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ABSTRACT  

The copepod genus Tigriopus Norman, 1869 is distributed worldwide in coastal rock-pools 

and it is currently considered to include 15 valid species. Tigriopus fulvus (Fischer, 1860), 

with its subspecies Tigriopus fulvus adriaticus Van Douwe, 1913 and Tigriopus fulvus 

algiricus Monard, 1935, are currently reported to occur in the Mediterranean area, but the 

actual diversity of the genus is currently unknown. We aimed to assess the actual identity of 

Mediterranean Tigriopus populations and to elucidate their taxonomy and pattern of genetic 

diversity. In order to reach these goals, we use two different approaches. The first, based on 

morphology, where the possible morphological differences among topotypical samples of 

Tigriopus fulvus s.s. and topotypical samples of the two subspecies were investigated. A 

second, on a molecular basis, where fragments of two mitochondrial DNA genes (cytochrome 

c oxidase subunit I, COI and small ribosomal RNA subunit, 12S) and a nuclear DNA gene 

(28S) were sequenced to be used as a reference marker. In this frame, molecular taxonomical 

approaches, such as Automatic Barcode Gap Discovery (ABGD), bPTP (bayesian Poisson 

Tree Processes) and K/Θ ratio, were used in order to investigate the existences of the alleged 

subspecies of Tigriopus through the identification of Operational Taxonomic Units (OTUs).  

Our data suggest the presence of a single species characterized by a noteworthy 

geographically-based genetic structure in the whole study area. The observed diversity pattern 

is tentatively ascribed here to a strong monopolization of the rock pools by the first immigrants 

that reach them. However, such a monopolization is periodically disrupted by local extinction 

events, which are frequent in the intrinsically unstable rock pool habitats. We propose the 

name “clockwork monopolization” for this pattern.  

KEY WORDS: genetic structuring, clockwork monopolization, rocky shore communities, 

cryptic species, DNA taxonomy.  
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RESUMEN 

El género de copépodos Tigriopus Norman, 1869 se distribuye en todo el mundo en piscinas 

costeras de rocas y actualmente se considera que incluye 15 especies válidas. Tigriopus fulvus 

(Fischer, 1860), con su subespecie Tigriopus fulvus adriaticus Van Douwe 1913 y Tigriopus 

fulvus algiricus Monard 1935, actualmente se informa que ocurren en el área mediterránea, 

pero actualmente se desconoce la diversidad real del género. Nuestro objetivo fue evaluar la 

identidad real de las poblaciones mediterráneas de Tigriopus y dilucidar su taxonomía y patrón 

de diversidad genética. Para alcanzar estos objetivos, utilizamos dos enfoques diferentes. El 

primero, basado en la morfología, donde las posibles diferencias morfológicas entre muestras 

topotípicas de Tigriopus fulvus s.s. y muestras topotípicas de las dos subespecies fueron 

investigadas. Un segundo, sobre una base molecular, donde se secuenciaron fragmentos de 

dos genes de ADN mitocondrial (subunidad I de citocromo c oxidasa, COI y subunidad de 

ARN ribosómico pequeño, 12S) y un gen de ADN nuclear (28S) para ser usados como 

marcador de referencia. En este marco, se utilizaron enfoques taxonómicos moleculares, como 

el descubrimiento automático de brechas de código de barras (ABGD), bPTP (procesos de 

árbol de Poisson bayesianos) y la relación K / Θ, para investigar la existencia de las supuestas 

subespecies de Tigriopus a través de la identificación de Operacional Unidades Taxonómicas 

(OTU). 

Nuestros datos sugieren la presencia de una sola especie caracterizada por una notable 

estructura genética basada en la geografía en toda el área de estudio. El patrón de diversidad 

observado se atribuye tentativamente aquí a una fuerte monopolización de los estanques de 

rocas por parte de los primeros inmigrantes que los alcanzan. Sin embargo, tal monopolización 

se ve interrumpida periódicamente por los eventos de extinción locales, que son frecuentes en 

los hábitats intrínsecamente inestables de las piscinas de rocas Aquí proponemos para este 

patrón el nombre de “monopolización periódica” (“Clockwork monopolization”). 
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RESUM 

El género de copépodos Tigriopus Norman, 1869 se distribuix en tot el mon en piscines 

costeres de roques i actualment se considera que inclou 15 especies valides. Tigriopus fulvus 

(Fischer, 1860), en la seua subespecie Tigriopus fulvus adriaticus Van Douwe 1913 i 

Tigriopus fulvus algiricus Monard 1935, actualment s'informa que ocorren en l'area 

mediterranea, pero actualment se desconeix la diversitat real del género. Nostre objectiu fon 

evaluar l'identitat real de les poblacions mediterranees de Tigriopus i dilucidar la seua 

taxonomia i patrón de diversitat genetica. Per a alcançar estos objectius, utilisem dos 

enfocaments diferents. El primer, basat en la morfologia, a on les possibles diferencies 

morfologiques entre mostres topotípicas de Tigriopus fulvus s.s. i mostres topotípicas dels dos 

subespecies foren investigades. Un segon, sobre una base molecular, a on se secuenciaron 

fragments de dos gens d'adn mitocondrial (subunidad i de citocromo c oxidasa, coi i subunidad 

d'arn ribosómico menut, 12s) i un gen d'adn nuclear (28s) per a ser amprats com marcador de 

referencia. En este marc, s'utilisaren enfocaments taxonomics moleculars, com el 

descobriment automatic de breches de codic de barres (ABGD), bPTP (processos d'arbre de 

poisson bayesianos) i la relacio K/θ, per a investigar l'existencia de les supostes subespecies 

de Tigriopus a través de l'identificacio d'operacional unitats taxonomiques (OTU). 

Nostres senyes sugerixen la presencia d'una sola especie caracterisada per una notable 

estructura genetica basada en la geografia en tota l'area d'estudi. El patrón de diversitat 

observat s'atribuix tentativament aci a una forta monopolisacio dels safarejos de roques per 

part dels primers immigrants que els alcancen. No obstant, tal monopolisacio se veu 

interrompuda periodicament pels events d'extincio locals, que son freqüents en els hábitats 

intrinsecament inestables de les piscines de roques aci proponem per a este patrón el nom de 

“Monopolisacio Periodica” (“Clockwork Monopolization”).  
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1. INTRODUCTION 

1.1 Diversity and distribution of the genus Tigriopus 

Tigriopus Norman, 1869 is a genus of harpacticoid copepods widespread throughout 

the world (Figure 1). The genus currently includes 15 valid species (Walter & Boxshall, 2019). 

T. californicus (Baker, 1912), distributed along the Pacific coasts of North America; T. 

incertus (Smirnov, 1932), from the Land of Francis Joseph, an archipelago located in the 

Barents Sea, and in the Aleutian Islands, in the Pacific Ocean; T. angulatus Lang, 1933, and 

T. raki Bradford, 1967, from New Zealand; T. japonicus Mori, 1938, from Japan; T. 

kerguelenensis Soyer, Thiriot-Quievreux & Colomines, 1987, from the Kerguelen Islands in 

the southern Indian Ocean; T. igai Itô, 1977, and T. kingsejongensis Park, S. Lee, Cho, Yoon, 

Y. Lee & W. Lee, 2014, in Antarctica; T. crozettensis Soyer, Thiriot-Quievreux & Colomines, 

1987, from the Crozet Islands, in the southern Indian Ocean; T. thailandensis Chullasorn, 

Ivanenko, Dahms, Kangtia & Yang,  2012, and T. sirindhornae Chullasorn, Dahms & 

Klangsin, 2013 from Thailand.  

In the Atlantic-Mediterranean area, there are four species of Tigriopus to date known 

to occur: T. brevicornis (Müller, 1776),  spread from Northern Europe and Iceland to the 

Atlantic coasts of Spain (personal observation of the Author) and Nova Scotia (Canada) 

(Handschumacher et al., 2010); T. fulvus (Fischer, 1860), in the Mediterranean Sea, partly in 

the African Atlantic coast and in Madeira, where it was described for the first time; T. minutus 

Božić, 1960, in Senegal, and T. brachydactylus Candeias, 1959, that occurs in Africa (Angola) 

(Figure 2). 
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Figure 1. Worldwide map of the known distribution of the genus Tigriopus. 
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Figure 2. Loci typici of Tigriopus spp. in the Atlantic-Mediterranean area.  

1.2 The environment of the rock-pools 

Rock-pools are environments mainly populated by diatoms, flagellates, and some 

animal taxa, such as rotifers, crustaceans (e.g. Tigriopus spp.), molluscs and insects (e.g. 

hydraenid beetles and culicid flies) (Issel, 1914; Antonini et al., 2010; Mastrantonio et al., 

2015).  

The rock-pools environment is very dynamic and subject to extreme chemical and 

physical variations (McAllen, 1999). During summer, the evaporation of water in the pools 

causes a considerable increase in salinity and, eventually, the rock-pools can dry up 



13 
 

completely. Conversely, during the winter the abundant and frequent precipitations reduce the 

salinity of the water in the rock-pools and the intense storm surges can cause their washout. 

Furthermore, low temperatures can freeze almost entirely the rock-pools. In addition, during 

the year, and even during a single day, there are considerable variations in temperature, 

salinity, amount of water, pH and oxygen content (Powlik, 1999). These phenomena can cause 

high mortality or even extinction of the animal communities of a given rock-pool. 

Tigriopus is a copepod genus typically related to the rock-pools (Figure 3) occurring 

in the supratidal and the uppermost intertidal zones (Powlik, 1999; McAllen, 1999), although 

it is also known to occur subtidally in the Antarctic Peninsula (Waller et al., 2006; Park et al., 

2014), Mexico (Ganz & Burton, 1995; Edmands, 2001), Southern Asia (Jung et al., 2006; Ki 

et al., 2009), and Sweden (Lang, 1948). 

This harpacticoid genus is present with active stages throughout the year, with some exception 

due to extremely cold temperatures (Issel, 1914). In addition, Tigriopus has a generation time 

(from egg to adult) of 30 days circa and its life span could be up to five weeks (Powlik, 1997, 

1998). During the unfavourable phases, the pools do not remain uninhabited: the in situ 

survival of some specimens is sufficient to colonize it again (McAllen, 1999). In fact, 

Tigriopus females can steadily produce a large number of nauplii. For example, T. californicus 

can produce up to 12-14 broods, each containing up to about 150 eggs (Brown, 1991). As 

thermal tolerance is concerned, Issel (1914) studied T. fulvus in rock-pools near Genova (Italy) 

over a period of two years, recording a maximum water temperature of 35.7° C and a minimum 

water temperature of 3.8° C in which he found alive specimens of T. fulvus. However, 

assuming temperature values close to or equal to zero during the night, he extrapolated the 

existence of a temperature excursion greater than 35° C. Analogous values were observed 

from T. brevicornis (Damgaard & Davenport, 1994). 
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Figure 3. Typical rock-pool environments. 

1.3 Studies on the resistance of the genus Tigriopus 

Organisms that live in the rock-pools have developed mechanisms that allow them to 

escape or face adverse conditions. Organisms capable of flying, like some beetles, can actively 

move between pools during periods of drought; instead, other taxa develop stages of resistance 

to overcome, in situ, the adverse periods (Williams, 2006). The adult copepods of the genus 

Tigriopus are able to enter in a state of quiescence and the environmental conditions in which 

the phenomenon occurs have been the subject of several studies (e.g. Issel, 1914; Ranade, 

1957; Vittor, 1971; Powlik & Lewis, 1996). Issel (1914) reported that T. fulvus can survive in 

a state of quiescence for up to 22 days, at temperatures between 22° C and 31° C. The 

phenomenon of quiescence is induced in Tigriopus by the increase in the concentration of salts 

dissolved in water and by the presence of hypoxic conditions. The transition to the state of 

quiescence takes place gradually, with an initial loss of vivacity which ends with a state of 

complete immobility. As the water density decreases, organisms can resume their normal 

activity. Issel (1914) noted that the best conditions for awakening are at densities slightly 
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higher than those of sea water, with values of around 1,050 g/cm3. However, the longer the 

time spent in the state of quiescence, the longer the time required for awakening, an 

observation confirmed also by Ranade (1957) in his studies on the similar species T. 

brevicornis. Furthermore, the number of awakening individuals may decrease if the period of 

inactivity is prolonged, showing the presence of a growing mortality rate depending on the 

duration of the quiescence period. The increase in temperature has the effect of reducing the 

period of immobility, thus accelerating awakening. These harpacticoids show a high resistance 

to high temperatures. In fact, they are more active during the hot season. Issel (1914) observed 

that some specimens manage to tolerate temperatures of 39.4° C surviving them, analogous to 

what reported for T. brevicornis (Damgaard & Davenport, 1994). However, the lethal 

temperatures depend directly on the salinity and can vary between 32° C and 41.8° C (Ranade, 

1957). The concentration of salts dissolved in water, therefore, is an important factor, since it 

regulates both the maximum temperatures that Tigriopus specimens can tolerate, and the onset 

and duration of the state of quiescence. Ranade (1957) reported that T. brevicornis can 

normally live at salinities between 4.2 and 90 ‰, a limit beyond which the state of quiescence 

occurs. Moreover, Issel (1914) exposed the organisms to sudden changes of salinity, which 

resulted in accelerating the appearance of the quiescence, with effects that are all the more 

accentuated the greater is the difference in density to which they are subjected. Conversely, 

the abrupt passage from freshwater to seawater is not well tolerated, with a high mortality rate 

(Issel, 1914). In nature, however, these abrupt changes in salinity generally do not occur, even 

in the presence of intense climatic events, because the water of the rock-pools stratifies with a 

density gradient, with a higher concentration of NaCl in the deeper layers than the superficial 

ones that are diluted by precipitation. Issel's experiments also showed that adult specimens are 

more resistant than nauplii to salinity fluctuations.  

In addition to the quiescence stage as a resistance mechanism, Tigriopus can also adopt 

different behavioural adaptations that allows to avoid desiccation. Both the nauplii and the 
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adults, who are able to dig, can find a humid refuge in the sediment at the bottom of the pools 

(McAllen, 1999). McAllen reported that he found two adult specimens of T. brevicornis inside 

an exuvia of the amphipod Apohyale prevostii (indicated in the article as Hyale prevostii), 

within which a certain degree of humidity had been maintained even when the rockpool was 

dry. But even more significant is the finding of several hundred specimens, both adult and 

immature, within the cavity of a single thallus of Ulva intestinalis (referred to as 

Enteromorpha intestinalis) (McAllen, 1999), a green alga sometimes presents in the rock-

pools together with Tigriopus (Davenport, 1997; Handschumacher et al., 2010). The internal 

cavity of the alga could therefore provide a moist and hydrated environment for several weeks. 

From the study by Powlik & Lewis (1996) it appears that the presence of Ulva thalli increases 

the resistance of T. californicus to desiccation. 

1.4 Main dispersal mechanisms 

To date, the main dispersal mechanism of this genus is unknown, but several 

hypotheses have been proposed. Davenport et al. (1997) and Handschumacher et al. (2010) 

suggested that groups of floating algae, such as uprooted Ulva thalli, could act as means of 

transport for hypothetical colonies of copepods present within them. However, Powlik (1999) 

stated that the presence of Tigriopus appears to be independent of the presence of algae or 

marine plants in the rock-pools, which are generally poor in macroflora. Also, the sea currents 

and the tides could constitute valid dispersing vectors through hydrocoria. Furthermore, rock 

pools are occasionally frequented by birds, that can disperse organisms for long distances, 

transporting them on the plumage or on the legs dirty with sediment residues (Incagnone et 

al., 2015). Although no cases of Tigriopus transport have yet been documented through 

avifauna, other microcrustaceans have been routinely found in bird plumage (Swanson, 1984; 

Powlik, 1999; Incagnone et al., 2015). Anemochory is another dispersal mode, as wind can 

transport organisms from one rock-pool to another in the period in which they are dry (Powlik, 

1999; Incagnone et al., 2015). Finally, humans could also be a vector of dispersion, 
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considering the widespread use of species of the Tigriopus genus in aquaculture as live food 

for fish and invertebrates, although to date no ascertained cases of human-mediated 

introductions of the genus Tigriopus are known (Handschumacher et al., 2010). In addition, it 

is important to remember that after dispersal, successful establishment is needed in order to 

determining the colonization of a viable population in the newly colonized rock-pool. 

1.5 The genus Tigriopus in the Atlantic-Mediterranean area 

Lazzaretto & Libertini (1986), comparing the morphology of chromosomes of some T. 

fulvus and T. brevicornis populations, suggested that the Trapani Tigriopus population 

investigated by them could represent a different species, i.e. Tigriopus minutus. However, no 

further evidences were found to corroborate this hypothesis. 

Over the years, the systematic of the genus has undergone some changes, mostly concerning 

the species T. brevicornis and T. fulvus. In 1776 Müller, based on specimens collected along 

the Danish coasts, described Cyclops brevicornis. In 1860 Fisher described a harpacticoid, 

native of Madeira, which he named Harpacticus fulvus. A few years later, Norman (1869) 

described the English copepod Tigriopus lilljeborgii, which was later regarded as a junior 

synonym of H. fulvus by Brady (1872) and by Sars (1911). The latter, moreover, in his study 

on Norwegian harpacticoids, accepted the genus Tigriopus recognizing Tigriopus fulvus as its 

only valid species. Using the description of Sars (1911) as a comparison, in 1913 Van Douwe 

described an Adriatic “variety” of Tigriopus fulvus (T. fulvus var. adriatica), based on animals 

collected in Rovinj, Croatia. Monard (1935), based on the same description of Sars, described 

a second "variety", T. fulvus var. algirica, from the town of Tipaza (currently Tipasa), in 

Algeria. The reader should here note that the description made by Sars under Tigriopus fulvus 

in fact referred to Tigriopus brevicornis so that the two alleged varieties of T. fulvus were in 

fact established through a comparison with a different species, i.e. Tigriopus brevicornis 

(Božić, 1960). Considering the species described by Müller (1776) and Fischer (1860) as 

synonyms and following the principle of priority of the ICZN, Lang (1948) established as 
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valid the binomen Tigriopus brevicornis (Müller, 1776), placing T. fulvus in synonymy and 

maintaining however the varieties described by Van Douwe (1913) and Monard (1935) as 

varieties of T. brevicornis. Božić (1960), studying the morphology of the southern and 

northern European Tigriopus populations and performing hybridization experiments, 

established belonged to two different species: T. brevicornis (Müller, 1776) and T. fulvus 

(Fischer, 1860), corresponding, respectively, the former to the northern populations and the 

latter to the southern ones. Carli & Fiori (1977) investigated the morphological differences of 

the two species, analysing further micro-characters that allowed a unique identification of the 

two taxa. 

According to the Article 45.6.4 of the International Code of Zoological Nomenclature 

(ICZN.org), if an infrasubspecific taxon was established before 1961, it is currently to be 

considered as a subspecies; accordingly, the two varieties described within Tigriopus fulvus 

sensu Sars are nowadays accepted as subspecies. T. fulvus is therefore considered a polytypic 

species and includes the subspecies: T. fulvus fulvus (Fischer, 1860), from Madeira; T. fulvus 

adriaticus Van Douwe, 1913, from Rovinj, and T. fulvus algiricus Monard, 1935, from Tipasa. 

In the Atlantic-Mediterranean area are thus currently reported four Tigriopus fulvus, T. 

brevicornis, T. minutus and T. brachydactylous (Figure 2). 

1.6 Scope of the research 

Currently, despite the frequent use of T. fulvus and other species of the genus in 

ecological and physiological studies, the actual diversity of the genus Tigriopus in the 

Mediterranean area is almost unknown and needs to be further investigated. The purpose of 

this study was to explore the morphological and genetic diversity of T. fulvus and its alleged 

three subspecies, verifying their validity based on morphological and genetic data.  
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2.  MATERIALS AND METHODS 

2.1 Sampling and identification 

Specimens of Tigriopus spp. were collected from 2016 to 2019 in supratidal and 

intertidal rock-pools from 32 different locations along the coasts of the Mediterranean Sea and 

the eastern Atlantic Ocean (Table 1 and Figure 4). In addition, some specimens of T. 

brevicornis from Sanxenxo (Spain), and Trondheim (Norway) were collected, and a single 

sequence of T. californicus, of unknown origin, was obtained from a commercial strain of the 

species kindly provided by Daniel Abed-Navandi (University of Vienna, Austria). The two 

latter species were used as outgroups in phylogenetic analyses. The sampling sites were 

geolocated by GPS. The map of the sampling sites was created using the QGIS software 

v.2.18.2 (http://www.qgis.org). 

 

Figure 2. Geographic location of the sampling sites. Circles indicate sites where Tigriopus fulvus was sampled 

and square indicate sampling site for T. brevicornis. See Table 1 for the coordinates of the sampling sites and for 

more information on the collected species. Codes refer to those listed in Table 1. 

Harpacticoids were sampled with a 200 μm mesh-sized hand net and a sieve with the 

same mesh size (Figure 5). Collected specimens were fixed in situ in 96% ethanol, sorted out 

in the laboratory under a stereomicroscope. For the identification of the harpacticoids the 

dichotomous keys of Wells (2007) and original descriptions of the species (Fischer, 1860; 

http://www.qgis.org/
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Müller, 1776; Božić, 1960; Carli & Fiori, 1977), and subspecies (Van Douwe, 1913; Monard, 

1935) were used. 

 

Figure 3. Basic tools used during the sampling activities. 

2.2 DNA extraction, amplification and molecular analyses 

1-3 Specimens were selected from each sampled population were carefully cleaned of 

any impurities and soaked in distilled water for 10 minutes. DNA extraction was performed 

using the BIORON GmbH “Ron’s Tissue DNA Mini Kit” following the protocol provided by 

the manufacturer. The extracted DNA was amplified by polymerase chain reaction (PCR). 

Fragments of two mitochondrial markers were chosen: the COI (Cytochrome C Oxidase 

subunit 1) and the 12S srRNA (small ribosomal unit). In addition, a fragment of the nuclear 

gene 28S was chosen for amplification by PCR. The primer pair "L1384-COI" (5’-GGT CAT 
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GTA ATC ATA AAG ATA TTG G-3’) and "H2612-COI" (5’-AGG CCT AGG AAA TGT 

ATM GGG AAA-3’) (Machida et al., 2004) was used to amplify the COI gene, whereas the 

primers “L13337-12S” (5’-YCT ACT WTG YTA CGA CTT ATC TC-3’) and “H13845-12S” 

(5’-GTG CCA GCA GCT GCG GTT A-3’) (Machida et al., 2002) were used to amplify the 

small ribosomal RNA 12S; The primer set "28S-F1a" (5’-GCG GAG GAA AAG AAA CTA 

AC-3’) and "28S-R1a" (5’-GCA TAG TTT CAC CAT CTT TCG GG-3’) (Ortman, 2008) was 

used to amplify the nuclear gene 28S . 

For the mitochondrial gene COI, the PCR mix included: 18.05 μl of distilled water, 

2.5μl of 10X Buffer including 15 mM of MgCl2, 0.25 μl of dNTPs (10 mM each), 0.9 μl of 

each of the primers (10 μM), 0.4 μl of Taq polymerase (5 U / μl) and 2 μl of DNA template, 

for a total volume of 25 μl. A thermal cycle was applied consisting of 35 denaturation cycles 

(95 ° C for 50 s), annealing (48 ° C for 50 s) and extension (72 ° C for 50 s), followed by a 

cycle of final extension of 7 min at 72 ° C. 

The PCR of the mitochondrial gene 12S was carried out with 30 cycles of a 25 μl 

reaction volume containing 18 μl of distilled water, 3 μl of 10X Buffer including 15 mM of 

MgCl2, 0.5 μl of dNTPs (10 mM each), 0.5 μl of each of the primers (10 μM), 0.5 μl of Taq 

polymerase (5 U / μl) and 2 μl of DNA template, for a total volume of 25 μl. The thermal cycle 

consisted of an initial denaturation phase at 95 ° C, with a duration of 5 min, followed by a 

denaturation 96 ° C for 15 s, annealing at 45 ° C for 30 s, and extension at 72 ° C for 15 s, plus 

a final extension cycle of 5 min to 72 ° C. 

The composition of the PCR mix for the 28S nuclear gene included: 18.75 μl of 

distilled water, 2.5 μl of Buffer 10X (including 15 mM of Mg), 0.3 μl of dNTPs (10 mM each), 

0.3 μl of each primer (10 μM), 0.35 μl of Taq polymerase (5 U / μl) and 2.5 μl of DNA 

template, for a total volume of 25 μl. The thermal cycle consisted of an initial denaturation 

phase at 95 ° C, with a duration of 5 min. This is followed by 35 denaturation cycles (95 ° C, 

1 min), annealing (48 ° C, 1 min) and extension (72 ° C, 1 min), plus a final extension cycle 
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of 8 min to 72 ° C. Subsequently, 5 μl of each PCR product were used to perform 

electrophoresis on 2% agarose gel, with a voltage of 90 V, for 20 min.  

The outcome of the electrophoresis was verified using a UV transilluminator. The 

samples that showed a single net band, with the expected length for each marker used, were 

purified using the Exo-SAP-IT® kit (Affymetrix USB). Sequencing was operated by 

Macrogen Inc. (Seoul, South Korea) via an ABI 3130xL sequencer (Applied Biosystems). The 

same primers used previously for the PCR were used for the direct sequencing of the PCR 

products. The quality of the resulting chromatograms was verified by measuring their "Phred 

score" value (Richterich, 1998). Among these, only the sequences that showed continuous 

readings of high-quality bases (QV> 20) were kept.  

The software Chromas v. 2.6.2 (Technelysium, Pty. Ltd. 1998, Queensland, Australia) 

was used for chromatogram analysis. Overall, 113 mitochondrial sequences of Tigriopus 

fulvus, eight of T. brevicornis and one of T. californicus were obtained. In addition, 34 nuclear 

sequences of T. fulvus, four of T. brevicornis, and one of T. californicus were obtained. All 

sequences were aligned using the software MEGAX (Kumar et al., 2018). The mtDNA COI 

sequences were deposited in GenBank (see Table 1 for the Accession Numbers, A.N.). Also, 

two T. fulvus sequences available on GenBank were included in the COI dataset (see Table 1 

for the Accession Numbers). 

In order to check for the possible presence of frameshift or stop codons, which would 

indicate the presence of sequencing errors or amplification of pseudogenes, a widespread 

phenomenon among crustaceans (e.g., Song et al., 2008, Schizas, 2012), the mitochondrial 

COI sequences were translated into amino acid sequences using the MEGAX software (Kumar 

et al., 2018), with which the pairwise uncorrected “p” distance values were also calculated. 

For all the sequences, the software MrBayes v. 3.2.6 (Ronquist et al., 2012) and PhyMl v. 3 

(Guindon & Gascuel, 2003) were used for molecular identification and reconstruction of the 

phylogenetic relationships between taxa, through Bayesian Inference (BI) and Maximum 
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Likelihood (ML) analyses. As support measures for the nodes, bootstrap values were 

calculated (Felsenstein, 1985) with 1000 replicates in the ML trees, while in the BI tree the 

posterior probability values were reported. PartitionFinder v. 1.0.1 (Lanfear et al., 2012) was 

used to choose the best evolutionary model following the "Akaike Information Criterion" 

(AIC; Akaike, 1974).  

For both mitochondrial and nuclear fragments, in the BI and ML analyses, a General 

Time-Reversible model of sequence evolution was used with a proportion of invariable sites 

and gamma-distributed rate variation among sites (GTR + I+Γ; nst = 6). In the BI analyses, 

two independent Markov Chain Monte Carlo analyses were performed with 1 million of 

generations (temp.: 0.2; default priors). Trees and parameter values were sampled every 100 

generations, with the result of 10,000 trees for each analysis. The convergence in the analysis 

was reached (Effective Sample Size (ESS) greater than 200 in all the analyses performed). 

The initial 25% of trees were discarded as "burn-in".  

The “evolutionary genetic species concept” proposed by Birky et al. (2010) was 

followed. According to this concept, species are inclusive populations that are evolving 

independently of each other, either because they are reproductively isolated, or because they 

are separated by environmental or physical barriers, or both. Those lineages that evolve 

separately from others were thus considered different taxa of putative species rank. Therefore, 

we followed different taxonomic approaches to DNA based on different assumptions: a 

quantitative approach based on a coalescence model ("ABGD"; Puillandre et al., 2012); a 

phylogenetic criterion based on branching rates ("bPTP"; Zhang et al., 2013) and a population 

genetic criterion based on genetic isolation ("K/Θ ratio"; Birky et al., 2010; Birky, 2013). The 

three aforementioned taxonomic approaches were used for mitochondrial sequences only. 

ABGD and bPTP were performed online 

(http://wwwabi.snv.jussieu.fr/public/abgd/abgdweb.html and http://species.h-its.org/ptp/). 

Following Korn and Hundsdoerfer (2016), the K/Θ ratio was computed based on the 
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uncorrected p-distance matrices within and among the detected clades. This method tests if 

the reciprocal monophyly of sister lineages is statistically significant, which would suggest 

that they are independently evolving entities, hence bonae species sensu Birky et al. (2010). 

These taxonomic approaches make it possible to identify Operational Taxonomic Units 

(OTUs). However, it must be taken into account that these approaches can be influenced by 

the number of individuals considered in the analysis and by their geographical distribution 

over- or underestimating the actual number of taxa that occur in the studied dataset (Puillandre 

et al., 2012; Zhang et al., 2013). Despite this, we decided to use these methods in order to 

obtain a tentative picture of the distribution of the molecular diversity of the species. 

Finally, for mitochondrial and nuclear sequences, haplotype networks were created 

with PopArt v.1.7 (http://popart.otago.ac.nz) with the "Minimum Spanning Network" method 

(Kruskal, 1956). 

2.3 Phylogenetic reconstruction based on morphological characters 

In order to reconstruct the phylogenetic relationships, on a morphological basis, of the 

species belonging to the genus Tigriopus, a table was created (Table 2) showing a series of 

morphological characters that characterize the different species. For the species for which 

samples were available (T. fulvus and T. brevicornis) the status of the characters was 

determined on the basis of direct observation of the specimens. For the other species, instead, 

having no specimens to analyse directly, the status of the characters was determined by relying 

exclusively on the original descriptions and drawings in the literature (Baker, 1912; Lang, 

1933; Wilson, 1950; Božić, 1960; Hawkins, 1962; Bradford, 1967; Itô, 1969; Itô, 1970; Itô, 

1977; Soyer et al., 1987; Wells, 2007; Chullarsorn et al., 2012; Chullasorn et al., 2013; Park 

et al., 2014). The Harpacticidae Zaus wonchoelleei Kangtia, Dahms, Song, Myoung, Park & 

Khim, 2014 was included in the analysis as an outgroup. The morphological characters 

examined have two or more states. The PAUP software (Swofford, 1993) was used for the 

analysis of the character matrix (Table 3) through a distance analysis (Neighbor-Joining, NJ).  
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Table 1. Origin and GenBank accession numbers (A.N.) for the analysed Tigriopus specimens. Geographic coordinates are expressed as decimal degrees (Map Datum: WGS84). *: 

specimens from the type locality of Tigriopus fulvus algiricus; §: specimen from the type locality of Tigriopus fulvus adriaticus; †: specimens from Madeira, the type locality of 

Tigriopus fulvus s.s. 

Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus* TIP TF44 Algeria Tipaza 36.6229 02.4081 MK211338 MN625569 - Present work 

T. fulvus* TIP TF45 Algeria Tipaza 36.6229 02.4081 MK211337 MN625570 MN606246 Present work 

T. fulvus§ ROV TF54 Croatia Rovigno 45.1172 13.6071 MK211332 MN625576 MN606250 Present work 

T. fulvus§ ROV TF53 Croatia Rovigno 45.1172 13.6071 - MN625575 - Present work 

T. fulvus§ ROV TF65 Croatia Rovigno 45.1172 13.6071 - MN625577 - Present work 

T. fulvus TER TF1 Italy Terrasini 38.1542 13.0756 MK211350 MN625543 - Present work 

T. fulvus TER TF6 Italy Terrasini 38.1542 13.0756 MK211351 MN625544 - Present work 

T. fulvus TER TF7 Italy Terrasini 38.1542 13.0756 MK211352 MN625542 MN606226 Present work 

T. fulvus LIN TF104 Italy Linosa 35.8632 12.8547 - MN625550 MN606229 Present work 

T. fulvus LIN TF105 Italy Linosa 35.8632 12.8547 - MN625549 MN606230 Present work 

T. fulvus GRA TF97 Italy Torretta Granitola 37.6067 12.6257 - MN625603 MN606259 Present work 
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Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus GRA TF98 Italy Torretta Granitola 37.6067 12.6257 - MN625604 - Present work 

T. fulvus BAR TF2 Italy Barcarello 38.2129 13.2916 MK211354 MN625553 - Present work 

T. fulvus BAR TF8 Italy Barcarello 38.2129 13.2916 MK211355 MN625555 - Present work 

T. fulvus BAR TF9 Italy Barcarello 38.2129 13.2916 MK211353 MN625554 MN606227 Present work 

T. fulvus MAG TF3 Italy Magnisi  37.1562 15.2369 MK211345 - - Present work 

T. fulvus MAG TF10 Italy Magnisi  37.1562 15.2369 MK211344 - MN606232 Present work 

T. fulvus MAG TF11 Italy Magnisi  37.1562 15.2369 MK211346 MN625548 - Present work 

T. fulvus PLE TF4 Italy Plemmirio 37.0021 15.3315 - MN625540 - Present work 

T. fulvus PLE TF12 Italy Plemmirio 37.0021 15.3315 MK211356 MN625539 - Present work 

T. fulvus PLE TF13 Italy Plemmirio 37.0021 15.3315 MK211357 MN625541 MN606238 Present work 

T. fulvus MIL TF14 Italy Milazzo 38.2700 15.2245 MK211348 MN625546 MN606239 Present work 

T. fulvus MIL TF15 Italy Milazzo 38.2700 15.2245 MK211347 MN625547 - Present work 

T. fulvus MIL TF16 Italy Milazzo 38.2700 15.2245 MK211349 MN625545 - Present work 
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Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus COR TF17 Italy Cornino 38.0900 12.6583 MK211343 MN625551 MN606240 Present work 

T. fulvus COR TF19 Italy Cornino 38.0900 12.6583 - MN625552 - Present work 

T. fulvus UST TF23 Italy Ustica 37.7089 13.1963 - MN625556 MN606241 Present work 

T. fulvus UST TF24 Italy Ustica 37.7089 13.1963 - MN625557 - Present work 

T. fulvus PAN1 TF26 Italy Pantelleria 36.7793 11.9541 MK211358 MN625558 - Present work 

T. fulvus PAN2 TF27 Italy Pantelleria 36.8158 11.9263 MK211359 MN625559 MN606242 Present work 

T. fulvus TRI TF32 Italy Tricase 39.9330 18.3975 - MN625565 - Present work 

T. fulvus TRI TF37 Italy Tricase 39.9330 18.3975 MK211333 MN625564 - Present work 

T. fulvus TRI TF101 Italy Tricase 39.9330 18.3975 - MN625566 MN606228 Present work 

T. fulvus CEF TF38 Italy Cefalù 38.0415 14.0218 MK211342 MN625567 MN606244 Present work 

T. fulvus CEF TF39 Italy Cefalù 38.0415 14.0218 MK211341 MN625568 - Present work 

T. fulvus POR TF42 Italy Portoscuso 39.2065 8.3763 MK211361 - - Present work 

T. fulvus POR TF43 Italy Portoscuso 39.2065 8.3763 MK211362 MN625605 MN606245 Present work 
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Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus CAS TF46 Italy Castiglioncello 43.4012 10.4045 MK211339 MN625532 MN606247 Present work 

T. fulvus CAS TF48 Italy Castiglioncello 43.4012 10.4045 MK211340 - - Present work 

T. fulvus GAR TF83 Italy Gargano 41.9264 15.6435 MK211331 MN625588 MN606253 Present work 

T. fulvus GAR TF84 Italy Gargano 41.9264 15.6435 - MN625589 MN606254 Present work 

T. fulvus USA TF92 Italy Usai 39.1096 9.5231 - MN625597 MN606258 Present work 

T. fulvus USA TF93 Italy Usai 39.1096 9.5231 - MN625598 - Present work 

T. fulvus GEN TF94 Italy Genova Nervi 44.3826 9.0261 - MN625599 - Present work 

T. fulvus GEN TF95 Italy Genova Nervi 44.3826 9.0261 - MN625600 - Present work 

T. fulvus GEN TF99 Italy Genova Nervi 44.3826 9.0261 - MN625601 - Present work 

T. fulvus GEN TF102 Italy Genova Nervi 44.3826 9.0261 - MN625602 - Present work 

T. fulvus KOK TF89 Greece Kokkinoreia 36.4019 22.4873 - MN625594 MN606257 Present work 

T. fulvus KOK TF90 Greece Kokkinoreia 36.4019 22.4873 - MN625595 - Present work 

T. fulvus KOK TF91 Greece Kokkinoreia 36.4019 22.4873 - MN625596 - Present work 
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Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus SDI TF85 Morocco Sidi Ifni 29.3467 -10.1961 MK211329 MN625590 MN606255 Present work 

T. fulvus SDI TF86 Morocco Sidi Ifni 29.3467 -10.1961 - MN625591 - Present work 

T. fulvus CPT TF87 Morocco Cape Tamry 30.5465 -9.7180 MK211330 MN625592 MN606256 Present work 

T. fulvus CPT TF88 Morocco Cape Tamry 30.5465 -9.7180 - MN625593 - Present work 

T. fulvus† SXL TF58 Portugal Seixal 32.8270 -17.1145 MK211326 MN625578 MN606251 Present work 

T. fulvus† SXL TF59 Portugal Seixal 32.8270 -17.1145 MK211325 MN625580 - Present work 

T. fulvus† SXL TF72 Portugal Seixal 32.8270 -17.1145 MK211324 MN625579 - Present work 

T. fulvus† PDC TF60 Portugal Porto da Cruz 32.7763 -16.8264 MK211328 MN625581 - Present work 

T. fulvus† PDC TF61 Portugal Porto da Cruz 32.7763 -16.8264 - MN625583 - Present work 

T. fulvus† PDC TF67 Portugal Porto da Cruz 32.7763 -16.8264 MK211327 MN625584 MN606252 Present work 

T. fulvus† PDC TF73 Portugal Porto da Cruz 32.7763 -16.8264 - MN625582 - Present work 

T. fulvus JAV TF49 Spain Jàvea 38.7635 0.2050 MK211336 MN625571 MN606248 Present work 

T. fulvus JAV TF50 Spain Jàvea 38.7635 0.2050 MK211335 MN625572 - Present work 
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Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus BEN TF51 Spain Benitachell 38.7080 0.1664 - MN625573 - Present work 

T. fulvus BEN TF52 Spain Benitachell 38.7080 0.1664 MK211334 MN625574 MN606249 Present work 

T. fulvus MEN TF76 Spain Menorca 39.9980 3.8274 - MN625585 - Present work 

T. fulvus MEN TF77 Spain Menorca 39.9980 3.8274 - MN625586 - Present work 

T. fulvus MEN TF78 Spain Menorca 39.9980 3.8274 MK211360 MN625587 - Present work 

T. fulvus AKA TF109 Cyprus Ammos tou Kambouri 34.9785 34.0233 - MN625533 MN606231 Present work 

T. fulvus AKA TF110 Cyprus Ammos tou Kambouri 34.9785 34.0233 - MN625534 MN606233 Present work 

T. fulvus FKP TF111 Cyprus Faros Kato Pafou 34.7609 32.4030 - MN625535 MN606234 Present work 

T. fulvus FKP TF112 Cyprus Faros Kato Pafou 34.7609 32.4030 - MN625536 MN606235 Present work 

T. fulvus YEO TF113 Cyprus Ayios Yeorgios 34.9026 32.3170 - MN625537 MN606236 Present work 

T. fulvus YEO TF114 Cyprus Ayios Yeorgios 34.9026 32.3170 - MN625538 MN606237 Present work 

T. fulvus BIZ TF28 Tunisia Bizerte 37.3341 9.8408 - MN625560 MN606243 Present work 

T. fulvus BIZ TF29 Tunisia Bizerte 37.3341 9.8408 - MN625561 - Present work 
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Taxa Code Sample Country Location 

Latitude 

(N) 

Longitude 

(E) 

Accession Number (A.N.) 

Source 

COI 12S 28S 

T. fulvus BIZ TF30 Tunisia Bizerte 37.3341 9.8408 - MN625562 - Present work 

T. fulvus BIZ TF34 Tunisia Bizerte 37.3341 9.8408 - MN625563 - Present work 

T. fulvus - - France Banylus Sur Mer 42.4833 3.1333 AF315361 - - Edmands, 2001 

T. fulvus - - Spain Blanes 41.6666 2.8000 AF315364 - - Edmands, 2001 

T. brevicornis GLC TF79 Spain Sanxenxo 42.3898 -8.7767 MK211363 MN625528 MN606222 Present work 

T. brevicornis GLC TF80 Spain Sanxenxo 42.3898 -8.7767 MK211364 MN625529 - Present work 

T. brevicornis GLC TF81 Spain Sanxenxo 42.3898 -8.7767 - MN625530 MN606223 Present work 

T. brevicornis GLC TF82 Spain Sanxenxo 42.3898 -8.7767 - MN625531 - Present work 

T. brevicornis TRD TF107 Norway Trondheim 63.4502 10.4323 - MN625526 MN606224 Present work 

T. brevicornis TRD TF108 Norway Trondheim 63.4502 10.4323 - MN625527 MN606225 Present work 

T. brevicornis - - Spain Galicia - - - - EU370444 Reumont et al., 2009 

T. californicus TCL TF106 - - - - - MN625525 MN606221 Present work 
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Table 2. Matrix of the characters used on the morphological-based phylogenetic reconstruction analysis.  

  

Characters Description 

 A1 ♀ 

1 Last segment, n. of setae (5 setae: 0; 7 setae: 1; 8 setae: 2) 

2 Presence of aesthetasc in the last segment (Absence: 0; Presence: 1) 

3 Presence of acrothek in the last segment (Absence: 0; Presence: 1) 

4 Presence of aesthetasc in the fourth segment (Absence: 0; Presence: 1) 

 A1 ♂ 

5 N. of segments (7 segments: 0; 8 segments: 1) 

6 Segment, excluding the last one, in which the aesthetasc is present (5th: 0; 6th: 1; 7th: 2) 

7 Presence of aesthetasc in the last segment (Absence: 0; Presence: 1) 

8 Presence of acrothek in the last segment (Absence: 0; Presence: 1) 

 A2 ♀, Allobasipodite 

9 Presence of ornament (no: 0; yes: 1) 

10 Presence of a "tuft" of spinules in the inner margin (no: 0; yes: 1) 

11 N. of spinules file (0 row: 0; 1 row: 1; 2 rows: 2; 3 rows: 3; 8 rows: 4) 

12 N. of rows of semi-circular spinules (0 row: 0; 1 row: 1; 2 rows: 2) 

 A2 ♀, Exopodite 

13 N. of segments (3 segments: 0; 4 segments: 1; 2 segments: 2) 

14 N. of setae in the first segment (1 seta: 0; 2 setae: 1; 3 setae: 2) 

15 N. of setae in the second segment (1 seta: 0; 2 setae: 1; 4 setae: 2) 

16 N. of setae in the third segment (1 seta: 0; 2 setae: 1; No setae: 2) 

17 N. of setae in the fourth segment (No setae: 0; 0 seta: 1; 2 setae: 2) 

18 Plumose setae (Not all the setae are plumose: 0; All setae are plumose: 1) 

 P2 ♂, II segment of the endopodite 

19 N. of spinous processes (sp) or setae (1 sp + 1 seta: 0; 2 sp: 1; 2 setae: 2) 

 P4, III segment of the exopodite 

20 Total number of setae and spine (7 setae and spine: 0; 8 setae and spine: 1) 

 Mandible (Md) 

21 N. setae on the basis (1 seta: 0; 2 setae: 1; 4 setae: 2) 

22 N. setae on the exopodite (3 setae: 0; 4 setae: 1; 5 setae: 2; 6 setae: 3; 7 setae: 4) 

23 N. setae on the endopodite (5 setae: 0; 6 setae: 1; 8 setae: 2; 9 setae: 3; 10 setae: 4; 7 

setae: 5) 

 Maxillule (Mxl) 

24 Claw (reduced: 0; well developed: 1) 

 P5 ♀ 

25 Shape of the base (reduced: 0; stocky: 1; lengthened: 2) 

26 N. setae on the base lobe (4 setae: 0; 5 setae: 1) 

 P5 ♂ 
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Table 3. Matrix of the status of the characters listed in Table S1 for the different species examined. Characters 

with an indeterminate state were indicated with "?". 

  
Taxa Characters 

Tigriopus fulvus 2101111011210100000000000000 

T. brevicornis 2101111010220100000000000000 

T. californicus 010101??????02000?1002111111 

T. brachydactylus ????????????00110??11000?0?? 

T. raki 11011000????0101011103210000 

T. minutus 2???1???00000101001113201010 

T. igai 11?112??10110101000113201000 

T. kerguelenensis 2101111?11210101010111211111 

T. crozettensis 2101111011200100000000000000 

T. angulatus 01011??0110011101011????1111 

T. japonicus 1111111010200100000000000000 

T. sirindhornae 1111001010300100000000000000 

T. kingsejongensis 1111011111320100000000000000 

T. thailandensis 11111100104001010?0002411111 

T. incertus ????1???????10002?0?????0000 

Zaus wonchoelleei 2111101110102120000000000000 
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3. RESULTS 

3.1 Morphological identification 

The sampling activities led to the collection of 32 Tigriopus populations. Overall, 82 

specimens from all populations were identified on a morphological basis and included in the 

molecular analyses. Among these, 76 individuals were identified as T. fulvus and six as T. 

brevicornis (Table 1). In addition, six individuals of T. fulvus from the populations of Madeira 

(1 female and 1 male), Rovinj (1 female and 1 male) and Tipasa (1 female and 1 male), and 2 

individual of T. brevicornis, from Galicia (1 female and 1 male), were used to morphologically 

compare the topotypical populations of T. fulvus s.s. with T. fulvus adriaticus, T. fulvus 

algiricus and T. brevicornis.  

According to the descriptions of Van Douwe (1913), T. fulvus adriaticus should be 

characterized by the following characteristics: baseoendopodite of P5 of the female specimens 

wider than long and with roundish exopodite; caudal ramus of female specimens adorned with 

spines; a row of spines on the outer surface of the male P5 exopodite. According to the 

description of Monard (1935), T. fulvus algiricus, on the other hand, is characterized by having 

the baseoendopodal lobe of female P5 “remarquablement plus large et moins avancé” (larger 

and less advanced than usual), since it does not reach the level of the distal segment of the 

exopodite; and the second segment of the male P2 endopodite that always exceeds the distal 

apex of the third segment of the P2 exopodite . The morphological comparison of the above-

mentioned characteristics among the specimens of the different populations analysed in this 

study has not brought to light substantial morphological differences between the individuals 

of Tigriopus fulvus s.l. (Figures 6-8). The presence of the morphological features considered 

typical of the two subspecies in Madeira specimens, i.e. the topotypical T. fulvus s.s., casts 

some doubt on the taxonomical relevance of the morphological characters used to allegedly 

characterize the subspecies T. fulvus algiricus and T. fulvus adriaticus.  
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Figure 6. Female. P5 Tigriopus fulvus adriaticus (A) P5 T. fulvus s.s. (B), P5 T. fulvus algiricus (C), and P5 T. 

brevicornis (D).  
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Figure 7. Male. P5 Tigriopus fulvus adriaticus (A) P5 T. fulvus s.s. (B), P5 T. fulvus algiricus (C), and P5 T. 

brevicornis (D).  
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Figure 8. Male. Endopodite P2 Tigriopus fulvus adriaticus (A) Endopodite P2 T. fulvus s.s. (B), Endopodite P2 

T. fulvus algiricus (C), and Endopodite P2 T. brevicornis (D).  
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3.2 Phylogenetic analysis 

After having trimmed out the tails of the sequences, properly aligned fragments of 552 

and 415 bp-long of the mitochondrial COI and 12S genes, respectively, were obtained, and an 

aligned fragment of 724 bp-long of the 28S nuclear gene. The BI and ML trees based on the 

mitochondrial COI fragment and rooted on T. brevicornis showed a congruent topology, with 

a sister–taxa relationship between the Algerian samples from the T. fulvus algiricus type 

locality and the rest of the T. fulvus s.l. specimens, whereas the alleged T. f. adriaticus sample 

nested well within the ingroup (Figure 9). Well-supported Moroccan, Madeiran and 

Mediterranean T. fulvus clades stemmed from a basal polytomy. The Mediterranean clade 

showed noteworthy internal molecular structuring, with intra-clade pairwise uncorrected “p” 

distances ranging from 0% to 19%, i.e. the same exceptionally high diversity observed in the 

same marker of T. brevicornis, T. californicus (Edmands, 2001; Handschumacher et al., 2010). 

Interestingly, the occurrence of private monophyletic haplogroups was observed in different 

Mediterranean sub-basins (Figure 10), and no haplotypes were shared among different rock 

pools even within sub-basins. 
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Figure 9. Bayesian phylogram (95% majority rule consensus tree) for Tigriopus spp. based on the 552 bp 

fragment of the mtDNA COI. Samples of Tigriopus brevicornis were used as outgroup to root the tree. Node 

statistical support is reported as nodal posterior probabilities (Bayesian Inference of phylogeny, BI)/bootstrap 

values (Maximum Likelihood, ML). Asterisks indicate a bootstrap support value lower than 50. Rectangles refer 

to MOTUs as indicated by the K/Θ ratio (white rectangle), ABGD (grey rectangles), and bPTP (black rectangles). 

Square brackets group the samples according to the current taxonomy of the genus. Codes of the analysed 

specimens are listed in Table 1. 
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Figure 10. Minimum-spanning haplotype network based on a 552-bp long fragment of the mtDNA COI of 

Tigriopus fulvus. Substitution steps are shown in brackets. Each circle represents a haplotype and its size is 

proportional to the number of samples where found. Codes of the analysed specimens are listed in Table 1. 

The 12S phylogenetic tree obtained from the BI and ML analyses were rooted on 

Tigriopus californicus (Figure 11). Here, after the cladogenetic event that separates specimens 

of T. brevicornis from T. fulvus, it is possible to observe a scenario similar to that observed in 

the tree based on the COI gene, with the main difference that specimens of T. fulvus algiricus 

do not constitute the most divergent clade within T. fulvus s.l. Also in this case, it is possible 

to observe a strong genetic structuring, with pairwise uncorrected “p” interclade distance 

values ranging from 0 to 22%.  

Similarly to the COI, the 12S haplotype network shows mostly private haplotypes for 

each rock-pool with the exception of three shared haplotypes, two of which are from 

specimens that belong to the populations of Milazzo, Plemmirio and Cornino (Italy) and one 

haplogroup is from individuals that belong to population of Javea and Benitachell (Spain) 

(Figure 12). 
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Figure 11. Bayesian phylogram (95% majority rule consensus tree) for Tigriopus spp. based on the 415 bp 

fragment of the mtDNA 12S. A sample of Tigriopus californicus was used as outgroup to root the tree. Node 
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statistical support is reported as nodal posterior probabilities (Bayesian Inference of phylogeny, BI)/bootstrap 

values (Maximum Likelihood, ML). Asterisks indicate a bootstrap support value lower than 50. Rectangles refer 

to MOTUs as indicated by the K/Θ ratio (white rectangle), ABGD (grey rectangles), and bPTP (black rectangles). 

Square brackets group the samples according to the current taxonomy of the genus. Codes of the analysed 

specimens are listed in Table 1. 

 

 

Figure 12. Minimum-spanning haplotype network based on a 415-bp long fragment of the mtDNA 12S of 

Tigriopus fulvus. Substitution steps are shown in brackets. Each circle represents a haplotype and its size is 

proportional to the number of samples where found. Codes of the analysed specimens are listed in Table 1. 

The phylogenetic tree based on BI/ML analyses concerning the 28S nuclear gene was 

rooted on Tigriopus californicus (Figure 13). Here, we find a clear separation between the 

clade that include specimens of T. brevicornis and the one of T. fulvus. It is interesting to note 

that the specimen from Galicia, referred to as T. cf. fulvus by Reumont et al. (2009) (GenBank 

A.N. EU370444), it is included into the clade of our T. brevicornis samples, whose individuals 

also come from Galicia. In the light of this, the identification made by Reumont et al. (2009) 
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seems to be wrong and their sequenced specimen should be ascribed to the species T. 

brevicornis. As for the two subspecies of T. fulvus, these are nested within the ingroup. 

 

Figure 13. Bayesian phylogram (95% majority rule consensus tree) for Tigriopus spp. based on the 724 bp 

fragment of the nuDNA 28S. A sample of Tigriopus californicus was used as outgroup to root the tree. Node 

statistical support is reported as nodal posterior probabilities (Bayesian Inference of phylogeny, BI)/bootstrap 

values (Maximum Likelihood, ML). Asterisks indicate a bootstrap support value lower than 50. Square brackets 
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group the samples according to the current taxonomy of the genus. Codes of the analysed specimens are listed in 

Table 1. 

The haplotype network for the 28S nuclear marker (Figure 14) shows relationships 

phylogenetic among taxa similar to those shown with the BI/ML trees, with a maximum 

number of 14 evolutionary steps within the ingroup, which are needed to separate the Algerian 

population from the Moroccan one. There are only four shared haplotypes among the 

populations.  
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Figure 14. Minimum-spanning haplotype network based on a 724-bp long fragment of the nuDNA 28S of 

Tigriopus fulvus. Substitution steps are shown in brackets. Each circle represents a haplotype and its size is 

proportional to the number of samples where found. Codes of the analysed specimens are listed in Table 1  
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3.3 Results of molecular taxonomy approaches 

The analyses of the ABGD, related to the COI fragment, reports the existence of 16 

groups of specific rank within the ingroup, with values of “p” (prior maximal divergence of 

intraspecific diversity values) ranging from 0.0129 to 0.0359 (Figures 15). Conversely, the 

ABGD results based on the mtDNA 12S fragment, suggests the existence of 23 groups of 

specific rank within the ingroup, with a value of “p” of 0.0139 (Figure 16).  

The bayesian Poisson Tree Process (bPTP) analysis for the COI dataset, return as a 

result the existence of 21 groups of specific rank (Figure 17) within of the ingroup, of which 

11 are shared with those indicated by the ABGD. Instead, the bPTP analyses related to the 12S 

gene, report also the existence of 23 groups of specific rank (Figure 18) within the ingroup, in 

fully agreement with those indicated by the ABGD from the same mtDNA dataset. 

Interestingly, in both mitochondrial analyses, the Madeira specimens are placed in two/three 

distinct groups of presumed specific rank.  

The K/Θ ratio reported for both the mtDNA datasets values lower than “4” in the 

intergroup relations, thus suggesting the existence of only one species (Table 4 and 5). 
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Figure 15. Results of the ABGD analysis using distances based on the K2p model, and the mtDNA COI fragment. 

(a) Hypothetical distribution of pairwise differences; (b) ranked pairwise differences; (c) automatic partition of 

the dataset. The number of groups inside the partitions (initial and recursive) are reported as a function of the 

prior limit between intra- and interspecies divergence.  
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Figure 16. Results of the ABGD analysis using distances based on the K2p model, and the mtDNA 12S fragment. 

(a) Hypothetical distribution of pairwise differences; (b) ranked pairwise differences; (c) automatic partition of 

the dataset. The number of groups inside the partitions (initial and recursive) are reported as a function of the 

prior limit between intra- and interspecies divergence.  
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Figure 17. Putative species singled out by the bPTP model based on the mtDNA COI fragment. Codes of the 

analysed specimens are listed in Table 1. 
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Figure 18. Putative species singled out by the bPTP model based on the mtDNA 12S fragment. Codes of the 

analysed specimens are listed in Table 1. 
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Table 4: Application of the ‘‘K/ϴ ratio’’ to Tigriopus fulvus s.l. mitochondrial COI fragment. n: number of 

individuals; p-dist: uncorrected p-distance; π: Nucleotide diversity; ϴ: intra-clade variation; K: inter-clades 

distances; Tfulvcm: T. fulvus from the central Mediterranean area; Tfadr: T. f. adriaticus; Tfalg: T. f. algiricus; 

Tfulvss: T. fulvus s.s. from Madeira; Tfulvsl: T. fulvus s.l.; *, p-dist corrected using 1/L, where “L” is the length 

of the fragment (cf. Birky, 2013).  

Group n p-dist π 4\3π ϴ K K\ϴ ratio Sample 

Tfulvcm 19 0.112 0.118 0.157 0.140 0.188 0.868 

TF1; TF2; TF3; TF6; TF7; TF8; TF9; 

TF10; TF11; TF12; TF13; TF14; TF15; 

TF16; TF17; TF26; TF27; TF38; TF39 

Tfadr 3 0.112 0.168 0.224 0.216 0.188 0.868 TF37; TF54; TF83 

Tfulvsp1 22 0.062 0.064 0.086 0.071 0.212 2.981 Tfulvcm + Tfadr 

Tfulvsp2 2 0.002 0.005 0.006 0.005 0.212 2.981 TF42; TF43 

Tfulvsp3 24 0.143 0.149 0.198 0.186 0.228 1.053 Tfulvsp1 + Tfulvsp2 

Tfulvsp4 6 0.14 0.168 0.224 0.216 0.228 1.053 TF46; TF48; TF49; TF50; TF52; TF78 

Tfulvsp5 30 0.033 0.034 0.045 0.035 0.225 0.357 Tfulvsp3 + Tfulvsp4 

Tfulvsp6 2 0.171 0.342 0.456 0.628 0.220 2.545 TF85; TF87 

Tfulvss 5 0.062 0.077 0.103 0.086 0.221 0.351 TF58; TF59; TF60; TF67; TF72 

Tfulvsl 37 0.187 0.192 0.256 0.258 0.207 0.801 Tfulvsp5 + Tfulvsp6 + Tfulvss 

*Tfalg 2 0.001 0.002 0.003 0.002 0.207 0.801 TF44; TF45 

 

Table 5: Application of the ‘‘K/ϴ ratio’’ to Tigriopus fulvus s.l. mitochondrial 12S fragment. n: number of 

individuals; p-dist: uncorrected p-distance; π: Nucleotide diversity; ϴ: intra-clade variation; K: inter-clades 

distances; Tfulvcm: T. fulvus from the central Mediterranean area; Tfadr: T. f. adriaticus; Tfalg: T. f. algiricus; 

Tfulvss: T. fulvus s.s. from Madeira; Tfulvsl: T. fulvus s.l.; *, p-dist corrected using 1/L, where “L” is the length 

of the fragment (cf. Birky, 2013).  

Group n p-dist π 4\3π ϴ K K\ϴ ratio Sample 

Tfulvcm 25 0.071 0.074 0.098 0.082 0.101 1.230 

TF1; TF2; TF4; TF6; TF7; TF8; TF9; 

TF11; TF12; TF13; TF14; TF15; TF16; 

TF17; TF19; TF23; TF24; TF26; TF27; 

TF38; TF39; TF97; TF98; TF105; 

TF104 

Tfadr 11 0.112 0.168 0.224 0.686 0.199 2.431 
TF32; TF37; TF53; TF54; TF65; TF83; 

TF84; TF89; TF90; TF91; TF101 

Tfulvsp1 6 0.057 0.069 0.092 0.076 0.189 2.482 
TF109; TF110; TF111; TF112; TF113; 

TF114 

Tfulvsp2 42 0.121 0.124 0.165 0.148 0.217 1.463 Tfulvcm + Tfadr + Tfulvsp1 

Tfulvsp3 5 0.023 0.029 0.039 0.030 0.217 1.463 TF28; TF29; TF30; TF34; TF43 

Tfulvsp4 47 0.144 0.147 0.196 0.183 0.290 1.585 Tfulvsp2 + Tfulvsp3 

Tfulvsp5 14 0.127 0.137 0.183 0.168 0.290 1.585 

TF49; TF46; TF50; TF51; TF52; TF76; 

TF77; TF78; TF92; TF93; TF94; TF95; 

TF99; TF102 

Tfulvsp6 4 0.006 0.008 0.010 0.008 0.305 1.665 TF85; TF86; TF87; TF88 

*Tfalg 2 0.002 0.004 0.006 0.004 0.159 19.402 TF44; TF45 

Tfulvss 7 0.025 0.029 0.038 0.030 0.251 8.341 
TF58; TF59; TF60; TF61; TF67; TF72; 

TF73 

Tfulvsl1 47 0.140 0.143 0.190 0.176 0.293 0.943 Tfulvsp4 

Tfulvusl2 27 0.212 0.220 0.293 0.311 0.293 0.943 Tfulvsp5 + Tfulvsp6 + Tfalg + Tfulvss 
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3.4 Morphology-based phylogeny of the genus Tigriopus 

The tree resulting from the analysis of the matrix of morphological characters of the 

species of the genus Tigriopus is shown in Figure 19. T. fulvus and T. brevicornis are sister 

taxa and constitute the sister group of the clade formed by T. kerguelenensis and T. 

crozettensis. The presumed T. fulvus subspecies are in fact morphologically indistinguishable 

from T. fulvus, and therefore were not included in the analyses. T. californicus and T. 

angulatus appear as sister taxa and their clade are included within a monophyletic group which 

also includes T. japonicus, T. thailandensis and T. sirindhornae. In addition, T. brachydactylus 

and T. minutus (both from East Africa) are grouped together as sister taxa. T. raki and T. 

incertus (Figure 1) are grouped together, but in this case, the lack of sound information about 

T. incertus could be determinant.  
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Figure 19. Morphological-based phylogenetic tree of the species of the genus Tigriopus based on an NJ 

analysis.   
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4. DISCUSSION 

4.1 Molecular diversity pattern 

The phylogenetic analysis of the studied Atlantic–Mediterranean Tigriopus fulvus 

populations revealed noteworthy geographic structuring of the genetic diversity among the 

samples based on both the mitochondrial COI and 12S markers, and the nuclear one, 28S. 

Within Tigriopus fulvus s.l. a longitudinal pattern of molecular diversity is sketched, with the 

Atlantic and the Westernmost Mediterranean populations being well characterized versus the 

Central and Eastern Mediterranean clades. It is likely that an increased sampling effort might 

lead to a sharper longitudinal clinal distribution of the molecular diversity. As for the two 

subspecies of T. fulvus, the Algerian population (T. fulvus algiricus) appears to be most 

divergent within the clade of T. fulvus s.l.. In particular, in the BI/ML trees based on the 

mtDNA COI gene, the two Algerian specimens from Tipasa are the first to separate within T. 

fulvus s.l., forming a monophyletic clade together with it. It is likely that this divergence is 

partly due to the under-sampling of the North African area. A more extensive sampling of the 

area could show a more gradual diversity pattern, with a clinical distribution of the mtDNA 

genetic diversity. However, if we look at the BI/ML trees of the 12S mitochondrial gene, we 

will note that the Algerian population of the alleged T. fulvus algiricus falls within the clade 

containing individuals of the two Atlantic Moroccan populations (Sidi Ifni and Cape Tamry) 

and of the individuals belonging to the populations of Madeira, including the topotypical 

specimens of T. fulvus s.s.. Regarding individuals coming from Rovinj, the topotypical site of 

T. fulvus adriaticus, both mitochondrial genes are nested inside the clade of T. fulvus s.l., 

forming a monophyletic clade with the specimens of the Adriatic sub-basin.  

The pairwise uncorrected "p" distance values of the COI (0-19%) and the 12S gene (0-

22%) of T. fulvus s.l. are much higher than those usually observed within crustaceans species 

(da Silva et al., 2011) but similar to those obtained within the species Tigriopus brevicornis 

(Handschumacher et al., 2010), T. japonicus (Ki et al., 2009) and T. californicus (Edmands, 
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2001), whose divergence values reach up to 23%, indicating a strong genetic structuring. 

According to Handschumacher et al. (2010), the extensive inter-population divergence 

observed in T. brevicornis could be ascribed to the “paradox of Rockall”. This paradox states 

that species with limited dispersal and scarce inter-population gene flow are, counter-

intuitively, very effective in colonizing remote areas after fortuitous long-range passive 

dispersal events (Johannesson, 1988), thus resulting in the establishment of isolated but 

widespread populations.  

In addition, in T. californicus and T. brevicornis it was observed that among the 

southern populations there is a greater genetic diversity than among the northern populations 

(Edmands, 2001; Handschumacher et al., 2010). This phenomenon is also observed for other 

invertebrates that live in rock pools, such as the gastropods Nucella emarginata and Nucella 

ostrina (Marko, 1998), the beetles of the hydraenid genus Calobius and the mosquitos of the 

genus Aedes (Audisio et al., 2010; Mastrantonio et al., 2015). A possible explanation for this 

type of pattern lies in the paradigm of the "Southern richness vs Northern purity" (Hewitt, 

2004; Marrone et al., 2010), according to which, during glaciations, the ice sheets pushed 

southwards inducing the northernmost populations to migrate towards the south or to take 

refuge in local refuge-areas, with a consequent bottleneck effect that caused the partial loss of 

the initial diversity. At the end of the glaciations, the surviving populations in the refuge areas 

were able to re-colonize the area previously affected by the glacial phenomena, with the 

consequential loss of genetic diversity through founder-effect. On the contrary, southern 

populations, which have not undergone the effects of glaciations, retain their original genetic 

variability. However, the lower molecular diversity of the northern populations could also be 

the consequence of other phenomena, not necessarily mutually exclusive. For instance, the 

frequent bottlenecks and founder effect that occur in rock-pools or the presence of possibly 

higher mutation rates present in southern populations (due to greater exposure to UV radiation) 

could represent alternative explanations to the phenomenon (Edmands, 2001). Using as 
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species model the gastropod Melarhaphe neritoides (Linnaeus, 1758) (Gastropoda: 

Littorinidae), Fourdrilis & Backeljau (2019) gave a different interpretation of the unexpectedly 

high genetic diversity that was observed at least in 43% of animal species and especially in 

marine rock-dweller. This high genetic diversity observed in the mtDNA is ascribed to a very 

high mutation rate that may conceal the signal of gene flow. This phenomenon is called 

“hyperdiversity”, and could explain the observed population genetic differentiation patterns. 

Considering our datasets, we think that a hyperdiversity phenomenon might be in place, but 

in the absence of proper data, it is currently not possible to corroborate it. However, the strong 

geographical organization of the genetic diversity of the Tigriopus populations in the Atlantic-

Mediterranean area is at least in agreement with the paradigm of "non-cosmopolitanism" and 

with the hypothesis of "Monopolization" of aquatic invertebrates (De Meester et al., 2002; 

Incagnone et al., 2015; Desiderato et al., 2019; Hupalo et al., 2019), according to which, in a 

water body not yet inhabited, the first arriving colonists monopolize the resources, preventing 

or hindering the settlement of successive colonizers. The pattern of diversity observed 

therefore reflects the historical factors of colonization. Despite all, the present case study 

slightly differs from this pattern since Tigriopus populations are known to be frequently wiped 

out by physical events (e.g., exceptional droughts, storms, or rainfalls), leading to recurrent 

local extinctions and recolonizations. Accordingly, those Tigriopus haplotypes that colonize a 

Tigriopus-free rock-pool rapidly monopolize it preventing the establishment of other 

haplotypes, but this monopolization only lasts a relatively short amount of time, i.e., until a 

new event wipes this population out. Thus, unlike in the monopolization hypothesis, a long-

lasting founder effect is not achieved, but rather just a temporary occurrence of monopolizing 

haplotypes can be observed. Such a pattern could be defined as a “clockwork monopolization”, 

related to the great instability of the rock-pool habitats and to the inability of their inhabitants 

to produce long-lasting resting stages (Vecchioni et al., 2019).  
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4.2 Taxonomical remarks and conclusions 

Based on the morphological comparison of the specimens coming from the topotypical 

populations of the two other T. fulvus subspecies with those from Madeira, the terra typica of 

T. fulvus s.s., no substantial morphological differences emerge. The individuals of the 

population of Madeira, as well as those from the sampled Tigriopus fulvus s.l. Atlantic-

Mediterranean sites, share the characters that would define morphologically T. fulvus 

adriaticus and T. fulvus algiricus. This is due to the fact that these two subspecies were 

erroneously characterized using as comparative material specimens of T. brevicornis instead 

of T. fulvus (Božić, 1960; Carli & Fiori, 1977). In fact, the morphological features considered 

diagnostic of these two taxa fall within the morphological variability of T. fulvus s.s. from its 

terra typica.  

The ABGD and bPTP DNA taxonomy approaches, based on the mitochondrial COI 

and 12S genes, suggested the presence of an unexpectedly high number of taxa of species rank 

within the ingroup. Conversely, the K/Θ ratio based on both mtDNA genes, suggests the 

existence of only one, albeit highly variable, species.  

The different approaches of molecular taxonomy taken individually are not, however, 

sufficient to establish the rank to be attributed to the various lineages, but they are only a 

“PSH” (Primary Species Hypothesis) to take into account. Therefore, it is preferable to use a 

combination of different, independent approaches and search for a consensus of results 

(Fontaneto et al., 2015). In the absence of a consensus among the different molecular 

taxonomy approaches used in the present work, within and among mtDNA datasets, it was 

chosen to follow the more conservative approach, namely the K/Θ ratio (Birky & Barraclough, 

2009; Bode et al., 2010), whose accuracy, moreover, should not be significantly affected by 

the sample size (Birky, 2013). However, it should be pointed out that the implementation of 

inter-lineages crossbreeding experiments as carried out on other Tigriopus species (Edmands, 
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1999; Handschumacher et al., 2010) is desirable since it would provide additional data on the 

actual conspecificity of the investigated T. fulvus s.l. populations.  

 However, considering the absence of significant morphological differences among the 

alleged Tigriopus fulvus subspecies, and in the light of the outcomes of both phylogenetic 

analyses and DNA taxonomy approaches, the subspecies T. fulvus adriaticus Van Douwe, 

1913 and T. fulvus algiricus Monard, 1935 should currently not be considered valid taxa and 

therefore should be considered junior synonyms of T. fulvus s.s.. 

Tigriopus fulvus species shows a high genetic structuring based on both mitochondrial 

and nuclear markers, as already noticed for other Tigriopus species (Edmands, 2001; 

Handschumacher et al., 2010; Ki et al., 2009). This can be tentatively ascribed to a 

combination of high mutation rates on mtDNA (Burton, 1998; Willet, 2012) and a strong 

monopolization of the sites by the first occupants. Since the colonization-extinction dynamics 

typical of rock-pools should not allow a long-term monopolization of the same site, we 

proposed the term “clockwork monopolization” to describe such a pattern of short-term 

monopolization due to recurrent local extinctions and recolonizations.  

4.3 Taxonomical account and list of synonyms 

Systematics 

Family: Harpacticidae Dana, 1846 

Genus: Tigriopus Norman, 1869 

Type species: Tigriopus fulvus (Fischer, 1860) 

Tigriopus fulvus (Fischer, 1860) 

Type locality: Madeira (Portugal, Atlantic Ocean)  

Synonyms 

Harpacticus fulvus Fischer, 1860 

Tigriopus lilljeborgii Norman, 1869 

Tigriopus fulvus var. adriatica Douwe, 1913 

Tigriopus fulvus var. algirica Monard, 1936  
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6. APPENDIX  

6.1 PhD Research Production  

In the frame of this work, the research led to the production of: 

1) one paper published in an ISI-indexed journal (doi: 

https://doi.org/10.7773/cm.v45i2.2946) 

2) a talk presented in the 79° congress of the “Unione Zoologica Italiana”.  

3) a second manuscript that is currently in preparation that will include both the 

morphological and molecular parts.  
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CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

3
8

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGTGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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fu
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u
s GGGCAGAGCCCAGCACCGAACCACTGGCGGCACCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGGGCTGTCCCTGTGCGTGGT

TCTTGATCAGCAATGACTTGGCCGCGTGCTTGGGGCCCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGTGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--

TCACTGGGACGGCTCCCCTCTCTGTCGTGAGTATGTCTGCGGCGTCTCCGACCCGTCTTGAAACACGGACCACGGAGTCTAACATGTGTGCGAGT-CATTGGGTTGTCTAAACCTAAAGGCGCACTGAGAGCACA 

T
F

1
4

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

2
3

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGTGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

2
8

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

CGTTCCTGTGCGTGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CTTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTTGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTACAATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

4
3

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAACACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTTCCTGTGCGTGGTTCTCGATCAACAATGACTTGGCCGCGTGCTCGGGGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CTTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTTGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

4
6

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTCCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

CGTTCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGTGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

8
3

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGTGGTGCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCCCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGTAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

7
 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGTGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

4
9

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGCGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGAG--

TGTCCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGAGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

5
2

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGCGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGAG--

TGTCCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGAGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

5
4

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGTGGTGCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCCCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATCGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACAACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGAG--

TGTTCCTGTACGTGGTTCTTGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CTTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCTACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCAAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

6
7

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAACACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGGCCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGAG--

TGTTCCTGTGCGTGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

8
5

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCACTGGCGGCACCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTTCCTGTGCGTGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGGGCCCCCGTTGGCTGCTCTTCTCCCG-

TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCTCTGGGTGAAGTTTTCGGACGTCCTCGGACGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--

TCACTGGCACGGCCCCCCTATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

8
7

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCACTGGCGGCACCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTTCCTGTGCGTGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGGGCCCCCGTTGGCTGCTCTTCTCCCG-

TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCTCTGGGTGAAGTTTTCGGACGTCCTCGGACGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCTCTTCACTGGCACGGCCCCCCTATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTC

TTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

9
2

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAACACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTCCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

CGTCCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTCGGGGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

9
7

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGTGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGTGGTCCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
0
5

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGTGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F
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T
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fu

lv
u
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGTGTGCTTGGTGCGCCCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

8
4

 

T
. 
fu

lv
u
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGTGGTGCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCCCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCGCTCGTGCTGGACCGAGCCCTTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGTAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
0
9

 

T
. 
fu

lv
u
s 

GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
1
0

 

T
. 
fu

lv
u
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCAACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
1
2

 

T
. 
fu

lv
u
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGCGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCAACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
1
3

 

T
. 
fu

lv
u
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGTGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
1
4

 

T
. 
fu

lv
u
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GGGCAGAGCCCAGCACCGAACCGCTGGCGGCACCGTCACGCGGCATGTGGTGTTCGGGAGAGTCTTCTCTCGTGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCCGTCCGTGCGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGC

TCAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTCGCGGG--

TGTGCCTGTGCGAGGTTCTCGATCAGCAATGACTTGGCCGCGTGCTTGGTGCGCTCGTTGGCTGCTCTTCTCCCG-TCCTTCACACGACGAACCACTCGTGCTGGACCGAGCCCCTGGGTGAAGTTTTCGGACG-CCTCGG-

CGGACTGGGAGCCCCGGGTGGCTGGCTTCGGCGCGGGCGGGTAGTTAAGGGAGCTCGTATAGCGAGTGTCT--TCACTGGCACGGCCCCCATCTCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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s GGGCAGAGCCCAGCACCGAACCACTGGCGGCTCCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCATGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCTGTCCGTGTGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCATGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAATAGTACGTGAAACTGTGGAGTGGTAAACGGAGACGACCTCGAAGTCTGGGTGGGAGGTTCAGGCTTGCGGC--

GGTCCCTGTGCTCGGTTCTTGATCAGCAATGACTTGGCCGGGTATTGTGGGCCTCTGTTGGCTGCTCTTCTCCTG-CCCTTCACACGACGAACCACTCGTGCTGGACCGTGCCGCTGGGTGAAGTTTTCGACCG-CTTCGG--

CGGTTGGCAGCCCCGGCTGGTTGGCTTCGGCGCGGGCGGGTAGTTAAGGGGGCTCGTATAGCGAGTGTCT---

CACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGWCCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGTTCATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 
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GGGCAGAGCCCAGCACCGAACCCCTGGCAGTTCTGTCACGTGGCATGTGGTGTTTGGGAGAGTCTTCTCGCGAAGGAATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTACGGCGGTCGTTCTTTCGCGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCACGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGCAAACGGAGACGACCTCGAAGTCGGAGTGGGAGGTTCAGGTCTGAGCG--

TGGCCGTCATCGGGGTTCTTGATCAGCAATGACTTGGCCTTGGTGTCTGGTTACGTTTTGGCTGCTCTTCTCTCGCTCTTTCACACGACGAACCACTCGTGCTGGACCGAGACCTCGGGTGAAGTTGGTGGCGAGTTTCGA-

CTTGCTGCCAGCCCCGGGTGTTTGGCTTCGGCGCGGGCGGGTAGTTAAGGAGGCTCGTATAGCGAGTGTCT--TTGCTGACACGGCCTTCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CAATGGGTTGTCTAAACCCATAGGCAGAGTGAAAGCAAA 
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GGGCAGAGCCCAGCACCGAACCACTGGCGGCTCCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCATGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCTGTCCGTGTGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCATGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGTAAACGGAGACGACCTCGAAGTCTGGGTGGGAGGTTCAGGCTTGCGGC--

GGTCCCTGTGCTCGGTTCTTGATCAGCAATGACTTGGCCGGGTATTGTGGGCCTCTGTTGGCTGCTCTTCTCCTG-CCCTTCACACGACGAACCACTCGTGCTGGACCGTGCCGCTGGGTGAAGTTTTCGACCG-CTTCGG--

CGGTTGGCAGCCCTGGCTGGTTGGCTTCGGCGCGGGCGGGTAGTTAAGGGGGCTCGTATAGCGAGTGTCT---CACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F
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is

 

GGGCAGAGCCCAGCACCGAACCACTGGCGGCTCCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCATGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCTGTCCGTGTGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCATGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGTAAACGGAGACGACCTCGAAGTCTGGGTGGGAGGTTCAGGCTTGCGGC--

GGTCCCTGTGCTCGGTTCTTGATCAGCAATGACTTGGCCGGGTATTGTGGGCCTCTGTTGGCTGCTCTTCTCCTG-CCCTTCACACGACGAACCACTCGTGCTGGACCGTGCCGCTGGGTGAAGTTTTCGACCG-CTTCGG--

CGGTTGGCAGCCCCGGCTGGTTGGCTTCGGCGCGGGCGGGTAGTTAAGGGGGCTCGTATAGCGAGTGTCT---CACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
0
8

 

T
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re

vi
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is

 

GGGCAGAGCCCAGCACCGAACCACTGGCGGCTCCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCATGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCTGTCCGTGTGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCATGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGTAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTTGCGGC--

GGTCCCTGTGCTCGGTTCTTGATCAGCAATGACTTGGCCGGGTATTGTGGGCCTCTGTTGGCTGCTCTTCTCCTG-CCCTTCACACGACGAACCACTCGTGCTGGACCGTGCCGCTGGGTGAAGTTTTCGACCG-CTTCGG--

CGGTTGGCAGCCCCGGCTGGTTGGCTTCGGCGCGGGCGGGTAGTTAAGGGGGCTCGTATAGCGAGTGTCT---CACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCAACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCAGTGAAAGCAAA 

T
F

1
0
7

 

T
. 
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re

vi
co
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is

 

GGGCAGAGCCCAGCACCGAACCACTGGCGGCTCCGTCACGTGGCATGTGGTGTTCGGGAGAGTCTTCTCTCATGCGGATGGCCAGTCCAAGTCCACCTTGACTGGGGCCACGGCCCATAGAGGGTGATAGGCCCGTAAGGCGGCTGTCCGTGTGAGCTGACTTTTCCCTAGAGTCGAGTTGCTTGGGAGTGCAGCT

CAAAGTGCGTGGTAAACTCCATGTAAGGCTAAATATGACCCCGAGACCGATAGCAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACTGTGGAGTGGTAAACGGAGACGACCTCGAAGTCTGGGCGGGAGGTTCAGGCTTGCGGC--

GGTCCCTGTGCTCGGTTCTTGATCAGCAATGACTTGGCCGGGTATTGTGGGCCTCTGTTGGCTGCTCTTCTCCTG-CCCTTCACACGACGAACCACTCGTGCTGGACCGTGCCGCTGGGTGAAGTTTTCGACCG-CTTCGG--

CGGTTGGCAGCCCCGGCTGGTTGGCTTCGGCGCGGGCGGGTAGTTAAGGGGGCTCGTATAGCGAGTGTCT---CACTGGCACGGCCCCCATATCTGTCGTGAGTAGGTCGGCGGCGTCTCCAACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGTGTGCGAGT-

CATTGGGTTGTCTAAACCTAAAGGCGCATTGAAAGCAAA 

 


