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\' Abstract

Rapid warming in the Arctic is drastically impacting marine ecosystems, affecting species diversity,
distribution, and food web structure. Pelagic Themisto amphipods are a dominant component of the
Arctic zooplankton community and represent a key link between secondary producers and marine
vertebrates at higher trophic levels. Two co-existing species dominate in the region: Themisto
libellula, considered a true Arctic species and Themisto abyssorum, a sub-Arctic, boreal species. Both
have exhibited recent changes in abundance and range shifts, likely due to the Atlantification of the
Arctic. Many aspects of the ecology and genetic structure of these two species are not well studied,
despite their high biomass, importance in the food web and the fact that they are already being
affected by rapid climate change in the Arctic. We tested both species for levels of genetic diversity,
patterns of spatial genetic structure and demographic history using samples from the Greenland
shelf, Fram Strait, and Svalbard. This was achieved using variation at the mitochondrial cytochrome
c oxidase subunit 1 gene (mtCOI). These data revealed strikingly different levels of mtCOI diversity:
low levels in T. libellula contrasted with high diversity in T. abyssorum. No spatial genetic structure
was found, and high levels of connectivity and evidence of historic demographic expansion were
exhibited by both species. These patterns of diversity and demographic signatures are likely
explained by glaciation events impacting population sizes during the LGM. High population
connectivity is likely due to mixing among Themisto populations, caused by the multi-directional
currents in the region. The observed low genetic diversity, in combination with its cold adaptions,
could cause T. libellula to be more susceptible in the Atlantification of the Arctic. In contrast, high
diversity likely increases adaptive potential in T. abyssorum which, combined with its Atlantic affinity,
could lead to it benefitting from current warming trends. This study provides new data on the
phylogeography of two ecologically important species, which can contribute to predicting how
zooplankton communities, species interactions and food web structure will manifest in the Arctic as

a result of climate change.



1. Introduction

The Arctic is currently warming two times faster than the global mean, and many
consequences of climate change have now manifested throughout the region (Pértner et al., 2019).
Ocean and air temperatures are increasing rapidly, sea ice coverage and thickness is declining, and
permafrost and glaciers are melting region-wide (Stroeve et al., 2012; Wang et al., 2020). Ice-free
summers are predicted to occur by the middle of the century (Notz & Stroeve, 2018; Stroeve et al.,
2012; Wang & Overland, 2009). These environmental changes are already having drastic impacts on
the marine ecosystem, affecting species composition, distribution and food web structure in the
Arctic Ocean (Gluchowska et al., 2017; Weydmann et al., 2014).

The inflow of increasingly warmer Atlantic water into the high Arctic is a major driver of the
phenomenon commonly referred to as the ‘Atlantification’ of the Arctic (Polyakov et al., 2017). The
Fram Strait, between Greenland and the Svalbard Archipelago, is known as “the gateway to the
Arctic” and is the largest source of oceanic heat into the Arctic Basin (Beszczynska-Moeller et al.,
2011). The heat exchange between water masses in the Fram Strait is influenced by two opposing
currents: the north-bound West Spitsbergen Current (WSC) and the south-bound East Greenland
Current (EGC) (Figure 1). The WSC carries warmer and more saline Atlantic water into the Arctic Basin,
travelling northwards via the west coast of Spitsbergen, the largest island in Svalbard. The ECG travels
along the Greenland Shelf, carrying cold, freshwater and sea ice southwards through the Fram Strait
(Wang et al., 2019).

The WSC carries increasing amounts of nutrients and sub-Arctic and boreal planktonic species
into the Arctic, the consequences of which are not yet widely studied. Zooplankton community
composition and functional changes have been detected and linked to this Atlantification
(Gluchowska et al., 2017). Poleward range expansions of sub-arctic and boreal zooplankton species,
as well as poleward contractions of Arctic species have also been observed (Basedow et al., 2018;
Dalpadado et al., 2016). Environmental changes will alter the distribution of suitable habitats and are
expected to have an impact on gene flow and genetic structure in a wide range of zooplankton

species in the Arctic and its marginal seas (Hardy et al., 2011; Tempestini et al., 2020).

Pelagic amphipods are among the most abundant planktonic crustaceans in polar regions and
are a crucial component of the Arctic food web. Hyperiidea are the dominant group of pelagic
amphipods and are thought to make up approximately 4% of zooplankton biomass in the world’s

oceans (Longhurst, 1985). Almost all hyperiids are epipelagic, although some exceptions are



mesopelagic or deep water species (Vinogradov et al., 1996). They are an important link between
secondary producers (mesoplanktonic grazers) and zooplanktivorous marine vertebrates at higher
trophic levels. Their role as prey in the Arctic zooplankton community has been described as on par
with that of krill and copepods (Bowman, 1960; Dalpadado, 2002). The predominant hyperiids in the
Arctic Ocean are of the genus Themisto. Two co-existing species dominate: Themisto libellula,
considered a genuine Arctic species and Themisto abyssorum, considered a sub-Arctic, boreal
species. Both are preyed upon by fish, seabird and marine mammal species through the Arctic and
its marginal seas (Havermans et al., 2019). They are visual predators of meso- and macrozooplankton
and although their geographic distributions overlap, they are thought to occupy different ecological
niches (Auel et al., 2002).

T. libellula is a cold adapted species and its distributional range includes the Central Arctic
Basin as well as the marginal seas (Havermans et al., 2019). It can grow up to 60mm in size and has a
life cycle of up to 4 years (Auel & Werner, 2003; Kraft, 2010). An important component of its diet are
ice-dependant, herbivorous copepods, indicating an indirect reliance of T. libellula on the cryo-
pelagic pathway (Auel & Werner, 2003; Kohlbach et al., 2016). It is a key prey item for seabirds,
including the Little Auk (Alle alle), Arctic fish species such as Polar Cod (Boreogadus saida) and
commercially important fish species such as Atlantic Cod (Gadus morhua) and Salmon (Havermans et
al., 2019).

T. abyssorum is largely found in waters of Atlantic origin in the marginal Arctic seas. It has also
regularly been observed in Arctic waters, but in lower abundances than in warmer and deeper
Atlantic waters (Dalpadado, 2002; Havermans et al., 2019). It is smaller than T. libellula, and while
lipid content by weight is comparable, its smaller body size makes it an overall less nutritious prey
(Auel et al., 2002). Previous studies indicate that the diet of T. abyssorum is less ice-dependent than
of T. libellula, with a wider prey-spectrum and a higher trophic position in the Arctic food web (Auel
et al., 2002; Kohlbach et al., 2016). Both species have exhibited recent changes in abundance and
distribution, likely as a result of the Atlantification of the Arctic (CAFF, 2017; Havermans et al., 2019).
These changes in abundance and distribution could have strong implications at higher trophic levels,
with the loss of the highly nutritious T. libellula as a key prey item for many species (Havermans et
al., 2019).

Many aspects of the current genetic diversity, population structure and phylogeography of T.
libellula and T. abyssorum are not well studied, despite their importance in the Arctic food web and

biogeochemical cycles (Havermans et al., 2019). Investigating patterns of genetic diversity over a



spatial distribution can give insight into how historic evolutionary events have impacted genetic
variation in a species, as well as ongoing processes such as gene flow (Nei, 1987; Slatkin, 1987). This
can lead to better understanding of how present-day and future climate events may impact a species
as well as the likelihood of adaption to these changes. This study is the first to our knowledge to focus
in depth on the population genetics of T. abyssorum, and the first to compare the two sister species
using molecular barcoding.

One of the most common genetic markers used for the analysis of inter- and intraspecific
diversity for many crustaceans is the mitochondrial cytochrome ¢ oxidase sub-unit 1 gene (mtCOl)
(Hebert et al., 2003). It has low or no recombination, uniparental inheritance and a faster
evolutionary rate compared to nucleic DNA (Moritz et al., 1987). The diversity on the mtCOI gene is
less at the intra-specific level than at the inter-specific level, making it suitable tool for estimating
diversity in congeneric species (Meyer & Paulay, 2005). Population bottlenecks and expansions leave
signatures in the mtCOIl region, making it a popular tool for inferring elements of a species
demographic history (Hewitt, 2000).

This study aims to (i) assess and compare the levels of genetic diversity, (ii) determine present
spatial patterns of genetic structure and connectivity as well as (iii) provide an overview of the
demographic history of the two Themisto species, across a broad geographic gradient. This is
achieved by analysing and comparing mtCOI gene variation according to the geographic location of
populations from the Greenland shelf, the Fram Strait, and the Svalbard Archipelago. Considering the
close phylogenetic relationship, similar life history patterns and dispersal capacities of the two
species, we would expect comparative levels of genetic diversity at the mtCOI region. Both species
have a holoplanktonic lifestyle, therefore, considering the multi-directional currents and the lack of
major geographic barriers in the study region, we predict relatively high levels connectivity, with the

potential for some genetic structure between the marginal populations.
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2. Materials and methods
2.1 Study area

Samples were collected
across the Greenland Shelf, the
Fram Strait, and the Svalbard
Archipelago. The Greenland Shelf
and western Fram Strait stations
are shelf stations largely

influenced by the ECG, whereas

. . S —— :7/7/ : H
the central Fram Strait stations -

Figure 1. Map of the sampling area including the Greenland Shelf, Fram Strait
are deep and influenced by the and the Svalbard Archipelago and main ocean currents: Cold currents in blue
. and warm currents in red. EGC = East Greenland Current, WSC = West
WSC. The West Spitsbergen Spitsbergen Current, SCC = South Cape Current.

stations are under the influence
of the WSC and the South Spitsbergen stations the South Cape Current (SCC). North Spitsbergen and

Nordauslandet stations are colder with less influence from the WSC (Figure 1).

2.2 Sample collection

Zooplankton samples containing Themisto amphipods were collected from the Greenland
Shelf, the Fram Strait, and the Svalbard Archipelago during oceanographic research cruises between
2016 and 2020 (Table 1 and Figure 2). Specimens from the Fram Strait and East Greenland were
collected on the R/V Polarstern cruises PS100 in 2016 (Kanzow, 2017) and PS107 in 2017 (Schewe,
2018), with a 150pum Multinet and 300um and 500um Bongo nets. Multinet hauls were carried out
vertically in the water column (0.5 m/s), Bongo nets were towed obliquely at 2 knots ship’s speed,
with a wire length varying between 20m to 450m. Additional Fram Strait and East Greenland
specimens were collected on the R/V Helmer Hanssen cruise TUNU-VII in September 2017 with a
Campelen 1800 shrimp trawl (Walsh & McCallum, 1997). Specimens from the Svalbard Archipelago
were collected in 2020 on the R/V Heincke cruise HE560 (Knust, 2020), using 300um and 500um
Bongo Nets and a pelagic trawl net fitted with a young fish lift (YFT) (Holst & McDonald, 2000).

Samples were preserved immediately after collection and sorting procedures in 96% undenatured
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ethanol. Six major geographic regions were defined based on ocean bathymetry and influences of

major oceanic currents (Figure 1 and Figure 2).

1250 m

1750 m

2250 m

2750 m

3250 m

3750 m

4750 m

5250 m

10°E 20°E
Geographic Regions Oceanographic Cruises
Fram strait North Spitsbergen South Spitsbergen = PS100 (2016) A TUNU VI (2017)
Nordauslandet West Spitsbergen . Greenland/West Fram Strait ¢ PS107 (2017) e HES60 (2020)

Figure 2. Sampling locations for Themisto spp. Colours indicate major geographic regions. Black shapes indicate
stations on different oceanographic cruises between 2016 and 2020.

2.3 DNA extraction, PCR and sequence alignments

Between two and four pleopods were taken for DNA isolation from larger Themisto
individuals, and the entire pleon including pleopods form the smaller individuals (<7mm). DNA
extraction was performed using the QIAGEN DNeasy Blood & Tissue Kit, in accordance with the
manufacturer’s instructions. Each DNA extraction was treated with 20 pL of proteinase K and only
100 plL of AE buffer was used for sample elution to ensure a higher concentration of DNA. DNA
content was measured with a Nanodrop ND-1000 (Thermo Fisher Scientific) and diluted to
approximately 50ng of DNA for subsequent Polymerase Chain Reaction (PCR).

A 658 base pair (bp) fragment of the mtCOI barcoding region was amplified using the universal

primers HCO 2198 (5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) and LCO 1490 (5'GGTCAACAAAT-
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CTAAAGATATTGG-3’) (Folmer et al., 1994). The reaction mixture had a total volume of 25uL and
consisted of: 1x PCR buffer, 0.2mM dNTP, 0.5uM of each primer, 0.2U/uL 5 PRIME HotMaster Taq
DNA polymerase (QuantaBio), 1 uL (ca. 30ng) of DNA template and molecular-grade water. DNA
template was substituted with molecular-grade water in negative controls. The PCR amplification
was carried out using the following program: initial denaturation at 95°C for 2 minutes; followed by
36 cycles of denaturation at 94°C for 20 seconds, annealing at 42°C for 20 seconds, extension at 65°C
plus a final extension at 65°C for 15 minutes. PCR products were checked for quality and length using
electrophoresis on GelRed-stained, 2% agarose gel and were bidirectionally sequenced by Eurofins
Genomics.

Chromatograms were manually checked for ambiguous base calls, stop codons and amino
acid translations of the mtCOIl sequences, using the software CondonCode Aligner 8.0.2 (Condon
Code Corporation). The primers were removed, and all sequences were trimmed to a maximum
658bp length. A consensus of all forward and reverse amplicons was created, and all sequences were

aligned with CLUSTAL-W (Thompson et al., 1994) in CodonCode Aligner.

2.4 Genetic diversity

The evolutionary history between individuals of each species was inferred using the
Neighbour-joining method (Saitou & Nei, 1987), using Mega X software (Kumar et al., 2018). The
Kimura 2-parameter (K2P) method with pair-wise deletion, was used to calculate evolutionary
distances (Kimura, 1980) and 2000 bootstrap replicates (Felsenstein, 1985). A total of 416 sequences
were used to construct the tree. Sequences consisting of less than 658bp were included in the
Neighbour-joining tree but removed from all other analysis to avoid base-pair loss in longer
sequences.

Intraspecific genetic diversity was estimated by calculating the standard diversity indices:
number of haplotypes (H), number of segregating sites (S), haplotype diversity (h), nucleotide
diversity (m), the number of parsimony informative sites, and average number of nucleotide
differences (K). Haplotype diversity is the probability that two randomly sampled alleles are different
and nucleotide diversity represents the average number of nucleotide differences per site in pairwise
comparisons of the sequences (Nei, 1987). All diversity indices were calculated on DnaSP 6 software
(Rozas et al.,, 2017). The relationships between identified haplotypes were explored through

haplotype networks created in PoOpART 1.7 software (Leigh & Bryant, 2015), using the Templeton,
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Crandall and Sing (TCS) method (Clement et al., 2002). The TCS method is based on a maximum

parsimony (MP) algorithm.

2.5 Population structure and connectivity

To test for hierarchical population genetic differentiation, an Analysis of Molecular Variance
(AMOVA) was performed using the distribution of variation at the regional, sampling site and
individual levels (Excoffier et al., 1992). Genetic connectivity between geographical regions was
estimated by calculating pairwise Fsr (fixation index among populations), for which a significance level
of 0.05 was determined using 10,100 permutations (Holsinger & Weir, 2009). These analyses were

conducted using Arlequin 3.5.2.2.

2.6 Demographic history

The common statistical tests for neutrality; Tajima’s D and Fu’s F were used to infer
demographic history of each species (Fu, 1997; Tajima, 1989). These tests distinguish between
neutrality; sequences evolving under mutation-drift equilibrium and sequences evolving under non-
neutral processes such as selection and population expansions. Tajima’s D is based on the frequency
of segregating nucleotide sites, whereas Fu’s F is uses the distribution of haplotype frequencies and
is considered to be the more sensitive test (Ramos-Onsins & Rozas, 2002). Negative values indicate
an excess of rare polymorphisms when compared to the null hypothesis of population equilibrium.
Due to a lack of significant population structure, all samples were pooled per species for these tests.

All demographic analyses were conducted in Arlequin 3.5.2.2.
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Table 1. Summary of samples sequenced: name and position of sampling stations, sampling gear and maximum depth of water column sampled, and number of sequences
obtained with 658 bp on mtCOl. Numbers in parentheses () indicate sequences that were included in the Neighbour-joining tree but removed from subsequent analysis.

Sampling Maximum
Region Station Cruise Code Latitude [N] Longitude [E] Year Sampling Gear Sampling Depth T. libellula T. abyssorum
1 Fram Strait 2 PS100 75.1125 8.541 2016 Bongo Net 345m 0 22
2 87 PS100 79.7901667 -11.886 2016 Bongo Net 250m 2 (3) 0
3 102 PS100 78.8440556 -2.7351111 2016 Bongo Net 345m 7 3
4 2 PS107 78.5928625 5.05375 2017 Bongo Net 345m 24 18 (2)
5 21 PS107 78.961925 0.0240025 2017 Bongo Net 191m 24 0
6 38 PS107 79.01205 4.492125 2017 Bongo Net 345m 24 0
7 32 PS107 79.5872667 2.03102333 2017 Bongo Net 345m 14 0
8 34 PS107 79.951375 3.1266825 2017 Bongo Net 345m 17 0
9 45 PS107 79.0044333 8.30696667 2017 Bongo Net 345m 0 17
10 7 PS107 79.0562333 3.77262333 2017 Bongo Net 345m 8 0
11 1381 TUNUVII 78.863693 -0.633665 2017 Campelen Trawl 2600m 5 0
12 Greenland/West Fram Strait 95 PS100 78.6838333 -7.0228333 2016 Bongo Net/ Multinet 250m 4(2) 1
13 98 PS100 78.85 -4.0574167 2016 Multinet - 0 1
14 246 PS100 79.57 -19.506944 2016 Bongo Net 200m 3 3
15 241 PS100 79.5691667 -19.500167 2016 Bongo Net 300m 6 (3) 2
16 29 PS107 78.9794875 -5.5013275 2017 Bongo Net 340m 23 6
17 1306 TUNUVII 75.987477 -19.463093 2017 Campelen Trawl 480 m 7 0
18 1338 TUNUVII 76.007107 -14.189228 2017 Campelen Trawl 350 m 10 (1) 0
19 Nordauslandet 1 HE560 80.51759 22.066891 2020 Bongo Net 177 m 0 5
20 2 HE560 80.177589 22.153065 2020 Bongo Net / YFT 200 m 10 5
21 North Spitsbergen 4 HES560 79.520613 19.666993 2020 YFT 200 m 10 12
22 5 HES560 79.735243 15.537286 2020 Bongo Net 123 m 0 7
23 6 HES560 79.127639 16.0246 2020 Bongo Net / YFT 169 m 9 15 (1)
24 9 HES560 80.460108 14.187643 2020 YFT 50 m 10 0
25 10 HE560 79.805919 12.002588 2020 Bongo Net 146 m 0 12
26 West Spitsbergen 17 HES560 79.197424 11.793602 2020 Bongo Net 260 m 10 23 (2)
27 23 HES560 78.659525 16.677328 2020 YFT 170 m 10 0
28 South Spitsbergen 24 HES560 77.762499 15.139361 2020 YFT 100 m 10 0
29 25 HE560 76.993152 16.013978 2020 YFT 100 m 3 0
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3. Results

The mtCOI sequence data from the two species of Themisto resulted in an alignment
length of 658 base pairs. Specimens were sequenced from 29 sampling stations on the
Greenland shelf, the Fram Strait and the Svalbard Archipelago. A total of 259 T. libellula

specimens from 23 stations were sequenced and 157 T. abyssorum from 16 stations. In total

T. libelulla

< T. compressa
100

T. abyssorum

0.020

Figure 3. Collapsed Neighbour-joining tree computed in MEGA X. Tree is based on pairwise distances with
bootstrap support (N reps= 2000) for the three Themisto species. T. compressa (N= 22) was not used in this
study but is included in this tree to illustrate relationship with T. libellula (N= 259) and T. abyssorum (N= 157).
The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to
infer the tree. The evolutionary distances were computed using the Kimura 2-parameter method. Depth of the
nodes represents diversity and height represents sample size. All ambiguous positions were removed for each
sequence pair (pairwise deletion option). There was a total of 658 positions in the final dataset.
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250 and 152 of these were used in subsequent analysis (Table 1). Both species were
sequenced at 10 out of the 29 stations. The mtCOI barcoding confirmed the morphological

identification of all sequenced specimens (Figure 3).

3.1 Genetic diversity

T. libellula exhibited low levels of mtCOIl sequence diversity. A total of 16 polymorphic sites,
4 parsimony informative sites and 16 unique haplotypes (H) were identified among 250
specimens. Genetic diversity was low with haplotype diversity, Hq= 0.360 (SD= 0.036);
nucleotide diversity, m= 0.00064 (SD= 0.00008); and average number of nucleotide
differences, K= 0.42043 (Table 2). In contrast, 136 polymorphic sites and 68 parsimony
informative sites were identified for T. abyssorum leading to 115 unique haplotypes being
assigned to 152 individuals. Genetic diversity indices were higher with Hgy= 0.975 (SD= 0.008),
n=0.01218 (SD=0.00089), and K= 8.01534 (Table 2). The distinctly different levels of diversity
are represented by a shallow node for T. libellula and a deep node for T. abyssorum in the
compressed NJ tree (Figure 3). The average intraspecific variation (K2P distance) was in T.

libellula = 0.002% and T. abyssorum = 0.015%.

Table 2. Genetic diversity indices for the complete mtCOI gene sequence data sets for T. libellula and T.
abyssorum. SD = Standard Deviation.

T. libellula T. abyssorum
Diversity Indices
Sample Size (N) 250 152
Number of Haplotypes (H) 16 115
Polymorphic sites (S) 16 136
Parsimony informative sites 4 68
Haplotype diversity (Hq +SD) 0.360 + 0.036 0.975 + 0.008
Nucleotide Diversity (it +SD) 0.00064 + 0.00008 0.01218 + 0.00089
Average number of nucleotide differences (K) 0.42043 8.01534

17



TCS haplotype networks based on mtCOl illustrate contrasting diversity between the
two species (Figure 4). T. libellula showed a low number of haplotypes (16), with two main
haplotypes dominating and thirteen singletons (occurring in only one individual). These
haplotypes diverge by only one or two of mutational steps, which is supported by the low
nucleotide diversity value (Table 2). In contrast, T. abyssorum exhibited a high number of
highly divergent haplotypes (115), with only one haplotype occurring in more than 10
individuals, and 107 singleton haplotypes.

Fram strait

© 1sample
Nordauslandet Q 10 samples
North Spitsbergen
- West Spitsbergen %
South Spitsbergen

- Greenland/West Fram Strait

Figure 7. TCS haplotype networks for (A) T. libellula and (B) T. abyssorum based on mtCOI sequences. Each
haplotype is represented by a circle and is coloured according to its geographic region. Circle size is proportionate
to haplotype frequency, hypothetical haplotypes are represented by notches and mutations are represented by
bars.

3.2 Population structure and connectivity

The data revealed a lack of genetic structure among all the geographic regions sampled, for
both species. The TCS haplotype networks for T. libellula showed that the two most common
haplotypes (N=197 and N=35) were present at all six of the main geographic regions sampled.

The third most common haplotype (N=5) was present at three out of the six regions (Figure

18



4). The haplotype network for T. abyssorum showed that the dominant haplotype (N=23) was
present at four out of five of the regions sampled (no T. abyssorum were sequenced from
South Spitsbergen). This lack of spatial genetic structure is further illustrated in Figure 5,
where haplotype frequency is shown at each sampling station. The most abundant haplotype
for T. libellula, Haplotype 1, dominates at every station except one, where it is makes up half
of the haplotypes present. In T. abyssorum, Haplotype 8 is present at all except the two
Nordauslandet stations. Every station, except for one Fram Strait station is dominated by

singletons.
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Figure 11. Relative frequency of T. libellula (A) and T. abyssorum (B) haplotypes and sampling stations.
Colour indicates individual haplotypes. * indicates sites where N< 4. Small black shapes indicate stations
where the species was not sequenced.
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AMOVA analysis of spatial patterns of genetic variation within and among sampled
populations showed no statistical significance of any of the variance components (among
regions, among stations or among individuals). Based on these results, neither species
exhibits significant geographic structure among the sampled populations (Table 3). Pairwise
Fst comparisons between the geographic regions showed no significant differences between
pairs of regions. This further indicates a lack of genetic structure and high levels of
connectivity between regions in both T. libellula and T. abyssorum (Table 4). All negative Fst
values were taken to be zero.

Table 3. The results of spatial population genetic structure using the Analysis of Molecular Variance

(AMOVA) based on mtCOl. Significance tests based on 10100 permutations. Abbreviations: df= degrees of
freedom, SS= Sums of Squares, F= fixation index.

Themisto libellula

Source of variation df SS Variance % variation F p-value
Component

Between regions 5 0.614 -0.00042 -0.23 -0.02596 0.55851

Between stations 17 2.374 -0.00425 -2.36 -0.02357 0.82733

Between 227  41.867 0.18444 102.60 -0.00233 0.88782

individuals

Total 249  44.856 100 - -

Themisto abyssorum

Source of variation df SS Variance % variation F p-value
Component

Between regions 4 1.989 0.00263 0.54 0.00540 0.09485

Between stations 11 4.904 -0.00550 -1.13 -0.01134 0.90584

Between 136 66.719 0.49058 100.59 -0.00588 0.91673

individuals

Total 151  73.612 0.48771 100 - -
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Table 4. Results of pairwise Fsr values based on mtCOI for genetic connectivity between major geographic
regions. All negative values are taken to be zero.

T. libellula

Greenland
Shelf/ West North West South
Fram Strait Fram Strait Nordauslandet Spitsbergen  Spitsbergen Spitsbergen

Fram Strait 0
Greenland
Shelf/ West
Fram Strait -0.00421 0
Nordauslandet -0.05043 -0.04769 0
North
Spitsbergen 0.023 -0.00397 -0.00857 0
West
Spitsbergen -0.00515 -0.02249 -0.05296 -0.0282 0
South
Spitsbergen -0.02926 -0.03929 -0.08893 -0.03214 -0.05686 0
T. abyssorum

Greenland

Shelf/ West North West

Fram Strait Fram Strait Nordauslandet Spitsbergen  Spitsbergen -
Fram Strait 0
Greenland
Shelf/ West
Fram Strait -0.01985 0
Nordauslandet -0.03077 -0.03182 0
North
Spitsbergen -0.00099 -0.01505 -0.01953 0
West
Spitsbergen -0.00808 -0.02079 -0.0403 0.00697 0
3.3 Demographic history

The results of the Tajima’s D and Fu’s F tests for neutrality were significantly negative

for the overall populations in both species. These results indicate an excess of rare

polymorphisms are present in both species, allowing the rejection of the null hypothesis that

the sampled populations are in a state of equilibrium (Table 5).
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Table 5. Analysis of population history results based on the neutrality tests; Tajima’s D and Fu’s F. Associated

p-values included and * indicates significant p-value (<0.05)

T. libellula

T. abyssorum

Tajima’s D test
Sample size
Tajima’s D
Tajima’s D p value
Fu’s F test

No. of alleles

Fu's F

Fu’s F p value

250
-2.11367
<0.01*

16
-19.39899
<0.01*

153
-2.18398
<0.01*

116
-24.51890
<0.01*

23



4. Discussion

Two abundant pelagic amphipod species, T. libellula and T. abyssorum, were tested
for levels of genetic diversity, patterns of spatial genetic structure and connectivity and
demographic history in the Fram Strait, Greenland shelf and Svalbard, using variation at the
mitochondrial COI region. Overall, the levels of mtCOI diversity were low in T. libellula and
very high in T. abyssorum and no evidence of spatial genetic structure was found for either
species, across the sampled regions. Very high levels of connectivity and evidence of
demographic expansion were exhibited by both species. These results provide new insight
into the genetic diversity and phylogeography of two ecologically important zooplankton

species in the Arctic ocean.

4.1 Genetic diversity

Genetic diversity of the mtCOIl region was markedly different between the two
species. In this study, T. libellula exhibited low haplotypic diversity with only 16 weakly
divergent haplotypes identified in 250 specimens. Two main haplotypes dominated, and none
were separated by more than two mutations. The haplotype network exhibited a star-like
shape, which has also been found in its Southern Ocean congener; Themisto gaudichaudii
(Havermans et al., unpublished data). Similarly low haplotype diversity indices were reported
in a recent study by Tempestini et al. (2020), on T. libellula in the Canadian Arctic. They found
haplotype diversity values ranging from 0.286 to 0.642 in four populations in the Chukchi and
Bering Seas and the Gulf of Alaska. They identified seven weakly divergent haplotypes, two
of which were dominant. These findings, combined with results in the present study suggest
that T. libellula exhibits low genetic diversity at the mtCOI region throughout the Arctic.

The low genetic diversity found in T. libellula may have alternative explanations.
Evolutionary bottlenecks occurred for many marine species in the Arctic when the expansion
of polar ice sheets left limited glacial refugia during the last glacial maximum (LGM),
approximately 10,000 years ago. This extreme habitat loss caused declines in population size
and genetic diversity across many marine taxa. It was followed by rapid recolonization after
deglaciation, causing founder effects in species of which few individuals were able to
recolonise (Hardy et al., 2011; Shimizu et al., 2018). The subsequent impacts on present

genetic diversity depend on the size and number of refugia as well as the effective population

24



size of the survivors (Hardy et al., 2011; Hewitt, 2000). Genetic signatures of the LGM have
been identified in other Arctic zooplankton taxa including the pteropod Limacina helicina
(Shimizu et al., 2018; Sromek et al., 2015), the copepod Pseudocalanus moultni (Aarbakke et
al., 2014) and the amphipod Gammarus oceanicus (Grabowski et al., 2019). However it
remains unclear whether the low genetic diversity in certain Arctic species such as T. libellula
is caused by limited former refugia, rapid colonization following deglaciation and consequent
founder effects (Shimizu et al., 2018). If T. libellula experienced genetic bottlenecks due to
the aforementioned glaciation events, insufficient time has occurred since the LGM for
genetic diversity to have increased rapidly through the accumulation of mutations, especially
if gene flow is high (Nei, 1987).

Another explanation for low mtCOI diversity is the occurrence of selective sweeps in
a species’ history. Selective sweeps occur when a neutral mitochondrial locus such as mtCOI
has an association with another gene upon which positive selection acts (Hebert et al., 2003).
This can leave only one or two central haplotypes, from which satellite haplotypes arise
(Marko, 2004), as seen for T. libellula in this study. Even infrequent selective sweeps can
reduce mtCOI diversity, so an occurrence could still be impacting the present-day diversity in
T. libellula. However, with the absence of archive material for assessing changes in genetic
structure over time, it is impossible to exclude that the low genetic diversity in T. libellula is
in part caused by current selective pressures imposed by the rapid warming of the Arctic.

The high level of genetic diversity in T. abyssorum is strikingly different to that
observed in T. libellula. Haplotypic diversity was two-fold higher, and the number of unique
haplotypes was close to ten times that found in T. libellula, despite a smaller sample size.
Nucleotide diversity was much higher than that of T. libellula, alluding to high genetic
distances between haplotypes. Similarly high diversity was found in the abundant Arctic
chaetognath, Eukrohnia hamata (DeHart et al., 2020) and the Arctic copepod Calanus glacialis
(Weydmann et al., 2018). High genetic diversity is evident in the TCS haplotype network,
which is a ‘diffuse’ shape with numerous mutations separating many haplotypes. This shape
network has been found in other zooplankton with deep-sea distributions including the
benthic shrimp Nematocarcinus lanceopes (Raupach et al.,, 2010), and the squat lobster
species Munida endeaviurae and Munida gracilis (Yan et al., 2020).

Being a sub-Arctic boreal species, it is likely that larger populations of T. abyssorum

were maintained than T. libellula during glaciation events in the LGM. Due to milder climate
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conditions, large refugia occurred along the coasts of Northern Europe during this period
(Wares & Cunningham, 2001). The ability of T. abyssorum to thrive in deeper Atlantic waters
(<50m) could have resulted in yet further, deep-sea refuges (Havermans et al., 2019).
Isolation in refugia can lead to vicariant effects, where isolated populations diverge leading
to an increase in local genetic diversity. When they are able to intermingle, the subsequent
admixture of lineages leads to an overall increase in intraspecific diversity (Hardy et al., 2011).
This mechanism may explain the high diversity, yet high levels of connectivity found in T.
abyssorum.

Fluctuations in intra-specific genetic diversity can have strong ecological implications
for population stability, resilience and adaptive potential (Bolnick et al., 2011; Des Roches et
al., 2018; Thompson et al., 2019). High diversity at the mtCOI region indicates high levels of
standing genetic variation in T. abyssorum, which can be an important source of swift
adaption to selection pressures. Species with low genetic diversity are generally more
susceptible to rapid environmental changes than those with high genetic diversity since the
latter can result in higher adaptive potential and thus, stronger resistance to stressors such
as temperature increases (Thompson et al., 2019). In a recent meta-analysis, Des Roches et
al. (2018) concluded that the ecological effects of intraspecific diversity loss rival the effects
of the removal or replacement of a species in an ecosystem. The decline of intraspecific
diversity driven by factors such as local population extinctions is a global trend (Des Roches
et al., 2018), and is especially relevant in the light of the rapid climate change in the Arctic,

at its consequences for ecologically important species such as Themisto.

4.2 Population structure and connectivity

A lack of spatially structured genetic differentiation was observed in both species
across the study area. This was clearly illustrated in the TCS haplotype networks, haplotype
distribution maps and subsequent statistical analysis. The AMOVA revealed no significant
genetic differentiation between major geographic regions, sampling stations or individuals.
This indicates high levels of connectivity and genetic homogeneity between sampled
populations. Dominant haplotypes were present across the sampling area for both species
and all pairwise Fst values were low and insignificant among the major geographic regions,
further supporting high levels of gene flow. In contrast to the present study, Tempestini et al

(2020) found Arctic populations in the Bering and Chuckchi seas to be genetically
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homogenous but showed a population from the Gulf of Alaska to be genetically distinct.
Although their sample size was very low in comparison, this population structure was also
reflected by genomic data, supporting its significance. Their results indicate that the presence
of population structure on a larger geographic scale is a likelihood in T. libellula, but our
sampling did not cover a wide enough area to detect it.

Weak or non-existent population structure is common among marine species with
pelagic life stages, such as Themisto amphipods, due to the high potential for dispersal and
gene flow through oceanic currents (Hardy et al., 2011). The absence of genetic structure in
populations is often interpreted as a result of panmixia or a genetic bottleneck followed by a
population expansion (Hardy et al., 2011; Yan et al., 2020). Similarly high levels of population
connectivity have been demonstrated in other key Arctic zooplankton species including
copepods (Weydmann et al.,, 2014; Weydmann et al., 2018), chaetognaths (DeHart et al.,
2020) and multiple polychaete and echinoderm species with planktonic life stages (Hardy et
al., 2011). The high gene flow between the studied populations is likely heavily mediated by
multi-directional currents in the Fram Strait and Svalbard Archipelago. The WSC carries water
northward as well as circulating it across the Fram strait, the ECG carries water southward
and the SCC carries polar water around the south coast of Spitsbergen and northward again.

Site-specific genetic diversity and connectivity can be affected in part by sample size
(Ryman et al., 2006), which was limited at some sampling stations in this study. Using larger
sample sizes in under-sampled regions such as the Greenland shelf and Nordauslandet would
improve the statistical power of these tests and allow for stronger conclusions to be drawn.
The use more genetic markers, particularly nuclear DNA, would provide a more accurate

picture of the population structure of these two species.

4.3 Demographic history

The results of the neutrality tests were significantly negative in both species, revealing
that there is an excess of rare mutations in the sampled populations. This excess can be
attributed to either a bottleneck event followed by population expansion or a selective
sweep. However, both leave similar genetic signatures on the mtCOI region and distinguishing
between them is difficult (Hebert et al., 2003; Tajima, 1989). Studies providing direct evidence
of selective sweeps on the mtCOI region are rare and come with many caveats (Grant, 2015;

Marko, 2004), while population expansion after a bottleneck has frequently been argued in
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Arctic zooplankton studies (Grabowski et al., 2019; Sromek et al., 2015; Weydmann et al.,
2018). Demographic expansion in the present study is supported by the lack of population
structure and high levels of connectivity found in both species. In combination with
significantly negative Tajima’s D and Fu’s F values, these results correspond to widely
observed patterns of post-LGM population expansions across many marine zooplankton taxa
in the Arctic. Evidence of recent demographic expansion was reported in Canadian Arctic
populations of T. libellula (Tempestini et al., 2020), but no studies have investigated this in T.
abyssorum. Similar patterns of demographic history have been found in other Arctic and sub-
Arctic zooplankton, including E. hamata (DeHart et al., 2020), L. helicina (Sromek et al., 2015),
and C. glacialis (Weydmann et al., 2018).

An important caveat to this study that the use of genetic markers with low levels of
polymorphisms, such as the mtCOI gene, carries the risk of overlooking aspects of a species
demographic history as well as the presence of weak yet significant population structure
(Peijnenburg & Goetze, 2013). Demographic expansion does not necessarily reflect
geographic expansion, so strong conclusions about previous range expansions and
contractions cannot be drawn from this data set. The analysis of more genetic markers in
combination with a wider sampling area would provide a better foundation for identifying
traces of spatial expansion and attributing evidence of demographic expansions to events

such as bottlenecks or selective sweeps (Grant, 2015; Madoui et al., 2017).

4.4 Future implications

Shifts in distribution linked to environmental changes have already been reported for
Themisto species in the Arctic and its marginal seas. Overall, T. libellula abundance in the
Barents sea and the Fram Strait has been decreasing in recent years (CAFF, 2017). Dalpadado
et al. (2012) found significant decreases in T. libellula and other Arctic zooplankton
populations over a period of 25 years, correlating with warming trends across the Barents
Sea. T. libellula abundances have been observed to increase in cool years the southern Bering
sea and disappear in warmer years (Pinchuk et al., 2013). Mass occurrences have were
reported in northern parts of the Bering Sea during cooling periods, and decreased with
subsequent warming (Volkov, 2012). Although these distribution changes are all not

poleward, the authors identify temperature changes as the main driver.
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A corresponding trend of increasing T. abyssorum abundance in the Fram Strait has
also been observed (CAFF, 2017). In a sediment trap time series analysis in the Fram Strait,
Kraft et al. (2013) found that T. abyssorum abundances were increasing with warming trends.
Presence of the invasive boreal T. compressa has been reported in the Fram Strait since 2004,
with proof of established reproductive events in 2011 (Kraft et al., 2013; Schroter et al., 2019).
These community and abundance shifts are evidence that Atlantification of the Arctic is
already impacting Themisto species with the smaller, boreal species coming out as the
winners. Other Arctic pelagic zooplankton species have exhibited community and distribution
changes as a result of Atlantification around the Svalbard Archipelago and Fram Strait. These
include krill species (Buchholz et al., 2010) and Calanus copepods (Weydmann et al., 2014).
These changes in distribution and abundance associated with the changing environmental
conditions in the Arctic are evidence that zooplankton communities are already in transition
to a warmer Arctic dominated by boreal species (Csap6 et al., 2021).

The combination of factors including low genetic diversity, a longer life cycle
(Havermans et al., 2019), cold adaptions, and reliance on the cryo-pelagic pathway (Auel et
al., 2002; Kohlbach et al., 2016) could lead to T. libellula becoming a loser in the Atlantification
of the Arctic. These negative impacts could materialize as the loss of intraspecific diversity as
well as local extinctions and further poleward distribution contractions. In contrast, high
diversity and adaptive potential, a shorter life cycle, and an Atlantic affinity (Havermans et al.,
2019) may result in T. abyssorum benefiting from a warming Arctic. The replacement of the
large, nutritionally rich T. libellula with the smaller T. abyssorum and T. compressa is likely to
negatively impact predators at the higher trophic levels. Arctic species that specialize in
feeding on T. libellula such as the Little Auk and Polar Cod, will have to adapt to a new prey
spectrum consisting of smaller and less energy-rich boreal species such as T. abyssorum
(Dalpadado et al., 2012; Kraft et al., 2013).

In conclusion, this study shows contrasting molecular diversity for the first time
between two congeneric species of pelagic amphipods that are highly abundant in the Arctic
ocean. We observed an absence of genetic structure in both species, and correspondingly
high levels of genetic connectivity across the studied region. The observed patterns of
diversity and demographic signatures are likely caused by glaciation events impacting
population sizes during the LGM. Population connectivity is likely explained by current-

mediating mixing among Themisto populations in the region. These results contribute to the
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better understanding of the evolutionary processes driving molecular diversity and the
adaptive potential of two ecologically important species in a changing Arctic. Further research
should incorporate more genetic markers and a wider sampling range in order to detect
potential population structure, provide more detailed demographic history and investigate
gene flow between regions. Incorporating environmental factors such as temperature and
salinity in future analysis could be useful for further understanding of the mechanisms behind
potential population structure, connectivity and diversity of these two species. These results
emphasize the need for further analysis of the molecular biogeography of key zooplankton
species in the Arctic Ocean that are already being affected by rapid climate change. Such data
are crucial to formulating accurate predictions of how future zooplankton communities,
species interactions and food web structure will materialize in the Arctic and its marginal seas

as a result of climate change.
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IX

Appendix

analysis for this study.

1. Detailed information about individual Themisto specimens sequenced and used in

Table 1 Al. Sample code, expedition details and sample location of all Themisto specimens

sequenced.

Species Sample Code Expedition Station Latitude (N) Longitude (E)
Themisto abyssorum  PS100TabN015 PS100 2 75.1125 8.5410
Themisto abyssorum  PS100TabN016 PS100 2 75.1125 8.5410
Themisto abyssorum  PS100TabN017 PS100 2 75.1125 8.5410
Themisto abyssorum  PS100TabN018 PS100 2 75.1125 8.5410
Themisto abyssorum  PS100TabN019 PS100 2 75.1125 8.5410
Themisto abyssorum  PS100TabN020 PS100 2 75.1125 8.5410
Themisto abyssorum  PS100TabN025 PS100 246 79.5700 19.5069
Themisto abyssorum  PS100TabN026  PS100 246 79.5700 19.5069
Themisto abyssorum  PS100TabN030 PS100 246 79.5700 19.5069
Themisto abyssorum  PS107TabN009 PS107 29 78.9795 -5.5013
Themisto abyssorum  PS107TabN010 PS107 29 78.9795 -5.5013
Themisto abyssorum  PS107TabN011 PS107 29 78.9795 -5.5013
Themisto abyssorum  PS107TabN012 PS107 29 78.9795 -5.5013
Themisto abyssorum  PS107TabN013  PS107 29 78.9795 -5.5013
Themisto abyssorum  PS107TabN014 PS107 29 78.9795 -5.5013
Themisto abyssorum  TabR035 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR036 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR037 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR039 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR044 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR046 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR049 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR050 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR089 PS100 241 79.5692 -19.5002
Themisto abyssorum  TabR090 PS100 241 79.5692 -19.5002
Themisto abyssorum  TabR096 PS100 102 78.8441 -2.7351
Themisto abyssorum  TabR097 PS100 102 78.8441 -2.7351
Themisto abyssorum  TabR098 PS100 102 78.8441 -2.7351
Themisto abyssorum  TabR119 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR120 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR121 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR122 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR123 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR124 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR125 HE560 4 79.5206 19.6670
Themisto abyssorum  TabR126 HE560 4 79.5206 19.6670
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Themisto abyssorum  PS107TabC128  PS107 2 78.5929 5.0538
Themisto abyssorum  PS107TabC129  PS107 78.5929 5.0538
Themisto abyssorum  PS107TabC140 PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC141  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC142  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC143  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC144  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC148  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC149  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC150 PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC151  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC152  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC153  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC154  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC155 PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC156  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC158  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC159  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC160 PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC161  PS107 45 79.0044 8.3070
Themisto abyssorum  PS107TabC162  PS107 45 79.0044 8.3070
Themisto abyssorum  TabR041 PS107 2 78.5929 5.0538
Themisto abyssorum  TabR186 HE560 17 79.1974 11.7936
Themisto abyssorum  TabR268 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR269 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR270 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR271 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR272 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR273 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR275 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR277 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR278 HE560 6 79.1276 16.0246
Themisto abyssorum  TabR280 HE560 5 79.7352 15.5373
Themisto abyssorum  TabR281 HE560 5 79.7352 15.5373
Themisto libellula PS100TIiNO22 PS100 102 78.8441 -2.7351
Themisto libellula PS100TIiNO23 PS100 102 78.8441 -2.7351
Themisto libellula PS100TIiNO24 PS100 102 78.8441 -2.7351
Themisto libellula PS100TIiNO29 PS100 246 79.5700 19.5069
Themisto libellula PS100TIiNO31 PS100 246 79.5700 19.5069
Themisto libellula PS100TIiNO32 PS100 246 79.5700 19.5069
Themisto libellula PrabelTliNOO4  TUNUVII 1381 78.5182 0.3802
Themisto libellula PrabelTliNOO5  TUNUVII 1381 78.5182 0.3802
Themisto libellula PrabelTliNOO6 ~ TUNUVII 1381 78.5182 0.3802
Themisto libellula PrabelTliNOO7  TUNUVII 1381 78.5182 0.3802
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79.5873
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79.5873
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78.6838
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79.0562
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75.9875
76.0071
76.0071
76.0071
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2.0310
2.0310
2.0310
2.0310
2.0310
2.0310
-7.0228
-7.0228
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-7.0228
-11.8860
-11.8860
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-19.4631
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-14.1892
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PS107TIiCO66
PS107TIiCO67
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79.0121
79.0121
79.0121
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
78.9795
79.5873
79.5873
79.5873
79.5873
79.5873
79.5873
79.5873
79.5873
79.9514
79.9514
79.9514
79.9514
79.9514
79.9514

4.4921
4.4921
4.4921
4.4921
4.4921
4.4921
4.4921
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
-5.5013
2.0310
2.0310
2.0310
2.0310
2.0310
2.0310
2.0310
2.0310
3.1267
3.1267
3.1267
3.1267
3.1267
3.1267

45



Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula
Themisto libellula

Themisto libellula
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79.9514
79.9514
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78.6838
78.6838
79.7902
79.7902
79.7902
79.5692
79.5692
79.5692
76.0071
79.1276
79.1276
79.1276
79.1276
79.1276
79.1276
79.1276
79.1276
79.1276
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78.6595

3.1267
3.1267
3.1267
3.1267
3.1267
3.1267
3.1267
3.1267
3.1267
3.1267
3.1267
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-7.0228
-7.0228
-11.8860
-11.8860
-11.8860
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-19.5002
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80.4601
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80.4601
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2. List of identified Haplotypes: T. libellula, where Hap = Haplotype and number indicates

the unique haplotype.

Hap_1
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_2
TACTCTTTATTTTTTTTTAGGCCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_3
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACTTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_4
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGAGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_5
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGGGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGTTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_6
TACTCTTTATTTTTTTTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCATAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
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AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
Hap_7
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTATTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
Hap_8
TACTCTTTATTTTTTTTTAGGTCTTTGAAGAGGTTTAGTAGGTACTTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTGGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
Hap_9
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGTGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
Hap_10
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
GAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
Hap_11
TACTCTTTATTTTTTTTTAGGCCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGTAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
Hap_12
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTATTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
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Hap_13
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTTTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTTTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGTATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_14
TACTCTTTATTTTTTITTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AATATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_15
TACTCTTTATTTTTTTTTAGGTCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AACATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGCGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT

Hap_16
TACTCTTTATTTTTTITTTAGGCCTTTGAAGAGGTTTAGTAGGTACGTCTATAAGTACTATTATTCGTATAGAATTAAGAACTA
AAGGTTCTTTATTAGGAGATGATCAGATTTATAATGTTATAGTGACAGGGCACGCTTTTATTATAATTTTITTTTATAGTTAT
ACCTATTATAATTGGGGGGTTTGGTAATTGACTTGTTCCTTTAATGTTAGGGAGTGTAGATATAGCTTTTCCTCGTATAAAT
AATATAAGGTTTTGATTATTAGTTCCTTCTTTTATACTATTAGCTTTAAGTAGAATAGTGGAGAGAGGCGTAGGGGCTGGT
TGGACTTTATACCCTCCTCTATCTTCTTCTATAGGCCACAGAGGTTCTGCTGTTGATGTTGCTATTTTTTCTTTACATTTAGCA
GGTGTTTCTTCTATTTTAGGAGCTATTAATTTTATAACTACTATTTTAAATATACGAAGAAGAGGGTTTAAAATATTTTATAT
AAGTCTATTTGTTTGAGCTGTTTTTATCACAGCTATTTTGTTACTATTATCGTTACCTGTATTAGCAGGGGGGATTACTATAC
TTTTATTAGATCGGAATTTAAACACTTCTTTTTTTAACCCTATGGGAGGAGGGGATCCTGTTTTATACCAACATTTGTTT
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3. List of identified Haplotypes: T. abyssorum, where Hap = Haplotype and number indicates the unique

haplotype

Hap_1
TACTCTTTATTTTTTITITAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGTCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_2
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACTTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTTTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_3
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTTGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_4
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTAGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACAGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_5
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTATT
T

Hap_6
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
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ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTITGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGTGACCCTGTTTTATATCAACACTTATT
T

Hap_7
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_8
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_9
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGGAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_10
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_11
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGGGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTATTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
CATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT
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Hap_12
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTITTTTATGGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAATATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCCTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTGTTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTT
ATTT

Hap_13
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_14
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACATCTATAAGTACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAATATAAGATTTTGGTTATTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTATTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGATCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_15
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTACCCTCCTTTATCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_16
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_17
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATATTAGGTAGAGTGGATATGGCTTTCCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCA
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCATAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
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TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACAGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_18
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAATACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_19
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_20
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTTTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTTGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTITGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_21
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATATTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACTACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGGGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_22
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATTCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTITGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTATT
T

Hap_23
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
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AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCTGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGATCCTGTTTTATACCAGCACTTA
TTT

Hap_24
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTGTCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCTACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_25
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_26
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTTGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACATTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAGCACTTAT
T

Hap_27
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_28
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATGAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTATCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGATCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T
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Hap_29
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGTATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_30
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATCGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCG
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_31
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATCATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATATTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_32
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCGTCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTT
ATTT

Hap_33
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_34
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
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TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTATTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_35
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATGCGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_36
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTAATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAATACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTG
TTT

Hap_37
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_38
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTACCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCTGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTT
ATTT

Hap_39
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGTATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_40
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGAGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
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AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_41
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTGCATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACATTTA
TTT

Hap_42
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACATCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTITGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTATT
T

Hap_43
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTAGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACATTTAT
T

Hap_44
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTGATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCT
GGTTGGACCTTGTACCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCGGGTGTTTCTTCTATTITGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGAAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTATTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGGAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCTGTTTTATACCAACACTT
ATTT

Hap_45
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAACGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGGTTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACATTTAT
T

58



Hap_46
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGTACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_47
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAATATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_48
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATATTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCT
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_49
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAAGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATATTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_50
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATGAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACATTTAT
T

Hap_51
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGTACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
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TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_52
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_53
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAATACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTG
TTT

Hap_54
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGAATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_55
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGGATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATATTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACTTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTTTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGATCCTGTTTTATACCAACACTTAT
T

Hap_56
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAACGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTATCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_57
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATAGCTTTTCCTCGTATA
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AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGTAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCATAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGATCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_58
TACCCTTTATTTTTTTTTAGGTGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCCGTTTTATACCAACACTTA
TTT

Hap_59
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGTACTATTATCCGGATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTTGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAATATAAGATTTTGGTTATTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGTCACAGAGGCTCCGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGACTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCCTGTTTTATACCAACACTTA
T

Hap_60
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTTTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_61
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_62
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGCTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATATCAACACTTA
TTT
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Hap_63
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGACGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_64
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTATTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_65
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATTCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_66
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_67
CACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_68
TACCCTTTACTTTTTTTITAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
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TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGATCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_69
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCCTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTGTACCAACACTT
ATTT

Hap_70
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCAGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTT
ATTT

Hap_71
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGACCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTAGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTCTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGAGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_72
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_73
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTGTCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGTCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGTACAGGGTTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_74
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAAATCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
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AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGTAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_75
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTGTTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_76
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTGTACCAACACTTA
TTT

Hap_77
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTGTATCAACACTTAT
T

Hap_78
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTTTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATCGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTATTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGCTTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_79
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAACACTTA
TTT
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Hap_80
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAAGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGTTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_81
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_82
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_83
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGCTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_84
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATGTTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_85
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGTATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
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TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_86
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTATTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_87
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACATTTAT
T

Hap_88
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTGTTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGGGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_89
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAGAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTATT
T

Hap_90
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTGTTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATCGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_91
TACCCTTTATTTTTTTTTAGGTGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
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AATAATATAAGATTTTGGTTATTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_92
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATAA
ATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCCG
GTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGTTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTTA
GCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTTT
ATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_93
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAAACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_94
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGTAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAATATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCCACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_95
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACATCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCCTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTAGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCAATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_96
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAATCCTACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T
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Hap_97
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGTATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCCTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGATCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_98
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAATATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGTATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGGTTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_99
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGTACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_100
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAACTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_101
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATGAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_102
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGCTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCATAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
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TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAAACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_103
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAATATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAATACTTCTTTTTTTAATCCCACGGGTGGGGGAGACCCTGTTTTATACCAACACTTAT
T

Hap_104
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACATCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCTGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_105
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGATCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTT
ATTT

Hap_106
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTACCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTAGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_107
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTGATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTTGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGCTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCT
GGTTGGACCTTGTACCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGGGGGGGAGACCCTGTTTTGTACCAACACTT
ATTT

Hap_108
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
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AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACTACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCTATCA
CTATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_109
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGTAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCTGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_110
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGTTTAGTGGGTACGTCTATAAGCACTATTATCCGCATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTGTTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTATCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCGGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGGGGTATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGAGGGGGAGACCCTGTTTTATACCAGCACTTA
TTT

Hap_111
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCATGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTTCCTTCTTTTATATTGCTATCTTTAAGGAGTATAGTAGAAAGAGGTGTAGGGGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAATCACTTCTTTTTTTAATCCTACAGGGGGGGGAGACCCTGTTTTATATCAACACTTAT
T

Hap_112
TACCCTTTATTTTTTTTTAGGGGTATGGAGAGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGTGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT

Hap_113
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCCGCTGTAGATGTGGCTATTTTTTCTTTACATT
TAGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATT
TTATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCA
CTATACTTTTATTAGACCGAAATTTAAATACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTT
ATTT
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Hap_114
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTCTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCATAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGATCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCACT
ATACTTTTATTACACCGAAATTTAACACACTTCTTTTTTAACCCCACGGGCCGGGGAGACCCTGTTTTATACCATCACTTATC
T

Hap_115
TACCCTTTATTTTTTTTTAGGGGTATGGAGGGGGTTAGTGGGTACGTCTATAAGCACTATTATCCGTATGGAGTTGAGGAC
TAAGGGTTCTTTATTAGGAGATGATCAGGTTTATAATGTCATAGTGACAGGTCACGCTTTTATTATAATTTTTTTTATAGTA
ATGCCTATTATAATTGGCGGGTTCGGCAATTGGTTAGTTCCTTTGATACTAGGTAGAGTGGATATGGCTTTTCCTCGTATA
AATAACATAAGATTTTGGTTACTAGTCCCTTCTTTTATATTACTATCTTTAAGGAGCATAGTAGAAAGAGGTGTAGGAGCC
GGTTGGACCTTGTATCCTCCTTTGTCATCTTCAGTGGGCCACAGAGGCTCTGCTGTAGATGTGGCTATTTTTTCTTTACATTT
AGCAGGTGTTTCTTCTATTTTGGGGGCGATTAATTTTATGACCACTATTTTAAATATACGGAGCACAGGATTTAAAATATTT
TATATAAGATTATTTGTTTGAGCTGTTTTTATTACGGCTATTTTACTATTGTTGTCTTTACCTGTCTTAGCCGGAGGCATCAC
TATACTTTTATTAGACCGAAATTTAAACACTTCTTTTTTTAACCCCACGGGCGGGGGAGACCCTGTTTTATACCAACACTTA
TTT
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