne et al. 2007). Along with stochasticity, disper-
sal also plays a key role in neutral speciation, as how organisms move across a spatial scale can be an
important component of a species’ niche and richness. Because neutral processes are driven by chance,
the abundance of individuals in a community is balanced by stochasticity and individuals are competi-
tively equal (Etienne et al. 2007). Therefore, neutral mechanisms of speciation can provide meaningful
insight for thinking on niche-based hypothesis as a cradle for promoting and maintaining L. lusitanica
species complex.

Noteworthy, these results highlight the existence of at least 2 more species under L. lusitanica status
— apart from the one west of the Pyrenees, isolated from other Luciola spp. (possibly the one thought to
be the “real” Luciola lusitanica), as follows: one from the Balkans (i.e., L. mingrelica - mistakenly
synonymized with L. lusitanica in the past, encompassing Alpine and Mediterranean bioregions); and
the other with a wide geographical distribution, encompassing populations distributed in France and
Italy, encompassing Alpine, Continental, and Mediterranean bioregions. It is challenging to say which
species should bear the original name of the species (i.e., L. lusitanica), although the original description
states that L. lusitanica can be found in “Lusitania and Hispania” (see Charpentier, 1825, p. 194). In
fact, the species depicted in Lineage 3 (west of the Pyrenees), seems to be the “real” Luciola lusitanica
due to type-locality in the original description. Curiously, L. lusitanica sensu Charpentier has a coastal-
based distribution, which means that this species was not found further East in Portugal. Therefore, this
lineage can be strongly western-biased, which in part justifies the lack of records in Spain, mentioned

in previous sections.

Differently than expected population from the Balkans, collected in Greek Islands (e.g., Corfu),
formed a distinct clade within both phylogenetic analyses, suggesting that it is a distinct species within
Luciola lusitanica s.str. complex. Back to McDermott’s efforts in 1964, a distinct species of Luciola
was described from Greece, Luciola mingrelica, but was synonymized by him with L. lusitanica (see
McDermott, 1964). By interpreting my results, it appears that L. mingrelica may exist, if this Balkan
clade corresponds, morphologically, to what was called L. mingrelica in the past. Such a topic deserves
special attention after this study. First, this synonymy stands ever since, and no further study tried to
investigate whether populations from lineage 2 (i.e., from the Balkans) are, in fact, similar or not to the
species belonging to lineage 3 (westernmost of the Pyrenees) - either by genetic or morphology studies.
Second, such populations are hugely separated from each other, which implies a considerable genetic
divergence and, then, represents an interesting study in a biogeographic-evolutionary-wise (e..g,
understanding how these populations are structured). Finally, Russian entomologists often neglected the

synonymy proposed by McDermott and still called the Luciola species occurring there as L. mingrelica,

56



which in part represents a resistance or even some skill in separating both species, but with no

comparative study so far.
6 CONCLUSIONS

Luciola lusitanica is a well-known species and has been studied under ecological aspects for
years due to its conspicuous flashes and high population density where it occurs, being easily found.
However, the historical processes that are responsible for the current geographic distribution of their
populations are poorly known, as well as the genetic barriers that delimit such populations. After
examining genetic variation within L. lusitanica, its phylogeography, and species boundaries, it is
suggested here the existence of three lineages, which refer to three to eight species hidden under L.
lusitanica, which is proposed herein as a species complex. These species are mostly isolated across
Europe, and further studies should be taken to understand which processes have prompted the break in
gene flow among these populations. Moreover, a systematic review of Luciola species in Europe is
necessary to improve our knowledge based on solid diagnostic features underpinning these taxa.
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APPENDIX

Supplementary material 1: Evolutionary models found for each codon position based on a COI
dataset with 684bp.

Partition by codon Position Model
Method position setting found
Col1 1-684 K2P+G4
Bl  COI2 2-684 HKY+F+I
CoI3 3-684 GTR+F+G4
Ccol1 1-684 TNe+G4
ML  COI2 2-684 HKY+F+I
COI3 3-684 TN+F+G4

Supplementary material 2: Final alignment of all sequences belonging to the ingroup and

outgroup used in this study.
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———————————————— TCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAG-
GANTTGG-
GAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTT
GACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAG-
GAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATTTAGTC
ATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAGGAGCAGTAAACTTTATTTC
TACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTATTTGTATGGGCAGTTTTAA
TTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAGGAGCAATCAC-
TATACTATTAACAGAACGAAATGTAAATACCTCTTTTTTTGATCCTACGGGAGGAGGAGACCCAATTCTTT
ACCAACATTTATTTTGATTTTTTGG-——-——-——-——-

>COI_LUL-AVI-001

—————————————————— GATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTA-
GACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCCTAATTGGTAATGACCAAATTTACAATGTAATT
GTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAGGAT-
TTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGA
TTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTG
CAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATTTA
GTCATCTTCAGTTTACACTTAGCCGGAGTCTCATCTATTCTAGGAGCAGTAAACTTTATTTC-
TACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTATTTGTATGGGCAGTTTTAA
TTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAGGAGCAATCAC-
TATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGACCCAATTCTTT
ACCAACATTTATTTTGATTTTTTGGTCA--—-————-—

>COI_LUL-AVI-002

——————————————— AAAGATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG
GAGCAGTAAACTTTATTTCTACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGT——-——-—-——-—

>LUL-PBG-006

——————————————— AAAGATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCACAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATTTCTACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTC-——————————

>COI_LUL-PBG-002

————————————— ATAAAGATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATTTCTACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTA
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TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTG-—-—-———-———————

>LUL-PBG-001

——————————— TCATAAAGATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATTTCTACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACC-———————

>LUL-ALF-003

————————————— ATAAAGATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAATTTTATTTCTACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCAC-————————

>COI LUL-ALF-001

—————————————— TAAAGATATTGGAACATTATACTTCATTTTCGGGACATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCCCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCTGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGACCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACC————————

>LUL-ALF-006

————————————— ATAAAGATATTGGAACATTATACTTCATTTTCGGGACATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCCCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCTGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGACCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACC——=——————

>LUL-ALF-002

———————————— CATAAAGATATTGGAACATTATACTTCATTTTCGGGACATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCCCCCTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
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GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCTGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCAGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGACCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA—-————————

>LUL-ALF-005

~GGTCAACAAATCATAAAGATATTGGAACATTATACTTCATTTTCGGGACATGAG-
CAGGTATACTTGGTACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCCCCCTAATTGGT
AATGACCAAATTTACAATGTAATTGTTAC-
CGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAGGATTTGGGAACTGACTCG
TCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTT-
GACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGA
ACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATTTAG-
TCATCTTCAGTTTACACTTAGCTGGAATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATT
AACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTTGTATGGGCAG-
TTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAGGAGCAATCACTATACTATTAACA
GATCGAAATGTAAATACCTCTTTTTTTGACCCTACAGGAGGAGGAGACCCAATTCTTTAC-
CAACATTTATTTTGATTTTTTGGTCACCC--——--—-

>LUL-ALF-004

TGGTCAACAAATCATAAAGATATTGGAACATTATACTTCATTTTCGGGACATGAG-
CAGGTATACTTGGTACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCCCCCTAATTGGT
AATGACCAAATTTACAATGTAATTGTTAC-
CGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAGGATTTGGGAACTGACTCG
TCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTT-
GACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGA
ACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATTTAG-
TCATCTTCAGTTTACACTTAGCTGGAATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATT
AACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTTGTATGGGCAG-
TTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAGGAGCAATCACTATACTATTAACA
GATCGAAATGTAAATACCTCTTTTTTTGACCCTACAGGAGGAGGAGACCCAATTCTTTAC-
CAACATTTATTTTGATTTTTTGGTCACCCGGAAGTT

>LUL-VAL-001

———————————— CATAAAGATATTGGAACATTATACTTCATTTTCGGAGCATGAGCAGGTATACTTGG-
TACTTCCCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCCGGCTCCTTAATTGGTAATGACCAAATTT
ACAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGGAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTGCTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATTTAGTCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAACTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGAGCTGTTTTAATTACAGCCATTCTTCTTCTCTTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACGGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGT——-—=-—=——=—

>COI_LUL-PDP-002

—————————————————— GATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG-
TACTTCTCTTA-
GACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATT
GTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAGGAT-
TTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGA
TTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTG
CAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTA
GCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAGGAGCAGTAAACTTTATCTC-
TACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTTGTATGGGCTGTTTTAA
TTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAGGAGCAATCAC-
TATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGACCCAATTCTTT
ACCAACATTTATTTTGATTTTTTGGTC——-—-————-—

>COI_LUL-PDP-005

71



——————————————— AAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG-
TACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTT
ATAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAARATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA--————————

>COI_LUL-PDP-001

——————————————— AAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG-
TACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTT
ATAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGATTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGT————————————

>COI_LUL-TOV-002

————————————— ATAAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG
TACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTT
ATAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGG-——————
>COI_LUL-TOV-005
--—TCAACAAATCATAAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAG-
CAGGTATGCTTGGTACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGT
AATGACCAAATTTATAATGTAATTGTTAC-
CGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAGGGT TTGGAAACTGACTCG
TCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTT-
GACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGA
ACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTT-
GATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTAC
GATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTT-
GTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAGGAGCAATCACTAT
ACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGG-
GACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA-————————-

>COI_LUL-TOV-004

————————————— ATAAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG-
TACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTT
ATAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
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TTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAG—-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGGGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACC————————

>COI_ LUL-PDP-003

——————————————— AAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG-
TACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTT
ATAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGT-———————————

>COI LUL-PDP-004

——————————————— AAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATGCTTGG-
TACTTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTT
ATAATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATAC-
CAATTATAATTGGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCA
CGAATAAACAATATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAA-
GAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGA
GGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAG-
GAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTA
TTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAG-
GAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGAC
CCAATTCTTTACCAACATTTATTTTGATTTTTTGGTC-——————————

>COI LUL-SES-001

——————————————————— ATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATACTTGG-
TACTTCTCTTA-
GACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATT
GTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATT -
GGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAA
TATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAA-
TAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGT
TCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAGGAG-
CAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTT
GTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAGGAG-
CAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGACCCA
ATTCTTTACCAACATTTATTTTGATTTTTTGGTC-———————————

>LUL-SES-004

—————————————————— GATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATACTTGG-
TACTTCTCTTA-
GACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATT
GTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATT -
GGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAA
TATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAA-
TAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGT
TCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAGGAG-
CAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTT
GTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAGGAG-
CAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGACCCA
ATTCTTTACCAACATTTATTTTGATTTTTTGGTCAC—————————

>LUL-SES-005

—————————————————— GATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATACTTGG-
TACTTCTCTTA-
GACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATT
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GTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATT-
GGAGGGTTTGGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAA
TATAAGATTTTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAA-
TAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCCCCCTTTCCGCARATATTGCACATAGAGGT
TCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGAATCTCATCTATTCTAGGAG-
CAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCTTAGATCGAATGCCTTTATTT
GTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTACTAGCAGGAG-
CAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGAGGAGACCCA
ATTCTTTACCAACATTTATTTTGATTTTTTGG——-————=——=——

>LUL-SES-002
TAAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATACTTGGTACTTCTCTTAGACTTT
TAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATTGTTACC
GCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCAATTATAATTGGAGGGTTTGGAAACTGACTCGT
CCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTACCCC
CCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCC
CCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGG
AATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACGATTATTAACATACGATCAATTGGTATAACCT
TAGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTA
CTAGCAGGAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGG
AGGAGACCCAATTCTTTACCAACATTTATTTTGATTTTTT-————————-————-

>LUL-SES-003
TGGTCAACAAATCATAAAGATATTGGAACATTATACTTTATTTTCGGGGCATGAGCAGGTATACTTGGTAC
TTCTCTTAGACTTTTAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATA
ATGTAATTGTTACCGCTCATGCTTTTATCATAATTTTTTTCATGGT TATACCAATTATAATTGGAGGGTTT
GGAAACTGACTCGTCCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATT
TTGACTTCTACCCCCCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGT
GAACAGTTTACCCCCCCCTTTCCGCAAATATTGCACATAGAGGT TCGTCAGTTGATCTAGCCATCTTCAGT
TTACACTTAGCCGGAATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACGATTATTAACATACGATC
AATTGGTATAACCTTAGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCC
TATCTCTACCAGTACTAGCAGGAGCAATCACTATNCTATTAACAGATCGAAATGTAAATACCTCTTTTTTT
GATCCTACAGGAGGAGGAGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCAC—————————
>COI_LUL-SIN-001
TAAAGATATTGGAACATTATACTTCATTTTCGGGGCATGAGCAGGTATGCTCGGTACTTCTCTTAGACTTT
TAATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATTGTTACC
GCTCATGCTTTTATCATAATTTTTTTCATGGTTATACCTATTATAATTGGAGGATT TGGAAACTGACTCGT
CCCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTACCCC
CCTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCC
CCCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGG
AATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCT
TAGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTA
CTAGCAGGAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACGGGAGG
AGGGGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA-———-————-
>COI_LUL-SIN-002
AAAGATATTGGAACATTATACTTCATTTTCGGGGCATGAGCAGGTATGCTCGGTACTTCTCTTAGACTTTT
AATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATTGTTACCG
CTCATGCTTTTATCATAATTTTTTTCATGGTTATACCTATTATAATTGGAGGATTTGGAAACTGACTCGTC
CCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTACCCCC
CTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCC
CCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGA
ATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTT
AGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTAC
TAGCAGGAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACGGGAGGA
GGGGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA-——-——-——-

>COI_LUL-SIN-005
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AAAGATATTGGAACCTTATACTTCATTTTCGGGGCATGAGCAGGTATGCTCGGTACTTCTCTTAGACTTTT
AATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATTGTTACCG
CTCATGCTTTTATCATAATTTTTTTCATGGTTATACCTATTATAATTGGAGGATTTGGAAACTGACTCGTC
CCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTACCCCC
CTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCC
CCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTAGTCATCTTCAGTTTACACTTAGCCGGA
ATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTT
AGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTAC
TAGCAGGAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACGGGAGGA
GGGGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA-—————————

>COI_LUL-SIN-003
AAAGATATTGGAACATTATACTTCATTTTCGGGGCATGAGCAGGTATGCTCGGTACTTCTCTTAGACTTTT
AATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATTGTTACCG
CTCATGCTTTTATCATAATTTTTTTCATGGTTATACCTATTATAATTGGAGGATTTGGAAACTGACTCGTC
CCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTACCCCC
CTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCC
CCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGA
ATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTT
AGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTAC
TAGCAGGAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGA
GGGGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTC-——————————

>COI LUL-SIN-004
AAAGATATTGGAACATTATACTTCATTTTCGGGGCATGAGCAGGTATGCTCGGTACTTCTCTTAGACTTTT
AATTCGAGCAGAACTAGGAAACCCTGGTTCCCTAATTGGTAATGACCAAATTTATAATGTAATTGTTACCG
CTCATGCTTTTATCATAATTTTTTTCATGGTTATACCTATTATAATTGGAGGATTTGGAAACTGACTCGTC
CCTTTAATACTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTACCCCC
CTCTCTGTTATTACTTCTAATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGGTGAACAGTTTACCCCC
CCCTTTCCGCAAATATTGCACATAGAGGTTCGTCAGTTGATCTAGCCATCTTCAGTTTACACTTAGCCGGA
ATCTCATCTATTCTAGGAGCAGTAAACTTTATCTCTACAATTATTAACATACGATCAATTGGTATAACCTT
AGATCGAATGCCTTTATTTGTATGGGCTGTTTTAATTACAGCCATTCTTCTCCTCCTATCTCTACCAGTAC
TAGCAGGAGCAATCACTATACTATTAACAGATCGAAATGTAAATACCTCTTTTTTTGATCCTACAGGAGGA
GGGGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTC——-=————————

>X1295 litalica
GAGCAGGTATGCTAGGAACCTCTCTCAGACTTTTAATTCGAGCAGAATTAGGTAACCCTGGCTCCTTAATT
GGAGATGACCAAATTTACAATGTAATCGTTACAGCTCACGCTTTTGTCATAATTTTTTTTATGGTTATACC
AATTATAATTGGTGGGTTCGGAAATTGACTCGTTCCTCTAATGCTTGGTGCCCCAGATATAGCATTCCCAC
GTATAAACAACATAAGATTTTGACTACTTCCCCCTTCCCTATTACTACTCCTAATAAGAAGAATAGTAGAA
AATGGAGCAGGAACAGGGTGAACAATTTACCCCCCCCTTTCCGCAAACATTGCACATAGAGGTTCTTCAGT
TGATTTAGTCATCTTCAGACTACACCTAGCAGGAATCTCATCTATTCTGGGAGCAGTAAATTTTATTTCTA
CAATTATTAATATACGATCAATTGGTATAACATTGGATCGTATAGCCTTATTTGTTTGAGCAGTTTTGATT
ACAGCTATTCTTCTACTTCTATCTTTACCAGTTTTAGCTGGTGCAATTACTATACTTTTAACAGACCGAAA
CCTAAATACCTCTTTTTTCGATCCAGTAGGCGGGGGTGACCCAATTCTTTACCAACACTTATTTTGATTTT

TTATACTTCATTTTTGGTGTATGAGCAGGTATGCTAGGAACCTCTCTCAGACTTTTAATTCGAGCAGAATT
AGGTAACCCTGGCTCCTTAATTGGAGATGACCAAATTTACAATGTAATCGTTACAGCTCACGCTTTTGTCA
TAATTTTTTTTATGGTTATACCAATTATAATTGGTGGGTTCGGAAATTGACTCGTTCCTCTAATGCTTGGT
GCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTTTGACTACTTCCCCCTTCCCTATTACTACT
CCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGGTGAACAATTTACCCCCCCCTTTCCGCAAACA
TTGCACATAGAGGTTCTTCAGTTGATTTAGTCATCTTCAGACTACACCTAGCAGGAATCTCATCTATTCTG
GGAGCAGTAAATTTTATTTCTACAATTATTAATATACGATCAATTGGTATAACATTGGATCGTATAGCCTT
ATTTGTTTGAGCAGTTTTGATTACAGCTATTCTTCTACTTCTATCTTTACCAGTTTTAGCTGGTGCAATTA
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CTATACTTTTAACAGACCGAAACCTAAATACCTCTTTTTTCGATCCAGTAGGCGGGGGTGACCCAATTCTT
TACCAACACTTATTTTGATTTTTT——==-====—===——~

>COI_LIT-CRO-001
GTCAACAAATCATAAAGATATTGGAACATTATACTTCATTTTTGGTGTATGAGCAGGTATGCTAGGAACCT
CTCTCAGACTTTTAATTCGAGCAGAATTAGGTAACCCTGGCTCCTTAATTGGAGATGACCAAATTTACAAT
GTAATCGTTACAGCTCACGCTTTTGTCATAATTTTTTTTATGGTTATACCAATTATAATTGGTGGGTTCGG
AAATTGACTCGTTCCTCTAATGCTTGGTGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTTT
GACTACTTCCCCCTTCCCTATTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGGTGA
ACAATTTACCCCCCCCTTTCCGCAAACATTGCACATAGAGGTTCTTCAGTTGATTTAGTCATCTTCAGACT
ACACCTAGCAGGAATCTCATCTATTCTGGGAGCAGTAAATTTTATTTCTACAATTATTAATATACGATCAA
TTGGTATAACATTGGATCGTATAGCCTTATTTGTTTGAGCAGTTTTGATTACAGCTATTCTTCTACTTCTA
TCTTTACCAGTTTTAGCTGGTGCAATTACTATACTTTTAACAGACCGAAACCTAAATACCTCTTTTTTCGA
TCCAGTAGGCGGGGGTGACCCAATTCTTTACCAACACTTATTTTGATTTTTTG——————————————
>COI_LIT-CRO-002
AAAGATATTGGAACATTATACTTCATTTTTGGTGTATGAGCAGGTATGCTAGGAACCTCTCTCAGACTTTT
AATTCGAGCAGAATTAGGTAACCCTGGCTCCTTAATTGGAGATGACCAAATTTACAATGTAATCGTTACAG
CTCACGCTTTTGTCATAATTTTTTTTATGGTTATACCAATTATAATTGGTGGGTTCGGAAATTGACTCGTT
CCTCTAATGCTTGGTGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTTTGACTACTTCCCCC
TTCCCTATTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGGTGAACAATTTACCCCC
CCCTTTCCGCAAACATTGCACATAGAGGTTCTTCAGTTGATTTAGTCATCTTCAGACTACACCTAGCAGGA
ATCTCATCTATTCTGGGAGCAGTAAATTTTATTTCTACAATTATTAATATACGATCAATTGGTATAACATT
GGATCGTATAGCCTTATTTGTTTGAGCAGTTTTGATTACAGCTATTCTTCTACTTCTATCTTTACCAGTTT
TAGCTGGTGCAATTACTATACTTTTAACAGACCGAAACCTAAATACCTCTTTTTTCGATCCAGTAGGCGGG
GGTGACCCAATTCTTTACCAACACTTATTTTGATTTTTTGGTCA-——————————

>X1297 litalica
AAAGATATTGGAACATTATACTTCATTTTTGGTGTATGAGCAGGTATGCTAGGAACCTCTCTCAGACTTTT
AATTCGAGCAGAATTAGGTAACCCTGGCTCCTTAATTGGAGATGACCAAATTTACAATGTAATCGTTACAG
CTCACGCTTTTGTCATAATTTTTTTTATGGTTATACCAATTATAATTGGTGGGTTCGGAAATTGACTCGTT
CCTCTAATGCTTGGTGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTTTGACTACTTCCCCC
TTCCCTATTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGGTGAACAATTTACCCCC
CCCTTTCCGCAAACATTGCACATAGAGGTTCTTCAGTTGATTTAGTCATCTTCAGACTACACCTAGCAGGA
ATCTCATCTATTCTGGGAGCAGTAAATTTTATTTCTACAATTATTAATATACGATCAATTGGTATAACATT
GGATCGTATAGCCTTATTTGTTTGAGCAGTTTTGATTACAGCTATTCTTCTACTTCTATCTTTACCAGTTT
TAGCTGGTGCAATTACTATACTTTTAACAGACCGAAACCTAAATACCTCTTTTTTCGATCCAGTAGGCGGG
GGTGACCCAATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCC——==-=—~

>COI_LUL-CRO-005
TCAACAAATCATAAAGATATTGGGACATTATACTTCATTTTTGGTGTATGAGCAGGTATACTAGGAACCTC
CCTTAGACTTTTAATTCGAGCAGAATTAGGTAACCCTGGCTCCTTAATTGGAGATGACCAAATTTACAATG
TAATCGTTACAGCTCACGCTTTTGTCATAATTTTTTTTATGGTTATACCAATTATAATTGGTGGATTCGGA
AATTGACTTATTCCTCTAATGCTTGGTGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTTTG
ACTACTTCCACCTTCCTTATTACTACTCCTAATAAGAAGAACAGTAGAAAATGGAGCAGGAACAGGGTGAA
CAATTTACCCCCCCCTTTCCGCAAACATTGCTCATAGAGGTTCTTCAGTTGATTTAGTTATCTTCAGGCTA
CACCTAGCAGGAATCTCATCCATTCTGGGAGCAGTAAATTTTATTTCCACAATTATTAATATACGATCAAT
TGGTATAACATTGGATCGTATAGCCTTATTTGTTTGAGCAGTTTTGATTACAGCTATTCTTCTACTTTTAT
CTTTACCAGTTTTAGCTGGTGCAATTACTATACTTTTAACAGACCGAAACCTAAATACCTCTTTTTTTGAT
CCAGTAGGTGGAGGTGACCCAATTCTTTACCAACACCTATTTTGATTTTTTGGTCACCC—————=-—
>LUL-TUS-007
ATAAAGATATTGGAACACTTTATTTTATTTTCGGGGTATGAGCCGGAATACTAGGGACTTCACTTAGACTT
TTAATTCGGGCAGAATTAGGAAACCCGGGGTCATTAATTGGAAATGACCAAATTTATAACGTAATCGTCAC
AGCCCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGGGGTTTCGGAAATTGACTTG
TCCCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATTTTGACTACTCCCA
CCCTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGCAGGCACAGGATGAACAGTTTACCC
CCCCTTGTCTGCAAATATTGCTCACAGAGGTTCGTCAGTTGATTTAGCCATTTTTAGTTTACATTTAGCAG
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GAATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATCAATTGGTATAACA
TTAGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACTTTTATCCCTTCCGGT
CTTAGCCGGAGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGATCCAGCCGGAG
GAGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTC———————-——~

>LUL-TUS-008
CATAAAGATATTGGAACACTTTATTTTATTTTCGGGGTATGAGCCGGAATACTAGGGACTTCACTTAGACT
TTTAATTCGGGCAGAATTAGGAAACCCGGGGTCATTAATTGGAAATGACCAAATTTATAACGTAATCGTCA
CAGCCCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGGGGT TTCGGAAATTGACTT
GTTCCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATTTTGACTACTCCC
ACCCTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGTAGGCACAGGATGAACAGTTTACC
CCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCGTCAGT TGAT TTAGCCATTTTTAGT TTACATTTAGCA
GGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATCAATTGGTATAAC
ATTAGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACTTTTATCCCTTCCGG
TCTTAGCCGGAGCAATTACTATACT TTTAACAGACCGAAACCTAAACACCTCCTTTTTTGATCCAGCCGGA
GGAGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTC——-———-———~-

>LUL-TUS-001
GTCAACCAAAATCATAAAGATATTGGAACACTTTATTTTATTTTCGGGGTATGAGCCGGAATACTAGGGAC
TTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCGGGGTCATTAATTGGAAATGACCAAATTTATA
ACGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGT TATACCTATTATAATTGGGGGTTTC
GGAAATTGACTTGTCCCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATT
TTGACTACTCCCACCCTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGCAGGCACAGGAT
GAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGT TCGTCAGT TGAT TTAGCCATTTTTAGT
TTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATC
AATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACTTT
TATCCCTTCCGGTCTTAGCCGGAGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTT
GATCCAGCCGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACC———-———~-
>COI_LUL-TUS-005
TAAAGATATTGGAACACTTTATTTTATTTTCGGGGTATGAGCCGGAATACTAGGGACTTCACTTAGACTTT
TAATTCGGGCAGAATTAGGAAACCCGGGGTCATTAAT TGGAAATGACCAAATTTATAACGTAATCGTCACA
GCCCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGGGGTTTCGGAAATTGACTTGT
CCCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATTTTGACTACTCCCAC
CCTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGCAGGCACAGGATGAACAGTTTACCCC
CCCTTGTCTGCAAATATTGCTCACAGAGGTTCGTCAGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGG
AATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATCAATTGGTATAACAT
TAGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACTTTTATCCCTTCCGGTC
TTAGCCGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGATCCAGCCGGAGG
AGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTC———————-——-

>LUL-TUS-002
ATAAAGATATTGGAACACTTTATTTTATTTTCGGGGTATGAGCCGGAATACTAGGGACTTCACTTAGACTT
TTAATTCGGGCAGAATTAGGAAACCCGGGGTCATTAATTGGAAATGACCAAATTTATAACGTAATCGTCAC
AGCCCATGCTTTTATTATAATTTTTTTTATAGTTATGCCTATTATAATTGGGGGTTTCGGAAATTGACTTG
TCCCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATTTTGACTACTCCCA
CCCTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGCAGGCACAGGATGAACAGTTTACCC
CCCCTTGTCTGCAAATATTGCTCACAGAGGTTCGTCAGTTGATTTAGCCATTTTTAGTTTACATTTAGCAG
GAATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATCAATTGGTATAACA
TTAGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACT TTTATCCCTTCCGGT
CTTAGCCGGAGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGATCCAGCCGGAG
GAGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCAC-———————~-
>COI_LUL-TUS-006

TCAACAAATCATAAAGATATTGGAACACTTTATNTNATTT TNGGGGTATGAGCCGGAATACTAGGGACTTC
ACTTAGANTTTTAATTNGGGCAGAATTAGGAAACCCGGGGTCATTAATTGGAAATGACCAAATTTATAACG
TAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTATGCCTATTATAATTGGGGGTTTCGGA
AATTGACTTGTCCCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATTTTG
ACTACTCCCACCCTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGCAGGCACAGGATGAA
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CAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCGTCAGTTGATTTAGCCATTTTTAGTTTA
CATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATCAAT
TGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACTTTTAT
CCCTTCCGGTCTTAGCCGGAGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGAT
CCAGCCGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTC-—-=-———————
>LUL-TUS-003

TCATTAATTGGAAATGACCAAATTTATAACGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTAT
AGTTATACCTATTATAATTGGGGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGAGCCCCAGATATGG
CATTCCCACGAATAAACAATATAAGATTTTGACTACTCCCACCCTCATTATCACTCCTCTTAATAAGAAGA
ATAGTAGAAAATGGAGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGG
TTCGTCAGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATT
TTATTTCAACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCT
GTATTAATTACTGCTATTCTATTACTTTTATCCCTTCCGGTCTTAGCCGGAGCAATTACTATACTTTTAAC
AGACCGAAACCTAAACACCTCCTTTTTTGATCCAGCCGGAGGAGGTGACCCAATTCTTTATCAACATTTAT
TTTGATTTTTTGGTCACCCTGAAGTT

>LUL-TUS-004
AAAGATATTGGAACACTTTATTTTATTTTCGGGGTATGAGCCGGAATACTAGGGACTTCACTTAGACTTTT
AATTCGGGCAGAATTAGGGAACCCGGGGTCATTAATTGGAAATGACCAAATTTATAACGTAATCGTCACAG
CCCATGCTTTTATTATAATTTTTTTTATAGTTATGCCTATTATAATTGGGGGTTTCGGAAATTGACTTGTC
CCTTTAATACTTGGAGCCCCAGATATGGCATTCCCACGAATAAACAATATAAGATTTTGACTACTCCCACC
CTCATTATCACTCCTCTTAATAAGAAGAATAGTAGAAAATGGAGCAGGCACAGGATGAACAGTTTACCCCC
CCTTGTCTGCAAATATTGCTCACAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGA
ATTTCATCTATCTTGGGTGCAGTAAATTTTATTTCAACAATTATTAACATGCGATCAATTGGTATAACATT
AGATCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTATTACTTTTATCCCTTCCGGTCT
TAGCCGGAGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGATCCAGCCGGAGGA
GGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCAC———-=-—————
>ENT5530 COI Pisa
TATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCTGGATCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGGGCCCCAGATATAGCATTCC
CACGAATAAACAATATAAGATTTTGGCTGCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATC
AGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTT
CAACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTCCCGGTCTTAGCTGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-——-————————————

>ENT5535 COI Pisa
TATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCTGGATCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGGGCCCCAGATATAGCATTCC
CACGAATAAACAATATAAGATTTTGGCTGCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATC
AGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTT
CAACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTCCCGGTCTTAGCTGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-—-———————————

>ENT5536 COI Pisa
TATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCTGGATCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGGGCCCCAGATATAGCATTCC
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CACGAATAAACAATATAAGATTTTGGCTGCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATC
AGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTT
CAACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTCCCGGTCTTAGCTGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-=========———

>ENT5537_COI_Pisa
TATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCGGGATCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGGGCCCCAGATATAGCATTCC
CACGAATAAACAATATAAGATTTTGGCTGCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATC
AGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTT
CAACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTCCCGGTCTTAGCTGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-—————————————

>ENT5538 COI Pisa
TATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCGGGATCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGGGCCCCAGATATAGCATTCC
CACGAATAAACAATATAAGATTTTGGCTGCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATC
AGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTT
CAACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTCCCGGTCTTAGCTGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG—————————————

>ENT5532 COI Pisa
ATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGGGCAGAATTAGGAAACCCGGGATCATTAA
TTGGAAATGACCAAATTTATAATGTNNTCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTATA
CCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGGGCCCCAGATATNGCATTCCC
ACGAATAAACAATATAAGATTTTGGCTNCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTAG
AAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATCA
GTTGATTTAGCCATTTTTAGNTTACATTTAGCAGGAATTTCATCTATCTTGGGTGCAGTAAATTTTATTTC
AACAATTATTAACATGCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTAA
TTACTGCTATTCTATTACTTTTATCCCTCCCGGTCTTAGCTGGAGCAATTACTATACTTTTAACAGACCGA
AATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGATT

TATGAGCCGGAATACTAGGGACTTCACTTAGACTTTTAATTCGAGCAGAATTAGGAAACCCGGGGTCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATNATAATTGGAGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGNGCCCCAGATATGGCATTCC
CACGAATAAACAATATAAGATTTTGGCTGCTCCCACCCTCATTGTCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACAGGATGAACAGTTTACCCCCCCTTGTCTGCAAATATTGCTCACAGAGGTTCATC
AGTTGATTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATNTTGGGTGCAGTAAATTTTATTT
CAACAATTATTAACATNCGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTNCCGGTCTTAGCNGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCAGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-————————————

>ENT5531 COI_Pisa

TATGAGCCGGAATACTAGGGACCTCACTTAGACTTTTAATTCGAGCAGAATTAGGAAACCCAGGGTCATTA
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ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGGGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGAGCCCCAGATATGGCATTCC
CACGAATAAACAATATAAGATTTTGACTTCTCCCACCCTCATTATCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACTGGATGAACAATTTACCCCCCTTTGTCTGCAAATATTGCACACAGAGGTTCATC
AGTTGACTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATTTTGGGAGCAGTAAATTTTATTT
CAACAATTATTAATATACGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTTCCAGTATTAGCCGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCGGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-=========——~

>ENT5534 COI_Pisa
TATGAGCCGGAATACTAGGGACCTCACTTAGACTTTTAATTCGAGCAGAATTAGGAAACCCAGGGTCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGGGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGAGCCCCAGATATGGCATTCC
CACGAATAAACAATATAAGATTTTGACTTCTCCCACCCTCATTATCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACTGGATGAACAATTTACCCCCCTTTGTCTGCAAATATTGCACACAGAGGTTCATC
AGTTGACTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATTTTGGGAGCAGTAAATTTTATTT
CAACAATTATTAATATACGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTTCCAGTATTAGCCGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCGGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG-—————————————

>ENT5533 COI Pisa
TATGAGCCGGAATACTAGGGACCTCACTTAGACTTTTAATTCGAGCAGAATTAGGAAACCCAGGGTCATTA
ATTGGAAATGACCAAATTTATAATGTAATCGTCACAGCCCATGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGGGGTTTCGGAAATTGACTTGTCCCTTTAATACTTGGAGCCCCGGATATGGCATTCC
CACGAATAAACAATATAAGATTTTGACTTCTCCCACCCTCATTATCACTCCTCTTAATAAGAAGAATAGTA
GAAAATGGGGCAGGCACTGGATGAACAATTTACCCCCCTTTGTCTGCAAATATTGCACACAGAGGTTCATC
AGTTGANTTAGCCATTTTTAGTTTACATTTAGCAGGAATTTCATCTATTTTGGGAGCAGTAAATTTTATTT
CAACAATTATTAATATACGATCAATTGGTATAACATTAGATCGAATACCTTTATTTGTTTGAGCCGTATTA
ATTACTGCTATTCTATTACTTTTATCCCTTCCAGTATTAGCCGGAGCAATTACTATACTTTTAACAGACCG
AAATCTAAATACCTCCTTTTTTGATCCGGCAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGAT
TTTTTGG——===————————

>COI LUL-CAS-002
AAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGGACTTCCCTTAGACTTTT
AATTCGAGCAGAATTAGGAAACCCGGGATCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTTACAG
CCCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTC
CCTTTAATACTTGGGGCCCCAGATATGGCATTCCCCCGTATAAACAATATAAGATTCTGACTTCTCCCCCC
TTCATTATCACTCCTACTGATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGATGAACAGTTTACCCCC
CTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCTTACATCTAGCAGGA
ATTTCATCTATTTTAGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTATT
AGATCGAATACCTTTATTTGTTTGGGCTGTGTTAATTACCGCCATTCTTTTGCTTTTATCTCTCCCAGTCT
TAGCCGGGGCAATTACTATACTTTTAACAGACCGAAATCTAAATACCTCCTTTTTTGACCCCTCGGGAGGA
GGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTC-==—=—=————

>COI_ LUL-CAS-003
ATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGGACTTCCCTTAGACTTTTAATT
CGAGCAGAATTAGGAAACCCGGGATCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTTACAGCCCA
TGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCCCTT
TAATACTTGGGGCCCCAGATATGGCATTCCCCCGTATAAACAATATAAGATTCTGACTTCTCCCCCCTTCA
TTATCACTCCTACTGATAAGAAGAATAGTAGAAAATGGTGCAGGAACAGGATGAACAGTTTACCCCCCTCT
ATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCTTACATCTAGCAGGAATTT
CATCTATTTTAGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTATTAGAT
CGAATACCTTTATTTGTTTGGGCTGTGTTAATTACCGCCATTCTTTTGCTTTTATCTCTCCCAGTCTTAGC
CGGGGCAATTACTATACTTTTAACAGACCGAAATCTAAATACCTCCTTTTTTGACCCCTCGGGAGGA-———

>COI LUL-CAV-001



ATAAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGAGCTGGAATACTAGGAACTTCACTTAGACTC
TTAATTCGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTAC
AGCCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGAGGCTTCGGARATTGACTTG
TTCCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCT
CCTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCC
CCCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAG
GAATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATA
TTAGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTTCCAGT
TTTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTTAATACCTCCTTTTTTGATCCGGCCGGAG
GAGGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGT ———————————~

>LUL-CAV-002
ATAAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGAGCTGGAATACTAGGAACTTCACTTAGACTC
TTAATTCGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTAC
AGCCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGAGGCTTCGGAAATTGACTTG
TTCCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCT
CCTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCC
CCCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAG
GAATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATA
TTAGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTTCCAGT
TTTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTTAATACCTCCTTTTTTGATCCGGCCGGAG
GAGGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTC———-————=—~
>COI_LUL-TUR-005
ATATTGGAACACTTTATTTCATTTTCGGAGTATGAGCTGGAATACTAGGAACTTCACTTAGACTCTTAATT
CGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGT TATTGTTACAGCCCA
TGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGAGGCTTCGGAAATTGACTTGTTCCTT
TAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTCCTTCA
TTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCCCCTTT
ATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAGGAATTT
CCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATATTAGAT
CGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAGTTTTAGC
AGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGGAGGTG
ACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTC————-—=—=—=

>LUL-CAV-003
TAAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGAGCTGGAATACTAGGAACTTCACTTAGACTCT
TAATTCGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACA
GCCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGAGGCTTCGGARATTGACTTGT
TCCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTC
CTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCC
CCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGG
AATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTAT
TAGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTTCCAGTT
TTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGG
AGGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTCAC————————-

>LUL-SOM-002
AAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGAACTTCACTTAGACTCTT
AATTCGAGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAG
CCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAAT TGGGGGCTTCGGAAATTGACTTGTT
CCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATARACAACATAAGATTTTGGCTTCTCCCTCC
TTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCCC
CTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGGA
ATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATATT
AGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTCTTATCCCTCCCAGTTT
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TAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGGA
GGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTCAC————————-

>LUL-SOM-003
AAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGAACTTCACTTAGACTCTT
AATTCGAGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAG
CCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGGGGCTTCGGAAATTGACTTGTT
CCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTCC
TTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCCC
CTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAGGA
ATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATATT
AGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTCTTATCCCTCCCAGTTT
TAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGGA
GGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGT ————————-——~

>COI_LUL-SOM-001
AAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGAACTTCACTTAGACTCTT
AATTCGAGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAG
CCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGGGGCTTCGGAAATTGACTTGTT
CCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTCC
TTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCCC
CTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAGGA
ATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATATT
AGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTCTTATCCCTCCCAGTTT
TAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGGA
GGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTCA-—————-——~

>COTI_LUL-TUR-002
GATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGAACTTCACT TAGACTCTTAAT
TCGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAGCCC
ATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGGGGCTTCGGAAATTGACTTGTTCCT
TTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTCCTTC
ATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCCCCTT
TATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGGAATT
TCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATATTAGA
TCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAGTTTTAG
CAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGGAGGT
GACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTCA-————-——=~

>COI_LUL-TUR-003
TAAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGAACTTCACTTAGACTCT
TAATTCGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACA
GCCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGGGGCTTCGGAAATTGACTTGT
TCCTTTAATACTTAGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTC
CTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCC
CCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGG
AATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATAT
TAGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAGTT
TTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGG
AGGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTCACC——-————~
>COT_LUL-TUR-004
AAAGATATTGGAACACTTTATTTCATTTTCGGAGTATGGGCTGGAATACTAGGAACTTCGCTTAGACTCTT
AATTCGAGCAGAATTAGGAAACCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAG
CCCATGCTTTTATTATGATTTTTTTTATAGTTATGCCCATTATAATTGGAGGCTTCGGAAATTGACTTGTT
CCTTTAATACTTGGAGCTCCAGATATAGCATTCCCCCGAATAAACAACATAAGATTTTGGCTTCTCCCTCC
TTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAATTTACCCCC
CTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAGGA
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ATTTCCTCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAATATT
AGATCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAGTTT
TAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCGGCCGGAGGA
GGTGACCCAATTCTTTACCAGCATTTATTTTGATTTTTTGGTCACC————————

>LUL-NIC-003
ATAAAGATATTGGAACACTTTATTTCATTTTCGGGGTATGGGCTGGAATACTAGGGACTTCACTTAGACTC
TTAATTCGAGCAGAATTAGGAAACCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTCAC
AGCCCATGCTTTTATTATGATTTTTTTTATAGTTATACCCATTATAATTGGGGGCTTCGGAAATTGACTTG
TTCCTTTAATACTCGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCT
CCTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGGACAGGATGAACAATTTACCC
CCCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCGG
GAATTTCCTCTATTTTAGGGGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAACG
TTAGACCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAAT
CTTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCAGCCGGAG
GGGGTGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACCCTGAAGTT

>LUL-NIC-004

GATCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTCACAGCCCATGCTTTTATTATGATTTTTTTT
ATAGTTATACCCATTATAATTGGGGGCTTCGGAAATTGACTTGTTCCTTTAATACTCGGAGCCCCAGATAT
AGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCTCCTTCATTATCCCTCCTATTAATAAGAA
GAATAGTAGAAAATGGAGCAGGGACAGGATGAACAATTTACCCCCCTTTATCTGCAAATATTGCTCATAGA
GGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCGGGAATTTCCTCTATTTTAGGGGCAGTAAA
TTTTATTTCAACAATTATTAATATACGATCAATTGGTATAACGTTAGACCGAATACCTTTATTTGTTTGAG
CCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAATCTTAGCAGGAGCAATTACTATACTTTTA
ACAGATCGAAATCTAAATACCTCCTTTTTTGATCCAGCCGGAGGGGGTGACCCAATTCTTTACCAACATTT
ATTTTGATTTTTTGGTCACC—-———-——-

>LUL-NIC-001
CAACAAATCATAAAGATATTGGAACACTTTATTTCATTTTCGGGGTATGGGCTGGAATACTAGGGACTTCA
CTTAGACTCTTAATTCGAGCAGAATTAGGAAACCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGT
TATTGTCACAGCCCATGCTTTTATTATGATTTTTTTTATAGTTATACCCATTATAATTGGGGGCTTCGGAA
ATTGACTTGTTCCTTTAATACTCGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGG
CTTCTTCCTCCTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGGACAGGATGAAC
AATTTACCCCCCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTAC
ATCTAGCGGGAATTTCCTCTATTTTAGGGGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATT
GGTATAACGTTAGACCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATC
CCTCCCAATCTTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATC
CAGCCGGAGGGGGTGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACCCTGAAGTT
>LUL-NIC-005
CATAAAGATATTGGAACACTTTATTTCATTTTCGGGGTATGGGCTGGAATACTAGGGACTTCACTTAGACT
CTTAATTCGAGCAGAATTAGGAAACCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTCA
CAGCCCATGCTTTTATTATGATTTTTTTTATAGTTATACCCATTATAATTGGGGGCTTCGGAAATTGACTT
GTTCCTTTAATACTCGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCC
TCCTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGGACAGGATGAACAATTTACC
CCCCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCG
GGAATTTCCTCTATTTTAGGGGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAAC
GTTAGACCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAA
TCTTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCAGCCGGA
GGGGGTGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACC-—==————

>LUL-NIC-006
AAAGATATTGGAACACTTTATTTCATTTTCGGGGTATGGGCTGGAATACTAGGGACTTCACTTAGACTCTT
AATTCGAGCAGAATTAGGAAACCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTCACAG
CCCATGCTTTTATTATGATTTTTTTTATAGTTATACCCATTATAATTGGGGGCTTCGGAAATTGACTTGTT
CCTTTAATACTCGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCTCC
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TTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGGACAGGATGAACAATTTACCCCC
CTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCGGGA
ATTTCCTCTATTTTAGGGGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAACGTT
AGACCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCAATCT
TAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCAGCCGGAGGG
GGTGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCA-————————-

>LUL-NIC-002
TCATAAAGATATTGGAACACTTTATTTCATTTTCGGGGTATGGGCTGGAATACTAGGGACTTCACTTAGAC
TCTTAATTCGAGCAGAATTAGGAAACCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTC
ACAGCCCATGCTTTTATTATGATTTTTTTTATAGTTATACCCATTATAATTGGGGGCTTCGGAAATTGACT
TGTTCCTTTAATACTCGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTC
CTCCTTCATTATCCCTCCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGGACAGGATGAACAATTTAC
CCCCCTTTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGC
GGGAATTTCCTCTATTTTAGGGGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAR
CGTTAGACCGAATACCTTTATTTGTTTGAGCCGTATTGATTACTGCCATTCTTTTACTTTTATCCCTCCCA
ATCTTAGCAGGAGCAATTACTATACTTTTAACAGATCGAAATCTAAATACCTCCTTTTTTGATCCAGCCGG
AGGGGGTGACCCAATTCTTTACCAACATTTATTTTGATTTTTTGGTCACCC-—————-
>COI_LUL-GRA-001-E
TCAACAAATCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTC
ACTTAGGCTTTTAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATG
TAATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGA
AATTGACTTGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTG
GCTTCTTCCACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAA
CAGTTTACCCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTA
CATCTAGCAGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAAT
TGGTATAGTATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTCTAT
CTCTTCCCGTCTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAA-—————————————————————

>LUL-GRA-003

GGTCAACAAATCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACT
TCACTTAGGCTTTTAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAA
TGTAATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCG
GAAATTGACTTGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTT
TGGCTTCTTCCNCCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATG
AACAGTTTACCCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTT
TACATCTAGCAGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCA
ATTGGTATAGTATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTCT
ATCTCTTCCCGTCTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTT -

>LUL-GRA-001
GGTCAACAAATCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACT
TCACTTAGGCTTTTAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAA
TGTAATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCG
GAAATTGACTTGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTT
TGGCTTCTTCCACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATG
AACAGTTTACCCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTT
TACATCTAGCAGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCA
ATTGGTATAGTATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTCT
ATCTCTTCCCGTCTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTG
ACCCATCAAGAGGGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACCCTGAAGTT
>LUL-LET-003
CATAAAGATATTGGAACACTTTATTTTATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCT
TTTAATTCGAGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCA
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CAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTT
GTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCC
ACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACC
CCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCA
GGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGT
ATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCG
TCTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGA
GGGGGGG— === = — =~

>LUL-GRA-001D
CATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCT
TTTAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCA
CAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTT
GTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCC
ACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACC
CCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCA
GGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGT
ATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCG
TCTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGA
GGGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACCCTGAAAGT

>LUL-LET-002
ATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCTT
TTAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCAC
AGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTTG
TCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCA
CCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCC
CCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAG
GAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTA
TTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGT
CTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGAG
GGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACC————————

>LUL-LUN-003
TAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCTTT
TAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCACA
GCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTTGT
CCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCAC
CTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCCC
CCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGG
AATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTAT
TAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGTC
TTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGAGG
GGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACC--———==——

>LUL-LET-001
ATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCTT
TTAATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCAC
AGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTTG
TCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCA
CCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCC
CCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAG
GAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTA
TTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGT
CTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGAG
GGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACCTGGAAGTT

>LUL-LUN-001
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AAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCTTTT
AATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCACAG
CTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTTGTC
CCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCACC
TTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCCCC
CTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAGGA
ATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTATT
AGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGTCT
TAGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGAGGG
GGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACC———————-

>LUL-LUN-002
AAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGAATACTAGGAACTTCACTTAGGCTTTTA
ATTCGGGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCACAGC
TCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATTGGAGGTTTCGGAAATTGACTTGTCC
CTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCACCT
TCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCCCCC
TCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGGAA
TCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTATTA
GACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGTCTT
AGCAGGGGCAATTACTATACTTTTAACAGACCGAAACCTAAACACCTCCTTTTTTGACCCAGCAGGAGGGG
GGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCA--———-————

>COI_LUL-SAR-001
GATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTTCACTTAGGCTTTTAAT
TCGAGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCACAGCTC
ATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGGAAATTGACTTGTCCCT
TTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCACCTTC
ATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCCCCCTC
TATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGGAATC
TCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTATTAGA
CCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGTCTTAG
CAGGGGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGACCCAGCAGGAGGGGGG
GACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCA-——-—-——=—

>COI_LUL-SAR-005
GATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTTCACTTAGGCTTTTAAT
TCGAGCAGAATTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCACAGCTC
ATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGGAAATTGACTTGTCCCT
TTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCACCTTC
ATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCCCCCTC
TATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGCAGGAATC
TCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTATTAGA
CCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGTCTTAG
CAGGGGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGACCCAGCAGGAGGGGGG
GACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTC——————————-

>LUL-CSC-003
ATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTTCACTTAGGCTT
TTAATTCGGGCAGAATTAGGAAATCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTCAC
AGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGGAAATTGACTTG
TCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTCCA
CCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTACCC
CCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGT TTACATCTAGCAG
GAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAGTA
TTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCCGT
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CTTAGCAGGGGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGACCCAGCAGGAG
GGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACCTGAAAGTT

>LUL-CSC-001
TCAACAAAATCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTT
CACTTAGGCTTTTAATTCGGGCAGAATTAGGAAATCCAGGATCCTTAATTGGAAATGACCAAATTTATAAT
GTAATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGG
AAATTGACTTGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTT
GGCTTCTTCCACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGA
ACAGTTTACCCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTT
ACATCTAGCAGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAA
TTGGTATAGTATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTA
TCTCTTCCCGTCTTAGCAGGAGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGA
CCCAGCAGGAGGGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACCCTGGAAGT
>LUL-CSC-004
TCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTTCACTTAGGC
TTTTAATTCGGGCAGAATTAGGAAATCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTAATTGTC
ACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGGAAATTGACT
TGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGCTTCTTC
CACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACAGTTTAC
CCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACATCTAGC
AGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAG
TATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCTCTTCCC
GTCTTAGCAGGAGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGACCCAGCAGG
AGGGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCAC———-—-—————

>LUL-CSC-005
TCAACAAATCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTTC
ACTTAGGCTTTTAATTCGGGCAGAATTAGGAAATCCAGGATCCTTAATTGGAAATGACCAAATTTATAATG
TAATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGGA
AATTGACTTGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTG
GCTTCTTCCACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAA
CAGTTTACCCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTA
CATCTAGCAGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAAT
TGGTATAGTATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTAT
CTCTTCCCGTCTTAGCAGGAGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGAC
CCAGCAGGAGGGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCACC————————
>LUL-CSC-006
AACAAATCATAAAGATATTGGAACACTTTATTTCATTTTTGGAGTATGGGCCGGGATACTAGGAACTTCAC
TTAGGCTTTTAATTCGGGCAGAATTAGGAAATCCAGGATCCTTAATTGGAAATGACCAAATTTATAATGTA
ATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTATAGTCATGCCTATTATAATCGGAGGTTTCGGAAA
TTGACTTGTCCCTTTAATACTTGGGGCTCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGGC
TTCTTCCACCTTCATTATCACTTCTATTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACA
GTTTACCCCCCTCTATCTGCAAATATTGCTCATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTTTACA
TCTAGCAGGAATCTCATCTATTTTGGGTGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTG
GTATAGTATTAGACCGAATACCTTTATTTGTTTGAGCTGTATTAATTACTGCTATTCTTTTACTTTTATCT
CTTCCCGTCTTAGCAGGAGCAATTACTATACTTTTAACAGACCGAAATCTAAACACCTCCTTTTTTGACCC
AGCAGGAGGGGGGGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTC-——————————

>X1292 lusitanica
AAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGAACTTCTCTAAGACTTTTA
ATTCGAGCAGAACTAGGAAATCCAGGGTCATTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAGC
TCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGTTC
CTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCCCCT
TCTTTATCTCTTCTCCTAATAAGAAGAATGGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCCCC
TCTATCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCCTACACTTAGCAGGAA
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TTTCATCCATTTTAGGGGCAGTTAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACATTA
GATCGAATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTTCTTCTTTTATCACTTCCAGTTTT
AGCCGGAGCAATCACAATACTTTTAACAGATCGAAATTTAAATACTTCCTTTTTTGATCCAGCCGGAGGTG
GTGACCCTATTCTTTATCAACATTTATTTTGATTTTTTG——-———————————

>X1294 lusitanica
AAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGAACTTCTCTAAGACTTTTA
ATTCGAGCAGAACTAGGAAATCCAGGGTCATTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAGC
TCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGTTC
CTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCCCCT
TCTTTATCTCTTCTCCTAATAAGAAGAATGGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCCCC
TCTATCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCCTACACTTAGCAGGAA
TTTCATCCATTTTAGGGGCAGTTAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACATTA
GATCGAATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTTCTTCTTTTATCACTTCCAGTTTT
AGCCGGAGCAATCACAATACTTTTAACAGATCGAAATTTAAATACTTCCTTTTTTGATCCAGCCGGAGGTG
GTGACCCTATTCTTTATCAACATTTATTTTGATTTTTTGG———=—=———————

>COI LUL-COR-002
GATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGAACTTCTCTAAGACTTTTAAT
TCGAGCAGAACTAGGAAATCCAGGGTCATTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAGCTC
ATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGTTCCT
TTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCCCCTTC
TTTATCTCTTCTCCTAATAAGAAGAATGGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCCCCTC
TATCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCCTACACTTAGCAGGAATT
TCATCCATTTTAGGGGCAGTTAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACATTAGA
TCGAATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTTCTTCTTTTATCACTTCCAGTTTTAG
CCGGAGCAATCACAATACTTTTAACAGATCGAAATTTAAATACTTCCTTTTTTGATCCAGCCGGAGGTGGT
GACCCTATTCTTTATCAACATTTATTTTGATTTTTTGGTCACCCTGAAG-—

>COI LUL-COR-001
AAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGAACTTCTCTAAGACTTTTA
ATTCGAGCAGAACTAGGAAATCCAGGGTCATTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAGC
TCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGTTC
CTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCCCCT
TCTTTATCTCTTCTCCTAATAAGAAGAATGGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCCCC
TCTATCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCCTACACTTAGCAGGAA
TTTCATCCATTTTAGGGGCAGTTAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACATTA
GATCGAATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTTCTTCTTTTATCACTTCCAGTTTT
AGCCGGAGCAATCACAATACTTTTAACAGATCGAAATTTAAATACTTCCTTTTTTGATCCAGCCGGAGGTG
GTGACCCTATTCTTTATCAACATTTATTTTGATTTTTTGGTC——==———————

>X1293 lusitanica
AAAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGAACTTCTCTAAGACTTTT
AATTCGAGCAGAACTAGGAAATCCAGGGTCATTAATTGGAAATGACCAAATTTATAATGTTATTGTTACAG
CTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGTT
CCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCCCC
TTCTTTATCTCTTCTCCTAATAAGAAGAATGGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCCC
CTCTATCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCCTACACTTAGCAGGA
ATTTCATCCATTTTAGGGGCAGTTAATTTTATCTCAACAATTATTAATATACGATCAATTGGTATAACATT
AGATCGAATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTTCTTCTTTTATCACTTCCAGTTT
TAGCCGGAGCAATCACAATACTTTTAACAGATCGAAATTTAAATACTTCCTTTTTTGATCCAGCCGGAGGT
GGTGACCCTATTCTTTATCAACATTTATTTTGATTTTTTGG———=—————————

>COI LUL-PAX-002
ATAAAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGAACTTCTCTAAGACTT
TTAATTCGAGCAGAACTAGGAAATCCAGGGTCATTAATTGGAAATGACCAAATTTATAATGTTATCGTTAC
AGCTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTA
TTCCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCC
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CCTTCTTTATCTCTTCTCCTAATAAGAAGAATGGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCC
CCCTTTATCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGCCTACACTTAGCAG
GAATTTCATCTATTTTAGGAGCAGTTAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACA
TTAGATCGAATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTTCTTCTTTTATCACTTCCAGT
TTTAGCCGGAGCAATCACAATACTTTTAACAGATCGAAATTTAAATACTTCCTTTTTTGACCCAGCTGGAG
GTGGTGACCCTATTCTTTATCAACATTTATTTTGATTTTTTGGTC——————————-
>COI_LUL-GRE-003
GTCAACAAATCATAAAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGGACTT
CTTTAAGACTTTTAATTCGAGCAGAACTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAAT
GTTATTGTTACAGCTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGG
AAATTGACTTGTCCCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTT
GACTTCTTCCCCCTTCTTTGTTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGA
ACCGTTTACCCCCCTTTGTCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTCT
ACACTTAGCAGGAATTTCGTCTATCTTAGGAGCAGTAAATTTTATCTCAACAATTATTAATATACGGTCAA
TTGGTATAACATTAGATCAGATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTCCTTCTTTTA
TCACTTCCAGTTTTAGCCGGAGCAATTACAATACTTTTAACAGATCGAAACTTAAATACTTCCTTTTTTGA
TCCAGCTGGAGGTGGTGACCCTATTCTTTATCAGCACTTATTTTGATTTTTTGGTCACCT————-——
>COI_LUL-GRE-004
TAAAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGGACTTCTTTAAGACTTT
TAATTCGAGCAGAACTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACA
GCTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGT
CCCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTTCCCC
CTTCTTTGTTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCC
CCTTTGTCTGCAARATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTCTACACTTAGCAGG
AATTTCGTCTATCTTAGGAGCAGTAAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACAT
TAGATCAGATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTCCTTCTTTTATCACTTCCAGTT
TTAGCCGGAGCAATTACAATACTTTTAACAGATCGAAACTTAAATACTTCCTTTTTTGATCCAGCTGGAGG
TGGTGACCCTATTCTTTATCAGCACTTATTTTGATTTTTTGGTC-—-——————-—
>COI_LUL-GRE-005
TAAAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGGACTTCTTTAAGACTTT
TAATTCGAGCAGAACTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTACA
GCTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGT
CCCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTTCCCC
CTTCTTTGTTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCCC
CCTTTGTCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTCTACACTTAGCAGG
AATTTCGTCTATCTTAGGAGCAGTAAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACAT
TAGATCAGATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTCCTTCTTTTATCACTTCCAGTT
TTAGCCGGAGCAATTACAATACTTTTAACAGATCGAAACTTAAATACTTCCTTTTTTGATCCAGCTGGAGG
TGGTGACCCTATTCTTTATCAGCACTTATTTTGATTTTTTGGTCACC————————
>COI_LUL-GRE-001
ATAAAGATATTGGAACACTCTACTTCATTTTTGGTGTATGGGCAGGAATACTAGGGACTTCTTTAAGACTT
TTAATTCGAGCAGAACTAGGAAATCCAGGGTCCTTAATTGGAAATGACCAAATTTATAATGTTATTGTTAC
AGCTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTG
TCCCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTTCCA
CCTTCTTTGTTACTACTCCTAATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCC
CCCTTTGTCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTCTACACTTAGCAG
GAATTTCGTCTATCTTAGGAGCAGTAAATTTTATCTCAACAATTATTAATATACGGTCAATTGGTATAACA
TTAGATCAGATACCTTTATTTGTTTGAGCTGTGTTAATTACTGCCATTCTCCTTCTTTTATCACTTCCAGT
TTTAGCCGGAGCAATTACAATACTTTTAACAGATCGAAACTTAAATACTTCCTTTTTTGATCCAGCTGGAG
GTGGTGACCCTATTCTTTATCAGCACTTATTTTGATTTTTTGGTC——————————-
>COI_LUL-CRO-001
ATAAAGATATTGGCACACTCTACTTCATTTTTGGTGTATGAGCAGGAATACTAGGAACTTCCCTAAGACTT
TTAATTCGAGCAGAACTAGGAAATCCAGGATCCTTAATTGGARATGACCAAATTTATAATGT TATTGTTAC
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AGCTCATGCTTTCATCATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGARAATTGACTTG
TTCCTTTAATGCTAGGAGCCCCAGACATAGCATTCCCACGAATAAACAATATAAGATTTTGACTTCTCCCC
CCTTCCTTATCTCTCCTTCTGATAAGAAGAATAGTAGAAAATGGAGCAGGAACAGGATGAACCGTTTACCC
CCCTTTGTCTGCAAATATTGCACATAGAGGTTCATCAGTTGATTTAGCCATTTTTAGTCTACATTTAGCAG
GGATTTCATCTATTTTAGGAGCAGTAAATTTTATTTCAACAATTATTAATATACGATCAATTGGTATAACA
TTAGATCAAATACCCTTATTTGTTTGAGCTGTACTAATTACTGCAATTCTTCTTCTTTTATCACTTCCAGT
TTTAGCTGGGGCAATTACAATACTTTTAACAGACCGAAACCTAAATACTTCCTTTTTTGATCCAGCTGGAG
GTGGAGACCCTATTCTTTACCAACATTTATTTTGATTTTTTGGTCACC-——————-
>COI_LAM-PBG-001
ATAAAGATATTGGAAGTTTGTATTTAATCTTTGGTGCATGAGCCGGAATATTAGGAACATCCCTTAGTATA
TTAATTCGTAGAGAATTAGGAAATCCAGGTTCTTTAATTGGAAATGATCAAATCTACAATGTTATTGTTAC
AGCTCATGCTTTTGTAATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGGAATTGATTAA
TCCCTCTTATATTAGGAGCACCAGATATAGCTTTTCCCCGAATAAACAATATAAGATTCTGATTTCTACCA
CCCTCTTTAGCTCTTCTTTTAATAAGAAGAGTTGTAGAAAATGGAGCAGGAACAGGCTGAACTGTTTATCC
ACCTCTCTCTGGAAATATCACTCACAGAGGGTCTTCAGTTGATCTAACAATTTTTAGTCTTCATTTAGCTG
GAATTTCATCAATCTTAAGAGCAATAAATTTTATTTCAACAATCATTAACATACGATCAGTAGGAATAACA
CTAGAAAAAACACCTTTATTTATTTGATCAGTTGGAATTACTGCTATTCTTCTATTATTATCTTTACCTGT
TCTGGCAGGAGCAATTACAATATTATTAACTGACCGAAACTTAAACTCTTCATTTTTTGATCCTGTTGGAG
GAGGGGACCCTATTTTATATCAGCATTTATTCTGATTTTTTGGTCA-————————-
>COI_LIB-TOM-001
TCATAAAGATATTGGAACTTTATATTTCATTTTTGGGGCTTGAGCTGGAATATTAGGAACTTCATTCAGAT
TATTAATTCGAGCAGAGCTGGGAAGAGCTGGGACTTTGATTGGAAATGATCATATTTTTAATGTTATTGTA
ACAAGACATGCATTCATTATAATTTTCTTTATAGTCATACCTATTATAATTGGGGGTTTCGGAAACTGATT
AGTCCCCCTTATACTTGGGGCTCCTGATATAGCATTTCCACGAATAAATAATATAAGATTCTGATTACTGC
CTCCATCCTTGTCATTACTTATTACATCAAGAATAATTGAAAGCGGGGCAGGAACAGGCTGAACAGTATAC
CCCCCCTTATCAGCAAATATTGCTCATAGAGGACCCTCTGTTGATCTAGCAATTTTTAGGCTTCATTTAGC
TGGCGTTTCCTCAATTCTTGGCGCAGTAAATTTTATTTCTACAATTATTAATATACGTCCTAATAGAATAA
TATTTGATCAAATACCATTATTTGTATGAGCCGTTTTAATTACAGCTATTTTACTTCTTTTATCCTTACCA
GTTTTAGCGGGAGCAATTACAATATTATTAACAGATCGAAACCTAAATACTTCATTTTTTGACCCAGCTGG
AGGAGGGGACCCAATTTTATATCAACATTTATTTTGATTTTTTGGTCA—-————————

>LIB-TOM-002
GGTCAACNAAATCATAAAGATATTGGAACTTTATATTTCATTTTTGGGGCTTGAGCTGGAATATTAGGAAC
TTCATTCAGATTATTAATTCGAGCAGAGCTGGGAAGAGCTGGGACTTTGATTGGAAATGATCATATTTTTA
ATGTTATTGTAACAAGACATGCATTCATTATAATTTTCTTTATAGTCATACCTATTATAATTGGGGGTTTC
GGARACTGATTAGTCCCCCTTATACTTGGGGCTCCTGATATAGCATTTCCACGAATAAATAATATAAGATT
CTGATTACTGCCTCCATCCTTGTCATTACTTATTACATCAAGAATAATTGAAAGCGGGGCAGGAACAGGCT
GAACAGTATACCCCCCCTTATCAGCAAATATTGCTCATAGAGGACCCTCTGTTGATCTAGCAATTTTTAGG
CTTCATTTAGCTGGCGTTTCCTCAATTCTTGGCGCAGTAAATTTTATTTCTACAATTATTAATATACGTCC
TAATAGAATAATATTTGATCAAATACCATTATTTGTATGAGCCGTTTTAATTACAGCTATTTTACTTCTTT
TATCCTTACCAGTTTTAGCGGGAGCAATTACAATATTATTAACAGATCGAAACCTAAATACTTCATTTTTT
GACCCAGCTGGAGGAGGGGACCCAATTTTATATCAACATTTATTTTGATTTTTTGGTCACCCTGAA- -~
>LIB-PBG-001
ATAAAGATATTGGAACTTTATATTTCATTTTTGGGGCTTGAGCTGGAATATTAGGAACTTCATTCAGATTA
TTAATTCGAGCAGAGCTAGGAAGAGCTGGGACTTTGATTGGAAATGATCATATTTTTAATGTTATTGTGAC
AAGACATGCATTCATTATAATTTTCTTTATAGTCATACCTATTATAATTGGGGGTTTCGGAAACTGATTAG
TCCCCCTTATACTTGGGGCTCCTGATATAGCATTTCCACGAATAAATAATATAAGATTCTGATTACTACCT
CCATCCTTGTCATTACTTATTATATCAAGAATAATTGAAAGCGGAGCAGGAACAGGCTGAACAGTATACCC
CCCCTTATCGGCAAATATTGCCCATAGAGGGCCCTCTGTTGATCTAGCAATTTTTAGACTTCATTTAGCTG
GCGTTTCCTCAATTCTTGGCGCAGTAAATTTTATTTCTACAATTATTAATATACGTCCTAATAGAATAATA
TTTGATCAAATACCATTATTTGTATGAGCCGTTTTAATCACAGCTATTTTACTTCTTTTATCCTTACCAGT
TTTAGCGGGAGCAATTACAATATTATTAACAGATCGAAACCTTAATACTTCATTTTTTGACCCAGCCGGAG
GAGGGGACCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCACC-——-———~
>COI_LIB-MNM-001

TCAACAAATCATAAAGATATTGGAACTTTATATTTCATTTTTGGGGCTTGAGCTGGAATATTAGGAACTTC
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ATTCAGATTATTAATTCGAGCAGAACTAGGAAGAGCTGGGACTTTGATTGGAAATGATCATATTTTTAATG
TTATTGTAACAAGACATGCATTCATTATAATTTTCTTTATAGTTATACCTATTATAATTGGGGGTTTCGGA
AACTGATTAGTCCCCCTTATACTTGGGGCTCCTGATATAGCATTTCCACGAATAAATAATATAAGATTCTG
ATTACTGCCTCCATCCTTGTCATTACTTATTATATCAAGAATAATTGAAAGCGGGGCAGGAACAGGGTGAA
CAGTATACCCCCCCTTATCAGCAAATATTGCCCATAGAGGACCCTCTGTTGATCTAGCAATTTTTAGACTT
CATTTAGCTGGCGTTTCCTCAATTCTTGGCGCAGTAAATTTTATTTCTACAATTATTAATATACGTCCTAA
TAGAATAATATTTGATCAAATACCATTATTTGTATGAGCCGTTTTAATTACAGCTATTTTACTTCTTTTAT
CCTTACCAGTTTTAGCAGGAGCAATTACAATATTATTAACAGATCGAAACCTAAATACTTCATTTTTTGAC
CCAGCTGGAGGAGGGGACCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCACCCTGAA-——
>LIB-ALG-001

ATTGGAGGTTTCGGAAACTGATTAATCCCCCTTATACTCGGGGCTCCTGATATAGCATTTCCACGAATAAA
TAATATAAGATTCTGATTGCTACCCCCATCCTTGTCATTACTTATTATATCAAGACTAATTGAAAGCGGAG
CAGGGACAGGGTGAACAGTGTACCCCCCTCTATCAGCAAATATTGCCCATAGAGGACCCTCTGTTGATCTA
GCAATTTTTAGACTTCATTTAGCTGGTGTTTCCTCAATTCTTGGTGCAGTAAATTTTATTTCTACAATTAT
TAATATACGTCCTAATAGAATAATATTTGATCAAATACCATTATTTGTATGAGCGGTTTTAATTACAGCTA
TTTTACTTCTTTTATCCTTACCAGTTTTAGCAGGAGCAATTACAATATTATTAACAGATCGAAACCTAAAT
ACTTCATTTTTTGACCCAGCTGGAGGAGGGGACCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCA
CCCTGAAGTT

Supplementary material 3: Pairwise distance between COI nucleotide sequences of L.

lusitanica based on Kimura-2-Parameter model calculated for lineage 1.

Specimen 12 3 4 5 6 7 8 9§ 10 4 2 B ¥4 15 1 0 1B 19 0 A 2 B U B % ¥ B ¥ N U RN B ¥ B ¥ N B N 4 4 £ HL 4 & & 4 H H N 5 8
1 Luciola lsitanica ENT 5331
2 Luciola lusitanica ENT5534 0,000
3 Luciola lusitanica ENT5533 0,016 0,0016
4 Luciola lusitanica ENT 5535 0,0390 0,0390 0,0331
5 Luciola lusitanica ENT’5536 0,0390 0,0390 0,0391 0,0000
6 Luciola lusitanica ENT 5530 0,0390 0,0390 0,091 0,000 0,0000
7 Luciola lusitanica ENT 5537 0,390 0,0390 0,0390 0,0016 00016 0,0016
8 Luciola lusitanica ENT5538 0,0390 0,0390 0,0390 0,0016 0,0016 0,0016 0,0000
9 Luciola lsitanica ENT 5532 0,0360 0,030 0,0361 0,001 0,0016 0,0016 0,0000 0,0000
10 Luciola lustanica ENT 5539 0,0260 0,0260 0,0260 0,0064 0,0064 0,0064 0,0048 0,0048 0,002
11 Luciola lusitanica TUS001  0,0373 0,0373 0,0374 0,0273 0,0273 0,0273 0,0256 0,0256 0,0226 0,0193
12 Luciola lusitanica TUS 008 10,0305 0,028 0,028 0,0259 0,0225 0,003
13 Lucila lusitanica TUS007 0027300256 0,256 00226 00193 00000 00031
14 Luciola lusitanica TUS 005 10,0289 0,0272 0,0272 0,0242 0,0209 0,0016 0,0047 0,0016.
15 Luciola lusitanica TUS 006 10,0290 0,0273 0,023 0,0243 0,0210 0,0016 0,0047 0,006 0,0032
16 Lucila lusitaica TUS003 00264 00264 0,264 00231 0,019 00000 00035 0,0000 0017 00017
17 Luciola lusitanica TUS 002 10,0289 0,0272 0,0272 0,0242 0,0209 0,0016 0,0047 0,0016 0,0031 0,0000 0,0017
18 Luciola lusitanica TUS 004 0‘0239 0W7Z o‘nm 0,02420,0209 0,0047 0,0079 0,0047 0,0063 0,0032 0,0035 0,0031
19 Lucila usitanica CAS002 66 0,0302 0,086 0,0848 0.0887 0,0897 0,084 0.088¢
20 Luciola luitanica CAS003 0, 332 0,0930 0,0892 0,0872 0,0914 0,0928 0,08110,0911 0,0000
21 Luciola luitanica CAV 001 00743 0.0743 GWLA 00887 0,087 0,0887 00835 0 HEBS 0,0857 0,0784 0,0920 0,0920 0,0920 0,0938 0,0905 0,0938 0,0902 0,0902 0,0793 0,0852
2 Luciolausitanica CAV002 ~ 0,0743 0.0743 0,074 0,0887 0.0887 0,0887 0,085 0,0885 0,0857 00784 0,0820 0,0920 0,0820 00838 0,0905 0,0938 00802 0,0502 00793 00852 0000
28 Luciola lusitanica TUR 005 00741 0,0741 0,0743 0,0849 0,0849 0,0849 0,0848 0,0848 0,0819 0,0765 0,0919 0,0919 0,0919 0,097 0,0903 0,0937 0,0900 0,090 0,075 0,0812 0,0081 0,003
24 Luciola luitanica CAV 003 0,0742 0,0742 0,0743 0,0885 0,0885 0,085 0,0884 0,084 0,0855 0,783 0,0919 0,0919 0,0919 0,0837 0,0904 0,0937 0,0901 0,0901 0,0756 0,0812 0,0081 0,003 0,0031
25 Luciola usitanica SOMO02 ~ 0,0759 0,0759 0,0760 0,0903 0,0803 0,0903 0,0902 0,0802 0,0874 00819 00837 0,0937 00837 00855 0,0921 00835 00818 0,0918 00809 00870 00079 00079 00047 00078
26 Luciola lusitanica SOM 003 0,0759 0,0759 0,0760 0,0903 0,0903 0,0303 0,0902 0,092 0,0874 0,0819 0,0937 0,0937 0,0937 0,0955 0,0921. 0,0936 0,0918 0,0918 0,0809 0,0870 0,079 0,0079 0,0047 0,0079 0,0000
27 Luciola luitanica SOM 001~ 0,0759 0,079 0,07600,0903 0,0903 0,0903 0,0902 0,0902 0,0874 0,0819 0,0937 0,0937 0,0937 0,095 0,0921. 0,0936 0,0918 0,091 0,0809 0,0870 0,079 0,0079 0,0047 0,007 0,0000 0,0000
28 Luciolausitanica TUR D2~ 0,0724 0,0724 0,0725 0,0867 0.0857 0,0867 0,0865 0,0855 0,0837 00783 00800 0,0900 0,0900 00819 0,0885 00817 00882 0,0682 00774 00831 0,047 0047 00016 0,047 00031 00031 00031
28 Luciola luitanica TUR 003 0,0724 0,0724 0,0725 0,0867 0,0867 0,0867 0,0866 0,086 0,0837 0,763 0,0900 0,030 0,0900 0,0919 0,0685 0,0917 0,082 0,0882 0,074 0,0831 0,0047 0,0047 0,016 0,0047 0,001 0,0031.0,0031 0,0000
‘30 Luciola lusitanica TUR 004 00741 0,0741 00743, 0,0849 0,0849 0,0849 0,0848 0,0848 0,0819 0,0765 0,0919 0,091 0,0919 0,0937 0,0903 0,0917 0,0900 0,090 0,0738 0,0793 0,0063 0,063 0,0031 0,0063 0,0079 0,0079 0,0079 0,0047 0,0047
31 Luciolausitanica NIC 003 0,0740 0.0740 0,0742 0,0776 0.0776 0,0776 00775 00775 0,0745 0,0728 00845 0,0845 0,08¢5 00863 0,0865 0,0856 00863 0,0863 00865 00810 00388 00388 00354 00387 00371 00371 00371 0,338 00338 00354
32 Luciola luitanica NIC 004 00777 0,0777 0,0778 0,0785 0,0795 0,0795 0,0795 0,0795 0,0763 0,763 0,0872 0,072 0,0872 0,0892 0,0892 0,0856 0,0892 0,0872 0,082 0,0845 0,0408 0,0408 0,03710,0407 0,0371 0,0371.0,0371 0,0352 0,0352 0,0352 0,0000
33 Luciola lusitanica NIC 001 00740 0,0740 0,0742 00776 0,076 0,0776 0,0775 0,075 0,074 0,0728 0,0845 0,0845 0,0845 0,0863 0,086 0,0856 0,0863 0,0863 0,0865 0,0910 0,0388 0,038 0,0354 0,0387 0,0371 00371 0,071 0,0338 0,0338 0,0354 0,0000 0,0000
‘34 Luciola lusitanica NIC 005 00740 0,0740 0,0742 0,076 0,076 0,0776 0,075 0,0775 0,0746 0,0728 0,0845 0,0845 0,0845 0,0883 0,0866 0,085 0,083 0,0863 0,0865 0,010 0,0388 0,038 0,0354 0,0387 0,0371 0,0371.0,0371 0,0338 0,0338 0,354 0,0000 0,0000 0,000
35 Luciola lusitanica NIC 006 00740 0,0740 0,0742 0,076 0.0776 0,0776 0,075 0,0775 0,0746 0,0728 0,0845 0,0845 0,0845 0,083 0,065 0,0856 0,083 0,0863 0,0865 0,0910 0,038 0,038 0,0354 0,0387 0,0371 0,0371.0,0371 0,0338 0,0338 0,354 0,0000 0,0000 0,0000 0,0000
36 Luciolausitanica NIC 002 0,0740 0.0740 0,072 0,0776 00776 0,0776 00775 0775 0,0746 00728 00845 0,0845 0,08¢5 00863 0,0865 0,0856 00863 0,063 0,0865 00910 0,038 00388 00354 00387 00371 00371 0871 0,338 00338 0,354 00000 0,0000 0,0000 00000 00000
37 Luciola lusitanica GRA 001€ 0,0802 0,0802 0,0804 0,0739 0,0739 0,0739 0,0738 0,0738 0,0723 0,0685 0,078 0,0798 0,0758 0,0738 0,0741 0,0760 0,0738 0,738 0,0679 0,0679 0,698 0,0698 0,0718 0,678 0,0738 0,0738 0,0738 0,0738 0,0738 0,0718 0,077 0,0778 0,0797 0,0797 0,0797 0,0797
38 Luciola lusitanica GRA 003 0,815 0,0815 0,0816 0,753 0,073 0,0753 0,0752 0,0752 0,0738 0,0701 0,0733 0,0772 0,0733 0,0714 0,0716 0,0732 0,0714 0,0714 0,0674 0,0674 0,0713 0,0713 0,0712 0,0674 0,071 0,0731 0,0731 0,071 0,0731. 0,0712 0,0789 0,0769 0,0789 0,0789 0,0789 0,0769 0,000
39 Luciola usitanica GRAODL  0,0845 0,0846 0,0848 0,0772 00772 0,0772 00771 0771 076L 00724 00772 0,0808 00772 00755 00757 00775 00755 00755 00754 00751 00627 00827 00825 0,0790 00843 00843 00843 00843 00843 0,825 0,842 00830 00842 0,0842 00842 0,0842 0,0000 00000
40 Luciola lusitanica LET 003 0,0825 0,0825 0,0826 0,0784 0,074 0,0784 0,0783 0,0783 0,0770 0,0696 0,0784 0,082 0,0784 0,0766 0,0768 0,0768 0,0766 0,0766 0,0729 0,0715 0,076 0,0766 0,0765 0,0728 0,0784 0,0784 0,0784 0,0784 0,0784 0,0765 0,0802 0,0806 0,0802 0,0802 0,0802 0,0802 0,0036 0,0035 0,0067
41 Luciola lsitanica GRA 001D 00781 0,071 0,0793 0,0718 0.0718 0,0718 0/ 717 0,0707 0,0670 0,0718 0,0753 0,0718 00701 0, El7l!3 0,076 0,0701 00701 0,077 0,0733 0,072 0,072 0,0771.0,0736 0,079 0,0789 0,0789 0,079 0,0789 0,071 0,0788 0,0770 0,0788 0,0788 0,078 0,768 0,0018 0,001 0,0047 0,0017
4 Luciolausitanica LET 002 91 00793 00718 00718 00718 0, 70 I 07180 73 00763 00783 00769 0789 0769 00771 00788 D07T0 L0768 L0788 0078 0765 0018 0017 00047 00017 00000
43 Luciola luitanica LUN 003 0,071 0,0793 00718 0,0718 0,0718 0, 7! 0 I /88 0,0770 0,078 0,0788 0,078 0,0768 0,0018 0,001 0,0047 0,0017 0,0000 0,0000
44 Luciola lsitanica LET 001 791 0,0793 0,0718 0,0718 0,0718 0, 188 0,0770 0,078 0,0788 0,078 0,078 0,0018 0,017 0,0047 0,0017 0,000 0,0000 0,0000
45 Luciola usitanica LUN0OL 0 91 00793 00718 00718 00718 0, 0789 0 88 0,0770 0,788 0,078 00788 0,0788 0,0018 00017 0,0047 0,0017 0,0000 0,0000 0,0000 0,0000
46 Luciola lusitanica LUN 002 0,071 0,0793 00718 0,0718 0,0718 0, 70100701 0,0737 J )0771.0,0736 0,079 0,0789 0,0789 0,0789 0,07¢ /88 0,0770 0,078 0,0788 0,078 0,0768 0,0018 0,001 0,0047 0,017 0,000 0,0000 0,0000 0,000 0,0000
47 Luciola lusitanica SAR 001 0,0791 00793 0, 10,0737 0,0733 0,0772 00772 0,071 0,0736 0,0789 0,0789 0,0789 0,0789 0,0769 0,07710,0788 0,070 0,0788 0,788 0,078 0,0788 0,0071 0,0087 0,0111.0,0050 0,003 0,0063 0,0063 0,003 0,0063 0,0063
8 Luiollstanca SRS D079 00791 00753 00753 0753 s 0020, ﬂ7aZ 0771007 g 700733 00772 00772 00771 00736 00789 00789 00789 00789 0789 00771 0,788 0,770 0788 00788 0. 8 0,0071 00067 0,0111 0,0050 00063 0,0063 0,0063 00053 0,0063 0,0063 00000
49 Luciola lusitanica CSC 008 0,082 0,0827 0,0829 0,071 0.0718 0,0718 0,071 10,0737 0,073 0,0808 0,0808 0,0807 0,0771 0,0824 0,0824 0,0824 0,0824 0,0824 0,0807 0,078 0,075 0,0768 0,078 0,078 0,0788 0,0071 0,0087 0,0111 0,0084 0,0063 0,0063 0,0063 0,0063 0,0063 0,0063 0,0031 0,0081
‘50 Luciola lusitanica CSC 001 0,809 0,0809 0,0811.0,0700 0,0700 0,0700 0,069 0,0699 0,0689 OOBHH (0755 0,0752 0,0790 0,0790 0,0789 0,753 0,0807 0,0807 0,807 0,0807 0,0807 0,789 0,070 0,0731 0,070 0,070 0,0 170 0,0089 0,0104 0,0127 0,0101.0,0079 0,0079 0,0079 0,0079 0,0079 0,0079 0,0047 0,0047 0,0016
51 Luciolausitanica CSC 004 0,0809 0,0809 0,0811 0,0700 00700 0,0700 0,0639 00699 0,0689 00688 (755 0,0752 0,079 00790 00783 00753 00807 0,0807 0,0807 0,0807 0,0807 ,0789 00770 00731 0,0770 00770 00770 00770 0,0089 00104 0,0127 0,001 0,0079 00079 0,0079 0,007 00079 0,0079 0,0047 00047 0,0026 0,0000
52 Luciola luitanica CSC 005 0,0809 0,0809 0,011 0,070 0,0700 0,0700 0,0699 0,0699 0,089 0,0668 I 30,0755 0,0752 0,0790 0,0790 0,0789 0,0753 0,0807 0,0807 0,0807 0,0807 0,0807 0,0789 0,070 0, 770,0,0770 0.0770 0,0770.0,0089 0,0104 0,0127 0,0101 0,0078 0,0079 0,0079 0,0078 0,0079 0,0079 0,0047 0,0047 0,0016 0,0000 0,0000
53 Luciola lusitanica CSC 006~ 0,0809 0,0809 0,081 0,0700 0.0700 0,070 0,0699 0,0699 0,0689 0,068 00171 05785 10,0756 0,0735 0,0753 0,0753 0,0755 0,0752 0,0790 0,0790 00789 0,0753 0,0807 0,0807 0,0807 0,0807 0,0807 0,0789 0,070 0,071 0,0770 0,070 0.0770 0,070 0,0089 0,0104 0,0127 0,0101 0,0079 0,0079 0,0079 0,0079 0,0079 0,0079 0,0047 0,0047 0,0016 0,0000 0,0000 0,0000
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Supplementary material 4: Intrapopulation Kimura-2-Parameter genetic divergence calculated for

lineage 1.

Genetic distance within
Population group
Central Italy 0,02146267
North Italy 0,047607642
Southeastern
France 0
Corsica/Sardinia
Island 0,002398301

Supplementary material 5: Interpopulation Kimura-2-Parameter genetic divergence calculated for

lineage 1.
Population 1 2 3
1 Central Italy
2 North Italy 0,0802
3 Southeastern France 0,0797 0,0609
4 Corsica/Sardinia Island 0,0752 0,0463 0,0771

Supplementary material 6: Pairwise distance between COI nucleotide sequences of L.

lusitanica based on Kimura-2-Parameter model calculated for lineage 2.

Specimen 1 2 3 4 5 6 7 8 9 10 11 12

1 Luciola lusitanica COR 001 0 0 0 0 0 0 0 0 0 0 00

2 Luciola lusitanica COR 002 0,0000 0 0 0 0 0 0 0 0 0 00

3 Luciola lusitanica X1292 0,0000 0,0000 0 0 0 0 0] 0 0 0 00

4 Luciola lusitanica X1294 0,0000 0,0000 0,0000 0 0 0 0 0 0 0 00

5 Luciola lusitanica X1293 0,0015 0,0015 0,0015 0,0015 0 0 0 0 0 0 00

6 Luciola lusitanica PAX 002 0,0104 0,0104 0,0104 0,0104 0,0119 0 0 0 0 0 00

7 Luciola lusitanica GRE 003 0,0395 0,0395 0,0397 0,0397 0,0412 0,0380 0 0 0 0 00

8 Luciola lusitanica GRE 005 0,0395 0,0395 0,0397 0,0397 0,0412 0,0380 0,0000 0 0 0 00

9 Luciola lusitanica GRE 004 0,0395 0,0395 0,0397 0,0397 0,0412 0,0380 0,0000 0,0000 0 0 00

10 Luciola lusitanica GRE 001 0,0412 0,0412 0,0413 0,0413 0,0429 0,0396 0,0015 0,0015 0,0015 0 00
11 Luciola lusitanica CRO 001 0,0554 0,0554 0,0556 0,0555 0,0539 0,0538 0,0570 0,0570 0,0570 0,0587 00
12 Luciola italica CRO 005 0,1610 0,1610 0,1618 0,1615 0,1596 0,1608 0,1601 0,1601 0,1601 0,1580 0,1480 0
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Supplementary material 7: Intrapopulation Kimura-2-Parameter genetic divergence calculated for

lineage 2.

Population

Genetic
distance

within group

Corfu Island
Paxos Island
Greece

Central Croatia

0,000986925
n/c
0,000737192

0,141342489

Supplementary material 8: Interpopulation Kimura-2-Parameter genetic divergence calculated for

lineage 2.

Population 1 2 3 45

1 Western Greece

2 Corfu Island 0,000493

3 Paxos Island 0,010417 0,010957

4 Greece 0,040005 0,040679 0,038423

5 Central Croatia 0,105073 0,104884 0,104257 0,106116

Supplementary material 9: Pairwise distance between COI nucleotide sequences of L.

lusitanica based on Kimura-2-Parameter model calculated for lineage 3.

Specimen 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 Luciola lusitanica TOV 002

2 Luciola lusitanica TOV 0C 14,7329

3 Luciola lusitanica TOV 0C 14,7329 0,0000

4 Luciola lusitanica PDP 00: 14,7329 0,0015 0,0015

5 Luciola lusitanica PDP 00: 14,7329 0,0015 0,0015 0,0000

6 Luciola lusitanica SES 001 14,7329 0,0030 0,0030 0,0015 0,0015

7 Luciola lusitanica SES 004 14,7329 0,0030 0,0030 0,0015 0,0015 0,0000

8 Luciola lusitanica SES 005 14,7329 0,0030 0,0030 0,0015 0,0015 0,0000 0,0000

9 Luciola lusitanica SES 002 14,7329 0,0030 0,0030 0,0015 0,0015 0,0000 0,0000 0,0000

10 Luciola lusitanica SES 003 14,8410 0,0030 0,0030 0,0015 0,0015 0,0000 0,0000 0,0000 0,0000

11 Luciola lusitanica PDP 00: 14,7329 0,0030 0,0030 0,0015 0,0015 0,0030 0,0030 0,0030 0,0030 0,0030

12 Luciola lusitanica PDP 00! 14,7329 0,0030 0,0030 0,0015 0,0015 0,0030 0,0030 0,0030 0,0030 0,0030 0,0000

13 Luciola lusitanica PDP 00: 14,7329 0,0030 0,0030 0,0015 0,0015 0,0030 0,0030 0,0030 0,0030 0,0030 0,0000 0,0000

14 Luciola lusitanica SIN 002 15,0199 0,0091 0,0091 0,0106 0,0106 0,0121 0,0121 0,0121 0,0121 0,0122 0,0091 0,0091 0,0091

15 Luciola lusitanica SIN 005 14,7780 0,0122 0,0122 0,0137 0,0137 0,0152 0,0152 0,0152 0,0152 0,0153 0,0122 0,0122 0,0122 0,0030

16 Luciola lusitanica SIN 001 15,0199 0,0091 0,0091 0,0106 0,0106 0,0121 0,0121 0,0121 0,0121 0,0122 0,0091 0,0091 0,0091 0,0000 0,0030

17 Luciola lusitanica SIN 003 15,0199 0,0075 0,0075 0,0091 0,0091 0,0106 0,0106 0,0106 0,0106 0,0106 0,0075 0,0075 0,0075 0,0015 0,0045 0,0015

18 Luciola lusitanica SIN 004 15,0199 0,0075 0,0075 0,0091 0,0091 0,0106 0,0106 0,0106 0,0106 0,0106 0,0075 0,0075 0,0075 0,0015 0,0045 0,0015 0,0000

19 Luciola lusitanica AVI 001 15,0304 0,0293 0,0293 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0294 0,0293 0,0277 0,0277

20 Luciola lusitanica PBG 00 15,0066 0,0277 0,0277 0,0261 0,0261 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0277 0,0278 0,0277 0,0261 0,0261 0,0015

21 Luciola lusitanica PBG 00 15,0066 0,0277 0,0277 0,0261 0,0261 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0277 0,0278 0,0277 0,0261 0,0261 0,0015 0,0000

22 Luciola lusitanica ALF 00: 14,9895 0,0292 0,0292 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0293 0,0293 0,0277 0,0277 0,0030 0,0015 0,0015

23 Luciola lusitanica AVI 00z 15,0066 0,0277 0,0277 0,0261 0,0261 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0245 0,0277 0,0278 0,0277 0,0261 0,0261 0,0015 0,0000 0,0000 0,0015

24 Luciola lusitanica PBG 00 15,0304 0,0293 0,0293 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0294 0,0293 0,0277 0,0277 0,0030 0,0015 0,0015 0,0030 0,0015

25 Luciola lusitanica ENT 55 13,6579 0,0251 0,0251 0,0231 0,0231 0,0231 0,0231 0,0231 0,0231 0,0231 0,0211 0,0211 0,0211 0,0211 0,0192 0,0211 0,0231 0,0231 0,0057 0,0038 0,0038 0,0057 0,0038 0,0057

26 Luciola lusitanica VAL 00 14,7817 0,0308 0,0308 0,0292 0,0292 0,0276 0,0276 0,0276 0,0276 0,0277 0,0276 0,0276 0,0276 0,0277 0,0277 0,0277 0,0293 0,0293 0,0106 0,0091 0,0091 0,0106 0,0091 0,0106 0,0095

27 Luciola lusitanica ALF 00: 14,9961 0,0292 0,0292 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0293 0,0293 0,0277 0,0277 0,0121 0,0106 0,0106 0,0121 0,0106 0,0121 0,0114 0,0168

28 Luciola lusitanica ALF 00(14,9961 0,0292 0,0292 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0293 0,0293 0,0277 0,0277 0,0121 0,0106 0,0106 0,0121 0,0106 0,0121 0,0114 0,0168 0,0000
29 Luciola lusitanica ALF 00! 14,9961 0,0292 0,0292 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0293 0,0293 0,0277 0,0277 0,0121 0,0106 0,0106 0,0121 0,0106 0,0121 0,0114 0,0168 0,0000 0,0000
30 Luciola lusitanica ALF 00: 14,9961 0,0292 0,0292 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0293 0,0293 0,0277 0,0277 0,0121 0,0106 0,0106 0,0121 0,0106 0,0121 0,0114 0,0168 0,0000 0,0000 0,0000
31 Luciola lusitanica ALF 00: 14,9961 0,0292 0,0292 0,0277 0,0277 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0261 0,0293 0,0293 0,0293 0,0277 0,0277 0,0121 0,0106 0,0106 0,0121 0,0106 0,0121 0,0114 0,0168 0,0000 0,0000 0,0000 0,0000

93



Supplementary material 10: Intralineage Kimura-2-Parameter genetic divergence calculated for

lineage 3.

Population Genetic distance within group

Central
Portugal 0,162721955
North Portugal 0,004574159

Supplementary material 11: Interpopulation Kimura-2-Parameter genetic divergence calculated

for lineage 3.

Supplementary material 12: Pairwise distance based on Kimura-2-Parameter performed for all line-
ages (1,2, and 3). Only distances above 0,10 and those among sequences from lineage 3 and the other
lineages were considered due to the amount of data. Sequences from 1 to 31 belong to lineage 3, and
captions are as follows: 1) LUL-ENT5522; 2) LUL-AVI-001; 3) LUL-AVI-002; 4) LUL-PBG-001: 5)
LUL-PBG-002; 6) LUL-ALF-003; 7) LUL-PBG-006; 8) LUL-ALF-001; 9) LUL-ALF-004; 10) LUL-
ALF-005; 11) LUL-ALF-006; 12) LUL-ALF-003; 13) LUL-VAL-001; 14) LUL-PDP-001; 15) LUL-
PDP-005; 16) LUL-PDP-002; 17) LUL-PDP-003; 18) LUL-PDP-004; 19) LUL-TOV-002; 20) LUL-
TOV-004; 21) LUL-TOV-005; 22) LUL-SES-001; 23) LUL-SES-004; 24) LUL-SES-005; 25) LUL-
SES-003; 26) LUL-SES-002; 27) LUL-SIN-001; 28) LUL-SIN-002; 29) LUL-SIN-003; 30) LUL-
SIN-004; 31) LUL-SIN-005. Note that genetic differences between lineage 3 and any other lineage is
very impressive.

Population 1

1 Central Portugal
2 North Portugal 0,0960
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Sequence and lineage
32 LIT-CRO-001 {L_italica}
33 LIT- X1295 {Lineage_2}
34 LIT-X1296 {Lineage_2}
35 LIT-CRO-002 {L_italica}
36 LIT-X1297 {L_italica}
37 LUL-CRO-005 {Lineage_2}
38 LUL-ENT5530 {Lineage_1}
39 LUL-ENT5535 {Lineage_1}
40 LUL-ENT5536 {Lineage_1}
41 LUL-ENT5532 {Lineage_1}
42 LUL-ENT5537 {Lineage_1}
43 LUL-ENT5538 {Lineage_1}
44 LUL-ENT5539 {Lineage_1}
45 LUL-TUS-005 {Lineage_1}
46 LUL-TUS-001 {Lineage_1}
47 LUL-TUS-007 {Lineage_1}
48 LUL-TUS-002 {Lineage_1}
49 LUL-TUS-004 {Lineage_1}
50 LUL-TUS-008 {Lineage 1}
51 LUL-TUS-006 {Lineage 1}
52 LUL-TUS-003 {Lineage_1}
53 LUL-ENT5531 {Lineage_1}
54 LUL-ENT5534 {Lineage_1}
55 LUL-ENT5533 {Lineage_1}
56 LUL-GRA-001E {Lineage_1}
57 LUL-GRA-001 {Lineage_1}
58 LUL-GRA-003 {Lineage_1}
59 LUL-SAR-001 {Lineage_1}
60 LUL-SAR-005 {Lineage 1}
61 LUL-CSC-003 {Lineage 1}
62 LUL-CSC-001 {Lineage_1}
63 LUL-CSC-004 {Lineage_1}
64 LUL-CSC-005 {Lineage_1}
65 LUL-CSC-006 {Lineage 1}
66 LUL-GRA-001D {Lineage_1}
67 LUL-LET-002 {Lineage_1}
68 LUL-LUN-001 {Lineage_1}
69 LUL-LUN-002 {Lineage_1}
70 LUL-LUN-003 {Lineage 1}
71 LUL-LET-001 {Lineage_1}
72 LUL-LET-003 {Lineage_1}
73 LUL-CAS-002 {Lineage_1}
74 LUL-CAS-003 {Lineage_1}
75 LUL-CAV-001 {Lineage 1}
76 LUL-CAV-002 {Lineage_1}
77 LUL-SOM-001 {Lineage_1}
78 LUL-SOM-002 {Lineage_1}
79 LUL-SOM-003 {Lineage_1}
80 LUL-TUR-002 {Lineage_1}
81 LUL-TUR-003 {Lineage_1}
82 LUL-TUR-005 {Lineage_1}
83 LUL-CAV-003 {Lineage_1}
84 LUL-TUR-004 {Lineage_1}
85 LUL-NIC-001 {Lineage_1}
86 LUL-NIC-002 {Lineage_1}
87 LUL-NIC-004 {Lineage_1}
88 LUL-NIC-005 {Lineage_1}
89 LUL-NIC-003 {Lineage_1}
90 LUL-NIC-006 {Lineage_1}
91 LUL-COR-001 {Lineage_2}
92 LUL-X1292 {Lineage_2}
93 LUL.X1294 {Lineage_2}
94 LUL-X1293 {Lineage_2}
95 LUL-COR-002 {Lineage_2}
96 LUL-PAX-002 {Lineage_2}
97 LUL-GRE-001 {Lineage_2}
98 LUL-GRE-003 {Lineage_2}
99 LUL-GRE-004 {Lineage_2}
100 LUL-GRE-005 {Lineage_2}
101 LUL-CRO-001 {Lineage_2}
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