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ABSTRACT

1. Cryptic speciation in zooplankton is a phenomenon that has been recently gaining much attention.
This is due in part to advances in molecular techniques which help in the identification of
morphologically indistinct species. Organisms that have been traditionally believed to have
cosmopolitan distributions are being found to be composed of cryptic species complexes with high
levels of genetic divergence among lineages.

2. Epiphanes chihuahuaensis is a member in the Epiphanes senta species complex. In a previous study
by Schroder & Walsh (2007), genetic data, along with morphological and reproductive isolation data
were employed to help delineate four species within the complex. A more recent study based on DNA
fingerprinting demonstrated the presence of two distinct lineages of Epiphanes chihuahuaensis
coexisting within a site in the northern Chihuahuan Desert. Using genetic sequence data in combination
with DNA fingerprinting and reproductive isolation, I investigated genetic population structure and
differentiation in populations of Epiphanes chihuahuaensis to better understand the diversity of the E.
senta cryptic species complex.

3. Individuals were collected from two sites in the northern Chihuahuan Desert separated by
approximately 40 km. From these individuals, 47 COI gene (649 bp) and 43 ITS region (673 bp)
sequences were obtained for phylogenetic analyses using Bayesian and Maximum Likelihood
approaches. I also conducted a Bayesian phylogenetic analysis including other isolates from E. senta
species complex obtained through GenBank. In addition, DNA fingerprints for some of these
individuals were generated using 4 Randomly Amplified Polymorphic DNA (RAPD) primers for
Bayesian population structure analysis. Cross-mating experiments were conducted to assess the level of
reproductive isolation in the E. senta species complex.

4. Analyses of COI gene sequences demonstrated a high level of differentiation between populations of

E. senta species complex occurring at the two sites in the northern Chihuahuan Desert. Mean COI



sequence divergence between lineages from each site was 19.5%. Less divergence was seen in ITS
region gene sequences with a mean of 4.3% between the two lineages. Phylogenetic analyses of COI
gene and ITS region sequences produced two distinct monophyletic clusters with high clade support
when using isolates from the northern Chihuahuan Desert only. When other isolates from the E. senta
complex were included in a Bayesian phylogenetic analysis, two main clades were formed. One clade
was formed by individuals from Hueco Tanks State Park and Historic Site, which corresponded to E.
chihuahuaensis. The other clade was composed by the individuals from Rio Bosque Wetlands Park, a
representative of E. hawaiiensis and isolates from the E. senta species complex obtained from GenBank.
Within E. chihuahuaensis low levels of genetic divergence were found with 0-1.6% for the COI. For the
ITS region, percent sequence differences were lower (0-0.4%). COI gene sequences of E.
chihuahuaensis yielded 11 haplotypes and a haplotype diversity of 0.69 while 9 haplotypes and a
haplotype diversity of 0.75 were detected based on ITS region sequences. Two distinct clusters with
high levels of support were identified by Bayesian analysis of RAPD band patterns for individuals from
Rio Bosque Wetlands Park and Hueco Tanks State Park and Historic Site. Cross-mating experiments
between individuals from the two populations resulted in the occasional production of fertilized eggs.
Only in 9% of cross-matings were diapausing eggs successfully produced. Viability of these embryos
was not assessed.

5. The high levels of COI gene sequence divergence between E. senta lineages from this region are
comparable to those of other rotifer species and aquatic zooplankton species. The low levels of genetic
divergence within individuals from HTSPHS do not support the idea of further cryptic speciation in E.
chihuahuaensis. Moreover, no coherent structure was found between the two populations sampled in
this region by Analysis of Molecular Variation, again supporting the distinctness of the lineages studied
here. Finally population structure analysis did not support cryptic speciation in E. chihuahuaensis but it

detected the presence of two distinct lineages. Although reproductive isolation is incomplete among
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these populations of the E. senta species complex, it is presently unknown if the fertilized eggs are
viable. As demonstrated in this study, the level of complexity underlying the diversity of these animals
is just beginning to be understood. While there are some lineages having large scale distributions, other
lineages have only been found in few localities in the region. Understanding the diversity of aquatic
ecosystems is important as different species, even if morphologically undistinguishable as in the case of

cryptic species, likely contribute differently to their habitats.

Keywords: zooplankton, cryptic speciation, species complex.
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INTRODUCTION

Recent advances in molecular systematics have allowed researchers uncover cryptic species in a
wide variety of taxa. In recent years this phenomenon has been of particular importance in aquatic
microinvertebrates. Previously undetected differences in these organisms have been discovered thanks
in part to these advances. Cryptic speciation has been detected in a wide variety of aquatic taxa
including copepods (Chen & Hare, 2011; Thum & Derry 2008; Thum & Harrison, 2009; Goetze, 2010,
2003), ostracods (Schon et al., 2012; Bode et al., 2010), amphipods (Bradford et al., 2010; Witt,
Threloff & Hebert, 2006; Murphy, Adams, & Austin, 2009; Seidel, Lang, & Berg, 2009), cladocerans
(Belyaeba & Taylor, 2009; Forro et al., 2008) and rotifers (Monogonont: Schroder & Walsh, 2010;
Walsh et al., 2009; Gilbert & Walsh, 2005; Suatoni et al., 2006; Mills, Lunt, & Gomez, 2007 Garcia-
Morales & Elias-Gutierrez, 2013; Leasi ef al., 2013; Bdelloid: Fontaneto ef al., 2011; Fontaneto,
Boschetti, & Ricci, 2008b; Fontaneto ef al., 2009;). Historically, many zooplankton species had been
considered cosmopolitan species. In the traditional view of The Baas-Becking or “everything is
everywhere” hypothesis, small organisms, usually smaller than 2mm, are assumed to be globally
distributed (De Wit & Bouvier, 2006). The reasoning behind this idea is that small organisms usually
have high dispersal capabilities and dormant stages or propagules. Another reason that microscopic
organisms are often considered to be cosmopolitan is the lack of easily identifiable morphological
characteristics. This more traditional morphological approach for delimiting a species has been unable
to uncover the presence of cryptic species. In more recent years, the concept of cosmopolitanism in
microscopic organisms has been challenged thanks to phylogenetic studies which have shown that
many of these so called cosmopolitan species are in fact cryptic species complexes.

Cryptic species complexes can show a great extent of genetic differentiation among populations.
A variety of methods including DNA sequencing of mitochondrial and nuclear genes and DNA

fingerprinting such as Amplified Fragment Length Polymorphisms (AFLPs) and Randomly Amplified
1



Polymorphic DNA (RAPD) have been used to aid in the identification of unique lineages and resolution
of genetic relationships in cryptic species. For example cryptic speciation was detected in a genetic
study of pelagic copepods with 12 new genetic lineages delineated within the Eucalanidae family.
Genetic distances of mitochondrially encoded cytochrome ¢ oxidase I (COI) sequences in these lineages
ranged from about 5-24% while nuclear DNA (16S rRNA) sequence divergence ranged from ~2%-23%.
At least four of the 12 lineages in that study were identified as cryptic species (Goetze, 2003). This
phenomenon has also been detected in bdelloid rotifers, which have traditionally been believed to have
cosmopolitan distributions, but recent studies have shown that they have evolved into distinctive clades,
indicating that they are independently evolving entities (Hamdan, 2010; Birky et al., 2005; Fontaneto et
al., 2008a; Fontaneto et al., 2008b, Fontaneto et al., 2011, Birky et al., 2011). The occurrence of cryptic
speciation and high genetic differentiation also takes place in monogonont rotifers. For example in a
phylogenetic study of Brachionus plicatilis, a monogonont rotifer thought to be cosmopolitan, contained
up to 23% sequence divergence and at least twenty-two independently evolving lineages (Suatoni ef al.,
2006; Fontaneto et al., 2009). Similar levels of high sequence divergence were also found in a broader
study of 63 monogonont rotifer taxa with a COI divergence level mean of 21% among cryptic species
sequenced (Garcia-Morales & Elias-Gutierrez, 2013).

Epiphanes senta 1s a rotifer that inhabits mainly freshwater habitats, most of which are
ephemeral. A recent study showed Epiphanes senta as a cryptic species complex with three newly
described species: Epiphanes hawaiiensis, E. ukera, and E. chihuahuaensis (Schroder & Walsh, 2007).
To designate the three species, Schroder & Walsh (2007) used partial COI genetic sequence data.
Diapausing egg and trophi morphology as well as cross-mating experiments were used in conjunction
with DNA sequence data to confirm the existence of the three sibling species. In a more recent study
differences in mating behavior such as mixis cues, egg guarding, and mate choice behavior, confirmed

that the three species are on different evolutionary trajectories (Schroder & Walsh, 2010). DNA



fingerprinting results in the same study identified E. ukera, E. hawaiiensis, and E. chihuahuaensis as
separate entities. DNA fingerprinting also showed two distinct co-occurring lineages of E.
chihuahuaensis.

As noted above, COI gene has been widely used for constructing species level phylogenies and
used in conjunction with other genetic regions such as the nuclear ribosomal internal transcribed spacer
region (ITS) to uncover cryptic species and to aid in species delimitation. COI has been identified as a
better indicator of true diversity in small invertebrates when compared to traditional morphology alone
(Tang et al., 2012). In a broad survey of several microscopic species taxa, Tang et al. (2012)
demonstrated that analysis of COI gene sequences with a variety of species delimitation metrics (e.g.,
K/® method (Birky et al., 2011, 2005), Automatic Barcode Gap Discovery (ABGD) (Puillandre et al.,
2012), Generalized Mixed Yule Coalescent (GMYC) (Pons et al., 2006), Nucleotide Divergence
Threshold (NDT) (Hebert et al., 2003)), show an increase in diversity when compared to traditional
morphological analyses. This increase in uncovered diversity by using the methods mentioned above
provides a better understanding of biodiversity in aquatic microinvertebrates. In the same study, a high
degree of congruence was found among the K/®, GMYC, and NDT species delineation methods when
using COI gene sequences. In this study we make use of the COI gene and ITS region DNA sequences
and apply the K/® method to investigate the phenomenon of cryptic speciation in the monogonont
rotifer Epiphanes chihuahuaensis. In combination with this approach, DNA fingerprinting and
reproductive isolation experiments were conducted to provide a better estimate of the extent of
diversification in the Epiphanes senta complex.

This research focuses on populations occurring at two sites in the northern Chihuahuan Desert.
These sites both contain temporary water bodies — rock pools and periodically flooded wetland ponds.
These aquatic habitats can hold water from rainfall and runoff, and can support a high biodiversity of

Chihuahuan Desert aquatic biota (Wallace et al., 2005). Some of these water bodies are more sheltered



from the sun and wind, and therefore hold water for a longer period of time (up to months). On the other
hand the more exposed and shallow rock pools may hold water for just a few days. These differences in
water retention mean that organisms living in these habitats are likely adapted to highly variable
environments (i.e., wet and dry conditions) by increased rates of sexual reproduction. As a result of
sexual reproduction, a diapausing embryo or resting egg is produced. Because of this there is a selective
pressure for those organisms to produce diapausing stages to survive dry conditions; therefore high rates
of sexual reproduction have been found in ephemeral habitats (Schroder, 2003; Schrdder et al., 2007).

E. chihuahuaensis inhabits some of the temporary ponds at HTSPHS and individuals from different rock
pools have been used in previous studies to test for the possibility of cryptic speciation and genetic
differentiation in the Epiphanes senta species complex (Schroder & Walsh, 2007; Schroder & Walsh,
2010). Here, I specifically address the following questions: 1) What is the extent of cryptic speciation in
E. chihuahuaensis? 2) Are populations of E. chihuahuaensis genetically differentiated in the northern

Chihuahuan Desert? and 3) If so, are they reproductively isolated?



MATERIALS AND METHODS

Study Sites

A. Rio Bosque Wetlands Park

Rio Bosque Wetlands Park (RBWP) is a 1.5 km? park owned by the City of El Paso. Since 1966
the park has been managed by the Center of Environmental Research & Management at the University
of Texas at El Paso (UTEP). The park is located adjacent to the Rio Grande which forms the U.S. and
Mexico border (GPS N31°38'34.8612", W106°18'42.537"). The park has irrigation canals that channel
water on three sides by redirecting its flow into two large wetland cells (Watts et al., 2002). However,
the water does not come from the Rio Grande but rather from Roberto Bustamante Wastewater
Treatment Plant which is located near the park. The purpose of the park is to re-establish the aquatic

habitat types that once characterized the Rio Grande and its floodplain (Watts ef al., 2002).

B. Hueco Tanks State Park and Historic Site

Hueco Tanks State Park and Historic Site (HTSPHS) is a 3.48 km® park located 52 km northeast
of El Paso, El Paso Co, TX (GPS N31°5529.0994", W106°2'32.2794"). The Park is named after the
“huecos” (holes or hollows in Spanish) formed in the rocks and boulders of the mountains in the park.
Huecos and other temporary ponds trap and retain some water during the rainy season, which lasts

typically from late June to October.

Sample Collection, Culture and Preservation

Individuals were collected from two sites in the northern Chihuahuan Desert including two large

wetlands cells at RBWP (Cell 1 and Cell 2), and three small desert rock pools at HTSPHS (North,



South, and Heart) (Figure 1). Most sample collections took place immediately (typically one to three
days) after a rain event. Samples were taken using a 67-pum plankton net. Immediately following
collection, individual rotifers were isolated in 24-well tissue culture plate containing modified MBL
media (Stemberger, 1981) and a mixture of the algae Chlamydomonas reinhardtii (UTEX strain 90) and
Rhodomonas minuta. Individuals were isolated in order to establish clonal lineages. Clonal lineages are
generated in monogonont rotifers by taking advantage of the asexual portion of their partially
parthenogenetic life cycle. Clonal isolates were cultured until sufficient numbers of individuals were
obtained for genetic analyses. Mictic females and males produced in the sexual phase of their life cycle
were used for cross-mating experiments. When insufficient numbers were available from active ponds,
rotifer diapausing eggs were obtained from sediment samples from localities. Sediment (~10 grams) was
placed into a container with MBL media and kept at 13°C in alternating 12 hour light and dark cycle.
Containers were examined for rotifers every day for the first week and every two days thereafter.
Diapausing eggs produced by clonal lineages were also dehydrated and stored in a dark container at 4°C
for a minimum of three weeks for later use when active clonal lineages were lost. These eggs were then
rehydrated in a mixture of MBL and media to restore lost lineages. Rotifers were preserved in 70%
EtOH prior to DNA extraction. The samples were changed from EtOH to TE buffer for 24 to 48 hours

to remove excess EtOH before extraction.

DNA Extraction, Amplification, and Sequencing of COI gene and ITS region

DNA was extracted from rotifers with lysis buffer (as described in Schroder & Walsh, 2010).
Product from lysis was homogenized using a sterile glass pestle and frozen at -80°C. This DNA
template was then used for PCR reactions. A Techne TC-412 thermocycler was used to perform DNA
amplification by PCR. Parameters for PCR were an initial denaturation at 94°C for 15 minutes, 35

cycles at 94°C for 1 minute, 47°C for 1 minute, 72°C for 1 minute, and a final extension at 72°C for 7



minutes. Primers used for (PCR) mitochondrial DNA amplifications were the primer pair LCO (5°-
GGTCAAAAATCATAAAGATAT-3’) and HCO (5’-TAAACTTCAGGGTGACCAAAA-3’) for
mitochondrial cytochrome ¢ oxidase subunit 1 (COI) (Folmer et al., 1994). In addition to the mtDNA
amplifications, ribosomal spacer regions amplifications were conducted with the primer pair ITS4 (5°-
TCCTCCGCTTATTGATATGC-3’) and ITSS (5’-GGAAGTAAAAGTCGTAACAAGG-3’) (White et
al., 1990). Following DNA amplification, electrophoresis in a 1.5% agarose 3:1 gel was carried out to
separate and visualize DNA fragments. DNA was excised from the gel and purified using Gene Clean
I® kits. A NanoDrop 1000 spectrophotometer was utilized for DNA quantification prior to sequencing
(COL ITS) at UTEP’s BBRC DNA Analysis Core Facility. Additionally, three sequences of COI were

obtained from GenBank [GenBank accession numbers: JF714414, JF714413, DQ089728].

Sequence Analyses of COI gene and ITS region

Sequences were manually inspected and trimmed to check for DNA code ambiguity and to
improve sequence quality using Sequence Scanner v1.0 (www.appliedbiosystems.com). Contiguous
DNA assembly was done using CAP3 (Huang & Madan, 1999). Multiple sequence alignment was
performed in Clustal Omega (Goujon ef al., 2010; Sievers et al., 2011) and adjusted manually.

Sequence alignments were evaluated for saturation of nucleotide substitution using Xia’s test
implemented in DAMBE v5.3.4 (Xia et al., 2003; Xia & Lemey 2009). Pairwise genetic distances using
uncorrected “p” values were calculated in PAUP*4.08 by implementing the Neighbor Joining algorithm
(Swofford, 2002). The genetic distances were collapsed by site and put into genetic distance matrices.
These data were combined with geographic distances calculated by Geographic Distance Generator
v1.2.3 and put into geographic and genetic distance matrices. The geographic and genetic distance

matrices were used to perform a Mantel test for correlation of geographic and genetic distances using

Isolation by Distance Web Service v3.23 (Jensen, Bohonak, & Kelley, 2005).



Bayesian analysis was performed in MrBayes v3.2.1 (Ronquist & Huelsenbeck, 2003).
jModelTest v2.1.3 identified TPM2uf+G as the best model using the Akaike information criterion
corrected for small sample sizes (AICc) and NumModels=88 and the GTR+I model using the AICc with
NumModels=24 (Guindon & Gascuel, 2003; Darriba et al., 2012). Since MrBayes v3.2.1 does not
implement the TPM2uf+G, the GTR+I model was selected as the best model for Bayesian inference.
Bayesian analysis was performed with 2 million generations with sample topologies recorded every
1000 generations in two independent runs. 25% of tree topologies were removed from the final analysis
as burn-in and the remaining were used to produce a consensus tree. Maximum likelihood was
conducted in RAXML v7.6.3 (Stamatakis, 2006) through CIPRES Science Gateway web portal

(www.phylo.org). Maximum likelihood analyses were run with 1000 bootstrap replicates using the

GTR+G model since RAXML v7.6.3 does not support the TPM2uf+G model. DnaSP v5.0 was used to
determine the number of haplotypes as well as haplotype diversity from DNA sequence data (Librado &
Rozas, 2009). Analysis of Molecular Variance (AMOVA) to determine variation within and between
populations was completed in Arlequin v3.5.1.3 (Excoffier & Lischer, 2010). The analysis was based
on partitioning populations by sampling location and clusters as determined by Bayesian and maximum

likelihood analyses.

To determine species boundaries the K/® method was implemented (Birky et al., 2005, 2011).
This method uses genetic pairwise sequence data to identify distinct lineages. The pairwise genetic
differences in this method are expected to be greater by a magnitude of 4 among clades as compared to
within clades. The implementation of this method calls for well supported clades previously determined
by phylogenetic analyses as the starting point. Then for each clade ®=n/ (1-4n/3) was calculated, where
n=nucleotide diversity (estimated form mean pairwise differences within each clade with correction for

sample size). K is calculated by the mean pairwise corrected sequence difference between the clades. If


http://www.phylo.org/

the ratio K/@> 4, then there is a 95% probability that the two clades being compared are independently
p y

evolving lineages (Birky et al., 2005, 2011).

DNA Extraction, Amplification, and scoring for RAPD Analyses

DNA for RAPD analyses was obtained using the procedure described in the section above. Four
primers from Operon Technologies were used for RAPD PCR analyses: OP-G5 (5’-CTGAGACGGA-
3%), OP-H6 (5’-ACGCATCGCA-3’), OP-H18 (5’-GAATCGGCCA-3’), and OP-W3 (5°-
GTCCGGAGTG-3’). A master mix was prepared for RAPD amplification reactions. The master mix
contained 0.75 uL Taq polymerase (5 U/uL), 5 uL of 5X PCR buffer, 1.5 pL of 50 mM MgCl,, 2.5 uL
of ANTP mix each of dATP, dCTP, dGTP, and dTTP at 1 mM, and 5 pL of primer at 5 uM. 22 pl of
master mix were added per reaction along with 3 pl of template to a final volume of 25 pl. A Techne
TC-412 thermocycler was used for RAPD PCR with initial denaturation of 5 minutes at 95°C, 45 cycles
of 1 minute at 95°C, 1 minute at 36°C, 2 minutes at 72°C and a final extension of 1 minute at 72°C.
RAPD reactions were performed in duplicate for 75% of total number of reactions to verify the
reproducibility of RAPD bands. Separation of DNA was done by electrophoresis at 100 V for 20
minutes and 70 V for 4 hours in a 2.0% low melting point agarose gel on 1 X TAE buffer. RAPD band
fragment size was determined using a 1Kb plus DNA ladder (Invitrogen) and GenelmagIR 3.56
(Scanalytics, Inc) software. Bands of different sizes were considered different loci and presence and
absence of a band were denoted by a 1 and a 0 respectively and arranged in a data matrix that was used
for genetic analyses.

Bayesian inference of population structure was performed in STRUCTURE v2.3.4 (Pritchard,
Stephens, & Donelly, 2000). Briefly, STRUCTURE assigns sampled individuals to K populations based
on genotype data. Each individual is given a probability of belonging to one or more of K clusters. Run

length for population structure analyses was set to initial 25,000 iterations for the burn-in period and



100,000 MCMC repetitions after that, as suggested by Pritchard et al. (2000). Initially, the ancestry
model was set to admixture using sampling locations as prior conditions because of the small data set as
in Schroder and Walsh 2010. The allele frequencies model was set to frequencies correlated (Falush,
Stephens & Pritchard, 2003). K was tested from K=1 to K=10, corresponding to five more than the
actual number of populations because there is a possibility of having more than one lineage per site.
Each K was run with 20 iterations for stability and for quantification of likelihood variation following
the Evanno method (Evanno, Regnaut, & Goudet, 2005). Results from all the runs were uploaded to
STRUCTURE HARVESTER v0.6.93 (Earl & vonHoldt, 2012) to compute the most probable K.
STRUCTURE HARVESTER helps select the most likely value of K by calculating a AK value. AK is
then determined by taking the absolute value of the 2™ order rate of change of the likelihood distribution
(mean) and dividing it by the standard deviation of the likelihood distribution (Evanno ef al., 2005).
Graphical representation and improved appearance of the results generated by STRUCTURE v2.3.4 was

produced by Distruct v1.1 (Rosenberg, 2004).

Crossbreeding Experiments

Single females were isolated from available clonal lineages and placed in a 24-well tissue culture
plate with 2 ml of medium composed of MBL and a mixture of Chlamydomonas reinhartii plus
Rhodomonas minuta. Culture medium was exchanged every 2 to 3 days to avoid overgrowth of bacteria
and fungi. Individual eggs with fully developed embryos were collected from mictic females from each
clonal lineage. These eggs were then placed in a 96-well tissue culture plate along with males from
another clonal lineage (cross-mating) or from the same lineage (positive control). Two to four males
were used per trial to increase the chances of mating success as occasionally some males would die
before the female hatched from the egg [nb: males typically live only 1-3 days after hatching because

they do not feed (Schroder, 2003)]. 50 ul of culture medium were added to each well after adding the
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mictic female egg and the male rotifers. 200 pl of culture medium were added the following day after
females had hatched and the surviving males were removed. Females were cultured until they deposited
eggs. Diapausing eggs were then dehydrated and put in a dark container at 4°C for a minimum of three
weeks to check for viability at a later time. A Fisher’s exact test implemented in Minitab 16 statistical
software was used to determine significance of cross-mating experiments of two sets. One set was
comprised of between population (HTSPHS and RBWP) crosses and another set of within population

CroSses.
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RESULTS

Genetic divergence based on COI and ITS sequences

A total of 47 isolates from 5 populations from 2 sites were used for phylogenetic reconstruction
based on partial COI gene sequences in E. senta species complex populations from the northern
Chihuahuan Desert. For the nuclear ribosomal ITS region, a total of 42 isolates were used. An
additional Bayesian phylogenetic analysis was included with four E. senta species complex sequences
obtained from GenBank (Table 1). E. brachionus was used as outgroup for Bayesian and maximum
likelihood analyses based on sequences for both genetic markers. A total of 649 base pairs for the COI
gene and 673 base pairs for the ITS region were sequenced. According to Xia’s test for saturation of
nucleotide substitution, the COI sequences are not saturated since index of substitution saturation (Iss)
was significantly smaller than the critical Iss value (Iss.c) (p<0.001; Table 8) and thus are adequate for
phylogenetic analyses. Substantial genetic differences were found for the COI gene, ranging from 18.8-
21.4% between individuals of RBWP and HTSPHS (Table 2). Genetic differences within populations
ranged from 0-3.2% in the COI gene. On the other hand little genetic differentiation (<5%) was found
in the ITS region sequences among RBWP and HTSPHS individuals (Table 3). Genetic differences for
the ITS region ranged from 0-0.4% and 0-0.8% when comparing individuals from the same sampling
location (RBWP and HTSPHS, respectively). When comparing genetic differences among individuals
from different locations, uncorrected p distances for these sequences ranged from 3.8% to 5.0%.

Correlation of genetic to geographic distance was tested by a Mantel test with four different
analyses for each genetic marker (COI and ITS). The first analysis compared genetic distance to
geographic distance and had a very high positive correlation but this relationship was not statistically
significant (Figure 2, 1=0.999, p=0.08 and Figure 3, 1=0.999, p-0.075). Similarly, the other three

analyses showed positive, but not statistically significant, correlations of geographic and genetic
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distances. Only one of the four analyses for each genetic region (COI and ITS) is included here as all of
them had similar results.

An initial Bayesian analysis including only individuals from the northern Chihuahuan Desert for
the COI gene supported monophyly of populations from each locality (RBWP and HTSPHS) with a
high posterior probability (Figure 4). Maximum likelihood results were congruent with Bayesian
analysis and showed similar results also forming two main clades with high support (bootstrap value =
100) (Figure 5). An additional Bayesian phylogenetic analysis including other members of the E. senta
species complex formed two main groups (posterior probability = 1). One group was a monophyletic
cluster composed of individuals of HTSPHS only; representing E. chihuahuaensis (Figure 7). The other
group was composed of the other members of the E. senta species complex with the isolates from
RBWP. This cluster was further divided and had the isolate from Norway (JF714413) splitting from the
rest of the RBWP and E. senta species complex isolates (posterior probability = 1). The other cluster
had a polytomy with three groups formed: a group formed by most of the isolates from RBWP, a group
that included an isolate from RBWP, an isolate from Germany (JF714414) and the other isolate obtained
from GenBank (Garcia-Varela & Nadler 2006) (DQ089728), and a group that included an isolate from
Hawaii with the rest of the RBWP isolates. Using the K/® method for isolates from the northern
Chihuahuan Desert, two independently evolving lineages were confirmed, with a probability higher than
95%.

For 29 E. chihuahuaensis COI sequences, 11 haplotypes were identified by DnaSP with
haplotype diversity of 0.69. E. chihuahuaensis individuals shared haplotypes among individuals from
all three ponds at HTSPHS. Haplotype analysis of the ITS region yielded 9 haplotypes with a haplotype
diversity of 0.75. Haplotypes in the ITS region were also shared among individuals from all three ponds
at HTSPHS. For 47 COI sequences from isolates from the northern Chihuahuan Desert, 21 haplotypes

were identified by DnaSP with haplotype diversity of 0.87 (Table 6). RBWP and HTSPHS individuals

13



shared haplotypes with individuals from the same location but did not share any haplotypes with
individuals from other locations. Similarly, individuals from RBWP and HTSPHS did not share any
haplotypes based on ITS sequences. For this region, 15 haplotypes were detected among 42 DNA
sequences from northern Chihuahuan Desert individuals, with a haplotype diversity of 0.77 (Table 7).
Two groups, one composed of isolates from RBWP and the other composed of isolates from
HTSPHS were used for AMOVA. The groups were formed based on geographic location as well as
Bayesian and maximum likelihood analyses from the five samples (three huecos at HTSPHS and two
wetland cells at RBWP) (Table 12). AMOVA results show that most of the variation in these isolates is
found among groups (¢s = -0.007; 95.7%; p<0.0001). This indicates that most of the variation is found
between the RBWP clade and the HTSPHS clade. Variation within populations accounted for 4.3% of

the variation but this result was not statistically significant (p=0.099).

RAPD Analysis

Analysis of Randomly Amplified Polymorphic DNA fingerprinting yielded 65 polymorphic loci.
Band reproducibility was tested in 75% of the reactions and 92% were reproducible. Bands that were
not reproducible were not included in the analysis. A total of 125 individuals were included in the final
analysis: RBWP Cell 1 (n=27), RBWP Cell 2 (n=34), HTSPHS Heart (n=20), North (n=22), and South
(n=22). Individuals from RBWP had four loci that were exclusive to their group. HTSPHS individuals
did not have any exclusive loci. Population structure analysis showed the most appropriate number for
K is 2 (AK =39.68) (Figure 8). Two discrete clusters were formed, each corresponding to one of the
two main sampling locations (RBWP and HTSPHS) (Figure 9). When K=2, individuals from both
RBWP Cell 1 and Cell 2 had an average 0.98 probability of belonging to RBWP cluster (Figure 9).
Individuals from HTSPHS Heart, North and South had average probabilities of 0.90, 0.98 and 0.93,

respectively, of belonging to HTSPHS cluster (Figure 9).
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DISCUSSION

Although results do not demonstrate further cryptic speciation in E. chihuahuaensis, results
demonstrate the presence of different lineages occurring in a relatively small region of the northern
Chihuahuan Desert. DNA genetic sequence data and DNA fingerprinting analysis showed that isolates
from HTSPHS and RBWP are distinct and are not members of the same species. It is presently
unknown if the diapausing eggs produced by cross-mating experiments are viable or not, as a result
reproductive isolation between the lineages cannot be completely ruled out. The high amount of genetic
sequence variation between the HTSPHS and the RBWP lineages in congruence with the patterns shown
by phylogeny reconstruction and population structure suggest that the distinct lineages found in the
northern Chihuahuan Desert are different species, however this does not correspond to cryptic speciation
in E. chihuahuaensis. Levels of genetic divergence between the two populations found in this region
compares to what has been found recently in other rotifer taxa (Monogonont: Garcia-Morales & Elias-
Gutierrez, 2013; Leasi ef al., 2013, Schroder & Walsh, 2010; Walsh et al., 2009; Mills, Lunt, & Gomez,
2007; Schroder & Walsh, 2007; Gilbert & Walsh, 2005; Suatoni ef al., 2006; Bdelloid: Fontaneto et al.,
2011; Fontaneto ef al., 2008b; Fontaneto et al., 2009) as well as in other aquatic invertebrates (Chen &
Hare, 2011; Goetze, 2010, Schon et al., 2012, Bradford ef al., 2010; Belyaeba & Taylor, 2009; Forro et
al, 2008).

Genetic distances within isolates from HTSPHS indicate that they are member of the same
species corresponding to E. chihuahuaensis and no signs of cryptic speciation were detected within this
species. On the other hand a high degree of genetic divergence was detected between isolates from
HTSPHS and RBWP. Genetic distances among lineages from the two sites are similar to those of other
species based on traditional morphology. High levels of divergence of COI sequences (18.8-21.4%)

between isolate of HTSPHS and RBWP compares to what has been found in cryptic species of
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monogonont rotifers (Garcia-Morales & Elias-Gutierrez, 2013; Leasi ef al., 2013; Fontaneto et al., 2009;
Schroder & Walsh, 2007) and bdelloid rotifers (Fontaneto et al., 2008b, 2011, Hamdan, 2010). COI
sequence divergence from this study, ca. 19-21% between members of the two major clades (HTSPHS
and RBWP), compares to and exceeds that of Schorder & Walsh (2007), where sequence divergence
ranged from ca. 11-14% between Hawaiian, German, and Texan populations. In this study RBWP
isolates were nearly identical to an isolate from Hawaii indicating that those RBWP isolates could be
members of E. hawaiiensis and not E. chihuahuaensis as previously believed. Two isolates obtained
from GenBank (JF714414 and DQ089728) formed a cluster with an isolate from RBWP; this could
indicate that those isolates are also from E. hawaiiensis. It is important to note that the German isolate
obtained from GenBank (JF714414) is different from E. ukera isolates characterized by Schroder and
Walsh (2007). This suggests that the German isolate may not be a member of E. ukera as it forms a
highly supported (0.96 posterior probability) cluster with E. hawaiiensis. The Norwegian isolate
obtained from GenBank (JF714413) formed a group with RBWP and the other isolates obtained from
GenBank, which was very distinct from HTSPHS clade. Within this group, the Norwegian isolate
branches off to its own group, suggesting possible further cryptic speciation in the E. senta species
complex.

Isolates from the Chihuahuan Desert had a genetic divergence range that compares to that of
Testudinella clypeata, which ranges from ca.17-28% (Leasi ef al., 2013) and Brachionus plicatilis,
which ranges from ca. 6-24% (Fontaneto et al., 2009). Mean sequence divergence between the two
main genetic clusters of populations from the northern Chihuahuan Desert (19.5%) also compares with
the mean sequence divergence of other monogonont rotifer taxa such as Platyia quadricornis (~21%),
Lecane lunaris (21%), Brachionus quadridentatus f. brevespinus (18%), and Mytilina ventralis var.
macracantha, (20%) (Garcia-Morales & Elias-Gutierrez, 2013). These results from partial COI gene

sequences divergence also compare to amount of sequence divergence that has been found in some
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bdelloid rotifers (Birky et al., 2011; Hamdan, 2010; Fontaneto et al., 2009). This degree of COI
sequence differentiation is also similar to levels found in other aquatic invertebrate taxa such as the
copepods Skiptodiaptomus (>15%; Thum & Harrison, 2009) and Rhincalanus nasutus (20-24%; Goetze,
2003).

Phylogenetic analyses demonstrate the existence of distinct lineages in the E. senta complex
occurring in close proximity in the northern Chihuahuan Desert. HTSPHS and RBWP lineages formed
two separate monophyletic clades in analyses including only populations from the Chihuahuan Desert.
This was supported by Bayesian and maximum likelihood methods of phylogeny inference. Although
ITS sequence divergence was relatively low, ranging from 3.8-5.0% between populations, it was
consistent with phylogenetic analyses of COI and also formed two separate clades (HTSPHS and
RBWP). Also, mean ITS sequence divergence in this study was similar to that found in Brachionus
calyciflorus populations by Gilbert & Walsh (2005). In their study, they found a mean ITS sequence
divergence of 5.2% between populations from Georgia, Florida, Texas, and Australia whereas in E.
senta isolates from the Chihuahuan Desert, it was slightly smaller with a mean sequence divergence of
4.2% between HTSPHS and RBWP populations. Results from this study are also similar to those found
in Brachionus plicatilis where a maximum sequence divergence within lineages was 0.6% and
maximum between lineages sequence divergence was 3% (Gomez ef al., 2002). Results from Gomez et
al. (2002) compare to the present study since ITS sequence divergence had a maximum of 0.8% within
lineages and a maximum of 5% between lineages. ITS sequence divergences in this study are probably
higher by the addition of the ITS2 region, which is more variable. Analysis of ITS also support the
existence of distinct genetic lineages of the E. senta species complex in this region.

Analyses of geographic and genetic distance using only isolates from the northern Chihuahuan
Desert showed a strong positive correlation but this correlation was not statistically significant (r=0.999,

r2=1.00, p=0.08). This is unlike the findings of Mills ef al. (2007) in which they found that geographic
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distance explained the variance in genetic distance between Brachionus plicatilis populations (r2=0.73,
p<0.01). Hamdan (2010) also found positive correlation between genetic and geographic distance, in
the bdelloid rotifer Philodina megalotrocha, when using log transformed data (r=0.178 p<0.007)
contrasting with our results in which strong correlation was found when using log transformed data,
although it was not statistically significant. The results in this study may not be significant due to the
small sample size. Although these results did not yield a statistically significant correlation between
geographic and genetic distances, they show a pattern in which two discrete clusters are formed. One is
formed by comparing distances within populations and the other by comparing distances between
populations. Again, this provides evidence for the existence of two discrete clusters in E. senta
populations from the northern Chihuahuan Desert.

COI haplotype diversity in E. chihuahuaensis (Hd=0.69) is similar to that found in populations
of the monogonont rotifer Brachionus calyciflorus (Hd=0.614-0.879) (Li et al., 2010). Higher levels of
haplotype diversity have been found in the bdelloid rotifer Philodina megalotrocha (Hd=0.98) (Hamdan,
2010). Although haplotype diversity levels are similar to Li et al. (2010) and Hamdan (2010), no distinct
lineages were detected within E. chihuahuaensis. Haplotypes were also shared among all three locations
at HTSPHS and sequence divergence among the COI examined haplotypes of E. chihuahuaensis was
very low (0-1.6%). Genetic divergence among haplotypes in Li et al. (2010) was higher (12.1%) with
two distinct lineages detected in B. calyciflorus occurring in a pond. Genetic distance between
haplotypes was also higher (up to 19.7%) in Hamdan (2010). Even though no distinct lineages within E.
chihuahuaensis were found in this study, genetic distance between haplotypes from two populations
(HTSPHS and RBWP) was high (19.5%) and no haplotypes were shared between individuals from the
two locations. This shows the presence of distinct lineages of E. senta complex occurring in the

northern Chihuahuan Desert.
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Analysis of molecular variance also supports the idea of different lineages of E. senta occurring
in the Chihuahuan Desert as results do not show apparent structure between the two groups (HTSPHS
and RBWP). These two groups of E. senta complex from the Chihuahuan Desert are also genetically
differentiated. This is similar to what was found in Schréder & Walsh (2010) in which AMOVA of
RAPD data did not show genetic structuring between the three species of the E. senta complex
indicating that they were separate genetic lineages. Therefore, AMOVA indicates that the two
populations in northern Chihuahuan Desert are not members of the same species.

The existence of two distinct lineages of the E. senta species complex occurring in the
Chihuahuan Desert region of El Paso was also verified by RAPD analysis as it placed individuals from
HTSPHS and RBWP into two distinct clades. No individuals from each of the two populations
(HTSPHS and RBWP) were designated to the other lineage with a high probability (highest probability
of belonging to the other cluster was 0.10 for individuals from HTSPHS Heart). Within E.
chihuahuaensis only one genetic cluster was found showing no evidence for cryptic speciation within
the species. These results do not support Schroder & Walsh (2010) since only one lineage was detected
at HTSPHS while two were detected in their study. This may be due to the fact that different primers
where used in each study. Primers for their study were OP-H7, OP-H16, and OP-H18 while primers for
this study were OP-G5, OP-H6, OPH18, AND OP-W3. Initially we evaluated OP-H7 and OP-H16 for
band polymorphism and banding patter reproducibility in this study, but we did not yield positive
results. The selected primers gave the best results in turns of polymorphisms and reproducibility.
Another reason that the results here differ from those of Schréder and Walsh (2010) maybe be due to the
ability to detect distinct lineages at the time of sampling. Even though sampling took place in numerous
occasions in the course of three years, E. chihuahuaensis was only detected a few times thus there may

be a possibility that the other lineage was not present during sampling. Additional populations from E.
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chihuahuaensis from other sites are necessary to fully determine if further cryptic speciation exists in the
E. senta species complex.

Reproductive isolation experiments show that gene flow is still possible between the HTSPHS
and RBWP groups as diapausing embryos were produced in a few of the cross-matings (9%): males
from Rio Bosque Cell 2 crossed with females of Hueco Tanks North and Heart, and males from Hueco
Tanks Heart with females from Rio Bosque Cell 1. Presently, it is unknown whether the embryos
produced from these cross-matings are viable. Even though mating can still occur under laboratory
conditions it is currently unknown if they are reproductively isolated in nature.

Even though no evidence for cryptic speciation was found within E. chihuahuaensis, occurrence
of very distinct lineages existing in very close proximity in the northern Chihuahuan Desert was found.
As demonstrated by this and previous studies, very distinct lineages can occur not only at large spatial
scales (Belyaeva & Taylor, 2009; Bode et al., 2010; Goetze, 2010, Schroder & Walsh, 2007) but also at
very small spatial scales (Montero-Pau et al., 2011; Gomez et al., 2002; Li et al., 2010). For example,
Hamdan (2010) found distinct lineages of a bdelloid rotifer (Philodina megalotrocha) at both large and
small spatial scales. In the present study we found very distinct lineages occurring at a small spatial
scale, within 40 km. While there have been studies that have shown that cryptic species can even exist
in the same body of water (e.g., the presence of distinct lineages in a lake (Montero-Pau et al., 2011;
Dionne et al., 2011) or in the same pond (Li et al., 2010)), as was the case of Schroder & Walsh (2010),
in this study we did not detect cryptic speciation within E. chihuahuaensis or distinct lineages within
each site. This might be explained by a possible seasonal fluctuation where individuals from other
lineages were not present at the time of sampling. Other studies have shown that sampling effort has an
impact on the ability to detect certain lineages (Hamdan, 2010) which may also explain why only one
lineage was found at HTSPHS and not two as in Schroder & Walsh (2010). In this study however, very

different lineages were found living within a small geographic region. The fact that such high
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genetically distinct lineages can be found living in such close proximity can most likely be explained by
drastic environmental changes. For example desert rock pools at HTSPHS fill up quickly with rain
water but also dry very fast because of their small size. This can put selective pressure in individuals to
go into the sexual phase of their lifecycle faster than would be the case if they inhabited a more
permanent habitat. Individuals that can produce diapausing eggs faster have a higher chance of thriving
in these extreme environments as they would be able to produce the resistant cysts that can survive the
extreme conditions and hatch once conditions are favorable again. Individuals that do not produce
diapausing eggs before the pond dries will die before having produced the resistant stage and will not be
able to successfully colonize the site. These rapid changes in the environment may favor the occurrence
of sibling species in such close proximity. These changes can also differ depending not only on the size
of the ponds as mentioned above (small vs large), but also on the location (shaded vs fully exposed) of
the water body. For example, the ponds and wetlands in this region can fill after a rain event at different
rates then dry also at different rates depending on the factors discussed above thus promoting
diversification (Schroder et al., 2007). Even though the exact mechanism that allows sibling species to
live in close proximity is unknown, their maintained coexistence could be explained by niche
partitioning or seasonal fluctuation (Montero-Pau ef al., 2011; Li et al., 2010). As for E. senta species
complex populations in the northern Chihuahuan Desert, it is presently unknown what may be keeping
the two distinct populations isolated, given the high dispersal capability of these microscopic organisms.
But given that no sampling event coincided, as one location was dry when the other was wet, gives the
idea that there may be a change in mixis pattern or a change in the time of egg hatching.

Our results are beginning to give us an idea of the level of complexity underlying the
biodiversity of zooplankton. While we see that some rotifers from desert regions seem to have
cosmopolitan distribution (Wallace et al., 2008), some others have not yet been discovered elsewhere.

The isolates found at RBWP seem to have a global distribution but E. chihuahuaensis has yet to be
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discovered at other places besides HTSPHS. Local adaptations, dispersal and colonization ability likely
determine what species would be able to inhabit particular temporary pools. For example, diapausing
eggs could be transported into one of these desert ponds by wind, water or other animals (De Meester et
al., 2002). Once in the pond a subset of individuals may emerge from diapausing eggs, if conditions are
favorable, and become adults if they survive predation and disease. The adults would then, through an
environmental queue, produce other diapausing eggs that can be deposited into a diapausing egg bank in
the pond. Some of these eggs could either hatch in the site once conditions are favorable again or will
be transported out of the pond by the previously mentioned mechanisms. Some eggs deposited into the
resting egg bank may be buried and may not hatch until they emerge from the sediment, which can
happen very quickly or may take a very long time. Another possibility is that the egg being deposited in
the pond may be directly taken out before having the time to hatch and reproduce. The situation of the
complexity of biodiversity in the northern Chihuahuan Desert may be explained by these mechanisms of
adaptation, colonization and dispersal (Hamdan, 2010). Different lineages have been found in this area,
for example the individuals found at RBWP could be members of E. hawaiiensis, which would explain
why they were able to successfully colonize RBWP since it is a more permanent habitat, which is
similar to where E. hawaiiensis was found (Schréder and Walsh, 2007) and not the rock pools at
HTSPHS, which are ephemeral pools with very drastic changes. On the other hand the individuals from
E. chihuahuaensis have not yet been detected outside HTSPHS. This could mean that E.
chihuahuaensis are highly adapted to temporary small desert rock pools and can successfully colonize
them. As mentioned previously sampling additional pools, including those with similar characteristics,
would give a better understanding on the diversity of these animals and how they adapt to different types
of environments. As seen in this study, the biodiversity of invertebrates in these types of habitats is
highly dependent upon our ability to detect it and also that we are just beginning to understand hidden

diversity and its importance in these ecosystems. Therefore it is necessary to look more carefully at the
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phenomenon of cryptic speciation. This will allow us to better understand the dynamics of aquatic

ecosystems as each species likely contributes differently to their habitat.
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TABLES

Table 1. Populations of E. senta species complex and E. brachionus included in this study.

HT HD17
HT HD4
HT HD36
HT HDS
HT HD32
HT H3

HT H2

HT HI

HT HDI11
HT _HD9
HT NTD19
HT NTD5
HT NTDI
HT NTD7
HT NTD9
HT NTB4
HT NTMAI
HT NT23
HT NT11
HT NTB2
HT NTDI11
HT STDI12
HT STD14
HT_STD9

HT _STI

HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA

HTSPHS, El Paso Co., USA

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/3/2011

<8/23/2010

<8/23/2010

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/29/2010

5/10/2013

12/29/2010

12/29/2010

12/29/2010

12/27/2011

12/27/2011

12/27/2011

12/27/2011

12/29/2010

31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.9248667 N, -106.0424 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.92475 N, -106.0423 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W

31.9247333 N, -106.04225 W
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HT STM16
HT_STM3
HT STMI13
HT STD24
HT ST10
HT STMI5
HT STDI1
HT STD5
HT STD22
RBC1 107
RBC1 4
RBCI 1
RBC1_D40
RBC1 65
RBCI1_Fl1
RBCI1 138
RBC1 71
RBC1 60
RBC2 35
RBC2 26
RBC2_142
RBC2 92
RBC2_121
RBC2 89
RBC2_124
RBC2 95
RBC2 29

RBC2 922

HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
HTSPHS, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA
RBWP, El Paso Co., USA

RBWP, El Paso Co., USA

3/10/2012

3/10/2012

3/10/2012

12/27/2011

12/29/2010

3/10/2012

12/27/2011

12/27/2011

12/27/2011

3/4/2011

2010

11/11/2010

11/27/2012

3/4/2011

1/31/2013

3/4/2011

3/4/2011

3/4/2011

2010

2010

3/4/2011

3/4/2011

3/4/2011

3/4/2011

3/4/2011

3/4/2011

2010

1/6/2011

31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.9247333 N, -106.04225 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6430167 N, -106.31181 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W
31.6364667 N, -106.31083 W

31.6364667 N, -106.31083 W
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RBC2_115 RBWP, El Paso Co., USA 3/4/2011 31.6364667 N, -106.31083 W

RBC2 4 RBWP, El Paso Co., USA 2010 31.6364667 N, -106.31083 W
RBC2_96 RBWP, El Paso Co., USA 3/4/2011 31.6364667 N, -106.31083 W
RBC2 71 RBWP, El Paso Co., USA 3/4/2011 31.6364667 N, -106.31083 W
EsentaF Svalbard, Norway - -

EsentaGerl Germany - -

EsentaG - - -

Ehawaii Hawaii, USA - -

Ebrach HTSPHS, El Paso Co., USA  10/09/2012 31.9248667 N, -106.0424 W
Ebrach2 HTSPHS, El Paso Co., USA  10/09/2012 31.9248667 N, -106.0424 W
Ebrach3 HTSPHS, El Paso Co., USA  10/09/2012 31.9248667 N, -106.0424 W

Table 2. Geographic (below diagonal; m) and pairwise genetic distances (above diagonal; %) of 47 clonal lineages of
E. senta species complex from the northern Chihuahuan Desert. Geographic distances were generated by
Geographic Distance Generator v1.2.3. Uncorrected “p” pairwise distances for COl sequences were generated by
PAUP*4.0 B.

Hueco Tanks | Hueco Tanks | Hueco Tanks | Rio Bosque | Rio Bosque

Heart South North Cell 1 Cell 2

Hueco Tanks & 0-1.6 19-21.2 19-21.2

Heart

Hueco Tanks a! - 0-1.6 18.8-21.4 18.8-21.4
South

Hueco Tanks S 5 - 18.8-21.2 18.8-21.2

North

INGRTEIT 40427 40424 40423 - 0-3.2
Cell 1

Rio Bosque 40938 40935 40934 735 -
Cell 2
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Table 3. Geographic (below diagonal; m) and pairwise genetic distances (above diagonal; %) of 43 clonal lineages of
E. senta species complex from the northern Chihuahuan Desert. Geographic distances were generated by
Geographic Distance Generator v1.2.3. Uncorrected “p” pairwise distances for ITS region sequences were generated

by PAUP*4.0 B.

Hueco Tanks | Hueco Tanks | Hueco Tanks | Rio Bosque | Rio Bosque
Heart South North Cell 1 Cell 2

Hueco Tanks &
Heart

Hueco Tanks 3!
South

Hueco Tanks I
North

INGRGITE 40427
Cell 1
INGRTEY I 40938

Cell 2

0-0.4

40424

40935

0-0.4

0-0.4

40423

40934

3.8-4.4

3.8-4.3

4.0-4.3

735

3.8-5.0

3.8-4.8

4.0-4.8

0-0.8

Table 4. Haplotype analysis of COl gene sequences derived from E. chihuahuaensis isolates produced by DnaSP
v5.10.1 where Hd=1: all sequences have unique haplotypes, Hd=0: all sequences share a common haplotype.

Number of sequences 29
Number of haplotypes, h: 11
Haplotype diversity, Hd: 0.69
Hueco Tanks

Heart South North
Number of 11 9
sequences
Number of 4 6
haplotypes
Shared with Hueco with Hueco with Hueco
haplotypes Tanks South Tanks Heart and ~ Tanks Heart

and North North and South

Table 5. Haplotype analysis of ITS region sequences derived from E. chihuahuaensis isolates produced by DnaSP
v5.10.1 where Hd=1: all sequences have unique haplotypes, Hd=0: all sequences share a common haplotype.

Number of sequences 28

Number of haplotypes, h: 9

Haplotype diversity, Hd: 0.75

Hueco Tanks

Heart

South

North

Number of

11
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sequences

Number of 3 3

haplotypes

Shared with Hueco with Hueco with Hueco

haplotypes Tanks South and  Tanks Heart Tanks Heart
North and North and South

Table 6. Haplotype analysis of COIl gene sequences derived from Chihuahuan Desert populations of E. senta species
complex produced by DnaSP v5.10.1 where Hd=1: all sequences have unique haplotypes, Hd=0: all sequences share

a common haplotype.

Number of sequences 47

Number of haplotypes, h: 21

Haplotype diversity, Hd: 0.87

Rio Bosque Hueco Tanks

Cell 1 Cell 2 Heart South North
Number of 7 11 9 11
sequences
Number of 6 7 4 4
haplotypes
Shared with Rio with Rio with Hueco with Hueco with Hueco
haplotypes Bosque Cell 2 Bosque Cell 1~ Tanks South Tanks Heart and ~ Tanks Heart

and North North and South

Table 7. Haplotype analysis of ITS region sequences derived from Chihuahuan Desert populations of E. senta
species complex produced by DnaSP v5.10.1 where Hd=1: all sequences have unique haplotypes, Hd=0: all

sequences share a common haplotype.

Number of sequences 43

Number of haplotypes, h: 15

Haplotype diversity, Hd: 0.77

Rio Bosque Hueco Tanks

Cell 1 Cell 2 Heart South North
Number of 4 11 10 11
sequences
Number of 2 7 4 3
haplotypes
Shared with Rio with Rio with Hueco with Hueco with Hueco
haplotypes Bosque Cell2  Bosque Cell 1~ Tanks South and  Tanks Heart Tanks Heart

North and North and South
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Table 8. Xia’s test for saturation of nucleotide substitution of 47 E. senta species complex sequences and 3 outgroup
sequences (E. brachionus) for COIl genetic sequences implemented in DAMBE. Iss, index of substitution saturation.
Iss.cSym, critical value of Iss under assuming symmetric tree topology. Iss.cAsym, critical value of Iss assuming an
asymmetric tree topology. DF, degrees of freedom. NumOTU, number of taxa included in analysis.

4 0.29 0.805 658 <0.001 0.77 658 <0.001
8 0.26 0.766 658 <0.001 0.66 658 <0.001
16 0.25 0.744 658 <0.001 0.54 658 <0.001
32 0.25 0.718 658 <0.001 0.39 658 <0.001

Table 9. Most likely number of populations (Delta K) in E. senta species complex from the northern Chihuahuan
Desert as determined by the Evanno method. K was run from K=1 to K=10. The highest Delta K is highlighted in
yellow. Delta K is computed by taking the absolute value of the 2" order rate of change of the likelihood distribution
(mean) and dividing it by the standard deviation of the likelihood distribution. K is the number of assumed
populations for structure analysis.

K Repetitions Mean Stdev LnP(K) Ln'(K) |Ln"(K)| Delta

LnP(K) K

1 20 -3358.1 0.43 — — —
2 20 -3195.94 2.93 162.16 116.28  39.68
3 20 -3150.06 9.75 45.88 10.61 1.09
4 20 -3114.79 45.06 35.28 4.62 0.10
5 20 -3074.89 23.66 39.90 106.30 4.49
6 20 -3141.29 133.37 -66.4 37.21 0.28
7 20 -3244.9 144.62 -103.61  184.32 1.27
8 20 -3164.19 52.88 80.71 152.33 2.88
9 20 -3235.82 66.26 -71.62 23.42 0.35
10 20 -3284.02 115.36 -48.21 — —



Table 10. Cross-matings for E. senta species complex populations from 5 different sites in the northern Chihuahuan
Desert. Mictic female eggs are placed together with 1-2 males from a different lineage for possible mating and resting
egg production. Table contains the number of eggs produced with the number of trials in parenthesis.

Rio Hueco Hueco

Bosque Bosque Tanks Tanks Tanks
Cell 1 Cell 2 Heart North South
Rio 5(40) 6(12) 1(16) 0(2) NA
Bosque
Cell 1
Rio 1(23) 3(8) 04) 0(2) NA
Bosque
Cell 2
Hueco 0(2) 2(5) 0(5) 2(3) 1(2)
Tanks
Heart
Hueco 0(5) 1(4) 0(6) NA 1(1)
Tanks
North
Hueco NA NA 0(6) NA NA
Tanks
South

Table 11. Fisher’s exact test to determine whether there is a significant difference in egg production between
crosses of E. senta species complex lineages from the northern Chihuahuan Desert and crosses within E. senta
species complex lineages from the northern Chihuahuan Desert.

Rows: group Columns: successfailure

failure success All

cross 40 4 44
90.91 9.09 100.00

27.40 17.39 26.04

23.67 2.37 26.04

within 106 19 125

84.80 15.20 100.00
72.60 82.61 73.96
62.72 11.24 73.96

All 146 23 169
86.39 13.61 100.00
100.00 100.00 100.00
86.39 13.61 100.00

Cell Contents: Count
% of Row
$ of Column
% of Total

Pearson Chi-Square = 1.033, DF = 1, P-Value = 0.309
Likelihood Ratio Chi-Square = 1.111, DF = 1, P-Value = 0.292

Fisher's exact test: P-Value = 0.444106
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Table 12. Groups of E. senta species complex lineages from the northern Chihuahuan Desert arranged by sampling
location and clusters according to Bayesian and Maximum Likelihood analyses used for Analysis of Molecular
Variation (AMOVA).

Rio Bosque 18
Cell1 7
Cell 2 11
Hueco Tanks 29
Heart )
North 9
South 11

Table 13. Analysis of Molecular Variance (AMOVA) of E. senta species complex populations from two sites in the
northern Chihuahuan Desert. Grouping was based on geographic location and COI gene sequence clustering. d.f.,
degrees of freedom.

95.74  <0.001

-0.03 0.462

42 4.29 0.099
(et =-0.007
0w = 0.957
Qst = 0.957
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FIGURES

New Mexico
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Latitude (north)
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24

E HTSPHS Heart F  HTSPHS North HTSPHS South

RBWP Cell 1 RBWP Cell 2

Figure 1. A. Map of the Chihuahuan Desert (Courtesy of Mr. Musa Hussein). Inset shows study sites in the El Paso,
TX region (http://maps.google.com/). Red dot corresponds to Hueco Tanks State Park and Historic Site (HTSPHS)
and green dot represents Rio Bosque Wetlands Park (RBWP). Distance between sites is 40 km. B. Sampling sites at
HTSPHS (A-C) and RBWP (E-F).
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Figure 2. Mantel test for correlation of geographic distance with genetic distance (COI) of 47 E. senta species
complex lineages from the northern Chihuahuan Desert produced by Isolation by Distance Web Service v3.23.
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Figure 3. Mantel test for correlation of geographic distance with ITS genetic distance of 42 E. senta species complex
lineages from the northern Chihuahuan Desert produced by Isolation by Distance Web Service v3.23.
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Figure 4. Phylogenetic tree of 47 E. senta species complex lineages from the northern Chihuahuan Desert and three
members of the outgroup (E. brachionus) based on Bayesian analysis (MrBayes v3.2.1) of COIl gene sequences.
Abbreviations refer to species and population origin given in Table 1. Colors refer to sampling location, red =
HTSPHS and green = RBWP.
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Figure 5. Phylogenetic tree of 47 E. senta species complex lineages from the northern Chihuahuan Desert and three
members of the outgroup (E. brachionus) based on Maximum Likelihood analysis (RAXML v7.6.3) of COIl gene region
sequences. Abbreviations refer to species and population origin given in Table 1. Colors refer to sampling location,
red = HTSPHS and green = RBWP.

44



- REC2_36

FRBC1_4

—RBC2 124

|- REC2_89

|- REC2_20 RBWP

|- REC2 118

| RBC2 922

999 RBC2_142

| RECZ_121
REC2_T1

I RBC1_712

|- REC1_50

| rRBC2 95

| RBC2 4

L RBC1_65

rHT_H3

- HT_H2

FHT_STD14

- HT_STD11

|- HT_nTB2

| HT_HD35

b HT_NTD1

|— HT_HD4

|- HT_NTDS

b HT_NTDY

| HT_STD22

| HT_STDA

FHT_sTD12

b HT_NTD11 HTSPHS

b HT_NTDT

FHT_STM1s

b HT_STM16

| HT_HD32

FHT_sTD24

b HT_STDY

b HT_NTD19

FHT_HD17

b HT_H1

L

- HT_HD11

| HT_HD®

I HT_HDB

LHT_sTM13

Erach

02
Figure 6. Phylogenetic tree of 43 E. senta species complex lineages from the northern Chihuahuan Desert and one
outgroup (E. brachionus) based on Bayesian analysis (MrBayes v3.2.1) of ITS region sequences. Abbreviations refer
to species and population origin given in Table 1. Colors refer to sampling location, red = HTSPHS and green =
RBWP.
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Figure 7. Phylogenetic tree of 51 E. senta species complex lineages and one outgroup (E. brachionus) based on
Bayesian analysis (MrBayes v3.2.1) of COIl gene region sequences. Abbreviations refer to species and population
origin given in Table 1. Colors refer to sampling location and/or GenBank accession number, red = HTSPHS (USA),
purple = JF714413 (Norway), green = RBWP (USA), yellow = RBWP (USA), JF714414 (Germany), and DQ089728, and

blue = Hawaii and RBWP (USA).
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Figure 8. Estimated Delta K (AK) for K=2 through K=9 E. senta species complex populations from the northern
Chihuahuan Desert using the Evanno method (Evanno et al., 2005) and produced by STRUCTURE HARVESTER (Earl
& vonHoldt, 2012). Delta K reaches the highest peak at K = 2. K is the number of populations assumed for genetic
structure analysis.

Rio_Bosque Hueco Tanks

Cell 1 Cell 2 Heart North South

Figure 9. Bar plot of E. senta species complex populations (number of individuals=125) from the northern
Chihuahuan Desert genotype assignments produced by STRUCTURE v2.3.3 and modified in Distruct v1.1 based on
four RAPD primers. Bayesian analysis shows two clusters (green and red) and estimated probability of each
individual of belonging to one of the two clusters (K = 2, probability of belonging to green cluster for RBC1 and
RBC2 0.98; probability of belonging to the red cluster for HT Heart= 0.90, HT North=0.98 and HT South=0.93).
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APPENDICES

Appendix 1: COI E. senta sequences from northern Chihuahuan Desert
populations

RBWP

>RBCI1F11
TTATTCGTTTAGAGCTTGCCCTTGTAGGCCCCTACCTTGGTGATGAGCATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTG
TTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATA
TGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTGTCTTCTATTTTAGATGC
GGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTT
TAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGC
AGTTTCTCTTGATCGTCTCCCTCTTATGCTTTGGGCTATTGCAGTTACTGCAGTTTTATTAGTCACTAGACTTCCTGTTCTTGC
AGGAGCTATCACTATACTTTTAACTGATCGTAATTTTAACACTTCTTTCTTTGATCCTGCTTGTGGCGGTAAATCCTGTT
>RBC1D40
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTAC
CTTGGTGATGAGCATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTC
TTTCTGATTCAAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAAATTCCTTACAACTATTATTTGCTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTTCCCGAGCTATCATTACGCTTTTAACTGATCGTATTT
TTAACTCTTCTTTTCTTGTTCCTGCAGGTGGTGGTAATCCTGTTTTTATTTCATCTCTTTT

>RBC1_138
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGTCCCTAC
CTTGGTGATGAGCATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATAGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTC
TTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTCCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTTTACTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATACTTTTAACTGATCGTAATT
TTAACACTTCTTTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC1_4
CGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTG
ATGAACATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTT
TTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAG
TCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTCTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTG
ATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAA
TTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGC
AGTTACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACAC
TTCTTTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC1_65
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGATGAAGGCCCCTAC
CTTGGTGATGAGCATCTTTATAACGCTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTC
TTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATT
TTAACACTTCTTTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC1_1
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTAC
CTTGGTGATGAGCATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTC
TTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATT
TTAACACTTCTTTCTTTGATCCTGCTGG
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>RBC1_107
GTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGAGC
ATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTA
ATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTT
CTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTA
AGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATT
TCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTTA
CTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACACTTCTT
TCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2 115
GTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGCGGTTGTAGGTCCCTACCTTGGTGATGAGC
ATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTA
ATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATAGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTT
CTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTA
AGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATT
TCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTCCCTCTTATGCTTTGGGCTATTGCAGTTA
CTGCAGTTTTACTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATACTTTTAACTGATCGTAATTTTAACACTTCTT
TCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2 29
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGTCCCTAC
CTTGGTGATGAGCATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATAGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTC
TTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTCCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTTTACTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATACTTTTAACTGATCGTAATT
TTAACACTTCTTTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_922
GTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGTCCCTACCTTGGTGATGAGC
ATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTA
ATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATAGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTT
CTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTA
AGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATT
TCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTCCCTCTTATGCTTTGGGCTATTGCAGTTA
CTGCAGTTTTACTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATACTTTTAACTGATCGTAATTTTAACACTTCTT
TCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_92
GTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGAGC
ATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATTATTTTCTTTATAGTTATACTTGTGTTTATTGGTGGTTTTGGTAA
TTGATTAATTCTTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTGGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTTCT
TTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTAAG
TATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATTTC
CTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTTACT
GCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACACTTCTTTC
TTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_96
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTAC
CTTGGTGATGAACATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTCTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCT
CTTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTATATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATT
TTAACACTTCTTTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_89
ATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGA
ACATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGG
TAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCC
TTCTTTTCTTTTCTTACTTCTATCCTCTATTCTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCT
AAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAAT
TTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTT
ACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACACTTCT
TTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_124
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TGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGAA
CATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGT
AATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCT
TCTTTTCTTTTCTTACTTCTATCCTCTATTCTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCT
AAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAAT
TTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTT
ACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACACTTCT
TTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_142
GAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGAGCAT
CTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTAAT
TGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTTCTT
TTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTAAGT
ATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATTTCC
TTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTTACTG
CAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCCCTTTGCTTTTAACTGATCGTAATTTTAACACTTCTTTCT
TTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_35
GTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGAGC
ATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTA
ATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTGTGACTTTTAGTCCCTT
CTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTA
AGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATT
TCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTTA
CTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACACTTCTT
TCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2 26
TGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTACCTTGGTGATGAGCA
TCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATGGGTGGTTTTGGTAA
TTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGACTTTTAGTCCCTTCT
TTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTCTTTCTGATTCTAAG
TATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAGGCAGAATTAATTTC
CTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGGCTATTGCAGTTACT
GCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATTTTAACACTTCTTTC
TTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

>RBC2_121
TTATCTTCGGTATGTGAGCTGGGTTTATTGGTCTTAGAATGAGTTTACTTATTCGTTTAGAGCTTGGGGTTGTAGGCCCCTAC
CTTGGTGATGAGCATCTTTATAACGTTTTAGTTACGGCTCATGCTTTTGTTATGATTTTCTTTATAGTTATACCTGTGTCTATG
GGTGGTTTTGGTAATTGACTAATTCCTCTTATGTTAGGTGTTGCTGATATGGCTTTTCCTCGTATAAATAACTTATCTTTCTGA
CTTTTAGTCCCTTCTTTTCTTTTCTTACTTCTATCCTCTATTTTAGATGCGGGAGCAGGTACTGGATGAACTGTTTATCCTCCTC
TTTCTGATTCTAAGTATCATAGTGGTATTTCTGTTGATCTTGCTATTTTTAGGTTACATCTAGCTGGTGTTTCTTCTATTCTAG
GCAGAATTAATTTCCTTACAACTATTATTTGTTCTCGTACTACTAAAGCAGTTTCTCTTGATCGTCTTCCTCTTATGCTTTGGG
CTATTGCAGTTACTGCAGTTTTATTAGTTACTAGACTTCCTGTTCTTGCAGGAGCTATCACTATGCTTTTAACTGATCGTAATT
TTAACACTTCTTTCTTTGATCCTGCTGGTGGTGGTAATCCTGTTTTATATCAACATCTTTT

HTSPHS

>HT H3
TGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCTTTA
CAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTGACT
TATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTTCTT
ATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTACCA
TAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCTTAC
AACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGCTGT
GCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTTACCCTTCTTTCTTTGA
TCCTGCTTGGTGGGAGGGG

>HT HD32
GCTGGTTTTTTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCTTT
ACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTGA
CTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTTC
TTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTAC
CATAGGGGTATCTCAGTTGATTTAGCTATTTTTATTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCTT
ACAACTATCATTTGCTCTCTTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGCT
GTGCTGCTTGTTACTATTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCTTT
GATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT
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>HT_HDS
ATGAACATCTTTACAATGTTTTGGTTACTACTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCT
TTGGGAATTGACTTATTCCCGTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAA
TTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTG
ATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTA
TTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTG
CTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACA
CTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTT

>HT H2
GTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAAC
ATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGA
ATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCAT
CTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTA
AGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATT
TCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTA
CTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTT
TCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT_HI1
GTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAAC
ATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGA
ATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCAT
CTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTA
AGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATT
TCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTA
CTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCCCCATGCTTCTTACGGACCGTAATTTTAACACTTCTT
TCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT HD4
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT HDI17
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT HD36
TCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCTTTACAATGTTTTGGT
TACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTGACTTATTCCCCTCAT
GTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTTCTTATTCTTATTACT
GTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTACCATAGGGGTATCT
CAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCTTACAACTATCATTT
GCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGCTGTGCTGCTTGTTA
CTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCTTTGATCCTGCTGGTG
GAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT HDI11
AGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCT
TTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTG
ACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTT
CTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTA
CCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCT
TACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGC
TGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCTT
TGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HTNTD7
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TTATCTTTGGTATGTGAGGTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATATTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCGTGTTACTAGTTTACCTGTTCTTGCTGGTGCTATCACCTTGCGTCTTACGGACCGTAA
>HTNTMALI 1
TGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCTTTA
CAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTGACT
TATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTTCTT
ATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTACCA
TAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCTTAC
AACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGACCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGCTGT
GCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGGGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCTTTGA
TCCTGCTGGTGGAAGTAATCCTGTTTTGTACCAACATCTGTT

>HTNTD9
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGGTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCGTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HTNTDI11
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTCAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGACCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGACCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HTNTD19
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HTNTDS
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HTNTD1
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HTNT23
GAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATC
TTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATT

52



GACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTT
TCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGT
ACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCC
TTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGACCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTG
CTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCT
TTGATCCTGCTGGTGGAGGTA

>HTNTB4
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGACCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT _STMI3
TGAGCTAGTTATAATAGTATTAATATGAGTTTCTTAATTCGCTTAGAGTTGGGTGTAGTTGTTCCTTATATTGGTGATGAACA
TCTTTACAATGTTTTGGTTAATGCTCATGCTTTTATTATAATCTTTTTCATGGTTATCCCGGTCTCAATGGGAGGCTTTGGGAA
TTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATC
TTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAA
GTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTT
CCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTAC
TGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCGTCTTACGGACCGTAATTTTAACACTTCTTT
CTTTGATCCTGCTGGTGGAGGTAATC

>HT STD24
AGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGAGGAGGGTCCTTATCTTGGTGATGAACATC
TTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATT
GACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTT
TCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGT
ACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCC
TTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTG
CTGTAGTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCCCCTTTCTTCTTACGGACCGTAATTTTAACACTTCTTTCTT
TGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT_STM16
GGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGA
GGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTT
TTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTT
TCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGT
AGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCT
ATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTT
AACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT_STM3
TGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCTTTACAATGTTTT
GGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTGACTTATTCCCCT
CATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTTCTTATTCTTATT
ACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTACCATAGGGGTA
TCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCTTACAACTATCAT
TTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGCTGTGCTGCTTGT
TACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCTTTGATCCTGCTGG
GGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT STI
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT _STD9
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
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CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT _STD14
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT_STDI12
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT ST10
GAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATC
TTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATT
GACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTT
TCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGT
ACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCC
TTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGGCCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTG
CTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCT
TTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT STM15
TTATCTTTGGTATGTGAGCTGGTTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATC
TTGGTGATGAACATCTTTACAATGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGG
GAGGCTTTGGGAATTGACTTATTCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGA
CTTTTAATTCCATCTTTCTTATTCTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCC
CTTTCTGATTCTAAGTACCATAGGGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTA
GGTAGTATTAATTTCCTTACAACTATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGACCGCCTTCCATTAATGTTATGA
GCTATTGCTGTTACTGCTGTGCTGCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAAT
TTTAACACTTCTTTCTTTGATCCTGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

>HT STDI11
TTTTATTGGTCTTAGTATGAGTCTTTTAATTCGCTTAGAGTTGGGTGTTGTTGGTCCTTATCTTGGTGATGAACATCTTTACAA
TGTTTTGGTTACTGCTCATGCTTTTGTTATAATCTTTTTCATGGTTATACCGGTCTCAATGGGAGGCTTTGGGAATTGACTTAT
TCCCCTCATGTTAGGAGTTGCTGATATAGCTTTCCCACGTATAAACAATCTTTCTTTCTGACTTTTAATTCCATCTTTCTTATT
CTTATTACTGTCTTCTATTCTAGATGCTGGTGCTGGTACAGGGTGGACCGTTTATCCTCCCCTTTCTGATTCTAAGTACCATAG
GGGTATCTCAGTTGATTTAGCTATTTTTAGTCTTCACTTGGCTGGTGTCTCTTCTATTTTAGGTAGTATTAATTTCCTTACAAC
TATCATTTGCTCTCGTACCACTAAATCGGTTTCTTTAGACCGCCTTCCATTAATGTTATGAGCTATTGCTGTTACTGCTGTGCT
GCTTGTTACTAGTTTACCTGTTCTTGCTGGTGCAATCACCATGCTTCTTACGGACCGTAATTTTAACACTTCTTTCTTTGATCC
TGCTGGTGGAGGTAATCCTGTTTTGTACCAACATCTGTT

Appendix 2: ITS E. senta sequences from northern Chihuahuan Desert populations

RBWP

>RBC2_35
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
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CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC1_4
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2_ 124
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTTTACCGCTTATGATGCAATTGCATGACAGCTGCATT
CATAGGTGCCCTACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2_89
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAACGCTTG

>RBC2_29
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAATAGCGCTTG

>RBC2_115
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTACCGCTTG

>RBC2_922
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2_142
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TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
TTAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2_121
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2 71
AAATATCAATCAGTAAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGCATGAGCAA
GCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAATCGATAAA
TATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAGGCGTGGTC
ATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTCACGCAGTT
TGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAATATAAAAAT
ATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGCGCAATTCA
TTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATTCATAGGTA
CCCGACCATACTAAGCCAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAACGCAAAGT
AGCGCTTG

>RBC1 712
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC1_60
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGAAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2_96
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBC2 4
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
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ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

>RBCI_65
TTTAATCATAAATATCACTCAGTAAAAATGCAAATTAAACTCAAGCAAACAAATTTGATTATTCAAAGCAATTTTTGTTTGC
ATGAGCAAGCGTAAATTAGCATCTTCAGTGATATAAATAGTGCACTTAAACTAATATAGGATTAGTTTTTACAAATCTAAAA
TCGATAAATATATTATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACATAAAAACAACATAATAAATTTTTTAAATGTAAATGTGTTTGTTTAAAAGCTCGACGGGC
GCAATTCATTTAGAATGAAATGTCTTTAAACCATACGGTAAAAACTATACCGCTTATGATGCAATTGCATGACAACAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAATTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGTAGCGCTTG

HTSPHS

>HT_H3
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_HDI11
TTAAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAAGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT H2
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAAAAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_STD14
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_STDI11
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGAACCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
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GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT NTB2
TTTAATTAAATATATCACCCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT HD36
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT NTDI
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT HD4
TTTAATTAAATATATAAATCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT HD9
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAAGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT NTD5
TTTAATTAAATATATCACTAAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_HDS
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TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAAGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT _STM13
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAAGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT NTD9
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT STD22
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT STD5
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT _STDI12
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT NTDI11
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC

59



ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT NTD7
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_STMI5
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_STM16
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT HD32
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT _STD24
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_STD9
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
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CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT_NTD19
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT HD17
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT H1
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

>HT STI
TTTAATTAAATATATCACTCAGTAAAAATGCAAGTTCAACTCAGGCAAACAAATTTGATGATTCAACGCAATTTTTGTTTGC
AAGAGCAAGCTCAAATTTGCATTTTTAGTGATATAAATAGTGCACTTAAACTAATATATGATTAGTTTTTACAAATCTAAAG
TCGATAAATAAAATATTTAACGACCGATCAAAAGTGGAAACCACTTTTCACGATTTTACATATAAAACCGACCCTCAGACAG
GCGTGGTCATGGAAGCGATCCATAACCGCAATATGCGTTCAAGATATCGATGATCAATGTGTCCTGCAAATCACATTAATTC
ACGCAGTTTGCTGCGCTCTTCATCGACTCGCGAGCCAAGTGATCCACCGCATAGGGTTGTTTAAATGTTTAAATGCTCAAAT
ATAAAAATATTTTCGCTTTTTACACAAAAACAACATGATAAATTTTTTAAATGTAAATGTGTTTGTTTATAAGCTCTACGGGC
GCAATTCATTTTGAATGAACTGTCTTTAAACCATACGGTAAAAGCTATACCGCTTATGATGCAATTGCATGACAAAAGCATT
CATAGGTACCCGACCATACTAAGACAAGCATGGATATTAACTTTGATTATAAAAAGGCATTTATAATCAGCGTGTTTTTAAA
CGCAAAGAAGCGCTTG

Appendix 3: COI uncorrected (“p”) distance matrix for E. senta populations from
the northern Chihuahuan Desert and outgroups

HTSTM13 -

HTH3 .04282 -

HTSTD24 .03753 .03287 -

HTNTD7 .03297 .00879 .02275 -

HTNTMAL .02958 .02296 .01908 .01238 -

HTNTD11 .02928 .02299 .01892 .01340 .00634 -

HTNT23 .02629 .01666 .01638 .01219 .00329 .00328 -

HTSTM15 .02603 .01967 .01579 .01170 .00319 .00303 .00000 -
HTSTD11 .02484 .01990 .01602 .01071 .00320 .00315 .00000 .00000
HTNTB4 .02603 .01967 .01579 .01170 .00319 .00303 .00000 .00000
HTHD32 .03616 .02960 .02700 .02119 .01589 .01740 .01487 .01428
HTHDS8 .01109 .02472 .01295 .01438 .00921 .00891 .00554 .00546
HTNTD9 .02761 .02130 .01579 .01336 .00796 .00758 .00481 .00455
HTSTM3 .02182 .01667 .01612 .00901 .00644 .00637 .00330 .00322
HTHI1 .02611 .01975 .01265 .01217 .00639 .00626 .00328 .00313
HTST1 .02441 .01804 .01423 .01004 .00478 .00455 .00161 .00152
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

HTH 2
HTHD4

HTHD17
HTNTD19
HTSTD9
HTNTD5
HTNTD1
HTHD36
HTSTM16
HTSTD14
HTSTD12
HTST10
HTHD11
Ebrach2
Ebrach3
Ebrach
RBC1F11
RBC1D40

RBC2
RBC2
RBC1
RBC2
RBC2
RBC2
RBC2
RBC2
RBC1
RBC1
RBC2
RBC2
RBC1
RBC2
RBC1
RBC2

29
922
138
115
92
96
89
124
4
65
142
35
1
26
107
121

Uncorrected

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

37
38
39
40
41
42
43

HTSTD11
HTNTB4
HTHD32

HTHD8

HTNTD9
HTSTM3

HTH1

HTST1
HTH 2
HTHD4

HTHD17
HTNTD19
HTSTD9
HTNTD5
HTNTD1
HTHD36
HTSTM16
HTSTD14
HTSTD12
HTST10
HTHD11
Ebrach?2
Ebrach3
Ebrach
RBC1F11
RBC1D40

RBC2
RBC2
RBC1
RBC2
RBC2
RBC2
RBC2
RBC2
RBC1

29
922
138
115
92
96
89
124
4

("p™)

OO OO OO OO ODODODODODODOODODODODODODODOODODODOOOOOoOooo

.02447
.02441
.02441
.02441
.02441
.02441
.02441
.01860
.00741
.02441
.02441
.02446
.02447
.21213
.18809
.20461
.20522
.21906
.19947
.19927
.19947
.20089
.21071
.19783
.19769
.19765
.19754
.20600
.20453
.20250
.20265
.20097
.20089
.20110

OO OO OO OO ODODODODODODOODODODODODODODOODODODOOOOOoOooOo

.01809
.01804
.01804
.01804
.01804
.01804
.01804
.01854
.02067
.01804
.01804
.01809
.01807
.19622
.19951
.20638
.20347
.21617
.19811
.19786
.19811
.19951
.20939
.19646
.19632
.19624
.19610
.20471
.20292
.20115
.18861
.19962
.19951
.19977

distance matrix

OO OO OO OO ODODODODODODODODODODODODODODODODODODODOOOOOooOo

9

.00000
.00959
.00547
.00485
.00323
.00322
.00162
.00164
.00162
.00162
.00162
.00162
.00162
.00162
.00161
.00173
.00162
.00162
.00163
.00162
.19334
.18021
.18609
.19452
.20711
.17844
.17811
.17844
.17970
.18925
.17685
.17660
.17655
.17639

OO OO OO OO ODODODODODODODODODODODODODODODODODODOOOOOooOo

10

.01428
.00546
.00455
.00322
.00313
.00152
.00157
.00152
.00152
.00152
.00152
.00152
.00152
.00159
.00171
.00152
.00152
.00157
.00157
.19294
.17981
.18605
.19421
.20152
.17424
.17601
.17424
.17756
.18696
.17273
.17393
.17421
.17461

OO OO OO OO ODODODOODODODODODODODODODODOODODODOOOOOoOooOo

OO OO OO OO ODODODODODODODODODODODODODODODODODODOOOOooOo

.01423
.01423
.01423
.01423
.01423
.01423
.01423
.01460
.00890
.01423
.01423
.01422
.01422
.20757
.18753
.19916
.20476
.21657
.18653
.18616
.18653
.18774
.19882
.18651
.18629
.18622
.18604
.18809
.18630
.19096
.19342
.18948
.18936
.18970

(continued)

11

.00930
.01587
.00648
.01433
.01270
.01276
.01270
.01270
.01270
.01270
.01270
.01270
.00488
.00543
.01270
.01270
.01274
.01270
.20847
.18761
.19982
.20132
.21712
.18860
.18837
.18860
.18995
.19943
.18701
.18686
.18680
.18667

OO OO OO OO ODODODODODODOODODODODODODODOODODODOOOOOOooo

OO OO OO OO ODODODODODODODODODODODODODODODODODOOOOoOoOo

.01042
.01004
.01004
.01004
.01004
.01004
.01004
.00909
.01022
.01004
.01004
.01048
.01052
.20041
.19036
.19910
.20533
.20625
.19460
.19744
.19460
.19916
.20970
.19293
.19510
.19544
.19571
.20132
.19981
.20095
.19615
.19950
.19923
.19631

12

.00566
.00564
.00545
.00368
.00372
.00368
.00368
.00368
.00368
.00368
.00368
.00369
.00371
.00368
.00368
.00371
.00370
.19800
.18635
.18487
.19458
.20128
.18126
.18095
.18126
.18104
.19183
.17760
.17736
17731
17716

62

OO OO OO OO ODODODODODODODODODODODODIODODODODODODOOOOOOooo

OO OO OO OO ODODODODODIODODODODODODODODODODOLODOLOOOOOOOoO

.00480
.00478
.00478
.00478
.00478
.00478
.00478
.00484
.00529
.00478
.00478
.00478
.00477
.19631
.18367
.19045
.19607
.20799
.17940
.17910
.17940
.18069
.19018
.17781
.17758
.17754
.17739
.18575
.18395
.18231
.18267
.18081
.18070
.18100

13

.00486
.00467
.00303
.00310
.00303
.00303
.00303
.00303
.00303
.00303
.00329
.00187
.00303
.00303
.00313
.00315
.19797
.18357
.19070
.19938
.20606
.17879
.18068
.17879
.18224
.19163
17727
.17860
.17889
.17921

OO OO O OO ODODODODODODODODODODODODODODODODOODODOOOOOOooOo

OO OO OO OO ODODODODODODODODODODODODODODODOOOO oo

.00469
.00455
.00455
.00455
.00455
.00455
.00455
.00474
.00505
.00455
.00455
.00469
.00469
.19497
.17965
.18602
.19753
.20455
17727
.17914
17727
.18069
.19008
.17576
.17705
.17734
17773
.18333
.18430
.18228
.18172
.18092
.18071
.17879

14

.00320
.00163
.00161
.00163
.00163
.00163
.00163
.00163
.00163
.00164
.00184
.00163
.00163
.00161
.00162
.19745
.18436
.19141
.19812
.21073
.18180
.18142
.18180
.18301
.19269
.18019
.17991
.17985
.17966

OO OO OO OO ODODODODODODOODODODODODODODODODODODOOOOOOooo

OO OO OO OO ODODODODODIODODODODODODODODODOOOOooOo

.00163
.00161
.00161
.00161
.00161
.00161
.00161
.00165
.00178
.00161
.00161
.00162
.00162
.19318
.18179
.18816
.18865
.19957
.17981
.17947
.17981
.18110
.19098
.17816
.17790
.17786
17769
.18639
.18450
.18271
.18124
.18122
.18110
.18144

15

.00157
.00157
.00157
.00157
.00157
.00157
.00157
.00157
.00158
.00168
.00157
.00157
.00157
.00157
.19797
.18370
.19046
.19775
.20796
.17957
.17925
.17957
.18082
.19025
.17799
17777
17770
.17753

OO OO OO OO ODODODODODODODODODODODODODODODODODODOOOOOOooOo

OO OO OO OO ODODODODODIODODODODODODODOOOOOooo

.00157
.00152
.00152
.00152
.00152
.00152
.00152
.00159
.00171
.00152
.00152
.00157
.00157
.19294
.17981
.18605
.19421
.20152
.17424
.17601
.17424
.17756
.18696
.17273
.17393
.17421
.17461
.18030
.18117
.17915
.17856
.17780
.17759
.17576

16

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.19462
.18164
.18760
.19594
.20303
.17576
17757
.17576
.17912
.18852
.17424
.17548
.17577
.17614



44
45
46
47
48
49
50

RBC1
RBC2
RBC2
RBC1
RBC2
RBC1
RBC2

65
142
35
1
26
107
121

Uncorrected

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

HTH 2
HTHD4

HTHD17
HTNTD19
HTSTD9
HTNTD5
HTNTD1
HTHD36
HTSTM16
HTSTD14
HTSTD12
HTST10
HTHD11
Ebrach?2
Ebrach3
Ebrach
RBC1F11
RBC1D40

RBC2
RBC2
RBC1
RBC2
RBC2
RBC2
RBC2
RBC2
RBC1
RBC1
RBC2
RBC2
RBC1
RBC2
RBC1
RBC2

29
922
138
115
92
96
89
124
4
65
142
35
1
26
107
121

Uncorrected

25
26
27
28
29
30
31
32
33
34
35

37
38
39
40
41
42
43
44
45
46
47
48

HTSTM16
HTSTD14
HTSTD12
HTST10

HTHD11

Ebrach?2
Ebrach3
Ebrach

RBC1F11
RBC1D40

RBC2
RBC2
RBC1
RBC2
RBC2
RBC2
RBC2
RBC2
RBC1
RBC1
RBC2
RBC2
RBC1
RBC2

29
922
138
115
92
96
89
124
4
65
142
35
1
26

("p")

("pvv)

OO OO o oOo

.18483
.18301
.18138
.18326
.17986
.17975
.18008

0.18030 0.19494 ©
0.18117 0.19320 ©
0.17915 0.19158 ©
0.17856 0.19391 O©
0.17780 0.19006 O
0.17759 0.18997 ©
0.17576 0.19021 O

distance matrix (continued)

O OO OO OO OO ODODODODODIODODODODODODODODODODODOOOOOOoOoOo

distance

OO OO OO OO ODODODODODODODODODOOOOooOo

17

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.19626
.18206
.18888
.19608
.20640
.17800
17767
.17800
.17925
.18868
.17643
.17619
.17613
.17596
.18429
.18286
.18082
.18268
.17947
.17925
.17958

25

.00000
.00000
.00000
.00000
.19308
.18327
.18190
.19002
.20664
.17674
.17636
.17674
.17646
.18689
.17316
.17290
.17284
.17266
.17861
.18004
.17836
.18030
.17657

18 19
0.00000 -
0.00000 0.00000
0.00000 0.00000 ©
0.00000 0.00000 O
0.00000 0.00000 O
0.00000 0.00000 ©
0.00000 0.00000 ©
0.00000 0.00000 O
0.00000 0.00000 O
0.00000 0.00000 ©
0.00000 0.00000 ©
0.19462 0.19462 O
0.18164 0.18164 O
0.18760 0.18760 O
0.19594 0.19594 0
0.20303 0.20303 ©
0.17576 0.17576 O
0.17757 0.17757 O
0.17576 0.17576 O
0.17912 0.17912 O
0.18852 0.18852 O
0.17424 0.17424 O
0.17548 0.17548 O
0.17577 0.17577 O
0.17614 0.17614 O
0.18182 0.18182 O
0.18274 0.18274 0
0.18071 0.18071 O
0.18017 0.18017 O
0.17936 0.17936 0
0.17915 0.17915 O
0.17727 0.17727 O

matrix (continued)
26 27
0.00000 -
0.00000 0.00000
0.00000 0.00000 O
0.19462 0.19462 0
0.18164 0.18164 0
0.18760 0.18760 O
0.19594 0.19594 O
0.20303 0.20303 0
0.17576¢ 0.17576 O
0.17757 0.17757 O
0.17576 0.17576 O
0.17912 0.17912 0
0.18852 0.18852 0
0.17424 0.17424 O
0.17548 0.17548 0
0.17577 0.17577 0
0.17614 0.17614 O
0.18182 0.18182 0
0.18274 0.18274 O
0.18071 0.18071 O
0.18017 0.18017 0
0.17936 0.17936 O

.18321
.18476
.18303
.18502
.18116
.18106
.18138

20

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.19462
.18164
.18760
.19594
.20303
.17576
.17757
.17576
.17912
.18852
.17424
.17548
.17577
.17614
.18182
.18274
.18071
.18017
.17936
.17915
17727

28

.00000
.19523
.18215
.18796
.19616
.20692
.17846
.17813
.17846
.17970
.18918
.17688
.17664
.17658
.17642
.18477
.18297
.18130
.18319
.17984

63

OO OO o oo

O OO OO OO OO ODODODODODIODODODODODODODOOOOOOooOo

OO OO OO OO ODODODOOOOOoooo

.18333
.18588
.18383
.18338
.18250
.18226
.18030

21

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.19462
.18164
.18760
.19594
.20303
.17576
.17757
.17576
.17912
.18852
.17424
.17548
.17577
.17614
.18182
.18274
.18071
.18017
.17936
.17915
17727

29

.19542
.18214
.18810
.19619
.20708
.17861
.17828
.17861
.17986
.18935
.17703
.17679
.17674
.17657
.18493
.18313
.18148
.18337
.18000

OO OO o oo

O OO OO OO OO ODODODODODIODODODODODODODOOOOOo oo

OO OO OO OO ODODODOOOOoooo

.18824
.18637
.18473
.18511
.18321
.18308
.18346

22

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.19462
.18164
.18760
.19594
.20303
.17576
.17757
.17576
.17912
.18852
.17424
.17548
.17577
.17614
.18182
.18274
.18071
.18017
.17936
.17915
17727

30

.00584
.00873
.17394
.18812
.17619
17713
.17619
.17886
.18936
.17956
.17977
.18026
.17944
.18132
.17950
17711
.17631
.17572

OO OO o oo
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.20303
.17576
.17757
.17576
.17912
.18852
.17424
.17548
17577
.17614
.18182
.18274
.18071
.18017
.17936
.17915
17727

31

.00176
.17395
.18832
.16035
.16021
.16035
.16056
.17136
.16253
.16241
.16241
.16233
.16088
.16259
.15927
.16382
.15915
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.18182
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.00000
.00000
.00000
.00000
.00000
.19814
.18263
.19042
.19653
.20981
.18080
.18044
.18080
.18204
.19177
.17918
.17893
.17887
.17869
.18728
.18543
.18380
.18587
.18226
.18213
.18249

32

.17361
.19419
.16754
.16841
.16754
.16685
.17938
.17064
.17087
17127
.17064
.17222
.17056
.16842
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.16713



49 RBC1 107 0.17646 0.17915 0.17915 0.17972 0.17988 0.17712 0.15903 0.16842
50 RBC2 121 0.17684 0.17727 0.17727 0.18005 0.18022 0.17620 0.15919 0.16755

Uncorrected ("p") distance matrix (continued)

33 34 35 36 37 38 39 40
33 RBC1F11 -
34 RBC1D40 0.04947 -
35 RBC2 29 0.02730 0.03939 -
36 RBC2 922 0.02738 0.04096 0.00000 -
37 RBC1 138 0.02730 0.0393%9 0.00000 0.00000 -
38 RBC2 115 0.02565 0.04250 0.00154 0.00157 0.00154 -
39 RBC2 92 0.03765 0.04405 0.01878 0.01887 0.01878 0.02044 -
40 RBC2 96 0.03073 0.03636 0.01212 0.01253 0.01212 0.01407 0.01562 -
41 RBC2 89 0.02909 0.03614 0.01095 0.01100 0.01095 0.01256 0.01412 0.00155
42 RBC2 124 0.02911 0.03620 0.01098 0.01100 0.01098 0.01257 0.01413 0.00156
43 RBC1 4 0.02916 0.03596 0.01089 0.01102 0.01089 0.01260 0.01417 0.00155
44 RBC1 65 0.03072 0.03636 0.01212 0.01253 0.01212 0.01407 0.01562 0.00909
45 RBC2 142 0.02902 0.03632 0.01099 0.01101 0.01099 0.01258 0.01420 0.00783
46 RBC2 35 0.02743 0.03470 0.00942 0.00943 0.00942 0.01101 0.01258 0.00627
47 RBCIL 1 0.01599 0.02231 0.00797 0.00826 0.00797 0.00987 0.01154 0.00479
48 RBC2 26 0.02565 0.03313 0.00786 0.00786 0.00786 0.00943 0.01102 0.00470
49 RBC1 107 0.02570 0.03313 0.00786 0.00786 0.00786 0.00943 0.01101 0.00470
50 RBC2 121 0.02559 0.03182 0.00758 0.00783 0.00758 0.00937 0.01093 0.00455

Uncorrected ("p") distance matrix (continued)

41 42 43 44 45 46 47 48
41 RBC2 89 -
42 RBC2 124 0.00000 -
43 RBCL 4 0.00000 0.00000 -
44 RBC1 65 0.00780 0.00782 0.00775 -
45 RBC2 142 0.00631 0.00628 0.00628 0.00783 -
46 RBC2 35 0.00472 0.00471 0.00471 0.00627 0.00473 -
47 RBCL 1 0.00329 0.00329 0.00326 0.00479 0.00330 0.00164 -
48 RBC2 26 0.00315 0.00314 0.00314 0.00470 0.00315 0.00159 0.00000 -
49 RBC1 107 0.00315 0.00314 0.00314 0.00470 0.00314 0.00157 0.00000 0.00000
50 RBC2 121 0.00313 0.00313 0.00309 0.00455 0.00313 0.00157 0.00000 0.00000

Uncorrected ("p") distance matrix (continued)

49 50
49 RBC1 107 -
50 RBC2 121 0.00000 -

Appendix 4: ITS uncorrected (“p”) distance matrix of E. senta populations from the
northern Chihuahuan Desert and outgroup

1 2 3 4 5 6 7 8
1 Ebrach -
2 RBC2 35 0.25909 -
3 RBC1 4 0.25909 0.00000 -
4 RBC2 124 0.27412 0.02651 0.02651 -
5 RBC2 89 0.26506 0.01473 0.01473 0.01620 -
6 RBC2 29 0.26361 0.01620 0.01620 0.01325 0.00736 -
7 RBC2 115 0.26964 0.01915 0.01915 0.01031 0.01031 0.00884 -
8 RBC2 922 0.26813 0.01915 0.01915 0.00736 0.00884 0.00589 0.00295 -
9 RBC2 142 0.26662 0.02062 0.02062 0.00884 0.01031 0.00736 0.00442 0.00147
10 RBC2 121 0.26813 0.01915 0.01915 0.00736 0.00884 0.00589 0.00295 0.00000
11 RBC2 71 0.26813 0.02062 0.02062 0.00884 0.01031 0.00736 0.00442 0.00147
12 RBC1 712 0.26813 0.01915 0.01915 0.00736 0.00884 0.00589 0.00295 0.00000
13 RBC1 60 0.26964 0.02062 0.02062 0.00884 0.01031 0.00736 0.00442 0.00147
14 RBC2 96 0.26813 0.01915 0.01915 0.00736 0.00884 0.00589 0.00295 0.00000
15 RBC2 4 0.26813 0.01915 0.01915 0.00736 0.00884 0.00589 0.00295 0.00000
16 RBC1l 65 0.26813 0.01915 0.01915 0.00736 0.00884 0.00589 0.00295 0.00000
17 HT H3 0.26959 0.05596 0.05596 0.04418 0.04566 0.04271 0.03976 0.03682
18 HT HDI11 0.26807 0.05449 0.05449 0.04271 0.04418 0.04124 0.03829 0.03535
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