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ABSTRACT

Application of Genome Reduction, Next Generation Sequencing, and KASPar Genotyping
in Development, Characterization, and Linkage Mapping of Single Nucleotide
Polymorphisms in the Grain Amaranths and Quinoa

Scott M. Smith
Department of Plant and Wildlife Sciences, BYU
Master of Science

The grain amaranths (Amaranthus sp.) and quinoa (Chenopodium quinoa Willd.) are important
seed crops in South America. These crops have gained international attention in recent years for
their nutritional quality and tolerance to abiotic stress. We report the identification and
development of functional single nucleotide polymorphism (SNP) assays for both amaranth and
quinoa. SNPs were identified using a genome reduction protocol and next generation sequencing.
SNP assays are based on KASPar genotyping chemistry and were detected using the Fluidigm
dynamic array platform. A diversity screen consisting of 41 amaranth accessions showed that the
minor allele frequency (MAF) of the amaranth markers ranged from 0.05 to 0.5 with an average
MAF of 0.27. A diversity screen of 113 quinoa accessions showed that the MAF of the quinoa
markers ranged from 0.02 to 0.5 with an average MAF of 0.28. Linkage mapping in amaranth
produced a linkage map consisting of 16 linkage groups, presumably corresponding to each of
the 16 amaranth haploid chromosomes. This map spans 1288 cM with an average marker density
of 3.1 cM per marker. Linkage mapping in quinoa resulted in a linkage map consisting of 29
linkage groups with 20 large linkage groups, spanning 1,404 cM with a marker density of 3.1 cM
per SNP marker. The SNPs identified here represent important genomic tools needed for genetic
dissection of agronomically important characteristics and advanced genetic analysis of
agronomic traits in amaranth and quinoa. We also describe in detail the scalable and cost
effective SNP genotyping method used in this research. This method is based on KBioscience’s
competitive allele specific PCR amplification of target sequences and endpoint fluorescence
genotyping (KASPar™) using a FRET capable plate reader or Fluidigm’s dynamic array high
throughput platform.

Keywords: single nucleotide polymorphism, kaspar, amaranth, quinoa, genome reduction, next
generation sequencing, snp genotyping
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Chapter 1: Development, characterization and linkage mapping of single nucleotide

polymorphisms in the grain amaranths (Amaranthus sp.)

Introduction

The genus Amaranthus (Caryophyllales: Amaranthaceae) contains three domesticated
grain species, collectively referred to as the grain amaranths (4. hypochondriacus L., A. cruentus
L., and A. caudatus L.; Sauer 1976). These species, along with their putative progenitor species
(A. hybridus L., A. quitensis H.B.K., and 4. powellii S. Wats.) are classified in what is termed the
A. hybridus complex and are considered paleo-allotetraploids (2n=4x=32; Greizerstein and
Poggio, 1994; Greizerstein and Poggio, 1995; Pal and Khoshoo, 1982). Amaranth was a major
domesticated food crop of the pre-Columbian New World civilizations, likely having been
domesticated multiple times over thousands of years ago (Mallory et al., 2008; Sauer, 1950). The
importance of the amaranths to these ancient civilizations cannot be overstated; indeed, the
Spaniards recorded that the Aztec emperor Moctezuma Il required a tribute of approximately
200,000 bushels per year of amaranth, an amount nearly equal to the annual maize tribute (Sauer,
1950; Sauer, 1967; Sauer, 1993). At the time of the Spanish conquest, cultivation of the grain
amaranths was suppressed due to their deeply rooted use in indigenous religious practices
(Iturbide and Gispert, 1994; Sauer, 1976; Sauer, 1993). In the last few decades the grain
amaranths have begun to reclaim some of their importance, largely due to the potential
nutritional impact of their seed consumption on human health (Bressani et al., 1992; Tucker,
1986).

Amaranth grain is higher in fiber (8%) and fat (7 to 8%) than most cereals (Breene, 1991;

Pedersen et al., 1986). Crude grain protein content ranges from 12.5 to 22.5% on a dry matter



basis (Becker et al., 1981; Bressani et al., 1989; Bressani et al., 1987; Pedersen et al., 1986), and
is relatively rich in the essential amino acid lysine normally limited in other cereal crops (0.73 to
0.84% of amaranth’s total protein content; Bressani et al., 1987). Amaranth oil is also highly
nutritious, containing a relatively high content of squalene (7-8%; Bressani et al., 1987) which
has been shown to reduce cholesterol levels in humans (Berger et al., 2003; Martirosyan et al.,
2007). The grain amaranths exhibit C4 photosynthesis and grow rapidly under heat and drought-
stress, as well as tolerate a variety of unfavorable abiotic conditions, including high salinity,
acidity, or alkalinity, making them uniquely suited for subsistence agricultural. By implication,
amaranth has the potential for significant impact on malnutrition (Emokaro et al., 2007).

Genetic markers are essential tools for modern plant breeding research programs (Eathington et
al., 2008). They are particularly important for germplasm conservation, core-collection
characterization (Diwan et al., 1995; Tanksley and McCouch, 1997), and in breeding
applications, such as marker-assisted selection (MAS). The first step toward the development of
genetic markers for amaranth was the discovery and characterization of 179 microsatellite
markers by Mallory et al. (2008). Unfortunately, only 37 of microsatellite markers segregated in
their intraspecific 4. cruentus F, mapping population resulting in a sparsely populated linkage
map. A significant advance in the number of available markers occurred in 2009 when Maughan
et al. reported the utilization of a novel genomic reduction strategy linked with next-generation
sequencing to identify 27,658 putative single nucleotide polymorphisms (SNPs) among four
diverse amaranth accessions. SNPs, defined as single base changes, are the most abundant type
of DNA polymorphism found in eukaryotic genomes (Batley et al., 2003; Garg et al., 1999).
Compared to microsatellites-based markers, SNPs exhibit a lower mutation rate and thus are less

problematic in population genetic analyzes (Xu et al., 2005). SNPs have already been utilized in



a wide array of research areas, including association studies (Andrew et al., 2008), conservation
genetics (Cramer et al., 2008), genetic diversity analysis (Kawuki et al., 2009), and are fast
becoming the marker system of choice in marker-assisted plant breeding programs (Batley and
Edwards, 2007).

The goals of this project were to i) develop the first large scale set of functional SNP
assays for amaranth, ii) evaluate the informativeness (minor allele frequency) of the SNPs on a
diversity panel consisting of the three grain amaranth species and their putative wild progenitor

(A. hybridus), and iii1) construct of the first complete genetic linkage map for the genus.

Materials and Methods
Plant Materials and DNA extraction.

The SNPs were used to genetically characterized a set of 41 diverse genotypes from the
A. hybridus complex, including eleven A. caudatus accessions, ten A. cruentus accessions, ten A.
hypochondriacus accessions, and ten A. hybridus accessions. Additionally, two accessions of 4.
powellii, and A. retroflexus L., and a single accession of 4. tuberculatus (Moq.) Sauer were
included in the diversity panel. These species were included to determine the utility of the SNP
assays in these more distantly related, but important weedy relatives (Table 1). All seed samples
were obtained from the USDA collection (USDA, Iowa State University, Ames, IA; Table 1).
For linkage analysis, an interspecific F, population was developed from a cross of P1 481125
(maternal parent; A. hypochondriacus) and P1 642741 (A. caudatus). The F, population consisted
of 134 plants produced by self-fertilizing a single F; plant. All plants were grown in greenhouses

at Brigham Young University, Provo, UT in 12-cm pots using Sunshine Mix II (Sun Grow,



Bellevue, WA) supplemented with Osmocote fertilizer (Scotts, Marysville, OH). Plants were
maintained at 18 °C under broad-spectrum halogen lamps with a 12-h photoperiod.
Total genomic DNA was extracted from 30mg of freeze-dried leaf tissue from a single plant for
each sample (diversity panel and F, population) according to procedures previously described
(Sambrook et al., 1989), with modifications described by Todd and Vodkin (Todd and Vodkin,
1996). Extracted DNA was quantified using a Nanodrop (ND 1000 Spectrophotometer,
NanoDrop Techonologies Inc., Montchanin, DE) and diluted to 20 ng pl'l in 1/10 TE buffer
(10mM Tris, 1 mM EDTA, pH 8.0).
SNP Primer Design

A total of 480 putative SNPs were selected for genotyping from the 11,038 SNPs in silico
reported to be polymorphic between the parents of our mapping population (Maughan et al.,
2009). These 480 putative SNPs were selected based on several parameters, specifically that
they showed no significant homology to the RepeatMasker (v. 3.2.9 Arabidopsis) database or to
the Arabidopsis chloroplast (GenBank accession NC_000932) and mitochondrial (NC_001284)
genomes as determined by BLASTn (E-value > 1e-05). These parameters were used to remove
putative SNPs that were potentially extranuclear in origin or matched repetitive DNA sequences.
The remaining sequences were then processed by the primer design software PrimerPicker
(KBiosciences Ldt., Hoddesdon, UK) using default design parameters and the first 480 SNPs
were selected for primers synthesis (Integrated DNA Technologies Inc., lowa City, [A). Primer
sequence information for each of the functional KASPar™ SNP assays is provided in

Supplemental Table S1.



SNP Genotyping

The SNPs were genotyped by competitive allele-specific PCR KASPar™ chemistry
(KBioscience Ldt., Hoddesdon, UK) using the Fluidigm (Fluidigm Corp., South San Francisco,
CA) nanofluidic 96.96 dynamic array™ (Wang et al., 2009). For genotyping on the 96.96
dynamic array chip using the KASPar™ chemistry, a 5 uLL sample mix, consisting of 2.25 pL
genomic DNA (20 ng/uL), 2.5 pL of 2X KASP reagent Mix (KBioscience Ldt.) and 0.25 pL of
20X GT sample loading reagent (Fluidigm Corp., South San Francisco, CA) was prepared for
each DNA sample. Similarly, a 4 pL 10X KASP Assay, containing 0.56 pL of the KASP assay
primer mix (allele specific primers 12uM, common reverse primer 30 uM), 2 pL of 2X Assay
Loading Reagent (Fluidigm Corp., South San Francisco, CA) and 1.44 uL DNase-free water was
prepared for each SNP assay. The assay mix and sample mix were then loaded onto a 96.96
dynamic array chip, mixed and thermal cycled using an IFC Controller HX and FC1 thermal
cycler (Fluidigm Corp., South San Francisco, CA) according to the manufacture’s protocols.
Thermal cycling consisted of an initial thermal mix cycle (70°C — 30 min; 25°C — 10 min) a hot-
start Taq polymerase activation step (94°C — 15 min) followed by a touchdown amplification
protocol as follows: 10 cycles of 94°C for 20 sec, 65°C for 1 min (decreasing 0.8°C per cycle), 26
cycles of 94°C for 20 sec, 57°C for 1 min; hold at 20°C for 30 sec. End-point fluorescent images
of the chip were acquired on an EP-1 imager (Fluidigm Corp., South San Francisco, CA) and the
data analyzed with Fluidigm SNP genotyping Analysis Software®.
SNP Diversity Data Analysis

Alleles for each SNP were scored as present, absent, or missing (failed to amplify) and
converted into a binary matrix to determine minor allele frequencies (MAF) for each SNP locus.

The genetic distance among genotypes was calculated based on the matrices of allele frequencies



using Nei distance (Nei and Li, 1979). The clustering criterion used was neighbor joining and the
resulting dendrogram was unrooted. Robustness of the topology of the cladogram was evaluated
by bootstrap analysis (1000 replicates) of the data set.
Genetic Linkage Map Construction

Marker segregation was analyzed for conformity to Mendelian ratios expected in an F;
population using a chi-squared test. Markers were initially grouped based on independence LOD
scores > 5.0 using the G2 statistic as calculated by JoinMap® 4 for recombination frequency
(Van Ooijen, 2006). Markers within groups were then ordered using the regression mapping
algorithms as described by Stam (1993), with the modification that the squares of the LODs are
used as weights, in order to assign more weight to informative loci. Successive rounds of marker
placement were utilized to add loci to the map. After the addition of each locus, a ripple test was

applied to test for goodness-of-fit and assure the optimal map order.

Results and Discussion
SNP Assay Development

Maughan et al. (2009) previously reported the identification of 11,038 putative SNPs
between the accessions P1 481125 and PI 642741 using a genomic reduction strategy based on
restriction-site conservation and 454-pyrosequencing. Sequence information for all SNPs were
deposited in dbSNP in GenBank under the handle MAUGHAN in batch number 2009A
(GenBank: ss161123993 to ss161151650; build B131). From this sequence information, primer
sets for 480 of the putative SNPs were designed for competitive allele-specific PCR based on the
KASPar™ genotyping chemistry and screened using the Fluidigm 96.96 dynamic array chip. All

480 SNP markers were screened on the diversity panel and on an F, population derived from a



cross between P1 481125 and PI1 642741 (Table 1). A total of 419 (87%) markers produced
clearly separated genotypic clusters that could be easily scored with the automated Fluidigm
SNP genotyping analysis software. The auto call software reported an average auto call rate of
94.3% across the diversity panel and F, population.
Diversity Panel

The diversity panel consisted of 46 samples, representing seven Amaranthus species.
Limiting the analysis to just the grain amaranths (4. caudatus, A. cruentus, A. hypochondricus;
n=31) and their putative wild ancestor (4. hybridus; n=10), a total of 414 (828 alleles) of the
SNP markers were polymorphic, producing clearly separated genotypic clusters that could be
scored with high confidence. Since SNPs are predominantly bi-allelic, the maximum MAF value
of'a SNP is 0.5 (which occurs when both alleles are present at equal frequencies in the test
population). Across the full panel of grain amaranth and A. hybridus accessions, MAF values
ranged from 0.05 to 0.5 with an average MAF-value of 0.27 per locus (Supplemental Table S1;
Fig. 1). Considering a SNP with a MAF > 0.3 to be highly polymorphic, 141 (34%) of the SNP
loci were highly polymorphic (Table 2).

Within the 4. caudatus, A. cruentus, A. hypochondricus and A. hybridus subgroups, a
total of 136, 35, 186, and 263 SNP assays were polymorphic, respectively (Table 2). A.
hypochondricus showed the highest total number of polymorphic SNP markers, while 4.
cruentus showed the lowest genetic diversity of the grain species with only 35 polymorphic
markers. The reduced level of genetic diversity observed in 4. cruentus is consistent with other
observations using different types of genetic markers including, microsatellites, RFLP, isozyme,
and AFLP (Chan and Sun, 1997; Mallory et al., 2008; Xu and Sun, 2001). Chan and Sun (1997)

suggested that the decreased level of genetic diversity observed in A. cruentus might be a result



of a specialized domestication process where only a small subset of the original A. hybridus
population was subjected to intense artificial selection to select for specific agronomic
characteristics. Mallory et al. (2008) speculated that the limited and uniform cultivation range
of A. cruentus might have further reduced the level of genetic diversity within the species.
Conversely, A. hybridus, the putative wild progenitor species of the grain amaranths, showed the
most genetic diversity of all the species included in the diversity panel. Indeed, A. hybridus
showed a seven-fold increase in polymorphic loci when compared to 4. cruentus and
approximately twice as many polymorphic SNPs when compared to the other grain amaranths
species (4. caudatus and A. hypochondriacus). The higher genetic diversity observed within 4.
hybridus is consistent with an expectation that a wild progenitor species should be genetically
more diverse than a derived domesticated species, specifically as a result of genetic drift and
selection (Hilu, 1995). Moreover, the observation that nearly 94% (388) of the grain amaranth
sequence-based SNP assays worked with A. hybridus samples is notable in that it further
confirms the close ancestral relationship between the grain amaranths and 4. hybridus.

The grain amaranths are members of the genus Amaranthus (subfamily Amaranthoideae), which
contains several other important plant species including several of the most damaging weedy
species in the U.S. collectively referred to as the "pigweeds" (Basu et al., 2004; Wassom and
Tranel, 2005). Various studies have already shown the utility of molecular markers for
clarifying taxonomic relationships among the weedy species of the genus Amaranthus (Wassom
and Tranel, 2005; Wetzel et al., 1999), yet taxonomic questions still exist and the need for
additional, easy to use, genetic markers remains high. We evaluated the transferability/utility of
these SNP assays on three distantly related weedy amaranth species, specifically 4. powellii

(Powell amaranth), A. retroflexus (redroot pigweed) and A. tuberculatus var. rudis (common



waterhemp). Of the 414 SNP assays that were polymorphic in the grain amaranths and their
putative ancestor (4. hybridus), 256 (62%) of the assays produced high confidence genotypic
calls in both accessions of A. powellii, and A. retroflexus, whereas only 158 (38%) produced a
high confidence genotypic call with the single A. tuberculatus accession included in the diversity
panel (Supplemental Table S1). Between the two A. powellii accessions included in the diversity
panel, 26 (10%) of the SNPs were polymorphic, while only three (1%) were polymorphic
between the two A. retroflexus accessions. We note that the origins of the two accessions
included in the analysis for both 4. powellii and A. retroflexus accessions are geographically
distinct (Table 1), suggesting that 1) the 4. retroflexus population is potentially much less diverse
than the 4. powellii population — an intriguing proposition considering that 4. retroflexus is
among the most widely distributed weeds in the world (Holm et al., 1997) or, perhaps more
likely, i1) that the SNPs identified from the cultivated amaranths produce an inherent bias, such
that species that are taxonomically closer (4. powellii) have a higher probability of sharing the
genetic polymorphism (via an orthologous relationship).
Phylogenetic Analysis

Several hypotheses have been proposed for the evolutionary origins of the grain
amaranths. The first hypothesis is based on geography and suggests that all three grain
amaranths evolved independently, specifically 4. caudatus from A. quitensis in South America;
A. cruentus from A. hybridus in Central America; and 4. hypochondriacus from A. powellii in
Mexico (Sauer, 1967; Sauer, 1976). The second hypothesis, based on plant and seed
morphology, suggests that A. hybridus gave rise to A. cruentus, which in turn hybridized with A.
powellii and A. quitensis to give rise to A. hypochondriacus and A. caudatus, respectively (Sauer,

1967; Sauer, 1976). A third hypothesis, proposed more recently by Mallory et al. (2008)



suggested that A. hybridus is the progenitor species for all three domesticated species, but that
each was derived from independent domestication events from genetically differentiated
populations of A. hybridus. Our results support the designation of A. hybridus as the progenitor
species of all three grain amaranth species. Indeed, neighbor-joining analysis reveals that A.
caudatus, A. cruentus and A. hypochondriacus are monophyletic, while A. hybridus was
polyphyletic with A. hybridus accessions in each of the three grain amaranth monophyletic
clades (Fig. 2). We note that A. powellii (a previously suggested progenitor) formed a
monophyletic group distinct from any of the grain amaranths. Obviously a larger investigation,
including substantially more accessions of the grain amaranth progenitor species (4. hybridus, A.
powellii and A. quitensis) is still needed to finely dissect the origins of the grain amaranths.
However, we expect that taxonomic identification of these Amaranthus species may be
ambiguous due to reciprocal gene flow via outcrossing in regions where the species are
sympatric - a situation we have observed in Peruvian and Mesoamerican centers of origin of the
crop species. The transferability, ease of use, and the highly polymorphic nature of the SNP
assays reported here should facilitate such an investigation.
Linkage Map Construction

The parents of the mapping population were initially chosen based on the published
research by Maughan et al. (2009) that showed that P1 481125 and PI 642741 were genetically
diverse. PI 642741 has an easily identifiable dominant phenotypic marker (red stem color) that
facilitated the identification of true hybrid F; plants. Both accessions are classified as A.
caudatus accessions within the GRIN system (http://www.ars-grin.gov/npgs/), however our
phylogenetic analysis clearly places P1 481125 within the A. hypochondriacus clade (Fig. 2). An

independent genotypic analysis of a second plant sample of PI 481125 also grouped with the A.
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hypochondriacus accessions, suggesting that PI 481125 was originally misclassified and should
be reclassified as A. hypochondriacus. This reclassification also agrees well with the levels of
genetic diversity identified by Maughan et al. (2009), where interspecific comparisons should be
genetically more diverse than intraspecific comparisons. Based on these observations, our
mapping population should be categorized as interspecific.

A total of 419 SNP loci were genotyped using the KASPar™ genotyping chemistry on a
Fluidigm integrated fluidics chip (IFC). Included in the genotyping experiment were 134 F,
individuals, the parental genotypes and a synthetic heterozygote (consisting of eqimolar
quantities of DNA from the two parental samples). Of the 419 SNP assays, 411 (98%) produced
genotypic clusters that could be easily scored. The remaining eight assays were lost due to issues
associated with loading the IFC. Of these 411 assays, 373 (91%) produced three clearly
separated clusters and were scored in a co-dominant fashion (1:2:1; Fig. 3), while the remaining
9% produced only two clearly separated clusters and were scored in a dominant fashion (3:1;
Fig. 3). The dominant SNP assays are likely due to preferential amplification of one of the SNP
allele-specific primers in the heterozygous samples (Walsh et al., 1992).

To validate the genotyping process, eight random SNPs were re-genotyped and compared across
all 134 F; individuals. Thus a total of 1,072 data points, from two separate fluidic chips, were
compared for genotyping accuracy. Twenty-five (2%) of the comparisons contained a missing
value and thus could not be included in the comparative analysis. Of the remaining 1,047
comparisons, 1,021 (98%) were identical matches while 26 (2%) were mismatches, of which all
were conflicts between homozygous to heterozygous calls. Interestingly, 35% of the conflicts
were accounted for by just three of the F, individuals — suggesting that the genotypic conflicts

might be related to a DNA source and not specifically to the genotyping methodology per se.

11



Indeed, the 17 DNA samples with genotypic conflicts averaged 15X more missing data than
samples without any observed genotype conflicts (n=117), supporting the conclusion that the
genotyping conflicts were likely the result of problematic DNA samples. Consequently, the
genotypic data for all 17 individuals were removed prior to linkage map construction.

At a minimum LOD score of 5.0, pairwise linkage analysis grouped all 411 SNP markers into 16
linkage groups, presumably corresponding to each of the amaranth haploid chromosomes
(2n=32; Fig. 4). The distribution of the markers within the linkage groups varied from 9 to 47
SNPs per linkage group. Regression mapping of the pairwise linkage groups successfully
ordered all SNP markers within their respective linkage groups. The centiMorgan (cM) distance,
corrected with the Kosambi mapping function, spanned by the SNP markers in the linkage
groups ranged from a low of 23 to 144 cM. The total map consisted of 411 SNP loci and
spanned 1288 cM. The largest interval between two linked markers was 27 ¢cM on linkage group
12, while the average distance between all loci was 3.1 cM. Most intervals (93%) were less than
10 cM apart.

Of the 411 SNPs utilized for mapping, 22 (9.7%) showed significant segregation
distortion (P<0.0001). Since the map is based on an interspecific mapping population (4.
caudatus X A. hypochondriacus), segregation distortion was not unexpected. Indeed,
segregation distortion in interspecific crosses has been reported to reach levels as high as 68.5%
of the markers (Paterson et al., 1988). Skewed SNP markers mapped to a total of nine different
clusters on seven linkage groups (Fig. 4). The presence of markers clusters skewed to a single
parental genotype has been attributed to chromosomal regions containing possible gametophytic
or zygotic viability factors (Lu et al., 2002; Zamir and Tadmor, 1986) and/or underlying genetic

factors (i.e., QTL) conferring a selective advantage for the particular growing conditions used to
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produce the mapping population. We note that significant morphological differences in seedling
morphology, growth rate and seed production were observed among the F; plants.

Flanking sequences for each of the 411 mapped SNPs were compared to the GenBank

refseq protein database using BLASTX. Twenty-four (5.8%) of query sequences returned
significant (E<le-10) homologies to the refseq protein database and were mapped to 11 of the
16 linkage groups. The low homology to the refseq protein database is consistent with the
genome reduction methodology, which randomly samples the genome. Significant homologies
to well annotated genes included: SPK1-guanylnucleotide exchange factor activity (NP_193367),
ATMRP10-ATPase/transmembrane movement (NP_191829), WRKY20-transcription factor
(NP_567752), SULTR3.4-sulfate transporter (NP_188220), RAP2.2-DNA binding/transcription
factor (NP_566482), OVA1-methionine-tRNA ligase activity (NP_191100) and ATCUL2-
ubiquitin protein ligase binding (NP_171797). Considering a refseq_protein database hit rate of
5.8%, we conclude that many of the 11,038 in silico SNP loci that were originally reported by
Maughan et al. (2009) should be located in or very near (£150 bp) gene sequences, suggesting
that a subsequent linkage map of amaranth could be based almost solely on genic-SNP
sequences. Indeed, after removal of the SNPs with significant homologies to the Arabidopsis
extranuclear genomes (8 SNP loci) and RepeatMasker database (272 SNP loci), a BLASTX
analysis of the 11,038 in silico SNP loci identified 711 SNPs with significant sequence
homologies (E<le-10) to genic sequences in the refseq protein database. The mapping
population is being selfed (currently at F».5) and expanded to 200 individuals to form a
recombinant inbred line population that should provide an immortalized mapping population for

the amaranth community, as well as provide the first population readied for QTL analysis.
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Conclusions

We report the first high-density, complete genetic linkage map of amaranth. The SNP
markers and linkage map reported are essential steps towards the development of marker-assisted
selection programs for recalcitrant traits of agronomic importance in amaranth. The SNP assays
were developed on the KBioscience KASPar™ genotyping chemistry using a Fluidigm IFC
Access array. The utilization of this chemistry combined with the nano-fluidic Fluidigm chip
reduced the overall data point cost to $0.05 per data point — an important feature considering that
the implementation of marker-assisted breeding strategies often requires the generation of
thousands of data points per population (Eathington et al. 2008). Compared to other markers
systems (e.g., AFLPs or SSRs), the SNP assays reported here are relatively inexpensive and easy
to genotype. Indeed, a single 96.96 Fluidigm IFC is capable of producing 9,216 genotypic data
points in a single run (~3 hours) with little technical expertise, and since each genotyping
reaction is done on a nanoliter scale, the consumable reagent costs (i.e., Taq polymerase,
primers) is only $0.001 data point (the remainder of the cost is the IFC). If a Fluidigm EP1
system is unavailable (a significant capital investment), the same KASPar™ SNP assays can be
read on a standard FRET plate reader — an important consideration for laboratories in the
Developing World, where amaranth is cultivated and where capital equipment may be limited.
Worthy of note is the upfront cost of the allele specific and common reverse primers needed for
each of the KASPar™ genotyping assays. At the current commercial minimum synthesis scale
(25nM), each KASPar™ genotyping primer set cost approximately $11 to manufacture and is
sufficient to run approximately six million Fluidigm IFC-based genotyping reactions.
The SNP markers reported here will be of particular value in ongoing efforts to characterize

extensive amaranth germplasm collections and the development of core collections needed for
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existing and emerging amaranth breeding programs in the Andes, Mexico, Asia, and sub-Saharan

Africa (Diwan et al., 1995; Tanksley and McCouch, 1997).
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Chapter 2: Single nucleotide polymorphisms identification, characterization and linkage mapping

in Chenopodium quinoa

Introduction

Chenopodium, commonly known as the goosefoot genus, includes a wide array of species
native to all inhabited continents. Most of these species are facultative autogamous annuals,
having a base chromosome number of x =9. (A subset of taxa previously classified in
Chenopodium, but having a base chromosome number of x = 8, have more recently been
reclassified in the genus Dysphania, as per Mosyakin & Clemants, 2002.) Many Chenopodium
species are adapted to arid and/or saline environments and are notorious as invasive weed
species, including C. album (lambsquarters) and C. berlandieri (pigweed). At least four species
in the genus were domesticated anciently, either as vegetable or seed crops (McConnell, 1998).
One of these, the autogamous Andean species C. quinoa (quinoa, 2n = 4x = 36), has risen from a
neglected subsistence crop of indigenous farmers to become an important export commodity of
the Andean nations of Bolivia, Peru and Chile.

The prominence of quinoa in organic food markets has led to increasing attention by
scientists to the crop’s unique nutritional benefits, including an ideal amino acid balance in the
seed, lack of gluten, and potentially novel abiotic stress tolerance mechanisms (Vacher, 1998;
Maughan et al., 2009a; Morales et al., 2011). Heightened awareness of quinoa’s role in food
security issues in Andean South America, specifically as a major protein source for subsistence
farmers and as a cash crop for marginal highland soils, has led to an increased interest in quinoa
and the establishment of several new breeding programs in Andean South America. In addition

to germplasm conservation, principal objectives of these programs include enhancing grain yield,
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disease resistance, drought tolerance, heat tolerance during anthesis, and modifying saponin
content (Ochoa et al., 1999). Breeders in these programs recognize that the development and use
of molecular markers are critical to meeting these objectives (A. Gandarillas, personal comm.).
Notable is the 2011 declaration of the Food and Agriculture Organization that 2013 is the official
International Year of Quinoa with the main objective to, “promote the benefits, characteristics
and potential use of quinoa in the fight against hunger and malnutrition, as a contribution to a
global strategy on food security” (United Nations, 2011).

Genetic markers are essential tools for modern plant breeding research programs
(Eathington et al., 2007). They are particularly important for germplasm conservation, core-
collection characterization, and in breeding applications, such as marker-assisted selection
(Ganal et al., 2009). In quinoa, Mason et al. (2005) developed the first set of 208 polymorphic
simple-sequence repeat (SSR) markers, while Jarvis et al. (2008) reported the development of an
additional 216 new SSR markers and a linkage genetic map consisting of 275 molecular markers,
including 200 SSR markers. Unfortunately the map was incomplete as it consisted of 38 linkage
groups (n=18) covering just over 900 cM.

Single nucleotide polymorphism (SNPs), defined as single-base changes, are quickly
becoming the marker system of choice in plant breeding programs. SNPs are the most abundant
type of sequence variation in eukaryotic genomes (Garg et al., 1999; Batley et al., 2003). They
can be cost-effectively discovered and genotyped using several next-generation technologies,
including bead arrays (Shen et al., 2005), nano-fluidic devices (Wang et al., 2009), and
genotyping-by-sequencing (Miller et al., 2007; Maughan et al., 2010; Elshire et al., 2011).

Indeed, SNPs have already been utilized in a wide array of research areas, ranging from genome
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wide association studies (Aranzana et al., 2005; Huang et al., 2010; Poland et al., 2011), to dense
linkage map development (Troggio et al., 2007; Close et al., 2009).

The goals of this project were to 1) identify the first large scale set of SNPs for quinoa; ii)
develop functional SNP assays for quinoa; iii) evaluate the informativeness (minor allele
frequency) of the SNPs on a diversity panel consisting of accessions from the CIP international
quinoa nursery, USDA germplasm collection, and the BYU Cheonopodium collection; and iv)

construct the first SNP based genetic linkage map for quinoa.

Materials and Methods
Plant Materials and DNA extraction

Eight quinoa accessions were utilized in the initial genomic reduction experiment to
identify SNPs (Table 3). The accessions represent the broad geographical distribution of quinoa
(Andean, Valley and Coastal ecotypes) and include the parents of five quinoa mapping
populations (designated as Pop1, Pop39, Pop40, PopM3 and PopGO; Table 4). Popl and Pop39
are the most advanced populations and were used for linkage map development. Both
populations segregated for the presence of an easily identifiable dominant maker (stem color)
that facilitated the identification of true hybrid F; plants and were selfed to F,.g recombinant
inbred lines (RILs). The germplasm diversity panel included 113 quinoa accessions representing
the USDA quinoa collection, CIP international quinoa nursery, and eight additional accessions
representing several related Chenopodium taxa (i.e., C. hircinum, C. berlandieri, C. watsonii,
and C. ficifolium). Accessions for the diversity panel from external sources were kindly
provided by David Brenner (USDA, Iowa State University, Ames, [A), Angel Mujica

(Universidad del Altiplano, Puno, Peru), Daniel Bertero (University of Buenos Aires, Argentina),
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Eulogio de la Cruz (National Institute of Nuclear Research-ININ, Ocoyoacac, Mexico), and
Helena Storchova (Institute of Experimental Botany, Prague, Czech Republic). All plants were
greenhouse grown at 25 °C under broad-spectrum halogen lamps with a 12-h photoperiod in 15-
cm pots using Sunshine Mix II (Sun Grow, Bellevue, WA) supplemented with Osmocote
fertilizer (Scotts, Marysville, OH) at Brigham Young University, Provo, UT.

Total genomic DNA was extracted from 30 mg of freeze-dried leaf tissue from a single
plant (diversity panel and RIL populations) as previously described by Sambrook et al. (1989),
with modifications described by Todd and Vodkin (1996). Extracted DNA was quantified using
a Nanodrop (ND 1000 Spectrophotometer, NanoDrop Technologies Inc., Montchanin, DE) and
diluted to 150 ng pl” in DNAse-free water.
Genome Reduction

The genomic reduction protocol utilized was described in detail by Maughan et al.
(2009b). In brief, a total of 450 ng of total genomic DNA of each the eight DNA samples were
separately double-digested for 1 h at 37 °C with 3 U of the restriction enzymes EcoRI and Bfal
(New England Biolabs, Beverly, MA) in 1 X NEB4 restriction buffer. The resultant DNA
fragments were immediately ligated with 1.5 uM 5’-TEG biotinylated/3’-phosporylated EcoRI
adapters and 15 uM 3’-phosphorylated Bfal adapters using 3 U of T, ligase (New England
Biolabs, Beverly, MA; Supplemental Table S2) at 16 °C for 3 hrs. DNA fragments smaller than
100 bp were excluded from the reactions via spin chromatography using Chroma Spin™-400
columns (ClonTech Laboratories, Mountain View, CA). Non-Biotin labeled DNA fragments
(Bfal - Bfal restriction fragments) were removed from the reaction using M-280 streptavidin

beads (Invitrogen, Carlsbad, CA) according to the manufacture’s specifications. The remaining
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EcoRI-Bfal and EcoRI-EcoRI fragments, with the biotin label still attached, were resuspended in
100 pL of 10:1 TE buffer (10mM Tris, 1 mM EDTA, pH 8.0).
Eight primer pairs, designed to be complementary to the EcoRI and Bfal adaptor sequences and
to carry unique 5’ 10-base MID barcode sequences, were synthesized by Integrated DNA
Technologies (Iowa City, IA; Supplemental Table S2). A single MID-barcode primer pairs was
used to amplify 1 pL of the streptavidin-cleaned DNA fragments for each of the eight quinoa
SNP discovery samples. Amplification of each sample was performed in 50 uL PCR reactions
using 1X Advantage HF 2 PCR Master Mix (ClonTech, Mountain View, CA) and 0.2 uM of the
MIDX-EcoRI and MIDX-Bfal primer pairs, with the following thermocycling profile: 95 °C for
1 min followed by 22 cycles of 95 °C for 15 s, 65 °C for 30 s, 68 °C for 2 min. DNA
concentrations for each of the PCR reactions were determined fluorometrically using Quant-iT
picogreen® dye (Invitrogen, Carlsbad, CA) and were used to construct a 5 pg pool with
equimolar concentrations of each of the eight quinoa samples. The pooled sample was
electrophoresized on a 1.5% Meaphor® agarose gel (Cambrex BioScience, East Rutherford, NJ)
in 0.5X TAE at 40V for 8 hours and visualized with ethidium bromide staining. A gel slice
representing DNA fragments ranging from ~500-650 bp, was removed and the DNA fragments
extracted using a Qiaquick column (Qiagen, Germantown, MD) and sequenced using standard
protocols for 454-pyrosequencing as a service at the Brigham Young University DNASC (Provo,
UT) using a Roche-454 GS FLX instrument and Titanium reagents (Branford, CT) without DNA
fragmentation.
SNP discovery

DNA reads from the454-pyrosequencing runs were bioinformatically trimmed and

separated into unique MID-barcode pools representing the eight accessions used in the SNP
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discovery experiment using the process-tagged sequences function in CLCBio Workbench (v.
4.0; Katrinebjerg, Aarhus N, Denmark). For SNP discovery, DNA sequence reads were de novo
assembled using the Roche Newbler assembler (v. 2.3) with the minimum overlap length set to
50 bp, the minimum overlap identity set to 95%, and the minimum contig length set to >200 bp.
Putative SNPs within contigs were identified from the exported .ace file using custom perl-
scripts (Stajich et al., 2002; Maughan et al., 2009b) when: 1) coverage depth at the SNP was > 6;
i1) the minor allele frequency (MAF) represented at least 20% of the reads; and iii) 100% of the
alleles within a parental pool were identical. All SNPs, including 5’ and 3 sequence
information, have been deposited in dbSNP in GenBank. The SNPs are submitted under the
handle MAUGHAN in batch number 2012A (GenBank: ss530859297 to ss530860195; build
B138).
SNP assay development and genotyping

Putative SNP containing contigs that showed no significant homology to the
RepeatMasker (v. 3.2.9 Arabidopsis) database or to the Arabidopsis chloroplast (GenBank
accession NC_000932) or mitochondrial (NC _001284) genomes as determined by BLASTn
analyzes (E-value > 1e-05) were then processed by the primer design software PrimerPicker
(KBiosciences Ldt., Hoddesdon, UK) using default design parameters. Primer sequence
information for each of the functional KASPar™ SNP assays is provided in Supplemental Table
S2. SNP genotyping was accomplished via competitive allele-specific PCR using KASPar™
genotyping chemistry (KBioscience Ldt., Hoddesdon, UK) with the Fluidigm (Fluidigm Corp.,
South San Francisco, CA) nanofluidic 96.96 dynamic array™ (Wang et al., 2009). For
genotyping on the 96.96 dynamic array chip, a 5 uL sample mix, consisting of 2.25 pL genomic

DNA (20 ng/uL), 2.5 uL of 2X KASP reagent Mix (KBioscience Ldt.) and 0.25 pL of 20X GT
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sample loading reagent (Fluidigm Corp., South San Francisco, CA) was prepared for each DNA
sample. Similarly, a 4 uL 10X KASP Assay, containing 0.56 pL of the KASP assay primer mix
(allele specific primers 12uM, common reverse primer 30 uM), 2 pL of 2X Assay Loading
Reagent (Fluidigm Corp., South San Francisco, CA) and 1.44 pL DNase-free water was prepared
for each SNP assay. The assay mix and sample mix were then loaded onto a 96.96 dynamic
array chip, mixed and thermal cycled using an IFC Controller HX and FC1 thermal cycler
(Fluidigm Corp., South San Francisco, CA) according to the manufacture’s protocols. Thermal
cycling consisted of an initial thermal mix cycle (70°C — 30 min; 25°C — 10 min) a hot-start Taq
polymerase activation step (94°C — 15 min) followed by a touchdown amplification protocol as
follows: 10 cycles of 94°C for 20 sec, 65°C for 1 min (decreasing 0.8°C per cycle), 26 cycles of
94°C for 20 sec, 57°C for 1 min; hold at 20°C for 30 sec. End-point fluorescent images of the
chip were acquired on an EP-1 imager (Fluidigm Corp., South San Francisco, CA) and the data
analyzed with Fluidigm SNP genotyping Analysis Software®.
SNP Diversity data analysis

A matrix of pairwise genetic distances was generated from this data using Nei's distance
method (Nei et al., 1979). This distance matrix was used for the principal coordinate analysis,
and to create the neighbor net visualization performed by the program Splitstree (Bryant et al.,
2002). The population genetic software programs Structure v.2.2.3 (Pritchard et al., 2000) and
Structure Harvester (Earl et al., 2012) were used to infer the number of distinct groups within our
panel. Structure analysis was run five times, with 100,000 generations for each K (with K

ranging from 1 to 7), with a burn-in period of 10,000.
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Genetic linkage map construction

Marker segregation was analyzed for conformity to Mendelian ratios expected for an RIL
population using a chi-squared test. Markers were initially grouped based on independence LOD
scores > 4.5 using the G2 statistic as calculated by JoinMap® 4 for recombination frequency
(Van Ooijen, 2006). Markers within groups were then ordered using the regression mapping
algorithms corrected with the Kosambi mapping function as described by Stam (1993), with the
modification that the squares of the LODs were used as weights in order to assign more weight
to informative loci. Successive rounds of marker placement were utilized to add loci to the map.
After the addition of each locus, a ripple test was applied to test for goodness-of-fit and assure

the optimal map order.

Results and Discussion
Genomic reduction and SNP discovery

The genomic reduction protocol utilized here is based on the conservation of restriction
sites across individuals, followed by fragment selection and next-generation sequencing. MID-
barcode tags are incorporated into the DNA fragments of the individual DNA samples, which are
subsequently utilized to deconvolute the sequencing pool. Assembled fragments from the pool
are then examined for SNP identification between accessions (see Maughan et al. 2009 for a
figure detailing the genomic reduction protocol).
Stevens et al. (2006) estimated the genome size of quinoa to be 967 Mb. Assuming a 35% GC
content, we calculated that the biotin-stepavidin bead selection of EcoRI (GAATTC) containing
fragments should produce 330,397 fragments of which ~66,079 (~ 20%) are within the target

size range (500-650bp). Thus the genomic reduction process should reduce the complexity of

26



the DNA by nearly 52-fold, leaving approximately 19 MB of DNA for sequencing of each DNA
sample. A single 454-pyrosequencing run produces on average 1.3 million reads with an average
read length of ~400 bp or slightly more than 500 MB. Hence, we estimate that a single 454-
pyrosequencing run, with eight-pooled quinoa barcoded accessions would result in ~14X
coverage across the 19 MB of DNA of each pooled individual. Using 1.5 plates of 454-
pyrosequencing we obtained a total of 1,851,738 sequence reads producing a total of 518.3Mb of
sequence with an average read length of 284 bp. After removal of the MID-barcode and adapter
sequence, assembly of all reads using Newbler assembler created 22,911 large contigs (> 200bp;
13 Mb), with an average read length of 482 bp with 94% of the bases with quality scores above
40.

Since a major objective of this research was to identify SNPs specific to mapping
populations, sequence reads were sorted into eight MID-barcode pools corresponding to the eight
individuals utilized in genomic reduction experiment. A total of 1,717,000 (438Mb, 93%) were
unambiguously sorted into eight barcode pools. To enter a pool, an exact match to all 10 bases
on the MID-barcode was required. Although we attempted to mix the samples in equimolar
amounts prior to sequencing, the number of reads in each pool ranged from a high of 262,459
(15% of the total count) to a low of 183,495 (11%), a slight discrepancy likely due to difficulties
associated with fluorometric DNA quantification of the PCR samples prior to pooling.

After partitioning the reads into individual MID-barcode pools, the Newbler assembler
was used to remove the MID-barcode, adapter sequences and to create reference contigs specific
to each of the five mapping populations (see plant materials; Table 3). CLCBio Workbench
v.2.6.0 was then used to reference map parental reads for each population to the population

specific reference contigs created by Newbler for each population. The average reference contig
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size across all five assemblies was 357 bp, with an average contig read depth of 18X and an
average base coverage of 11X.

Population-specific SNPs were identified from each of the biparental assemblies using a
minimum base cutoff coverage threshold (>6X) and a minor allele frequency threshold (>20%),
further filtered based on a 100% within parent uniformity threshold (all reads derived from a
single barcode were required to be genotypically identical). This parameter minimizes erroneous
SNPs due to faulty assemblies (co-assembly of homoeologous regions) as well as SNPs that were
heterozygous in the parental lines. Although quinoa displays disomic inheritance, it is an ancient
allotetraploid (Ward, 2000), hence co-assembly of some homoeologous regions is possible even
with the increased stringency assembly parameters (minimum length overlap = 50 bp and
minimum overlap identity =95%). Therefore, at the minimum read depth of 6, two of the
sequence reads (20%) would need to be called as the minor allele variant, of which, all would
have to be derived from the same MID-barcode pool.

A total of 14,178 SNPs were identified across the five populations, ranging from a high
of 3,615 SNPs in 1,888 contigs in Pop39 to a low of 2,092 SNPs in 995 contigs in PopM3 (Table
4), with an average of 2,836 SNPs observed in 1,462 contigs across all populations. The
number of contigs that contained at least one SNP varied from a high of 1,128 (6%) in Pop39 to
a low of 554 (3%) in PopM3. Over all populations, 5.1% of all contigs contained at least 1 SNP,
with the largest class of contigs containing a single SNP (59%; Figure 5a). The average base
coverage at a SNP across all populations was 7.8X (Figure 5b), whereas the average SNP density
(SNP/bp) across the five populations was 1/2160 bp. The SNPs can also be described by their
allele frequency within the sequencing pool. Here the minimum allele frequency threshold was

set to 20%, meaning that at a minimum coverage of 6X, at least two reads from the same parental
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source must have at least two separate but identical reads in the contig assembly (at the same
coverage the opposing parental source would have four identical but separate sequence reads in
the assembly). Over all populations, 28% of the SNPs fit within the 20-29% range, 37% within
the 30-39% range, with the remaining 35% falling within the 40-50% range (Table 4). With
regards to SNP type, transition mutations (A/G or C/T) were the most numerous, outnumbering
transversions (A/T, C/A, G/C, G/T) by 1.6X margin, which is in accordance with the observation
that transition SNPs are the most frequent SNP type reported in both plant and animal genomes
and are thought to result from hypermutability effects of CpG dinucleotide sites and deamination
of methylated cytosines (Zhang et al., 2004; Morton et al., 2006). Of the 14,178 SNPs identified,
94% (13,262) were unique to just one population, while the remaining 7% (916) were identified
in at least one other population. The largest overlap of SNPs was between populations Popl and
Pop39, where 331 SNPs were shared in common — we note that this was not unexpected as both
populations share a common paternal parent (0654).
SNP assay development

Primer sets for 1,248 putative SNPs were designed for competitive allele-specific PCR
based on the KASPar™ genotyping chemistry. The SNPs were selected from those that were
putatively polymorphic in Pop1 and/or Pop39 with the intention that these populations would be
used for linkage map development. All 1,248 SNPs were screened using the Fluidigm 96.96
dynamic array chip. A total of 511 (41%) SNPs produced clearly separated genotypic clusters
that could be easily scored with the automated Fluidigm SNP genotyping analysis software
(Figure 6). The percent conversion is significantly lower than that identified by Maughan et al.
(2011) who reported a nearly 70% conversion rate for KASPar-based SNP assay development in

Amaranthus spp., diploid species, but only slightly higher than the 36% conversion rate reported
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for tetraploid cotton (Gossypium hirsutum). Byers et al. (2012) speculated that the decrease in
conversion rate for cotton was the result of increased complexity associated with polyploidy — a
problem associated with the dual amplification of homoeologous (orthologs) loci using
competitive allele-specific PCR (KASPar chemistry). While polyploidy is likely a major reason
for SNP assay development failure, other factors, including paralogy, proximity of repeat
elements, poor assemblies and/or sequencing errors may also contribute to assay design failure.
Diversity panel and phentic analysis

The diversity panel consisted of 113 accessions of C. guinoa and eight related
Chenopodium taxa (Table 3). Ofthe 511 polymorphic SNP assays developed, 427 were
successfully screened on the full diversity panel (SNP assays with greater than 20% missing data
were removed from the analysis). Limiting the analysis to just the 113 quinoa accessions, a total
of 854 alleles were identified with an average of 5.4% missing data per accessions for a total of
46,043 scored data points. Across the quinoa accessions, MAF ranged from 0.02 to 0.50 with an
average MAF of 0.28 per SNP (Supplemental Table S3). Considering a SNP with a MAF >
0.35 as highly polymorphic and a SNP with MAF > 0.10 as polymorphic, 198 (46%) of the SNP
loci were highly polymorphic, while 385 (90%) were polymorphic (Table 4). We note that the
maximum value for a bi-allelic SNP is 0.5 (both alleles present at equal frequency).

Phenetic analysis of the 113 quinoa accessions using Structure analysis clearly separated
the accessions into two distinct subgroups according to Evanno delta K values (Earl et al., 2012),
which are easily visualized using a Neighbor-Net tree (Bryant et al., 2002) or a principal
coordinate analysis (Figure 7). The two groups agree well with previous morphological and
microsatellite studies, which separated the quinoa accessions into two distinct groups: Chilean

coastal and Andean ecotypes (Risi et al., 1989; Christensen et al., 2007). Six accessions were
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placed intermediate to the coastal and Andean ecotypes, including E-DK-4, G205DK,
321079BB, CO1 (P1596293) E1 (Ames 13228) and C11 (P1 614882) (Figure 7b). Since E-DK-
4, G205DK, 321079BB, and CO1 are breeding lines, it is not surprising that they are positioned
in an admixture position. E1 and C11 are the two accessions with the highest percentage of
missing data (26% and 27%) and the lowest nodal bootstrap value (54%) in the dendrogram, thus
their positioning is potentially artificial.

Quinoa is a member of a complex of interfertile New World species. Included in this
complex are several weedy and domesticated species, including North American C. berlandieri
and C. berlandieri subsp. nuttaliae and South American C. hircinum. Targeted DNA sequencing
(E.N. Jellen and H. Storchova, personal communication) has revealed a close relationship
between this complex and certain diploids, including North American C. watsonii and the
Eurasia native C. ficifolium, which appears sporadically as a weed in eastern North America
(Jellen et al., 2011). To assess the potential transferability and utility of the SNPs for germplasm
characterization in these related species, we tested the functionality of the SNP assays across a
Chenopodium species panel, including, two accessions C. hircinum, four accessions of C.
berlandieri (subsp. nuttaliae, var. macrocalycium, var. boscianum, var. zschackei), and a single
accession of both C. watsonii and C. ficifolium (Table 3). One-hundred and forty-four (34%) of
the SNPs clearly amplified and separated all eight taxa into distinct genotypic clusters, while 318
(74%) were clearly genotyped in six of the eight taxa. Seventy-one (17%) failed to amplify in
any of the related taxa. Perhaps not surprisingly, the most successful cross-species
amplifications were in the two C. hircinum accessions, where 81% of the SNP assays were
successful. Both C. hircinum accessions originate from the lowlands of Northwest Argentina,

near the center of domestication of quinoa (near lake Titicaca, Bolivia), are allotetraploid and are
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presumed potential progenitors of C. quinoa (Jellen et al., 2011). Indeed, quinoa and C.
hircinum are difficult to separate systematically based solely on weedy versus domesticated
characteristics due to a close crop-weed sympatric relationship where interspecific hybridization
between the species is highly likely (Wilson, 1988). Between the two C. hircinum accessions,
five SNP assays were polymorphic. Seventy-nine percent of the SNP assays amplified in the
four C. berlandieri accessions. Like C. hircinum, the C. berlandieri complex is classified within
subsect. Favosa, and North American C. berlandieri is considered the likely ancestor of the New
World allotetraploid complex (Wilson, 1990; Wilson et al., 1993). Both C. hircinum and C.
berlandieri are interfertile with quinoa and represent potentially important resources for quinoa
germplasm enhancement. Perhaps not unexpectedly the two diploid species, C. watsonii and C.
ficifolium, successfully amplified the fewest SNP assays, with Eurasian C. ficifolium successfully
functioning with the fewest SNP assays (44%).

Inclusion of the eight related Chenopodium species within the phenetic analysis of the
113 quinoa accessions produced three clearly separated clusters (Figure 7a), representing the
coastal and Andean quinoa ecotypes and a third cluster inclusive of the related Chenopodium
species. The inability to clearly separate the related species into individual subgroups was not
unexpected and is an example of marker ascertainment bias. We should expect C. hircinum and
C. berlandieri to cluster separately and at a significant distance from each other; however, the
quinoa-biased SNP assays (biased in that the SNP assays were developed to differentiate quinoa
accessions, not C. hircinum or C. berlandieri accessions) are unlikely targeting polymorphic loci
in the related Chenopodium species — suggesting that heterologous SNP assays should be used

with caution in genus-level phylogenetic studies.
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Genotyping validation

To validate the genotyping process, 13 random individuals from the diversity panel were
re-genotyped and compared across all 511 SNP loci. From 5,341 paired data points, processed
independently on separate fluidic chips, 5,341 (99.7%) were identical matches while 16 (0.30%)
were mismatches.
Linkage map construction

Two mapping populations, Popl and Pop39, were used for linkage map construction.
Since both populations were small (n=61 and n=67) but share a common paternal parent (0654)
the data from both populations were combined to produce an integrated linkage map (n=128).
All 511 SNP loci were genotyped across the entire integrated mapping population using the
KASPar genotyping chemistry on a Fluidigm integrated fluidics chip (IFC). Of'the 511 SNP
assays, 469 (92%) produced genotypic clusters that could be easily scored, the remaining 42
assays were lost due to issues associate with loading the IFC or eliminated due to extreme
segregation distortion (i.e., the SNP showed a pattern consistent with maternal extranuclear
inheritance). Of the 469 assays, all produced clearly separated clusters that could be scored with
confidence, with each homozygous cluster containing a parental DNA sample (KU-2, NL-6 or
0654; depending on the population) and were scored in a A:H:B fashion, where 0654 was always
assigned the A genotype (Figure 6). Twenty-six (5.5%) SNPs showed segregation distortion
(P<0.01). Since the map is based on crosses between two contrasting quinoa ecotypes (coastal
versus Andean), segregation distortion was not unexpected. We note that the distortion was not
nearly as high as has been seen in interspecific crosses, where segregation distortion was
reported to reach levels as high as 68.5% (Paterson et al., 1988). Skewed markers mapped to a

total of nine different linkage groups (Figure 8), although a majority (77%) mapped to just three
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chromosomes on linkage groups 4, 7 and 15. Linkage group 15 contained the largest number of
distorted markers (11), all skewed to the coastal parental ecotype. The presence of clusters of
markers skewed to a single parental genotype is likely associated with chromosomal regions
containing gametophytic/zygotic factors or selectable QTLs that likely conferred advantage
during the development of the mapping populations (Zamir et al., 1986; Lu et al., 2002). For
example, highland quinoas are commonly known to have sterile pollen at high temperatures
(Jellen et al., 2011), so QTLs for heat tolerance from the coastal parent would likely be favored
as a mapping population is advanced to homozygosity. Significant variation in seedling
morphology, growth rates and seed production were observed among the RIL plants.

At a minimum LOD score of 4.5, pairwise linkage analysis grouped 451 (96%) SNP markers
into 29 linkage groups. Twenty of the linkage groups were populated with > 9 SNPs, while nine
were small linkage groups consisting of five or fewer markers (Figure 8b). The distribution of
the markers within the linkage groups varied from 44 to 2 SNPs per linkage group. The total map
of 1,404 cM was spanned by the 451 SNP loci, with individual linkage groups ranging in size
from 1 to 112 cM (Figure 8; Table S3). The largest interval between two linked markers was 22
cM, while the average distance between all loci was 3.3 cM. Most intervals (92%) were less
than 10 cM apart. Compared to the two previous attempts at linkage map development in quinoa
(Maughan et al., 2004; Jarvis et al., 2008), this map consists of nearly double the number of
marker loci, spans a greater genetic distance and is significantly closer to the predicted total
length the quinoa genetic map (1,700 cM; Maughan et al., 2004). Relative to the haploid number
of chromosomes (n=18) in quinoa, the linkage groups identified in this study suggest that
additional markers are still needed to coalesce linkage groups and provide complete coverage of

the genome. To this end we are developing an additional set of EST-based SNPs and several
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new and much larger RIL populations. These SNP assays and new RIL populations should

provide the basis for the first replicated QTL studies in quinoa.

Conclusions

We report the identification of the first large scale set of putative SNP loci for quinoa as
well as the development of >500 functional SNP assays for quinoa. To evaluate the
informativeness and utility of the SNP assays, we screened a large diversity panel consisting of
the 113 quinoa accessions from the CIP international quinoa nursery and USDA germplasm
collection. Moreover we report the first genetic linkage map of quinoa based solely on SNP
markers. The functional SNP assays were developed using KBioscience KASPar genotyping
chemistry detected using a Fluidigm integrated fluidic chip (IFC). The combination of the
KASPar chemistry with the nano-fluidic chip technology (9.7 nL reaction volume) not only
significantly reduces the marker data point genotyping costs (~$0.05) but also significantly
increase the speed of genotyping. Indeed a single Fluidigm 96.96 IFC is capable of producing
9,216 PCR reactions in a single run (~3 hours) with little technical expertise. If a Fluidigm
system is unavailable, the KASPar SNP assays can be genotyped using a standard fluorescence
resonance energy transfer plate reader — an important consideration considering that most quinoa
breeding programs in S. America may have limited capital equipment resources. Compared to
other marker systems (i.e., AFLP, SSRs), the SNP assays presented here are relatively
inexpensive, easy to use and should greatly enhance future efforts to initiate marker assisted
selection for recalcitrant agronomic traits in quinoa, including resistance to downy mildew

(Peronospora farinosa f.sp. chenopodii), the most important disease of quinoa.
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Chapter 3: SNP Genotyping using KASPar Assays

1. Introduction

Single nucleotide polymorphisms (SNPs) are the most abundant type of polymorphism
found in eukaryotic genomes (Dou et al., 2012). SNP markers can be used in a wide variety of
applications, including association studies (Filiault and Maloof, 2012), conservation genetics
(Ogden et al., 2012), genetic diversity analysis (Blair et al., 2012), and are fast becoming the
marker system of choice in marker-assisted plant breeding programs (Foolad and Panthee, 2012).
Many of these applications require large numbers of genotyped SNPs. KASPar chemistry
provides a versatile method of genotyping that can be applied to small and large-scale projects.
The utilization of the KASPar genotyping chemistry combined with the Fluidigm integrated
nano-fluidic circuit (IFC) and EP1 endpoint fluorescence reader reduces a data point cost to
$0.05 per data point which is significantly less expensive than traditional markers systems (e.g.,
AFLPs or SSRs) (Maughan et al., 2011). A single 96.96 Fluidigm IFC is capable of producing
9,216 genotypic data points in a single run (~4 hours) with little technical expertise and since
each genotyping reaction is done on a nanoliter scale, the consumable reagent costs (i.e., Taq
polymerase and primers) is only $0.001 per data point (the remainder of the cost is the IFC)
(Maughan et al., 2011). If a Fluidigm EP1 endpoint fluorescence reader is unavailable (a
significant capital investment), or for small-scale project, KASPar™ SNP assays can be read on a

standard fluorescence resonance energy transfer (FRET) plate reader.
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2. Materials
2.1. High throughput genotyping: KASPar amplification and genotyping using Fluidigm’s

Dynamic Array.

1. 2X KASPar reaction mix (contains Taq polymerase, reference dye ROX, secondary
universal primers, 50mM MgCl, and DMSO) (KBioscience, PN KSB-1004-001) (see

Note 1).
2. 1-50ng/uL Genomic DNA (see Note 2).
3. Competitive allele specific KASPar SNP primers (100 uM each) (see Figure 9 & Note 3).
4. 2X Assay Loading Reagent. (Fluidigm, PN 85000736)
5. GT 20X Sample Loading Reagent. (Fluidigm, PN 85000741)
6. Nuclease free water.
7. Fluidigm chip (Dynamic Array integrated fluidic circuit (IFC); (see Note 4).
8. Fluidigm Control Line Fluid (comes with IFCs).
9. EP1 Reader (Fluidigm, PN EP1-EP1)
10. IFC Controller [HX] (Fluidigm, PN IFC-HX)
11. FC1 Cycler (Fluidigm, PN CYC-FC1)
12. Standard microfuge tubes (2.0 mL).
13. Standard 96-well polypropylene PCR plates.
14. Plate seals (Thermo Scientific, PN AB-0812).

15. Microplate plate sealer (Thermo Scientific, ALPS 50V, PN AB-1443)
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2.2. Low throughput genotyping: PCR Plate (96 or 384-well) KASPar amplification and FRET
reader.
1. 2X KASPar reaction mix (contains Taq polymerase, reference dye ROX, secondary

universal primers, 50mM MgCl, and DMSO) (KBioscience, PN KSB-1004-001)
2. 1-50ng/uL Genomic DNA (see Note 2).
3. SNP primers (100 uM each) (see Note 3).
4. Nuclease free water.
5. Standard 96- or 384-well Skirted PCR plate (see Note 5).
6. Microfuge tubes (2.0 mL)
7. Optical plate seal (Thermo Scientific, PN AB-0812).
8. Thermal cycler (ABI 9700, Applied Biosystems, Foster City, CA.)
9. FRET-capable plate reader (see Note 6)
10. Microplate plate sealer (Thermo Scientific, ALPS 50V, PN AB-1443)

2.3. Specific Target Amplification (see Note 7)

1. 2X Multiplex PCR Master Mix (Qiagen, PN 206143)

2. 10X STA primers (100 uM) (see Note 8).

3. TE buffer (10mM Tris, ]| mM EDTA, pH 8.0; autoclave).
4. Nuclease free water

5. 1-50ng/uL. Genomic DNA (see Note 2)
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6. Microfuge tubes (2.0 mL)
7. Standard polypropylene 96-well PCR plates.

8. Thermal cycler (ABI 9700, Applied Biosystems, Foster City, CA.)

3. Methods

The KBiosciences KASParTM genotyping chemistry is designed on the concept of
competitive allele specific PCR (see Figure 9). In this protocol, genotype specific primers (one
for each of the SNP alleles) and fluorophore-labeled oligos are used in a competitive PCR
reaction to produce an allele specific fluorescent signal. Each allele specific primer has a SNP
specific base complementary to the target DNA template and one of the SNP alleles. Attached to
each SNP allele specific oligo is a unique 5’ tail with sequence homology to universal secondary
oligos labeled with either a FAM or HEX fluorophore. Fluorescence from the secondary oligo is
initially suppressed by bound quencher molecules. During the first round of PCR, only the
correct allele specific primer binds and its 5’ tail is incorporated into the PCR product. On the
second round of PCR, the reverse primer generates a sequence complementary to the 5’ tail of
the allele specific sequence. This allows for the secondary fluorophore labeled oligo to bind and
become incorporated into the PCR product during the third round of PCR. Incorporation of the
fluorophore labeled oligo into the PCR product releases it from its quencher allowing it to
fluoresce. As PCR continues, generation of signal increases. After completion of PCR the
fluorescent signal can be read and a genotype determined (see Figure 12). If the starting
template DNA is of low quality or quantity, we highly recommend performing a specific target

amplification (STA) step (see 3.3. Specific Target Pre-Amplification) prior to KASPar
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genotyping. STA reduces the complexity of the template DNA by targeting and pre-amplifying
the SNP amplicons which may improve the results of the subsequent KASPar genotyping.
3.1. KASPar Genotyping via Fluidigm’s Dynamic Array

1. Inject control line fluid into the top and bottom control line fluid reservoirs of the 96.96

chip (one syringe per reservoir) (see Figure 10).

2. Load chip into IFC Controller [HX] with the barcode facing out and “Prime” the IFC.

Priming takes approximately 20 minutes.

3. Prepare working KASPar primer mix: In a 96-well PCR plate combine allele specific
primer 1, allele specific primer 2, common reverse primer, and nuclease free water as

follows (see Note 9):

Component Volume (uL) Final Concentration (uM)
Allele Specific Primer 1 (100 pM) 3 12

Allele Specific Primer 2 (100 uM) 3 12

Common Reverse Primer (100 uM) 7.5 30

Nuclease Free Water 11.5

Total: 25 uL

4. Prepare Pre-Assay cocktail: Combine 550 uL 2X Assay Loading Reagent and 396 puL.

nuclease free water into a PCR tube (pre-assay cocktail).

5. Distribute 8.6 uL of the pre-Assay cocktail into each well of a new 96-well plate

containing 1.4 pL of individual working KASPar primer mix.

6. Prepare pre-sample cocktail: Combine 330uL of KASPar reagent, 33 uL of GT Sample
Loading Reagent, and 22uL of nuclease free water into a new PCR tube (pre-sample

cocktail)
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7. Distribute 3.5 pL of the pre-sample cocktail into a new 96-well plate containing 2.5 pL of

genomic DNA.
8. Seal sample and assay plates.
9. Mix samples and assays well by gently vortexing the sealed plates.

10. Pipette 4 uL of 10X assay mix into each assay inlet using an 8-channel pipette. Pipette by
column the first 6 columns from prepared assay plate to chip assay inlets starting on the
top left working right filling every other inlet in each of the 6 inlet columns. Pipette the
remaining columns from the prepared assay plate (columns 7-12) just below the

previously pipetted assays starting on the left working right. (see Figure 11).

11. Pipette 5 pL of samples into each sample inlet using an §8-channel pipette. Pipette by
column the first 6 columns from prepared sample plate to chip sample inlets starting on
the top left working right filling every other inlet in each of the 6 inlet columns. Pipette
the remaining columns from the prepared sample plate (columns 7-12) just below the

previously pipetted samples starting on the left working right. (see Figure 11).
12. Remove any bubbles in the sample and assay inlets (see Note 10).
13. Remove the blue plastic protector from the bottom of the IFC.

14. Place the chip in the FC1 Cycler with the barcode facing out and thermal cycle using the

following touchdown conditions (see Notes 11-12):
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Cycle Step Temp Time

1 70°C 30 minutes
25°C 10 minutes

2 94°C 15 minutes

3 94°C 20 seconds
65°C 1 minute

4 94°C 20 seconds
64.2 1 minute

5 94°C 20 seconds
63.4 1 minute

6 94°C 20 seconds
62.6 1 minute

7 94°C 20 seconds
61.8 1 minute

] 94°C 20 seconds
61.0 1 minute

9 94°C 20 seconds
60.2 1 minute

10 94°C 20 s.econds
59.4 1 minute

1 94°C 20 s.econds
58.6 1 minute

12 94°C 20 s.econds
57.8 1 minute

13 94°C 20 s.econds
57.0 1 minute

14 Repeat Step 13 for an additional 25 cycles

15 20°C 30 seconds

15. Prepare to read the chip by turning on the EP1 Reader and opening the EP1 Data

Collection software (see Note 13).

16. Remove the chip from the FC1 Cycler and place it in the EP1 Reader with the barcode

facing out. Read the chip using EP1 Data Collection software’s on screen directions.

17. Remove the chip from the EP1 Reader and place it back in the FC1 Cycler and cycle for

an additional 5 cycles using the following conditions.
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Cycle Step Temp Time

1 94°C 20 seconds
57.0 1 minute

2 Repeat Step 1 for an additional 4 cycles

3 20°C 30 seconds

18. Repeat steps 16 and 17 one more time to obtain reads for 36, 41, and 46 cycles (see Note

14)

19. Use the Fluidigm SNP Genotyping Analysis software to analyze the genotyping results.
Genotyping results are plotted by SNP assay on Cartesian graphs with each dot
representing a single sample genotype. Samples with the same genotype should group

together forming distinct genotype specific clusters (see Figure 12).

3.2. KASPar Genotyping via FRET-Capable Plate Reader
1. Prepare KASPar primer mix: In a 96-well PCR plate combine allele specific primer 1,

allele specific primer 2, common reverse primer, and nuclease free water as described in

the following table:

Component Volume Final Concentration
(ub) wM)

Allele Specific Primer 1 (100 uM) 3 12

Allele Specific Primer 2 (100 pM) 3 12

Common Reverse Primer (100 uM) 7.5 30

Nuclease Free Water 11.5

Total: 25

2. Prepare a DNA plate by pippeting 4uL of DNA into each well of a 96 or 384 well plate
and dry down the DNA sample in a centrifugal evaporator (speed vac) or by leaving the

sample uncovered for several hours at room temperature in a laminar flow hood. (see Note

15)

46



3. Prepare individual KASPar primer master mixes for each SNP assay by combining the
components in the following table into individually labeled microfuge tubes. The volumes
in the following table are for 1 reaction (i.e., calculate the amount of primer master mix
needed for number of DNA samples in your experiment plus overage). Dispense KASPar

primer master mixes into each well of the prepared DNA plate (see Note 16).

Component Volume (pL)
KASPar 2X reagent 4
KASPar primer mix 0.11
Nuclease free water* 4
Total: 8.11
*If you do not dry down your DNA samples, omit the Nuclease free water from the primer

master mix.

4. Seal the plate with an optically clear seal, vortex briefly and centrifuge the plate.
5. Thermal cycle the reaction using the touchdown conditions as shown in step 14 of 3.1.

6. Capture end-point fluorescence signal using a FRET-capable plate reader. Genotyping
results can be plotted by SNP assay on Cartesian graphs with each dot representing a
single sample genotype using KBiosciences Kluster Caller or other similar software

packages (see Figure 12).

3.3. Specific Target Pre-Amplification
The specific target amplification (STA) is an optional step. STA reduces the complexity of the
template DNA by targeting and pre-amplifying the SNP amplicons. This step is most useful

when the starting template DNA is of low quality or quantity.

1. Prepare 10X STA Primer mix (final solution will contain 500 nM of each primer): In a

single PCR tube, combine 2 pL of each forward primer and 2 uL of each reverse primer
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and bring the final volume up to 400 puL by adding TE Buffer as described in the

following table:
Component Volume (pL)(for 96 assays)
100 uM STA Forward (for all 96 assays) 2 each (192 total)
100 uM Common Reverse (for all 96 assays) 2 each (192 total)
TE Buffer 16
Total: 400

2. Prepare STA pre-mix: Combine Qiagen PCR Master Mix, primer mix from step 1, and

nuclease free water as described in the following table:

Volume for 96
Component Volume per samples plus overage
sample (uL)
(19)
1(\)/Iliz;gen 2X Multiplex PCR Master 25 2750
10X STA primer mix (500 nM each) 0.5 55.0
Nuclease free water 0.75 82.5
Total: 3.75 412.5

3. Combine STA pre-mix and genomic DNA into 96-well plate: Add 3.75 puL STA pre-mix

to each well followed by 1.25 uL genomic DNA to each well for a total reaction volume

of 5 uL.
4. Seal the 96-well plate and mix by vortexing.

5. Thermal cycle under the following conditions:

Cycle Step Temp Time

1 95°C 15 minutes
2 95°C 15 seconds
3 60°C 4 minutes
4 Repeat Steps 3-4 for an additional 13 cycles
5 Hold at 4°C
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6. Dilute STA products 1:100 by adding 1 uL of STA product to 99 uL of TE. Use the
diluted STA product in place of the genomic DNA template in the KASPar Genotyping

reactions (both 3.1 and 3.2; above) with no change in reagent volumes.

4. Notes
1. The KASPar reaction mix sensitive to light and repeated freeze and thaw cycles. Improper
storage will lead to poor genotyping results. We recommend thawing the KASPar reaction
mix once and aliquoting out single use volumes into individual microcentrifuge tubes.
Once aliquoted, wrap tubes in foil and store at -20°C. KASPar reaction mix handled

appropriately should produce quality results for up to 6 months.

2. Genomic DNA should be extracted using standard DNA extraction protocols that yield
high quality DNA. If high quality DNA cannot be obtained or if concentrations are lower

than desired the STA step may provide a more reliable results.

3. Competitive allele specific KASPar SNP primers consist of two allele specific forward
primers and one common reverse primer. The allele specific forward primers include a 5’
tail associated with either FAM or HEX fluorophore labeled oligos and also includes the
polymorphic SNP base as the last (3’) nucelotide. An example of general structure of the
forward allele specific primers are shown below (see also Figure 9). The italicized 5’
portion is the 5’ tail corresponding to the sequence of the fluorophore labeled oligo, the
underlined portion is the SNP assay specific sequence and the bolded 3’ most nucleotide

corresponds to the single nucleotide polymorphism.
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Allele specific 1:  5°-

GAAGGTGACCAAGTTCATGCTAAAGCTCATTATTCTTTCTAAAGAAATGATAG

Allele specific 2:  5°-

GAAGGTCGGAGTCAACGGATTGAAAGCTCATTATTCTTTCTAAAGAAATGATAA

KASPar primers can be designed using any number of primer design software packages,

including PrimerPicker (KBiosciences, 2009) and should be stored at -20°C.

. Fluidigm IFCs come in 96.96, 48.48, and 24.128 formats where the first number represents
number of assays and the second number representing number of samples. The method
described here is specific for the 96.96 format but can be adjusted to work with other IFC

formats.
. Ensure that the PCR plate is compatible with your plate reader.

. Any FRET-capable plate reader can be used as long as it can read emission wavelengths of
520 (FAM), 556 (HEX), and 610 (ROX). We used a PHER Astar Plus (BMG LabTech

GmbH, Ortenberg, Germany).

. The STA primers consist of one forward primer and one reverse primer flanking each
SNP. The reverse primer is identical to the reverse primer used in KASPar allele specific
amplification. The forward primers are also identical to the allele specific primers but do

not include the 5’ tail or the polymorphic SNP base (see Note 3).

. This protocol makes enough working KASPar primer mix to run approximately 17 96.96
chips (156,672 data points). Note that primers will autohydrolyze over time (likely

accelerate by repeated freeze/thaw cycles) resulting in non-allele specific amplification
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and poor data point clustering. Working KASPar primers should be stored at -20°C in TE

(10mM Tris, 1| mM EDTA, pH 7.5).

10. Bubbles left in inlets will prevent samples or assays from loading properly. To eliminate
bubbles from inlets either use a clean bent pipette tip to gently pull bubble out or gently
aspirate alcohol vapor over the inlet using a wash bottle (suction straw removed)
containing a small amount of alcohol in the bottom. The alcohol fumes quickly break the
surface tension of the bubbles eliminating them. Be careful not to over aspirate as the

samples will evaporate.
11. Explanation of thermal cycling conditions:
Step 1: Thermal mixing step, which mixes the sample and assay of each reaction.
Step 2: Hot start
Step 3-12: Touchdown cycles - 0.8°C degrees decrease each cycle.
Step 13-14: Amplification.
Step 15: Cool Down

12. Samples will amplify more quickly if using STA product as the starting DNA template.
To prevent over-amplification, reduce the number of cycles in step 14 of the thermal

cycling conditions to 17 additional cycles (see Note 14).

13. Before the chip can be read on the EP1 reader, it must be turned on to allow the camera to

cool to the appropriate operating temperature (approx. 40 min).

14. Not all SNP assays will amplify at the same rate (i.e., some assays will provide better

results with fewer or more cycles than the average). Obtaining three sets of data at 5 cycle
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intervals allows for comparison and increases the probability of obtaining maximal

separation of the genotype cluster.

15. Leaving the DNA hydrated is an alternative method. If using hydrated DNA, omit the

nuclease free water from the primer master mix. We experience more consistent results
with the dry down method, which we attribute to unequal evaporation of the DNA samples
due to our use of a liquid handling robot for DNA distribution. We have also successfully
scaled the reagents proportionally to create 4uL reactions which are successfully measured

by the BMG PHERAstar Plus plate reader.

16. When designing your plate set up be sure to include positive controls, including

homozygotes for allele 1 and allele 2 as well as a control heterozygous sample (a synthetic
heterozygote can be made by mixing equal quantities of the homozygous samples).
Negative controls, including a no template control (NTC; DNA free water is substitute for

the DNA template), should also be included.

Arraying samples and assays by rows and columns with the last row or column for
controls seems to be the most convenient for setting up. A sample set up may look like the

following:

Genotyping of 11 samples with 8 SNP assays in a 96 well plate. Each row (minus the last
row) will be filled with a single SNP assay (row A = SNP 1, row B = SNP 2, etc.). Each
column will be filled with a single DNA sample (column 1 = Sample 1, column 2 =
Sample 2, etc.). The last column will be used for controls. Multiple positive as well as
multiple negative controls are included. For this example, prepare 8 KASPar primer
specific master mixes. Each master mix should contain enough master mix for 14-16

samples (11 samples, 1 control, and 2-4 for overage). The table below depicts the plate set
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up (first and second numbers in well positions represent SNP assay and Sample numbers,

respectively)
[—] o

- (g\] o < w o o~ = -] (=) - - 7

2 2 2 2 2 2 2 2 2 2 2 'S

[ o [ =% [ [ o o [ [ =% =]

g g g g g g g g g g £ s

« < < < < < < < < < < =

n n ©n n n n n n n n n @}

1 2 3 4 5 6 7 8 9 10 11 12
SNP 1 Al N 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10 1/11 1/A1
SNP 2 B | 21 2/2 2/3 2/4 2/5 2/6 2/7 2/8 2/9 2/10 2/11 2/A1
SNP 3 C |3 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10 3/11 3/A2
SNP 4 D | 41 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10 4/11 4/A2
SNP 5 E | 51 5/2 5/3 5/4 5/5 5/6 5/7 5/8 5/9 5/10 5/11 5/Het
SNP 6 F | 6/1 6/2 6/3 6/4 6/5 6/6 6/7 6/8 6/9 6/10 6/11 6/Het
SNP 7 G| "M 7/2 7/3 7/4 7/5 7/6 77 7/8 7/9 7/10 7/11 7/NTC
SNP 8 H | 81 8/2 8/3 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 8/NTC
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TABLES

Table 1. Amaranthus accessions used in the SNP diversity assay screens.

P1 481125 and PI 642741 are the parents of the mapping population.

TAIl Origin information is derived from the Germplasm Resources Information Network (http://www.ars-
grin.gov/npgs/). Several accessions were collected in the Old World although they originate in the Americas
according to Sauer (1967)

*Reclassified here as A. hypochondriacus based on data reported herein.

Scv. ‘Plainsman’.

Name Species Geographical Location’
1 Ames 15170 Amaranthus caudatus L. Nepal'
2  Ames 5127 A. caudatus California, USA
3 PI175039 A. caudatus India’
4 PI1490440 A. caudatus Peru
5  PI490604 A. caudatus Bolivia
6  PI1490609 A. caudatus Ecuador
7  PI553073 A. caudatus New Jersey, USA
8 PI568132 A. caudatus Bolivia
9 PI618622 A. caudatus Unknown
10 Pl 642741 A. caudatus Bolivia
11 Ames 5310 Amaranthus cruentus L. Mexico, Sonora
12 PI477913 A. cruentus Mexico
13 PI477914 A. cruentus Mexico
14 PI482049 A. cruentus Zimbabwe'
15 PI566897 A. cruentus India’
16 PI 604666 A. cruentus Pennsylvania, USA
17 P1606799 A. cruentus Pennsylvania, USA
18  PI1618962 A. cruentus Benin'
19 PI 628784 A. cruentus Mexico, Puebla
20 PI1628793 A. cruentus Zaire'
21 PI481125¢ Amaranthus hypochondriacus L. India’
22 PI274279 A. hypochondriacus India’
23 PI337611 A. hypochondriacus Uganda'
24 PI1477915 A. hypochondriacus India’
25 PI477916 A. hypochondriacus Mexico
26 PI511731 A. hypochondriacus Mexico
27 PI540446 A. hypochondriacus Pakistan'
28  PI558499° A. hypochondriacus Nebraska, USA
29 PI568130 A. hypochondriacus Iowa, USA
30 PI619259 A. hypochondriacus Nepal'
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

P1 633589
Ames 23369
Ames 23891
Ames 25132
Ames 26852
PI1 500249
PI1568179
P1 603886
PI1605351
PI1 632247
P1636181
P1572261
P1595317
Ames 22592
PI1 607447
PI1 603873

A. hypochondriacus

Amaranthus hybridus

. hybridus
. hybridus
. hybridus
. hybridus
. hybridus
. hybridus
. hybridus
. hybridus
. hybridus

o SO QU N N SO NO O N N

Amaranthus powellii subsp. Bouchonii
A. powellii subsp. Bouchonii

Amaranthus retroflexus

A. retroflexus

Amaranthus tuberculatus

Mexico, Chihuahua
Brazil

Czech Republic
Nigeria

Portugal

Zambia

Towa, USA

Ohio, USA

Greece

North Carolina, USA
Delaware, USA
Germany
California, USA
Mongolia

Jamaica

Nebraska, USA
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Table 2. Summary analysis of Amaranthus SNP marker results.

Sample size, total number of polymorphic SNP loci, total alleles observed, minor allele frequency (MAF)
range and average, and total highly polymorphic microsatellites are included. A total of 480 putative SNP
markers were initially screened.

"Includes A. hypochondriacus, A. cruentus, A. caudatus and A. hybridus accessions.
*Highly polymorphic SNP: MAF > 0.3

A. hypochondriacus  A. cruentus  A. caudatus — A. hybridus A hy b”d?s
complex
Sample Size 11 10 10 10 41
Polymorphic SNPs 186 35 136 263 414
MAF Range 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5
Average MAF 0.20 0.18 0.22 0.24 0.27
Highly polymorphic? 41 7 43 84 141

57



Table 3. Chenopodium accessions included in the diversity panel.
Underscored accessions were used in the genomic reduction experiment for SNP discovery.
YC. ficifolium and C. watsonii are diploid species. All other species are allotetraploids.
*Origin information is derived from the Germplasm Resources Information Network for all USDA accessions.
§PROINPA, The Foundation for the Promotion and Investigation of Andean Products, La Paz, Bolivia; CIP, Internal
Potato Center; USDA-NPGS, Ames, IA, USA; IEB, Institute of Experimental Botany, Czech Republic; ININ,
National Institute for Nuclear Investigation, Toluca, Mexico; UBA, University of Buenos Aires, Buenos Aires,

Argentina; BYU, Brigham Young University, Provo, UT, USA.
ITwo different sources for KU-2 were included the genomic reduction (PROINPA and CIP).

Name Species’ Coded Name Passport Origin Source”

PI 614881 C. quinoa Al Argentina, Jujuy USDA-NPGS
PI 614883 C. quinoa A2 Argentina, Jujuy USDA-NPGS
P1 614884 C. quinoa A3 Argentina, Jujuy USDA-NPGS
PI 587173 C. quinoa A4 Argentina, Jujuy USDA-NPGS
Jujuy C. quinoa A Jujuy Argentina, Jujuy CIP-FAO

PI 614902 C. quinoa B2 Bolivia, Oruro USDA-NPGS
P1614904 C. quinoa B3 Bolivia, Oruro USDA-NPGS
PI 614905 C. quinoa B4 Bolivia, Oruro USDA-NPGS
PI 614907 C. quinoa B6 Bolivia, Oruro USDA-NPGS
PI 614909 C. quinoa B8 Bolivia, Oruro USDA-NPGS
P1614910 C. quinoa B9 Bolivia, Oruro USDA-NPGS
PI 614911 C. quinoa B10 Bolivia, Oruro USDA-NPGS
P1614912 C. quinoa B11 Bolivia, Oruro USDA-NPGS
P1 614915 C. quinoa B13 Bolivia, Oruro USDA-NPGS
PI1614916 C. quinoa B14 Bolivia, Oruro USDA-NPGS
P1614919 C. quinoa BI15 Bolivia, Oruro USDA-NPGS
P1614920 C. quinoa B16 Bolivia, Oruro USDA-NPGS
PI1 614927 C. quinoa B23 Bolivia, La Paz USDA-NPGS
P1614928 C. quinoa B24 Bolivia, La Paz USDA-NPGS
P1614929 C. quinoa B25 Bolivia, La Paz USDA-NPGS
P1614931 C. quinoa B27 Bolivia, Oruro USDA-NPGS
PI1 614932 C. quinoa B28 Bolivia, Oruro USDA-NPGS
P1614933 C. quinoa B29 Bolivia, Oruro USDA-NPGS
P1614934 C. quinoa B30 Bolivia, Oruro USDA-NPGS
P1 614935 C. quinoa B31 Bolivia, Oruro USDA-NPGS
P1614936 C. quinoa B32 Bolivia, Oruro USDA-NPGS
P1614937 C. quinoa B33 Bolivia, Oruro USDA-NPGS
P1614938 C. quinoa B34 Bolivia, Oruro USDA-NPGS
P1478415 C. quinoa B35 Bolivia, La Paz USDA-NPGS
PI1 478418 C. quinoa B36 Bolivia, Potosi USDA-NPGS
PI1478410 C. quinoa B37 Bolivia, La Paz USDA-NPGS
P1478414 C. quinoa B38 Bolivia, La Paz USDA-NPGS
P1 614002 C. quinoa B39 Bolivia, Cochabamba USDA-NPGS
Ames 13215 C. quinoa B40 Bolivia, La Paz USDA-NPGS
PI1 478408 C. quinoa B41 Bolivia, La Paz USDA-NPGS
Ames 13217 C. quinoa B42 Bolivia, La Paz USDA-NPGS
Ames 13218 C. quinoa B43 Bolivia, La Paz USDA-NPGS
Ames 13219 C. quinoa B44 Bolivia, La Paz USDA-NPGS
Embrapa C. quinoa BRZ Embrapa Brazil CIP
Chucapaca C. quinoa B_Chucapaca Bolivia PROINPA

58



Jaccha Grano
Kamiri

L-26

L-P
Maniquena
Mocko
Pandela
Ratuqui
Real

Sayana
Surumi
Ames 22153
Ames 22154
Ames 22155
Ames 22156
Ames 22157
Ames 22158
Ames 22159
Ames 22160
Ames 22161
PI 614880
PI 614880
PI 614882
PI 614885
PI 614886
PI 614887
PI 614888
PI 614889
PI1433232
PI 584524
RU-2

NL-6

PI 596293
Narino
Baerl
G-205-95DK
KU-2
KU-2b"
Ollague
Ames 13228
ECU-420
Ingapirca
L-3204
NSL 86628
PI 510532
PI 510533
PI 510536
PI 510537
PI 510543
PI 510547
PI 510551

C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa
C. quinoa

B _JacchaGrano
B Kamiri

B L-26

B LP
B_Maniquena
B Mocko

B Pandela
B_Ratuqui
B _Real

B Sayana
B_Surumi
Cl

C2
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Table 4. Summary information for SNPs identified for each of the Quinoa populations.

TPopl = KU-2 X 0654; Pop39 = NL-6 X 0654; Pop40 = NL-6 X Chucapaca; PopM3 = L-P X 0654; PopGO = G-205-95 X Ollague.
'SNP were called if coverage at the base was > 6X, the frequency of the minor allele was >20%, and 100% of the alleles called within a parental line were

identical.

*Number of contigs with at least one SNP

1 o

population NP Unique  SNP base Minor allele freq. range SNP type (%)
contigst  coverage  20-29%  30-39%  40-49% A/C A/G A/T C/G C/T G/T
Popl 2,885 1,514 7.8 817 1,072 996 10.2 30.6 12.2 4.5 313 11.2
Pop39 3,615 1,888 8.0 993 1,055 874 10.8 30.5 12.7 52 29.5 11.3
Pop40 2,918 1,551 8.0 767 1,102 1,049 10.9 31.0 11.5 5.7 30.4 10.5
PopM3 2,092 995 7.6 599 759 734 10.1 29.5 12.9 5.02 322 10.3
PopGO 2,668 1359 7.7 739 1,055 874 10.3 31.5 11.54  5.25 30.8 10.6
Average: 2,836 1461 7.8 783 1009 905 10.5 30.6 12.2 5.1 30.8 10.8
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Figure 1. Minor allele frequency (MAF) distribution across 414 amaranth SNP loci.
Determined within the full panel of grain amaranth and A. hybridus accessions.
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Figure 2. Amaranth unrooted neighbor joining tree.
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Tree shows the genetic relationship among accessions of the A. hybridus complex (4. caudatus, A.
cruentus, A. hypochondriacus and A. hybridus) genotypes based on SNP marker data. Bootstrap support
values are given at each node. Individuals in the tree are identified by their abbreviated species. A.
hybridus accessions are identified with stars (*). The boxed accession, PI 481125, was originally

classified as 4. caudatus.
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Figure 3. Example of Amaranthus SNP assays using the KASPar™ genotyping chemistry.

Performed on the Fluidigm access array in the F, mapping population. Panels A and B show co-dominant
SNP loci AM19584 and AM 18604, while panels C and D show dominant SNP loci AM27609 and
AM19502. No template controls (NTC) are identified at the origin of each Cartesian graph.
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Figure 4. 16 group Amaranth linkage map.

Constructed from an interspecific 4. hypochondriacus X A. caudatus F, population (2n=32). Distances are shown centiMorgans (cM) corrected
with the Kosambi mapping function. SNP loci showing segregation distortion (P<0.001) to PI 642741 or PI 481125 are identified with blackened
or shaded boxes, respectively.
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Figure 5. Distribution of SNPs and coverage depth in quinoa.
A) The distribution of the number of SNPs by the number of contigs. B) The distribution of coverage
depth by the number of SNPs. The average depth of coverage at a SNP was 7.8X.
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Figure 7. Quinoa principle coordinate and unrooted NeighborNet analysis.

A) Principle coordinate analysis of the entire Chenopodium diversity panel, including the eight related Chenopodium taxa. Principle coordinate 1
and 2 explain 72.3% and 7.3% of the total variance, repectively. B) Unrooted NeighborNet analysis using the 113 C. quinoa accessions.
Accessions in the NeighborNet analysis are coded as given in Table 1.
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Figure 8. Integrated Quinoa linkage map.

constructed from a cross of KU-2 X 0654 and NL-6 X 0654. SNP loci showing segregation distortion (P<0.01) are identified with asterisks.
Asterisks to the left of the linkage group identify marker loci that are skewed towards the coastal parent (KU-2 or NL-6), while asterisks to the
right identify markers skewed towards the the 0654 paternal parental. Exact map positions for each SNP marker are provided in Supplemental
Table S2.
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Figure 9. Diagram detailing the KASPar genotyping chemistry.

Components consist of: three user-designed primers (two allele specific forwards and one common
reverse) unique to a single SNP, two universal secondary oligos with attached 5 fluorophore and bound
quenchers (included in KASPar reagent), and DNA template. In the first rounds of PCR, only the
common reverse and the allele specific primer that corresponds to the specific genotype of the DNA
template hybridize and extend. In this first round of PCR, a 5’ tail is incorporated into the PCR product.
During the second cycle of PCR, the common reverse oligo binds the template made from the first round
of PCR and extents producing a compliment to the allele specific 5’ tail. In the third round of PCR, the
secondary oligos with the attached fluorophore hybridize to the PCR produce releasing the fluorofore
from its quencher and incorporating it into the final PCR product. As amplification continues additional
fluorophores are released from their quenchers producing a strong allele specific signal.
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Figure 10. Diagram of a Fluidigm 96.96 chip layout.
Control line fluid is injected into each of the control line fluid reservoirs and primed using the IFC
Controller (Control line fluid is pressurized causing it to enter the chip allowing control of various
valves). Ninety-six assays and 96 samples are then loaded into their respective inlets (see Figure 3).
Assays and samples are then forced into the IFC chip using the IFC controller.
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Figure 11. Diagram of one set of IFC inlets (assay or sample) and how to load them.

Using an 8-channel pipette, pipette assays and samples into their appropriate inlets by column. A standard
8-channel pipette will pipette into every other inlet. Pipette column 1 of the prepared 96 well plate of
assays into the first column (every other inlet as indicated by the blue highlighted inlets) then work right
with columns 2, 3, 4, 5, and 6. Pipette column 7 of the prepared 96 well plate of assays into the first
column of inlets (every other inlet as indicated by the purple highlighted inlets) just below those pipetted
previously. Work your way right with columns 8, 9, 10, 11, and 12 until all inlets are filled. Repeat this
pattern for prepared samples, pipetting them into the sample inlets.
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Figure 12. Example of SNP assays using KASPar genotyping on the Fluidigm access array.
The image was obtained from Fluidigm’s SNP Genotyping Analysis software and shows a Cartesian
graph with three distinct genotypic cluster. Each dot represents one sample.
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SUPPLEMENTAL TABLES

Supplemental Table S1. Amaranth SNP marker information.

Includes name, GenBank dbSNP accession ID, polymorphism type, KASPar™ primer sequences (A1, A2 and Common Reverse), minor allele
frequency (MAF), and cross species amplification (CSA) for all 419 functional SNP assays tested.

TdbSNP in GenBank under the handle MAUGHAN in batch number 2009A, build B131.

'K ASPar™ primers: Al are A2 primers are SNP allele specific. Bolded portions of the primers identify the sequence tags used in the KASPar™
secondary PCR reaction.

YMAF values presented were calculated based on the full panel of grain amaranth and A. hybridus accessions; NT = Not tested on the diversity

panel

YP=successful amplification in 4. powellii; R= successful amplification in 4. retroflexus; T=successful amplification in A. tuberculatus; ‘+’=

polymorphism detected between the two accessions examined; NTD = Not tested in the diversity panel; NTP = Not tested in the F, population.

Name GenBank' SS# ??p‘; Al primer (5°23°) A2 primer (5°2>3’) Common Reverse (5°>3°) MAF'  CSAY

GAAGGTGACCAAGTTCATGCTATT  GAAGGTCGGAGTCAACGGATTAT 0.50

1 AM16980  ss161140972 AG T GCCAAGTCACTGGATTCCA AGCCAAGTCACTGOATICCG GGGACAAAGAAACCGGTTAGAGGTA P+
GAAGGTGACCAAGTTCATGCTGCA  GAAGGTCGGAGTCAACGGATTAG 0.19

2 AMI17024  ss161141016 ClT o AATACCCAAAAAGAACCGCC CAAAAATACCCAAAAAGAACCGCT — CCTTCTTCTTTCTAAAGCGCCTCCTT p
GAAGGTGACCAAGTTCATGCTATT  GAAGGTCGGAGTCAACGGATTAT 0.28

3 AMI17072  ss161141064 A/G  ATTGGAATACTTGTTGTTTGCTTATC  TGGAATACTTGTTGTTTGCTTATCA  CTTATCCTCATGTCACCTGCACGTT PR
ATT TC
GAAGGTGACCAAGTTCATGCTGGC  GAAGGTCGGAGTCAACGGATTGT 0.20

4 AMI17073  ss161141065 C/T  CTACATAATATACAATAGTGTAAAT  GGCCTACATAATATACAATAGTGTA ETTTAATTACTCTGTGATGTATTGCTT PRT
AG AATAA
GAAGGTGACCAAGTTCATGCTAAT  GAAGGTCGGAGTCAACGGATTGT 0.34

5 AMI7115  ss161141107 C/T  TAAAGGGAGATTAAGAGAATAAATC AATTAAAGGGAGATTAAGAGAATA  GACCATACCACAAAGCCTGCATCAA PRT
TTG AATCTTA
GAAGGTGACCAAGTTCATGCTACA GAAGGTCGGAGTCAACGGATTAA 0.11

6 AMI17120  ss161141112 C/T  TAATTTGTTCATTTTTTGTCCAAACC  CATAATTTGTTCATTTTTTGTCCAAA gngATAACAAAAAGGAAGAGGAGAG PR
C CCT
GAAGGTGACCAAGTTCATGCTACA GAAGGTCGGAGTCAACGGATTCA 0.46

7 AMI17122  ssl61141114 A/G  AGGTTTATTAAGCAACAAGATTCCA  AGGTTTATTAAGCAACAAGATTCCA ﬁcTGTTTTGAACTCTGAACTTGGGCTT
A G
GAAGGTGACCAAGTTCATGCTGAG GAAGGTCGGAGTCAACGGATTAG 0.33

8 AMI17190 3161141182 CT ceAACCTGACGAATATICCC AGCCAACCTGACGAATATTCOT GTGTAGATGCAACACAGCTTCTCCTA P+

9 AMI17191 161141183 oG GAAGGTGACCAAGTTCATGCTGGA  GAAGGTCGGAGTCAACGGATTGA  AAGTAAAATAATTAGCGTCAGATAGG 026 PRT

58 TAGAAGTGTAGATGCAACACAGT TAGAAGTGTAGATGCAACACAGC AGAA

GAAGGTGACCAAGTTCATGCTTAG  GAAGGTCGGAGTCAACGGATTAG 0.23

10 AMI17547  ss161141539 AlG  CIGTAATTCGAGTTTGCGTCATA CTGTAATTCGAGTTTGCGTCATG CACCCGAAGTGAAGTCCACGAATTT PRT

11 AMI17728  ss161141720 A/G  GAAGGTGACCAAGTTCATGCTATC GAAGGTCGGAGTCAACGGATTCA  GCTTGAGTATCAGTTGATCTTGACATA  0.30 PR

75
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AM17729

AM17819

AM17870

AM17924

AM17977

AM17978

AM17981

AM17998

AM18039

AM18040

AM18080

AM18081

AM18082

AM18092

AM18185

AM18192

AM18200

ss161141721

ss161141811

ss161141862

ss161141916

ss161141969

ss161141970

ss161141973

ss161141990

ss161142031

$s161142032

$s161142072

ss161142073

ss161142074

$s161142084

ss161142177

ss161142184

$s161142192

G/T

C/T

A/G

C/G

C/T

C/T

C/T

C/T

A/G

A/C

A/G

G/T

C/G

A/G

C/T

G/T

A/G

ATTCCCATTACCATCATTTAGTATCA
T

GAAGGTGACCAAGTTCATGCTAAA
TGATGGTAATGGGAATGATTTATAG

GAAGGTGACCAAGTTCATGCTGTT
TAATGTCATAAAATCGCCGTCGG
GAAGGTGACCAAGTTCATGCTAAT
TATTGATTTTCGAATCAAGAAATGG
AACA

GAAGGTGACCAAGTTCATGCTCAA
TTGTTCAACTGCACCAATTGATTAC

GAAGGTGACCAAGTTCATGCTTTG
GTCTAATCAGGCTAAACATGC
GAAGGTGACCAAGTTCATGCTACA
AAATCTTGATTGAGAAATCAATCTCT
G
GAAGGTGACCAAGTTCATGCTGTA
TATTTTTTAGGTAGTGACATCTTATA
CG
GAAGGTGACCAAGTTCATGCTCCT
AATTTTTACTCAATCTCAATTTACTC
G
GAAGGTGACCAAGTTCATGCTGAA
TTTGTTTCTATTACTAATATTTACTGT
TA
GAAGGTGACCAAGTTCATGCTATC
TTTATTCTCTACCATCCATTTCAATA
TATT
GAAGGTGACCAAGTTCATGCTATT
ATTCACGATAATTTTTCCTAATATAA
ACA
GAAGGTGACCAAGTTCATGCTAAT
CGACGGCGTTATTAAACTCAC
GAAGGTGACCAAGTTCATGCTCAT
AAAAATAACTTTTTGGGCATGATGC
G
GAAGGTGACCAAGTTCATGCTATA
AACAGTACAATAATATTGTCTACAA
AGCAT

GAAGGTGACCAAGTTCATGCTTCA
CATCATGTAAGAATACATGTGTTTTC

GAAGGTGACCAAGTTCATGCTTTA
GAACGTGAAACCAATCTGTGTTG

GAAGGTGACCAAGTTCATGCTAAA
ACCCAATTGAAAAGATATGATTTTA
TGGAT

TTCCCATTACCATCATTTAGTATCA
C
GAAGGTCGGAGTCAACGGATTAT
ACTAAATGATGGTAATGGGAATGA
TTTATAT
GAAGGTCGGAGTCAACGGATTGT
TTAATGTCATAAAATCGCCGTCGA
GAAGGTCGGAGTCAACGGATTAT
TGATTTTCGAATCAAGAAATGGAAC
G
GAAGGTCGGAGTCAACGGATTCA
ATTGTTCAACTGCACCAATTGATTA
G
GAAGGTCGGAGTCAACGGATTCT
TTGGTCTAATCAGGCTAAACATGT
GAAGGTCGGAGTCAACGGATTCA
CAAAATCTTGATTGAGAAATCAATC
TCTA
GAAGGTCGGAGTCAACGGATTAA
GTATATTTTTTAGGTAGTGACATCT
TATACA
GAAGGTCGGAGTCAACGGATTTC
CTAATTTTTACTCAATCTCAATTTAC
TCA
GAAGGTCGGAGTCAACGGATTGA
ATTTGTTTCTATTACTAATATTTACT
GTTG
GAAGGTCGGAGTCAACGGATTCT
TTATTCTCTACCATCCATTTCAATAT
ATG
GAAGGTCGGAGTCAACGGATTAT
TATTCACGATAATTTTTCCTAATAT
AAACG
GAAGGTCGGAGTCAACGGATTCT
AATCGACGGCGTTATTAAACTCAA
GAAGGTCGGAGTCAACGGATTCA
TAAAAATAACTTTTTGGGCATGATG
CcC
GAAGGTCGGAGTCAACGGATTAA
CAGTACAATAATATTGTCTACAAAG
CAC
GAAGGTCGGAGTCAACGGATTAT
TCACATCATGTAAGAATACATGTGT
TTTT
GAAGGTCGGAGTCAACGGATTAT
TTAGAACGTGAAACCAATCTGTGTT
T
GAAGGTCGGAGTCAACGGATTAC
CCAATTGAAAAGATATGATTTTATG
GAC

76

TTA

CATGGGAATGACAAGGAACTTTTTAT
GAAA

CATTTAAATTATCTTCCTTATGAAGAT
CAA

CCTTCTTTGGATCCGAAAATCAACCAT
T

TGTCGCTCTCCTGTTCTGGAGATTT

AAGGTACATCACATGGAAATTTTCTCG
ATT
CCATGTGATGTACCTTAGATAGTTGCA
TA

AACTTTATTTACAAGGGTTGATGGATG
AGA

TCAACCAATCCCAACAAAAAGAAATA
AAAA

CTACCATCCATTTCAATATATGTATTT
GTA

ACTATATTCTTCCATTTCGTGAATTTG
TTT

CGGATTTTGTCGTGAATGAATAATCGC
AA

CTTAATGCATTTTAGATATTTTATACA
TTA

CGTCGATTAGCATGTGCACAACGAT

CAAGTTGGATTCAGCCCAGACTTCTA

GCCATATACACGGCCGCAGTGAT

GTTGATCGACAGATGATAAGGTCAGA
AAT

CTTAAATGTAATCCCTTATTTCTCTCA
CTT

0.26

0.22

0.36

0.31

0.36

0.22

0.35

0.23

0.35

0.18

0.14

0.15

0.31

0.06

0.41

0.29

0.17
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PRT

PRT

PR

PR

PR

PR
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PR
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AM18245

AM18383

AM18385

AM18403

AM18433

AM18444

AM18453

AM18480

AM18527

AM18571

AM18580

AM18598

AM18603

AM18604

AM18650

AM18657

AM18678

AM18740

AM18741
AM18821

ss161142237

ss161142375

ss161142377

ss161142395

$s161142425

$s161142436

ss161142445

ss161142472

ss161142519

ss161142563

ss161142572

$s161142590

$s161142595

$s161142596

$s161142642

$s161142649

$s161142670

ss161142732

ss161142733
ss161142813

A/G

A/G

C/T

A/G

G/T

A/G

A/C

G/T

A/G

C/T

C/T

C/T

C/G

A/G

C/T

C/T

C/T

A/T

C/T
C/T

GAAGGTGACCAAGTTCATGCTGTT
AACAAAAAAACTTTCCTTTTGTCTAC
CAT
GAAGGTGACCAAGTTCATGCTTTT
TTAATTAGTTCATGAGTTGACTTTGT
TGA
GAAGGTGACCAAGTTCATGCTCAC
AATCATTTCAACATCTTTATGATCAT
G
GAAGGTGACCAAGTTCATGCTCAA
AGAATTAAGAAAAGAAGCTTGCAGG
T
GAAGGTGACCAAGTTCATGCTAGA
CCCTGCGTTGTTGGGATTC
GAAGGTGACCAAGTTCATGCTGGG
AAATAGTAGAAGAGAGTGTATGTT
GAAGGTGACCAAGTTCATGCTGTC
TTATACTTCCTCCATTTCTCGTTTT
GAAGGTGACCAAGTTCATGCTCCA
AATAAGCGCAGTACAACTCTTC
GAAGGTGACCAAGTTCATGCTACC
CGACAAAACTCAAACCTGACTA
GAAGGTGACCAAGTTCATGCTTGG
TAGAAATGCCATGTGGTTTCG

GAAGGTGACCAAGTTCATGCTATT
ATTTGGCTTTTTGATAGAACCTTACC

GAAGGTGACCAAGTTCATGCTAGT
ATTTAAAGGAACAAATATACTCTAT
TACG
GAAGGTGACCAAGTTCATGCTCCT
GAAGAGTCATTCTGTATGGTATC
GAAGGTGACCAAGTTCATGCTAAA
TCTTTATCATCAATACAGACCTCAAT
ATT

GAAGGTGACCAAGTTCATGCTGTG
TTAAAATTACTCTATTCGCACTATGG

GAAGGTGACCAAGTTCATGCTCAA
ACAAAACCAGCCTCAATAAAACG

GAAGGTGACCAAGTTCATGCTTAT
TTAAGACTCGATTAAAACTACACCT
G
GAAGGTGACCAAGTTCATGCTATT
CGATTAATTTCAACTGCAAACAAAG
TAAAA
GAAGGTGACCAAGTTCATGCTAAG
GCGGCGAAAGAGGAAAGC
GAAGGTGACCAAGTTCATGCTTTT

GAAGGTCGGAGTCAACGGATTAA
CAAAAAAACTTTCCTTTTGTCTACC
AC
GAAGGTCGGAGTCAACGGATTTA
ATTAGTTCATGAGTTGACTTTGTTG
G
GAAGGTCGGAGTCAACGGATTTC
ACAATCATTTCAACATCTTTATGAT
CATA
GAAGGTCGGAGTCAACGGATTAA
GAATTAAGAAAAGAAGCTTGCAGG
C
GAAGGTCGGAGTCAACGGATTAA
AAGACCCTGCGTTGTTGGGATTA
GAAGGTCGGAGTCAACGGATTGG
AAATAGTAGAAGAGAGTGTATGTC
GAAGGTCGGAGTCAACGGATTCT
TATACTTCCTCCATTTCTCGTTTG
GAAGGTCGGAGTCAACGGATTCC
AAATAAGCGCAGTACAACTCTTA
GAAGGTCGGAGTCAACGGATTCC
GACAAAACTCAAACCTGACTG
GAAGGTCGGAGTCAACGGATTTG
GTAGAAATGCCATGTGGTTTCA
GAAGGTCGGAGTCAACGGATTGT
ATTATTTGGCTTTTTGATAGAACCT
TACT
GAAGGTCGGAGTCAACGGATTAG
TATTTAAAGGAACAAATATACTCTA
TTACA
GAAGGTCGGAGTCAACGGATTCC
TGAAGAGTCATTCTGTATGGTATG
GAAGGTCGGAGTCAACGGATTAT
CTTTATCATCAATACAGACCTCAAT
ATC
GAAGGTCGGAGTCAACGGATTAG
TGTTAAAATTACTCTATTCGCACTA
TGA
GAAGGTCGGAGTCAACGGATTCC
AAACAAAACCAGCCTCAATAAAAC
A
GAAGGTCGGAGTCAACGGATTCA
TTATTTAAGACTCGATTAAAACTAC
ACCTA
GAAGGTCGGAGTCAACGGATTCG
ATTAATTTCAACTGCAAACAAAGTA
AAT
GAAGGTCGGAGTCAACGGATTGA
AGGCGGCGAAAGAGGAAAGT
GAAGGTCGGAGTCAACGGATTGT

77

AACATTTTGTTTAATCCATGTGGTGAC
GTT

TACTTTTACCATTCAACTCATAATTCG
GGA

GAGCAAGAGTTATCTAAGTAAATCTA
AGTT

CAAAAGAACTTTTGGCCCTCAAAGTG
AT

GTCATTTTTCCATTTCATGACTAACGT
SQ?GGGTATATTTTCAGAGGATTCCAG
Z"?QTCTATTTTATCCTCGAATTGTATGT
gé](:‘JACAGATGAAACATAATCGAGCGA
/"?ATCGGGTTGGTCATATTTCGGGTTAA
XE}CACCAAACAGCCTTCAAATTGAAT
CAT

TTCTAATGTAAGAGGCCTTACCCTTGT
AA

GGTGGAATATTTAGCTTCGGTTGGGA
A

GCTTTAGGATAAAACTCATCAAAATG
GGTT

CCCATTTTGATGAGTTTTATCCTAAAG
CTT

CCAAGTCCAACAAATAATAGGACGAT
GAA

GCTTTACTTGTTATTTTTTGCAACATG
AAT

GGGCATAGAGGGAATAATATTTGGGT
TTA

GATTGTGTTTAGTTTCTGATTTCGTTTA
T

CGTCCAATATTAAATTTTCTCTCTCCT
CTA
TTAAAAACTCAGAGCATAGCAAACGA

0.36

0.37

0.28

0.28

0.19

0.21

0.13

0.15

0.25

0.38

0.20

0.37

0.28
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AM18839

AM18842

AM18899

AM18918

AM18919

AM18960

AM18961

AM19008

AM19009

AM19010

AM19011

AM19012

AM19034

AM19035

AM19133

AM19165

AM19210

AM19238

ss161142831

ss161142834

$s161142891

$s161142910

ss161142911

$s161142952

$s161142953

$s161143000

ss161143001

ss161143002

$s161143003

ss161143004

ss161143026

ss161143027

ss161143125

ss161143157

$s161143202

$s161143230

C/G

A/T

A/T

C/T

A/G

A/T

A/C

A/T

C/T

C/T

C/T

C/G

A/G

A/T

A/G

A/G

A/C

C/T

ACCCCTTAAATATTTACATCCAATCC

GAAGGTGACCAAGTTCATGCTAAA
ATTTTGGTGTTATTTGTTTAGATAAG
TGTC
GAAGGTGACCAAGTTCATGCTATA
ATAGAAAATTGCCACGTCATAATCC
TA
GAAGGTGACCAAGTTCATGCTGAC
TTGATTGGTAATTAAAATTCATACTC
TTAA
GAAGGTGACCAAGTTCATGCTATA
GAAGTAAATTTGATATGACAAATTA
AAAAG
GAAGGTGACCAAGTTCATGCTAAA
TTTGTTCTATTTATCTTTTTTAATTTG
TCA
GAAGGTGACCAAGTTCATGCTAAT
TATGATTGGACACCATCAAGAAATA
ATATA
GAAGGTGACCAAGTTCATGCTGAT
GTTGGGTTTTATAGAGGAAATTTTGT
TAT
GAAGGTGACCAAGTTCATGCTGAG
AAGTATAGGGCTGTCATCGTTA
GAAGGTGACCAAGTTCATGCTAAT
AATGGGTAATTAATGAGTTAAGGGA
C
GAAGGTGACCAAGTTCATGCTGCG
AACCGATTCTTGAGGGAAG
GAAGGTGACCAAGTTCATGCTTTC
TCGGAAGCTAACATGTCTCG
GAAGGTGACCAAGTTCATGCTCCA
GTGGTATAAAAACCCGATCAAAG
GAAGGTGACCAAGTTCATGCTGGA
AGAAAGGCTGTCGACTTAACT
GAAGGTGACCAAGTTCATGCTGGT
CGATAGCTTTTGACTATTTAGCAT
GAAGGTGACCAAGTTCATGCTATA
CTATAATTCGCAAATAATTCTTTATC
AACT
GAAGGTGACCAAGTTCATGCTAAA
AATGCATTTAGACACACTTATATATG
AGAT
GAAGGTGACCAAGTTCATGCTAAT
TTGGATTTGGATCAAATTCCACCATT
T

GAAGGTGACCAAGTTCATGCTCAT
GGTTCTTTATATAGGAGTAAGGG

TTTACCCCTTAAATATTTACATCCA
ATCT
GAAGGTCGGAGTCAACGGATTAA
AATTTTGGTGTTATTTGTTTAGATA
AGTGTG
GAAGGTCGGAGTCAACGGATTAT
AATAGAAAATTGCCACGTCATAATC
CTT
GAAGGTCGGAGTCAACGGATTGA
CTTGATTGGTAATTAAAATTCATAC
TCTTAT
GAAGGTCGGAGTCAACGGATTAT
AGAAGTAAATTTGATATGACAAATT
AAAAAA
GAAGGTCGGAGTCAACGGATTAA
ATTTGTTCTATTTATCTTTTTTAATT
TGTCG
GAAGGTCGGAGTCAACGGATTAA
TTATGATTGGACACCATCAAGAAAT
AATATT
GAAGGTCGGAGTCAACGGATTGT
TGGGTTTTATAGAGGAAATTTTGTT
AG
GAAGGTCGGAGTCAACGGATTGA
GAAGTATAGGGCTGTCATCGTTT
GAAGGTCGGAGTCAACGGATTCT
TAATAATGGGTAATTAATGAGTTAA
GGGAT
GAAGGTCGGAGTCAACGGATTAA
GCGAACCGATTCTTGAGGGAAA
GAAGGTCGGAGTCAACGGATTCT
TTCTCGGAAGCTAACATGTCTCA
GAAGGTCGGAGTCAACGGATTCC
AGTGGTATAAAAACCCGATCAAAC
GAAGGTCGGAGTCAACGGATTGA
AGAAAGGCTGTCGACTTAACC
GAAGGTCGGAGTCAACGGATTGG
TCGATAGCTTTTGACTATTTAGCAA
GAAGGTCGGAGTCAACGGATTAT
ACTATAATTCGCAAATAATTCTTTA
TCAACC
GAAGGTCGGAGTCAACGGATTAA
TGCATTTAGACACACTTATATATGA
GAC

GAAGGTCGGAGTCAACGGATTGG
ATTTGGATCAAATTCCACCATTG

GAAGGTCGGAGTCAACGGATTAA
TCATGGTTCTTTATATAGGAGTAAG
GA

78

TGAA

CTCTTTTTTTATTTATTCCAGGGGCAG
TTA

GTATGTGTTGTCAAGCTATGTGCAAGA
AA

CACATGTACTTAAACATAGCACATGC
ACTA

TCTCAATAACTCTTCTGCCCTACGAAA
TT

TTATGGTGTGTGGTAAAGTGAAAGA

CCAATGGGTAATGGGTGATAGAGTAT
ATT

ACCCATTGGCTATTATTTTCATATTGA
AAT

GTACTCCCTGCCTATGTCTAAGACAA

CATCAGCAATTCTTCAAGCGAACCGA
T

GGAGTACTCAACCTATAAGTCATGAC
gzl:l;TTGAACACTTAGTGCGCAAGATT
8:éACATGTTAGCTTCCGAGAAAGAA
é?ﬁGCAAATTATGCAGCAAAGTACCC
éXfACTGATGACAGAAAAGAGAACCCA
TTA

GGTGTGGGAAATAACACTATTCTCACT
AA

CCACACAAGTAGAGACCTCGCTTTT

AATGACAAGGTTTGGGTAGTCATTCTC
AA

TCGGCTTTCCAAACAATCTCTTGCTTA
TA

0.29
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0.29

0.28
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0.32

0.28
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0.24
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AM19353

AM19354

AM19376

AM19378

AM19379

AM19388

AM19394

AM19395

AM19424

AM19425

AM19426

AM19427

AM19431

AM19442

AM19447

AM19452

AM19464

AM19501

AM19502

AM19503
AM19527

ss161143345

ss161143346

$s161143368

ss161143370

ss161143371

ss161143380

ss161143386

ss161143387

ss161143416

ss161143417

ss161143418

$s161143419

$s161143423

ss161143434

ss161143439

ss161143444

ss161143456

ss161143493

$s161143494

ss161143495
ss161143519

A/C

A/G

C/G

G/T

C/G

A/T

A/T

G/T

C/T

G/T

A/T

A/C

C/T

A/C

A/C

G/T

A/G

A/G

C/T

C/T
C/G

GAAGGTGACCAAGTTCATGCTAAA
CGTTCCTGGGATGGAGAGTTT
GAAGGTGACCAAGTTCATGCTCCA
TAACAATTTTCAATAGTTAATATTGC
ATCA
GAAGGTGACCAAGTTCATGCTCGT
CACATTCCCTCACTCAC

GAAGGTGACCAAGTTCATGCTCAT
CATCATCATCAATCCAATATCCC

GAAGGTGACCAAGTTCATGCTAGA
TAACGGTCAAATTGGATCACTTC
GAAGGTGACCAAGTTCATGCTGTT
ACTAAAACTCTTAACTTCACATGACT
AT

GAAGGTGACCAAGTTCATGCTGGT
ACAGTTACAAGTTAAGTGTGTTCAA

GAAGGTGACCAAGTTCATGCTAGT
GCTAAGTATGTGTTCACAGAGG

GAAGGTGACCAAGTTCATGCTAGT
CCCTTTAGCATATCAAACTCTTC

GAAGGTGACCAAGTTCATGCTCCT
CTTTGGAATCAGGCTTCGG
GAAGGTGACCAAGTTCATGCTAAA
GTTTAATGGGTTGGGCCTGAGT
GAAGGTGACCAAGTTCATGCTATC
CACTTATTAAATACTTAATGTCTACT
CAA
GAAGGTGACCAAGTTCATGCTGGC
TAATAAGTTAATATCATGTTATGGG
G
GAAGGTGACCAAGTTCATGCTATT
TCTGCTCAGAAAGCAACGCCTT

GAAGGTGACCAAGTTCATGCTCCT
ATTACCACTAATTAGTATTGTTACCA

GAAGGTGACCAAGTTCATGCTCGC
ATTTTACGTGCCGATTAACAC
GAAGGTGACCAAGTTCATGCTGAA
ATATAAAACAATATCTCACTTGATTT
GAAT
GAAGGTGACCAAGTTCATGCTAGA
TTCCAGACACATATCATAACTTCTTT
GAAGGTGACCAAGTTCATGCTGCA
AGCAGATTCCAGACACG
GAAGGTGACCAAGTTCATGCTCAT
CATGCAACATACGCACCTAC
GAAGGTGACCAAGTTCATGCTGAT

GAAGGTCGGAGTCAACGGATTAC
GTTCCTGGGATGGAGAGTTG
GAAGGTCGGAGTCAACGGATTCA
TAACAATTTTCAATAGTTAATATTG
CATCG
GAAGGTCGGAGTCAACGGATTCT
CGTCACATTCCCTCACTCAG
GAAGGTCGGAGTCAACGGATTAT
ATCATCATCATCATCAATCCAATAT
CCA
GAAGGTCGGAGTCAACGGATTAG
ATAACGGTCAAATTGGATCACTTG
GAAGGTCGGAGTCAACGGATTGT
TACTAAAACTCTTAACTTCACATGA
CTAA
GAAGGTCGGAGTCAACGGATTGG
TACAGTTACAAGTTAAGTGTGTTCA
T
GAAGGTCGGAGTCAACGGATTAA
GTGCTAAGTATGTGTTCACAGAGT
GAAGGTCGGAGTCAACGGATTTT
AGTCCCTTTAGCATATCAAACTCTT
T
GAAGGTCGGAGTCAACGGATTAA
ACCTCTTTGGAATCAGGCTTCGT
GAAGGTCGGAGTCAACGGATTAA
AGTTTAATGGGTTGGGCCTGAGA
GAAGGTCGGAGTCAACGGATTCC
ACTTATTAAATACTTAATGTCTACT
CAC
GAAGGTCGGAGTCAACGGATTGG
CTAATAAGTTAATATCATGTTATGG
GA
GAAGGTCGGAGTCAACGGATTCT
GCTCAGAAAGCAACGCCTG
GAAGGTCGGAGTCAACGGATTCC
TATTACCACTAATTAGTATTGTTAC
CcC
GAAGGTCGGAGTCAACGGATTCC
GCATTTTACGTGCCGATTAACAA
GAAGGTCGGAGTCAACGGATTGA
AATATAAAACAATATCTCACTTGAT
TTGAAC
GAAGGTCGGAGTCAACGGATTCC
AGACACATATCATAACTTCTTC
GAAGGTCGGAGTCAACGGATTAC
TGCAAGCAGATTCCAGACACA
GAAGGTCGGAGTCAACGGATTAG
CATCATGCAACATACGCACCTAT
GAAGGTCGGAGTCAACGGATTGA

79

GATTACTAATCCGCGAATTTCTGTGGA
AA

CAGGACAAACAAAATGTTCTTTTTACT
GAT

CAATCCAATATCCACCTCAAAAACAA
GGT
GTACAGGTATGGATTGCTCGTCACAT
ATGAATATTCTTCTTCACAATTGAGCT
CAA
GATAGAATCTCACTTTCTTATCTTATC
TTA
GCACTTCTTCCGGAAAATCTTAAAACT
CTT

CAACATGTTCTTTCTGGGGACATATGT
TT

ATAGATCAACCTGAACTCTTGAAGGC
AA

GAGAAATATCTACAAGCAAACAAACG
TCCA
GATTGATTTTACAGCTGGTCTCCTAAG
AA

AGTATATTGTAAGGAGGCATTAAGGA
TAAT
TAAGCTTTGAACTCCAACAAGATTGC
GTA
GTTTGTCTTTGTGGTTGTTCATTAGTGT
T
GCTTGCGAAGCTGTACATGAACCAA
ATGATAGTAAGGTAACGTCGAACCAT
GAA

CTGAAATTCACCCAAAGACCTGAATG
AA

GTAAATCAACAAGTGAATGCTCTTCCT
CAT

CTCATAGGACGAATCGTTTTGCCGAA

GAAGAAGTGCATATGCTCTCCCCAT
CTTTAGGTTTCTCTTCATGTCCTTCACT
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AM19746

AM19756

AM19766
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ss161143526
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$s161143576

ss161143577

ss161143628

ss161143635

ss161143644

ss161143654

ss161143655

ss161143676

$s161143698

ss161143699

ss161143701

ss161143738

$s161143748

ss161143758

ss161143802

ss161143803

$s161143826

A/G

C/T

A/G

A/T

A/G

A/G

A/G

G/T

C/G

C/T

C/G

C/T

A/T

C/G

A/T

A/G

G/T

A/G

A/T

A/G

A/G

GAGAAGTATAAGTAGGAGACATC
GAAGGTGACCAAGTTCATGCTCAA
TTCCCATGGGAATTTCACCAGTT

GAAGGTGACCAAGTTCATGCTTTG
TTGAACAGAAACAATGGACCAAC

GAAGGTGACCAAGTTCATGCTAAT
CTGCATAATCATGTTCTAATTCATAA
AAA
GAAGGTGACCAAGTTCATGCTACA
AGTTAATCACCGTATGAACAAACAA
TA
GAAGGTGACCAAGTTCATGCTCGT
CTTTTCAGCTAATCAAGGGTGT
GAAGGTGACCAAGTTCATGCTACC
CTTGATTAGCTGAAAAGACGCA
GAAGGTGACCAAGTTCATGCTGCC
TTTGCGTAGGGCCGAAA

GAAGGTGACCAAGTTCATGCTCAT
TAGTTCCTAATCACTACATCAATCC

GAAGGTGACCAAGTTCATGCTATC
TAAGTTGGGATTTGAAGAGTCC
GAAGGTGACCAAGTTCATGCTCCG
TTGACATTAGGGATGCTTGG
GAAGGTGACCAAGTTCATGCTGAC
TTTGATATAGCAAGTTACGATGAG

GAAGGTGACCAAGTTCATGCTTCA
ATACGTGATAACTCAATGG

GAAGGTGACCAAGTTCATGCTCTC
AAATTCTTCAAAGAGTATGTAGTCA
T
GAAGGTGACCAAGTTCATGCTCGA
CAAATGACTACATACTCTTTGAAC
GAAGGTGACCAAGTTCATGCTAGC
ATATGGGTGACGTCACTGAA
GAAGGTGACCAAGTTCATGCTGGT
AGTAAACTCAAGATCACCAGGA
GAAGGTGACCAAGTTCATGCTGAA
GAAAGTATATTCCACTTGTAGTAGA
C
GAAGGTGACCAAGTTCATGCTAGT
GCAATTGTACCAGAAGAACCTTT
GAAGGTGACCAAGTTCATGCTGGG
GCTGAACAGTTTCAAATATCAAT
GAAGGTGACCAAGTTCATGCTTTT
TTCCTTCACGAATCATTCATTTGGAT
GAAGGTGACCAAGTTCATGCTACC
TTTGATCGAGAAACGTAATCTCTT

TGAGAAGTATAAGTAGGAGACATG
GAAGGTCGGAGTCAACGGATTAA
TTCCCATGGGAATTTCACCAGTC
GAAGGTCGGAGTCAACGGATTGT
TTTGTTGAACAGAAACAATGGACC
AAT
GAAGGTCGGAGTCAACGGATTAA
TCTGCATAATCATGTTCTAATTCAT
AAAAG
GAAGGTCGGAGTCAACGGATTAC
AAGTTAATCACCGTATGAACAAAC
AATT
GAAGGTCGGAGTCAACGGATTGT
CTTTTCAGCTAATCAAGGGTGC
GAAGGTCGGAGTCAACGGATTCC
TTGATTAGCTGAAAAGACGCG
GAAGGTCGGAGTCAACGGATTGC
CTTTGCGTAGGGCCGAAG
GAAGGTCGGAGTCAACGGATTCA
TTAGTTCCTAATCACTACATCAATC
A
GAAGGTCGGAGTCAACGGATTAT
CTAAGTTGGGATTTGAAGAGTCG
GAAGGTCGGAGTCAACGGATTAC
CGTTGACATTAGGGATGCTTGA
GAAGGTCGGAGTCAACGGATTGA
CTTTGATATAGCAAGTTACGATGAC
GAAGGTCGGAGTCAACGGATTGA
TGCTTCAATACGTGATAACTCAATG
A
GAAGGTCGGAGTCAACGGATTCT
CAAATTCTTCAAAGAGTATGTAGTC
AA
GAAGGTCGGAGTCAACGGATTCG
ACAAATGACTACATACTCTTTGAAG
GAAGGTCGGAGTCAACGGATTAG
CATATGGGTGACGTCACTGAT
GAAGGTCGGAGTCAACGGATTGT
AGTAAACTCAAGATCACCAGGG
GAAGGTCGGAGTCAACGGATTGA
AGAAAGTATATTCCACTTGTAGTAG
AA
GAAGGTCGGAGTCAACGGATTGT
GCAATTGTACCAGAAGAACCTTC
GAAGGTCGGAGTCAACGGATTGG
GGCTGAACAGTTTCAAATATCAAA
GAAGGTCGGAGTCAACGGATTTC
CTTCACGAATCATTCATTTGGAC
GAAGGTCGGAGTCAACGGATTCC
TTTGATCGAGAAACGTAATCTCTC

80

T
GAGGTCACTTGATCTGTCTTTTAATCA
ATT

GCAGATTATTGTAGAAAAGAGATGGG
TATT

CCTTATTTGAAAGGCTTAAAGAAGCC
GAA

GCTTTGCTATTCCTTATAGGTTGAAGG
AA

CTTCAACCTATAAGGAATAGCAAAGC
GAT
ATCGAGACATTTGCAGGCTTAAAATT
AGAA

GCACAAGGTGCACCAAGGCTCTA

CACCTTTCTAGAACAATATGTTGGTAC
CTA

CTTTTGTTAGTGCATCACTAACATGGA
TAA
GGATAATAACTAACAAGAAAAGAAAG
GAAA
GGATAATAACTAACAAGAAAAGAAAG
GAAA

AGAAACAAAATCCAAAGGGCATTAGG
GAA

TTTGGGCGGCTGACCGGGAAAA

TACATACTCAAGCATCCTCATTTTCCC
T
AGGCATTAGAAATCCAACGAAAATTT
CCAA
TGTTGTGTCGTCACAAACGTCTTTGTT
T

GCTGAAAAAATAACCGAGAAGGCCCA
A

AAAGGGATTGAAATCCACATCTTCCTC
T

CTAAGTCCGTCCTTTGGAACACCAT

CGATGGAATATAGTCCTCATTCGCTTA
AT
CTTATATTACGGATAGATGAGGAAGG
GAT

0.36

0.38

0.22

0.37

0.44

0.37

0.21

0.45

0.12

0.48

0.50

0.29

0.41

0.49

0.22

0.50

0.26

0.21

0.07

0.35

0.30

PRT

PRT

PRT

PRT

P+R

PR

PR

PR

PR

PR

PRT

P+R+

P+R

PT

PR

PR

P+R

PRT



109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

AM19836

AM19839

AM19842

AM19855

AM19861

AM19870

AM19872

AM19873

AM19875

AM19885

AM19930

AM19931

AM19932

AM19961

AM19962

AM19963

AM19990

AM20022

AM20031

ss161143828

ss161143831

ss161143834

ss161143847

ss161143853

ss161143862

ss161143864

ss161143865

ss161143867

ss161143877

$s161143922

$s161143923

$s161143924

ss161143953

ss161143954

$s161143955

$s161143982

ss161144014

$s161144023

A/G

C/T

A/G

C/T

C/T

A/G

C/T

A/T

C/T

A/T

A/C

A/G

C/G

A/G

G/T

A/T

A/T

A/G

C/T

GAAGGTGACCAAGTTCATGCTTAT
AGGGAGTGTTTTTGACAAAGTTATCT

GAAGGTGACCAAGTTCATGCTGCC
AACATACTTCTGGAATCTTTATATC

GAAGGTGACCAAGTTCATGCTGCT
ATCTGTACTTTCTGTGCCAT

GAAGGTGACCAAGTTCATGCTCAA
ATAAACATATGCAGCTAAGAC

GAAGGTGACCAAGTTCATGCTAGT
GGCGGGTAATGGTGAGC
GAAGGTGACCAAGTTCATGCTAAC
TTTTCTTATTACTTGAAAGACTTTGA
CTTT

GAAGGTGACCAAGTTCATGCTAAA
TGATCGGAGGATTGATCAAATTCC

GAAGGTGACCAAGTTCATGCTCAA
TCTCATTTAGACATTTTAACTTTATT
TTT
GAAGGTGACCAAGTTCATGCTCAA
TGAGATGAACAAAAAGAAAACAAG
GC

GAAGGTGACCAAGTTCATGCTCAG
ATCGATATAACATATACTTGACGCA

GAAGGTGACCAAGTTCATGCTATA
GGAGTATAATAGTTGAAATGATTAT
GATTA
GAAGGTGACCAAGTTCATGCTGAT
TCAGAATTAGTGTCAACCGAGTA
GAAGGTGACCAAGTTCATGCTACT
AAAATAAAAGTAATGTAGAATACTG
TATAC
GAAGGTGACCAAGTTCATGCTATG
TTTGGAGGATTTGCTTAGGGTTT
GAAGGTGACCAAGTTCATGCTTTT
ACCACAATTGCGATCATTACAGC
GAAGGTGACCAAGTTCATGCTGGA
GTGATGTGGTTATTATATCGCCA
GAAGGTGACCAAGTTCATGCTTTC
ACTATTTTTCTCTTTGCTACTATCTTA
T
GAAGGTGACCAAGTTCATGCTCTT
GACATATAAGACAACATCTTAAAAT
TGTT

GAAGGTGACCAAGTTCATGCTCAA
AACAACTTGTTGTGGAGATGGG

GAAGGTCGGAGTCAACGGATTAG
GGAGTGTTTTTGACAAAGTTATCC
GAAGGTCGGAGTCAACGGATTAG
CCAACATACTTCTGGAATCTTTATA
TT
GAAGGTCGGAGTCAACGGATTGC
TATCTGTACTTTCTGTGCCAC
GAAGGTCGGAGTCAACGGATTGA
GCTCAAATAAACATATGCAGCTAA
GAT
GAAGGTCGGAGTCAACGGATTGT
AGTGGCGGGTAATGGTGAGT
GAAGGTCGGAGTCAACGGATTCT
TTTCTTATTACTTGAAAGACTTTGA
CTTC
GAAGGTCGGAGTCAACGGATTAT
AAATGATCGGAGGATTGATCAAAT
TCT
GAAGGTCGGAGTCAACGGATTCA
ATCTCATTTAGACATTTTAACTTTAT
TTTA
GAAGGTCGGAGTCAACGGATTCA
ATGAGATGAACAAAAAGAAAACAA
GGT
GAAGGTCGGAGTCAACGGATTCA
GATCGATATAACATATACTTGACGC
T
GAAGGTCGGAGTCAACGGATTAT
AGGAGTATAATAGTTGAAATGATT
ATGATTC
GAAGGTCGGAGTCAACGGATTCA
GAATTAGTGTCAACCGAGTG
GAAGGTCGGAGTCAACGGATTAC
TAAAATAAAAGTAATGTAGAATAC
TGTATAG
GAAGGTCGGAGTCAACGGATTGT
TTGGAGGATTTGCTTAGGGTTC
GAAGGTCGGAGTCAACGGATTTT
TACCACAATTGCGATCATTACAGA
GAAGGTCGGAGTCAACGGATTGG
AGTGATGTGGTTATTATATCGCCT
GAAGGTCGGAGTCAACGGATTTC
ACTATTTTTCTCTTTGCTACTATCTT
ATA
GAAGGTCGGAGTCAACGGATTCT
TGACATATAAGACAACATCTTAAA
ATTGTC
GAAGGTCGGAGTCAACGGATTAA
CAAAACAACTTGTTGTGGAGATGG
A

81

GTGCATTAGTTGTCTCCATCTTCCTAA
TT

TGCTGGATATTATGCGAAATGCCTATG
AT

CTCTAAATCTATACACCAATACACGTG
GA
GTTTCGAGTTCTCCCCAGTTGTCAA
GGTCCACTAACTTCATAAAATAACAA
CTTA
GATAGTCACTAAAGAAGGTCAAAGCT
AAAT

TAATTGATATGGAGACGATAGTTACTT
CGA

AAAAGTTTTGGTTTTGTTTGTTTGAGA
GAA

CCAGATAATTTCAGCTTTTATCGACCC
TT

CGTAAAAGGTACACTTTCCAAATATA
AGAT

GAGGGAAATTGCATGTCACTCGGTT
TTCTGCTTTTCTGACTGCTGAGTATTG
T

GCTGCTTTAGTTTGCAAGCATATAAGC
T

GTTAATTCCACATCCACCTCCTTTGAA
A
CTGATAAATCTGAAGTAGTTGCCAAC
CAT

CTGTGCTATCAAGGGTATCTCGTGAT

CCACGTCATTTGCCGTACTCTGTTT

GAAAAGCATGTCTGGAGCAGTGTTGA
A

ACTATGTTTCCTTTACAAATTCCCCTA
CAA

0.33

0.27

0.31

0.43

0.37

0.15

0.28

0.24

0.28

0.23

0.26

0.16

0.26

0.12

0.27

0.13

0.30

0.12

0.26

P+R

PRT

PRT

PRT

PR

PR

PRT

PT

PRT

PRT

PR

PR

PR

PRT

PR



128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

AM20064

AM20065

AM20077

AM20089

AM20090

AM20130

AM20146

AM20153

AM20177

AM20178

AM20180

AM20181

AM20333

AM20352

AM20370

AM20403

AM20404

AM20405

ss161144056

ss161144057

$s161144069

$s161144081

$s161144082

ss161144122

ss161144138

ss161144145

$s161144169

$s161144170

$s161144172

ss161144173

ss161144325

ss161144344

ss161144362

$s161144395

$s161144396

ss161144397

A/T

A/G

C/G

A/G

A/G

C/T

A/G

A/G

A/G

A/C

A/G

C/T

A/C

C/T

A/G

C/T

A/C

A/G

GAAGGTGACCAAGTTCATGCTCAC
ATTCAAACTTTAAAAGCGTTCGCTA

GAAGGTGACCAAGTTCATGCTATA
ATGAATGGATATCTTGGTGATCAATT
A
GAAGGTGACCAAGTTCATGCTGTA
ACTATTGCTGTTTTCATGGC
GAAGGTGACCAAGTTCATGCTATC
AATTGAAGCCTAATTTTGAGATGTTG
T
GAAGGTGACCAAGTTCATGCTAAA
GGATTGGAATATTATCAATTGAAGC
CT

GAAGGTGACCAAGTTCATGCTAAA
GGTTGAAAACTAATCAAATTTGGCC

GAAGGTGACCAAGTTCATGCTATT
GGTCGGAAAATTATCAATATGTCCT
AT
GAAGGTGACCAAGTTCATGCTCTA
TAGTCTATACTACTCAAATCTTAATA
TCT
GAAGGTGACCAAGTTCATGCTAAA
TTTTCCAAAAGATAACTGGGGTGAA
A
GAAGGTGACCAAGTTCATGCTATT
CATCATTTTCTTTTCTATATTTTGGCA
ATT
GAAGGTGACCAAGTTCATGCTAAC
AAAGTTACTTTATCTTTCTCTTCTTC
ATT
GAAGGTGACCAAGTTCATGCTCGC
ATGAAGTCTCCATCCACAG
GAAGGTGACCAAGTTCATGCTGGG
TAATATCATTATTCTTCAATTTTCAG
T
GAAGGTGACCAAGTTCATGCTGTT
GATCACCCATAACTCTTGGAAC
GAAGGTGACCAAGTTCATGCTAAT
AATCCCACATGGGTTATAAAAAGTG
A
GAAGGTGACCAAGTTCATGCTAGC
AAATTTAACCTTTTAAATTGGTAATT
AGG
GAAGGTGACCAAGTTCATGCTAAT
TCCCTAATATTTATAAATCAGTACCA
CAA
GAAGGTGACCAAGTTCATGCTAAA
GCCTTAATTTCAACAATATAAAGTC

GAAGGTCGGAGTCAACGGATTCA
CATTCAAACTTTAAAAGCGTTCGCT
T

GAAGGTCGGAGTCAACGGATTAT
AATGAATGGATATCTTGGTGATCAA
TTG
GAAGGTCGGAGTCAACGGATTGC
TGTAACTATTGCTGTTTTCATGGG
GAAGGTCGGAGTCAACGGATTCA
ATTGAAGCCTAATTTTGAGATGTTG
C

GAAGGTCGGAGTCAACGGATTGG
AATATTATCAATTGAAGCCC

GAAGGTCGGAGTCAACGGATTCT
AAAGGTTGAAAACTAATCAAATTT
GGCT

GAAGGTCGGAGTCAACGGATTGG
TCGGAAAATTATCAATATGTCCTAC

GAAGGTCGGAGTCAACGGATTCT
ATAGTCTATACTACTCAAATCTTAA
TATCC

GAAGGTCGGAGTCAACGGATTTT
CCAAAAGATAACTGGGGTGAAG

GAAGGTCGGAGTCAACGGATTCA
TCATTTTCTTTTCTATATTTTGGCAA
TG
GAAGGTCGGAGTCAACGGATTCA
AAGTTACTTTATCTTTCTCTTCTTCA
TC
GAAGGTCGGAGTCAACGGATTCG
CATGAAGTCTCCATCCACAA
GAAGGTCGGAGTCAACGGATTGG
GTAATATCATTATTCTTCAATTTTCA
GTG
GAAGGTCGGAGTCAACGGATTGT
TGATCACCCATAACTCTTGGAAT

GAAGGTCGGAGTCAACGGATTAA
TCCCACATGGGTTATAAAAAGTGG

GAAGGTCGGAGTCAACGGATTCA
GCAAATTTAACCTTTTAAATTGGTA
ATTAGA
GAAGGTCGGAGTCAACGGATTCC
CTAATATTTATAAATCAGTACCACA
C
GAAGGTCGGAGTCAACGGATTCT
AAAGCCTTAATTTCAACAATATAAA

82

ATATGGCTTAGAGCCAATTGATCACC
AA

TGCAAGAGTATAGTTTATTGATATGGC
TTA

TGCATGAAAACGACGATGGATCAAGA
TA

ATTTGGTTCAAAAATGGACAACCCATT
GAA

CATTGAAGAAGAATGAAACAACATCT
CAAA

CAAAAATCTCACCCACCCCACCAAA

GCTTTGAGTAATTGCTTGATCAGAAAG
TTA

ATCATAGAATCATAATGATACACCAG
AGTT

TAACCATTTATTTCTATGACCTACTTG
TTT

GTTTGTGAATGAGATTAAGAGAAAGA
GAAT

AAACATGTGGTCTTGCGTTTGAAATGG
T
TCATGTTAAACTGAATTGTGATCAAGA
CTT

CACGTACATCAGTACAGCTACACCTA

CGATCTGGTCACAGGTCATATGGAT

GTCCCTTCCTATGTGGAGAAACTCAT

CCGATACTAAATAGTGTGAATGAGAA
TGAT

GTTGAAATTAAGGCTTTAGCAAATATT
ATA

GAGAAAATTTAGAAAAATATTTGGCC
ACAT

0.25

0.26

0.19

0.37

0.39

0.24

0.25

0.04

0.31

0.28

0.41

0.07

0.27

0.27

0.26

0.38

0.35

0.08

PR

PR

PRT

PRT

P+RT

PR

PRT

PRT

PR

PRT

PRT

PR

PRT

PRT

PR

PR



146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

AM20481

AM20512

AM20533

AM20536

AM20572

AM20573

AM20679

AM20719

AM20720

AM20729

AM20788

AM20789

AM20790

AM20845

AM20883

AM20885

AM20886

AM20896

AM20907

ss161144473

ss161144504

ss161144525

ss161144528

ss161144564

ss161144565

$s161144671

ss161144711

ss161144712

$s161144721

ss161144780

ss161144781

ss161144782

ss161144837

ss161144875

ss161144877

$s161144878

ss161144888

$s161144899

C/G

C/T

C/T

A/G

A/G

A/G

A/G

C/T

A/G

A/G

G/T

C/G

A/T

C/T

C/G

C/T

C/T

A/T

A/T

A
GAAGGTGACCAAGTTCATGCTTTT
TTTTGAAGTAAATAGGCATATAATA
GTTC

GAAGGTGACCAAGTTCATGCTTGT
TAAAGCTCTACAGTTCTTTGAGC

GAAGGTGACCAAGTTCATGCTCGA
TAAAAGAAAAATATTTCTCCGCCTTC

GAAGGTGACCAAGTTCATGCTTAA
AGTCTATAATTGTTTAAATTAGATCG
TAT
GAAGGTGACCAAGTTCATGCTGAT
TGTAGTTGCGACATATTTGCATGAAT
GAAGGTGACCAAGTTCATGCTATG
AAGATAATTGAATTGCATTTAACAA
GAGA
GAAGGTGACCAAGTTCATGCTAAT
GAATTTGAGAAGCTTGCAGACTCT

GAAGGTGACCAAGTTCATGCTGTC
TAAGTCTTAATCTCAGAAGATTGG

GAAGGTGACCAAGTTCATGCTCAA
TCTTCTGAGATTAAGACTTAGACTTT
A
GAAGGTGACCAAGTTCATGCTGAG
ATTCAATTTTAGTGACATTGAGCAA
A
GAAGGTGACCAAGTTCATGCTACT
TCATGGTAAGTGGTGAAGTCC
GAAGGTGACCAAGTTCATGCTATT
CTTTCTAACTAAAAAAACGGACTTC
AC
GAAGGTGACCAAGTTCATGCTGGA
CTTCACCACTTACCATGAAGTA

GAAGGTGACCAAGTTCATGCTGTT
TGATTTCTGAAATAATTGTTTACGCG

GAAGGTGACCAAGTTCATGCTCCA
TGAGAATAGAATCTCACCATTG
GAAGGTGACCAAGTTCATGCTGTG
CCAATGGTGAGATTCTATTCTC

GAAGGTGACCAAGTTCATGCTCCA
TCTAAAAATCAGGTTTGCTCTTTC

GAAGGTGACCAAGTTCATGCTACA
TTATCATCCTTTTGACTAATTTTAAA
TGAA

GAAGGTGACCAAGTTCATGCTAAT

GTCG
GAAGGTCGGAGTCAACGGATTTT
TTTTGAAGTAAATAGGCATATAATA
GTTG
GAAGGTCGGAGTCAACGGATTGT
TGTTAAAGCTCTACAGTTCTTTGAG
T
GAAGGTCGGAGTCAACGGATTCG
ATAAAAGAAAAATATTTCTCCGCCT
T
GAAGGTCGGAGTCAACGGATTAA
AGTCTATAATTGTTTAAATTAGATC
GTAC
GAAGGTCGGAGTCAACGGATTGT
AGTTGCGACATATTTGCATGAAC
GAAGGTCGGAGTCAACGGATTGA
AGATAATTGAATTGCATTTAACAAG
AGG
GAAGGTCGGAGTCAACGGATTGA
ATTTGAGAAGCTTGCAGACTCC
GAAGGTCGGAGTCAACGGATTAA
AGTCTAAGTCTTAATCTCAGAAGAT
TGA
GAAGGTCGGAGTCAACGGATTAA
TCTTCTGAGATTAAGACTTAGACTT
TG
GAAGGTCGGAGTCAACGGATTGA
GATTCAATTTTAGTGACATTGAGCA
AG
GAAGGTCGGAGTCAACGGATTGT
ACTTCATGGTAAGTGGTGAAGTCA

GAAGGTCGGAGTCAACGGATTCT
TTCTAACTAAAAAAACGGACTTCAG

GAAGGTCGGAGTCAACGGATTGG
ACTTCACCACTTACCATGAAGTT
GAAGGTCGGAGTCAACGGATTCT
GTTTGATTTCTGAAATAATTGTTTA
CGCA
GAAGGTCGGAGTCAACGGATTCC
ATGAGAATAGAATCTCACCATTC
GAAGGTCGGAGTCAACGGATTGT
GCCAATGGTGAGATTCTATTCTT
GAAGGTCGGAGTCAACGGATTCT
CCATCTAAAAATCAGGTTTGCTCTT
T
GAAGGTCGGAGTCAACGGATTAC
ATTATCATCCTTTTGACTAATTTTAA
ATGAT
GAAGGTCGGAGTCAACGGATTAA

83

GTCCTACATGTTCTAAACACTCAACAA
CTT

GCAACTTCACATAAATAAGTGCACAT
GATT

CCAATCTTTAATGGGACTGACCCAGAT

TGGCTTAATACTAAATAGCACTATCAA
TAT

CCGGACCGGACCAAACCGATTT

CGCACTTTAGATACTTCTACAGAAAGT
TAT

TGCAGCGCTTAATTTCTGGCACTGT

TGATTCATGTGAACGGTCATTGAAATT
GAT

TTTTCCTACTCTCCATGTCAAAGATAT
GTT

GTTGCACTTGCAACTATATCTTCTCCA
AT

CAAACTTTGTGTGTAGGGATTTTCGTA
TTA

ACCACGTAGTAAAAAGGGGTAAAGAG
TA

GAAAAAACTAATTGCAAAGACCACGT
AGTA

GTTGTCCGCACAACAAATACTCTAAC
AAA

AGACGATGCCTACTTGTCTTATGTGTT
A
GCACAACATTTTCGCACAGAAAATCG
AAA

CAAAAGTTGGGCACAACACAACAAAC
AA
TGTTATTATGCCTCTTAGTTTTGTACA
CAT
CGGAACGACTTGCTCTGATACCTTT

0.38

0.18

0.39

0.23

0.26

0.28

0.38

0.27

0.27

0.26

0.35

0.34

0.43

0.15

0.28

0.32

0.20

0.08

0.21
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P+RT
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PRT
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166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

AM20908

AM20915

AM20925

AM20942

AM20943

AM20998

AM21065

AM21108

AM21120

AM21121

AM21122

AM21154

AM21157

AM21226

AM21250

AM21275

AM21276

AM21280

AM21305

$s161144900

$s161144907

ss161144917

$s161144934

ss161144935

$s161144990

ss161145057

ss161145100

ss161145112

ss161145113

ss161145114

ss161145146

ss161145149

ss161145218

ss161145242

ss161145267

ss161145268

ss161145272

$s161145297

C/G

C/G

C/T

C/T

A/G

A/G

C/T

A/T

C/T

C/T

A/G

A/G

C/T

A/C

A/G

A/G

C/T

A/G

C/G

CTTGATAGAAATTCATCACGTAACA
GA
GAAGGTGACCAAGTTCATGCTCAT
GGGAATGTGGGAACAAGGC
GAAGGTGACCAAGTTCATGCTTCA
CTCGGCTGTTTGTTCTGTTAG
GAAGGTGACCAAGTTCATGCTCGT
CCAGGGGTTAAATCAACTCC
GAAGGTGACCAAGTTCATGCTGAG
TGTCGGATGACGCGCAG
GAAGGTGACCAAGTTCATGCTTTT
AATAATAGAAGCTGCCAAACAAGTT
TTT
GAAGGTGACCAAGTTCATGCTACA
AAAGATTAGTAAACTTAGCAAGTTG
ATAT
GAAGGTGACCAAGTTCATGCTCAT
ATGAATTTGAATAAAAAACACTGTG
CAG
GAAGGTGACCAAGTTCATGCTGTT
TGAAGATCTTTTTACTTTCCTAAAAG
GT
GAAGGTGACCAAGTTCATGCTCCT
CAAAATGATTTTATGAAAATCTACG
ATC
GAAGGTGACCAAGTTCATGCTAAT
AGACCTTTGGGCCTATCATCG
GAAGGTGACCAAGTTCATGCTGAT
AGGCCCAAAGGTCTATTCACA
GAAGGTGACCAAGTTCATGCTAGG
GAGAAAATTGTTGGTGGTGGA
GAAGGTGACCAAGTTCATGCTAAA
ATGGATTATGAGACAAGATAACAAC
C
GAAGGTGACCAAGTTCATGCTAAA
CCTTTGATCAATCACAACAAAAAAT
GA
GAAGGTGACCAAGTTCATGCTGTA
AATATGATAGACTTTTATGTTAAAAT
AAAA
GAAGGTGACCAAGTTCATGCTGGG
ATTACTTGGAATCAATGTAAAATTTT
CA

GAAGGTGACCAAGTTCATGCTGGA
TTTATACTACTGTGGTTGAATCAG

GAAGGTGACCAAGTTCATGCTATT
GTCGAATATATCTTGAATAAGTCAT
AAATT
GAAGGTGACCAAGTTCATGCTGTG

TCTTGATAGAAATTCATCACGTAAC
AGT
GAAGGTCGGAGTCAACGGATTCA
TGGGAATGTGGGAACAAGGG
GAAGGTCGGAGTCAACGGATTCA
CTCGGCTGTTTGTTCTGTTAC
GAAGGTCGGAGTCAACGGATTCG
TCCAGGGGTTAAATCAACTCT
GAAGGTCGGAGTCAACGGATTAT
GAGTGTCGGATGACGCGCAA
GAAGGTCGGAGTCAACGGATTAA
TAATAGAAGCTGCCAAACAAGTTTT
C
GAAGGTCGGAGTCAACGGATTCA
AAAGATTAGTAAACTTAGCAAGTT
GATAC
GAAGGTCGGAGTCAACGGATTAC
ATATGAATTTGAATAAAAAACACT
GTGCAA
GAAGGTCGGAGTCAACGGATTGT
TTGAAGATCTTTTTACTTTCCTAAA
AGGA
GAAGGTCGGAGTCAACGGATTAC
CTCAAAATGATTTTATGAAAATCTA
CGATT
GAAGGTCGGAGTCAACGGATTGA
ATAGACCTTTGGGCCTATCATCA
GAAGGTCGGAGTCAACGGATTAT
AGGCCCAAAGGTCTATTCACG
GAAGGTCGGAGTCAACGGATTGG
GAGAAAATTGTTGGTGGTGGG
GAAGGTCGGAGTCAACGGATTGA
AAATGGATTATGAGACAAGATAAC
AACT
GAAGGTCGGAGTCAACGGATTAA
ACCTTTGATCAATCACAACAAAAA
ATGC
GAAGGTCGGAGTCAACGGATTGT
AAATATGATAGACTTTTATGTTAAA
ATAAAG

GAAGGTCGGAGTCAACGGATTAC
TTGGAATCAATGTAAAATTTTCG

GAAGGTCGGAGTCAACGGATTCT
GGATTTATACTACTGTGGTTGAATC
AA
GAAGGTCGGAGTCAACGGATTGT
CGAATATATCTTGAATAAGTCATAA
ATC
GAAGGTCGGAGTCAACGGATTGT

84

TTGAGTAATTTTCCCCTCTAAGTGGGT
AT
AACTGATCGCGGATTGCAATCAATAC
TA
AGAGGTATACGAAGAAAGGGAAGAA
CTAT
TAATGGCAGGCTTAATTGTACCAGCTA
AT

CCGATCTTGTGGCTTTCAACGCTTA

CGCATCCTATGTGATGTTTTTGTCTTTT
AT

GGGTATGTTGTTATTTATGTTTTTATTG
AT

ATGAAATTATGGCGCTCTACTTGCATG
T

GGGAGATGTTTTGTACTTGATTTAGGC
T

AAACATCTCCCGACTACACTTATTGAG
AT
GCAAGTTGATCAGTATAATTACCAAC
CCAT
CATGTAAATAGGCAAACAAATCTAAC
AAAT

TAATAGGCAAAGACATGATGAGAGAC
TTAA

GAACTTACTGCCTCCTTGTAGTCTGTA

TGTCCAATTTTGATTATTCGTCGCATA
AAT

GCTCTGGATTTATACTACTGTGGTTGA
AT

GGACAATAAACATGTACAAAGGGATT
ACTT

AAGAACTTGATATCAGGATCAAGGAG
AGT

AGACTTCATTGAATTGACTGGTACAA

0.26

0.20

0.21

0.13

0.25

0.38

0.26

0.46

0.37

0.24

0.24

0.10

0.28

0.23

0.29

0.24

0.08

0.19
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AM21310

AM21318

AM21331

AM21336

AM21422

AM21432

AM21437

AM21439

AM21452

AM21546

AM21564

AM21568

AM21605

AM21724

AM21727

AM21743

AM21773

AM21827

AM21842

ss161145302

ss161145310

ss161145323

$s161145328

ss161145414

ss161145424

$s161145429

ss161145431

ss161145444

ss161145538

$s161145556

$s161145560

$s161145597

ss161145716

ss161145719

ss161145735

$s161145765

$s161145819

ss161145834

A/T

G/T

A/G

C/G

A/T

A/C

A/T

A/G

G/T

C/T

A/G

C/T

A/T

A/G

A/G

A/G

A/G

C/T

A/G

AGAAATGTGTTTGTGGTGTGG
GAAGGTGACCAAGTTCATGCTGGA
AGAAGTTAATCGGAACTGATGGT

GAAGGTGACCAAGTTCATGCTAAA
AGAGGAAAATTGAGTCCCAAACG

GAAGGTGACCAAGTTCATGCTATC
ATAGTCCTATACATCGCCTTCTTT
GAAGGTGACCAAGTTCATGCTTGA
CTTTAAGTGACTTAAGGAATTTAAG
G
GAAGGTGACCAAGTTCATGCTAGT
AAATATGATCATTTACAATGCCATTT
TTCA
GAAGGTGACCAAGTTCATGCTGCA
TATACTCATTAAGCCATTTATTGTAA
TGT
GAAGGTGACCAAGTTCATGCTTTT
GCTGCAAAATTGAAAATCTACAACA
A
GAAGGTGACCAAGTTCATGCTTAG
TCACTAATCATCTTAGGCTATTGTTA
GAAGGTGACCAAGTTCATGCTATC
TGGACTTGGGGATGG

GAAGGTGACCAAGTTCATGCTTTC
AAGGATATTCATGCTTTCAGTCG

GAAGGTGACCAAGTTCATGCTCAC
AAAATGTCAAGTTACCTTTAATAGG
T
GAAGGTGACCAAGTTCATGCTAAA
TGTTGTGTACTTACGTTGTGTCG

GAAGGTGACCAAGTTCATGCTAAG
ATATCCATTCTTGTACTCACAATAA

GAAGGTGACCAAGTTCATGCTCAG
AGCAGTGCTCACACATGGAA
GAAGGTGACCAAGTTCATGCTTGA
TTGTCTGCTAAGCAAAATTTAAAGCT

GAAGGTGACCAAGTTCATGCTCCT
TGTTTATGTCACTTATGATCAAGTCA

GAAGGTGACCAAGTTCATGCTCAA
ATTTGGTTTCTAATATATTTTAAAGT
GTT

GAAGGTGACCAAGTTCATGCTCGG
GTCAAAGTTATTCGGATTTAAAC

GAAGGTGACCAAGTTCATGCTGGC
GCCTCGATGCGCTTCAT

GAGAAATGTGTTTGTGGTGTGC
GAAGGTCGGAGTCAACGGATTGG
AAGAAGTTAATCGGAACTGATGGA
GAAGGTCGGAGTCAACGGATTCA
AAAGAGGAAAATTGAGTCCCAAAC
T
GAAGGTCGGAGTCAACGGATTCA
TAGTCCTATACATCGCCTTCTTC
GAAGGTCGGAGTCAACGGATTGA
CTTTAAGTGACTTAAGGAATTTAAG
C
GAAGGTCGGAGTCAACGGATTAG
TAAATATGATCATTTACAATGCCAT
TTTTCT
GAAGGTCGGAGTCAACGGATTCA
TATACTCATTAAGCCATTTATTGTA
ATGG
GAAGGTCGGAGTCAACGGATTCT
TTTGCTGCAAAATTGAAAATCTACA
ACAT
GAAGGTCGGAGTCAACGGATTGT
CACTAATCATCTTAGGCTATTGTTG
GAAGGTCGGAGTCAACGGATTGT
GCTATCTGGACTTGGGGATGT
GAAGGTCGGAGTCAACGGATTCA
TTTCAAGGATATTCATGCTTTCAGT
CA
GAAGGTCGGAGTCAACGGATTCA
CAAAATGTCAAGTTACCTTTAATAG
GC
GAAGGTCGGAGTCAACGGATTCA
AATGTTGTGTACTTACGTTGTGTCA
GAAGGTCGGAGTCAACGGATTCT
AAGATATCCATTCTTGTACTCACAA
TAT
GAAGGTCGGAGTCAACGGATTAG
AGCAGTGCTCACACATGGAG
GAAGGTCGGAGTCAACGGATTGT
CTGCTAAGCAAAATTTAAAGCC
GAAGGTCGGAGTCAACGGATTCT
TGTTTATGTCACTTATGATCAAGTC
G
GAAGGTCGGAGTCAACGGATTCA
AATTTGGTTTCTAATATATTTTAAA
GTGTC
GAAGGTCGGAGTCAACGGATTAA
TTCGGGTCAAAGTTATTCGGATTTA
AAT
GAAGGTCGGAGTCAACGGATTGC
GCCTCGATGCGCTTCAC

85

GTTA
CATCCTGTTCTACGGCATCTATGTATT
AA

CATAAGCAAGTTCTCCAACCCTCCTT

GCGGTCCCGATAATGTCGTAAACAT

TAATTTCCTTCAATCTCCCGCTTATCCT
T

GACTTGATGGGTTTTATGCTTGTACTG
TT

GTTAAAAGTCGAAGAATCAAGGAGGG
AT

GCCTAAGATGATTAGTGACTAAGTAA
GTAA
TTAAAGAATGCTCCTCCCCCGCTTT

GCGAAGTAGTAATATTGTTTAAATGC
GGAA

ACAGTAACGGGAGTGATGTGGTTATT
ATA

TTAGGCCTTTAGAGTGCTTAAACTTTT
GAT

TACCTTCTCCATACTCCTCGGTCAT
TAAGTTTTTGAACTCTTGGTTTCACTC

ATA

TATACAAGAGAAGGTGAGGCACAATA
GAA
TGTTCAATTCTTGGCCTATCATCTCAT
ATA

AAGAGAATTTGTACCAAAGCCGTGGA
AA

GGCACGCACACTTCACGCGAAT

GGGTCGAATGGGTCATGTCAACTTT

CAAGGATAAGTTAATAACCAAACCCA
ACAA

0.28

0.28

0.27

0.39

0.06

0.24

0.29

0.27

0.09

0.28

0.23

0.27
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0.29

0.27

0.38
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222
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AM21859

AM21862

AM21901

AM21905

AM21911

AM21924

AM21961

AM21966

AM?22004

AM?22022

AM?22029

AM?22082

AM?22099

AM22137

AM22193

AM?22196

AM?22260

AM22292

AM22321

AM22341

AM?22393

ss161145851

ss161145854

$s161145893

ss161145897

$s161145903

ss161145916

$s161145953

$s161145958

$s161145996

ss161146014

ss161146021

ss161146074

ss161146091

ss161146129

ss161146185

ss161146188

ss161146252

ss161146284

ss161146313

ss161146333

ss161146385

A/T

A/G

A/G

C/T

C/T

C/T

A/C

A/G

A/G

A/T

A/T

A/C

A/G

A/C

A/G

A/T

G/T

G/T

A/G

C/T

C/T

GAAGGTGACCAAGTTCATGCTCCA
ATTCCCCATTTAACTAAATTTTACCA
A
GAAGGTGACCAAGTTCATGCTATG
AATAAAATCTTACTTACCCAGTAAT
GTAA
GAAGGTGACCAAGTTCATGCTGAG
TATGTCCGGCCAGAATTGGA
GAAGGTGACCAAGTTCATGCTGAT
TACTGAACTTGAAATCTTATTGAACA
TC
GAAGGTGACCAAGTTCATGCTGAA
CCTTCCCAGTTGGTAAGATC
GAAGGTGACCAAGTTCATGCTCAA
ATCTGAATTACCCCTCACTGAG
GAAGGTGACCAAGTTCATGCTATC
GTTTCTCATCTCCTGATCCTCT
GAAGGTGACCAAGTTCATGCTATG
AAATGTTAAATGGTGAACTATCTTGT
TTT
GAAGGTGACCAAGTTCATGCTAGC
TTAGAGCCAAGGCACAACAA
GAAGGTGACCAAGTTCATGCTTGA
GTAGAATTTAATTTCTATTAAACTGA
ATA
GAAGGTGACCAAGTTCATGCTGAC
ACCTCCAAAGCGGTTAGGA
GAAGGTGACCAAGTTCATGCTCCC
ATGGATAATGAGCGTTAACTTGA
GAAGGTGACCAAGTTCATGCTACA
AACTACTCCTGGATACTTTGAGAA
GAAGGTGACCAAGTTCATGCTGCA
TGCATACAAGCTTTAATTTGTCGAT
GAAGGTGACCAAGTTCATGCTCAA
AGGGCATAACAGATTAGCTGAGA
GAAGGTGACCAAGTTCATGCTGCA
TTTGATGTGTAAGGAGCTTCCT
GAAGGTGACCAAGTTCATGCTAGA
ATAAGAGATTTAAAATAAGTCCAAG
AATTG
GAAGGTGACCAAGTTCATGCTAAT
TAAAACATAATTGAAGGATTTTATCT
TAGC
GAAGGTGACCAAGTTCATGCTAAA
GATTCTTGCTAAGGATGGTGTGAT

GAAGGTGACCAAGTTCATGCTATA
TGATTTGTTGACTAACCGTGGTTC

GAAGGTGACCAAGTTCATGCTGTT
TGACTAACCAACAAGACAAAAACC

GAAGGTCGGAGTCAACGGATTCC
AATTCCCCATTTAACTAAATTTTAC
CAT
GAAGGTCGGAGTCAACGGATTGA
ATAAAATCTTACTTACCCAGTAATG
TAG
GAAGGTCGGAGTCAACGGATTAG
TATGTCCGGCCAGAATTGGG
GAAGGTCGGAGTCAACGGATTAT
GATTACTGAACTTGAAATCTTATTG
AACATT
GAAGGTCGGAGTCAACGGATTCT
GAACCTTCCCAGTTGGTAAGATT
GAAGGTCGGAGTCAACGGATTCA
AATCTGAATTACCCCTCACTGAA
GAAGGTCGGAGTCAACGGATTCG
TTTCTCATCTCCTGATCCTCG
GAAGGTCGGAGTCAACGGATTGA
AATGTTAAATGGTGAACTATCTTGT
TTC
GAAGGTCGGAGTCAACGGATTGC
TTAGAGCCAAGGCACAACAG
GAAGGTCGGAGTCAACGGATTGA
GTAGAATTTAATTTCTATTAAACTG
AATT
GAAGGTCGGAGTCAACGGATTGA
CACCTCCAAAGCGGTTAGGT
GAAGGTCGGAGTCAACGGATTCC
ATGGATAATGAGCGTTAACTTGC
GAAGGTCGGAGTCAACGGATTCA
AACTACTCCTGGATACTTTGAGAG
GAAGGTCGGAGTCAACGGATTCA
TGCATACAAGCTTTAATTTGTCGAG
GAAGGTCGGAGTCAACGGATTAA
AGGGCATAACAGATTAGCTGAGG
GAAGGTCGGAGTCAACGGATTGC
ATTTGATGTGTAAGGAGCTTCCA
GAAGGTCGGAGTCAACGGATTAG
AATAAGAGATTTAAAATAAGTCCA
AGAATTT
GAAGGTCGGAGTCAACGGATTAA
TTAAAACATAATTGAAGGATTTTAT
CTTAGA
GAAGGTCGGAGTCAACGGATTAG
ATTCTTGCTAAGGATGGTGTGAC
GAAGGTCGGAGTCAACGGATTCA
ATATGATTTGTTGACTAACCGTGGT
TT
GAAGGTCGGAGTCAACGGATTGT
TTGACTAACCAACAAGACAAAAAC

86

AAAAGTACTCACTCTATTCGTCCTCAA
TTA

CTGATGCTGGTTTGAAAAAGTTAGAT
GAAT

GGGATGAGGTATACCGCTGGAAAAT
GCTTATTCATAAGGCAACAACAAACA

TCAT

ACATGATCACAAGCATGATGCATCGT
T

CACATGCCCTTTTCATGCTTGGCAT

CGTCGCAGATAGACCTAAACCTGAA

GGAGCCAATTGCCAAGAGACATGAA

TCTTCTTCAGTCCAGAGCCTCCAAA

GCTGTGTGACCTGTGTCCTCTAAAT

CATGCAGAACCTCCTCTGTGTGAAA

AGCGTTTTGGAAAAGAGTGAACCTCA
T

ATGACCCCGACACGCATCAATGATA

CATTGCCCCACCCAATTGTTCCTTT

GTCCAGCCAGCTGGCATAACAAATT

ATCCATAGCAATGACAGTTTCCATGA
GAT

CAAAACCTCTTTTCTCTTACACTTCTT
GAA
CCACTATTGCCACCCACAATTTAATAC
AA

ACATCAATTCTCAGTAGACCACATCA
ATAT

GCCTTTTCACTGTGACATGAAATAGCA
TA

CCACTCAACAAATACAAATAAAAGAC
TCTT

0.40

0.07

0.22

0.23

0.23

0.14

0.12

0.28

0.30

0.26

0.46

0.08

0.26

0.37

0.13

0.28

0.38
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232
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235
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239
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242

AM?22416

AM?22422

AM?22426

AM?22430

AM?22433

AM22471

AM?22476

AM?22487

AM22558

AM22572

AM?22645

AM?22649

AM22690

AM?22698

AM22781

AM?22888

AM?22892

AM22911

AM22964

ss161146408

ss161146414

ss161146418

ss161146422

ss161146425

ss161146463

ss161146468

ss161146479

$s161146550

ss161146564

$s161146637

ss161146641

ss161146682

$s161146690

ss161146773

ss161146880

ss161146884

$s161146903

$s161146956

C/T

C/T

C/T

C/G

A/T

A/C

A/G

C/G

A/G

A/G

A/G

C/T

C/G

A/G

A/G

A/C

A/G

A/T

A/G

GAAGGTGACCAAGTTCATGCTTAG
AGAGTTTATTTTGAAGTTATCATTAG
ATG
GAAGGTGACCAAGTTCATGCTCGT
AAAAGAATCATGTTGAGGTGATTAA
C
GAAGGTGACCAAGTTCATGCTATA
TTTAATTCAAGTGAAAATGTTGATTG
CAC
GAAGGTGACCAAGTTCATGCTGTT
CCTTGTATTGAATACTTTATAATATG
GG
GAAGGTGACCAAGTTCATGCTGGA
AAAGAAGGTAAATTATTTCACCTAA
ATAAA
GAAGGTGACCAAGTTCATGCTCGG
TGGTTTGAGTGTTAGAGAAAGA
GAAGGTGACCAAGTTCATGCTAAG
TTATCAGAAAAGTGCTCAATTATTAT
GAT
GAAGGTGACCAAGTTCATGCTATT
AGCTTGAATGCTAAGGATATGGC
GAAGGTGACCAAGTTCATGCTATT
TGTAAAGGGTAAAATTTGAAATAGT
GCATA
GAAGGTGACCAAGTTCATGCTAAG
CTTCTTAATCTTAACTATCTGTTAGA
AATA
GAAGGTGACCAAGTTCATGCTCTT
ATATATTCATGAAAGATCGAATATG
GAAT
GAAGGTGACCAAGTTCATGCTCAC
TACAGTCTTTAGATATTATCGCG
GAAGGTGACCAAGTTCATGCTCGA
AATTTTCAGCTTGCAGATAGAGG
GAAGGTGACCAAGTTCATGCTGTC
AGAGAGTCCACCGACTCT
GAAGGTGACCAAGTTCATGCTGGT
ACTAACTACAATTCAAAACATCTTA
ATAA
GAAGGTGACCAAGTTCATGCTCGA
GCATTAATTTAAACATCTGACAGA
GAAGGTGACCAAGTTCATGCTCAC
CCTCGCTCTCTTCATGATGA
GAAGGTGACCAAGTTCATGCTAAT
CAAGTAGATTAAAAAGGGTTTTACT
CTAA
GAAGGTGACCAAGTTCATGCTGAT
AATCATTACTTACAGCTAACCTTCTT

T
GAAGGTCGGAGTCAACGGATTAG
AGAGTTTATTTTGAAGTTATCATTA
GATA
GAAGGTCGGAGTCAACGGATTCG
TAAAAGAATCATGTTGAGGTGATTA
AT
GAAGGTCGGAGTCAACGGATTCA
TATTTAATTCAAGTGAAAATGTTGA
TTGCAT
GAAGGTCGGAGTCAACGGATTGT
TCCTTGTATTGAATACTTTATAATA
TGGC
GAAGGTCGGAGTCAACGGATTGG
AAAAGAAGGTAAATTATTTCACCTA
AATAAT
GAAGGTCGGAGTCAACGGATTGG
TGGTTTGAGTGTTAGAGAAAGC
GAAGGTCGGAGTCAACGGATTGT
TATCAGAAAAGTGCTCAATTATTAT
GAC
GAAGGTCGGAGTCAACGGATTAT
TAGCTTGAATGCTAAGGATATGGG
GAAGGTCGGAGTCAACGGATTGT
AAAGGGTAAAATTTGAAATAGTGC
ATG
GAAGGTCGGAGTCAACGGATTGC
TTCTTAATCTTAACTATCTGTTAGA
AATG
GAAGGTCGGAGTCAACGGATTCT
TATATATTCATGAAAGATCGAATAT
GGAAC
GAAGGTCGGAGTCAACGGATTCC
ACTACAGTCTTTAGATATTATCGCA
GAAGGTCGGAGTCAACGGATTCG
AAATTTTCAGCTTGCAGATAGAGC
GAAGGTCGGAGTCAACGGATTGT
CAGAGAGTCCACCGACTCC
GAAGGTCGGAGTCAACGGATTGG
TACTAACTACAATTCAAAACATCTT
AATAG
GAAGGTCGGAGTCAACGGATTCG
AGCATTAATTTAAACATCTGACAGC
GAAGGTCGGAGTCAACGGATTAC
CCTCGCTCTCTTCATGATGG
GAAGGTCGGAGTCAACGGATTAA
TCAAGTAGATTAAAAAGGGTTTTAC
TCTAT
GAAGGTCGGAGTCAACGGATTGA
TAATCATTACTTACAGCTAACCTTC

87

CCTCTTGCTATACCTGTTGTTGTAACA
AA

AATGACACTGACTATCTGCAGTCTCTT

TGCTCCCGACAAGAAAGATCTTAATCT
TA

TGGTTTGTTACGTCAGGTGCTATATCA
TA

CTTACAATATCAAGAGATGAGTGACC
CTT

CCACTTGATCCAGCCTACATTCCAT

CATTCGTGTCTGTATACAGCATGGCTT
GCTTTAGACACAAGAGAAATAAACTC
CAAA

GCACAAGGCCCCAAAATCAACAAAAT
TTT

CATCAGCCTGGATAGCATCAAGCAA

TGTTAGAGGCATGAAAAATATCCAAA
TCAA
CACAGTTTCCTCCACAGCAAGACAT

TCCATGTTCTATTTTTTGGCTCTTTCTC
TT
GGTTCCATGAAAGATTGACATAATAA
ACAT

CAGTACGACTATTCATAGGCCTTAACA
TA

TGCTTTTGGCAAAGCTTCTGATTTGAG
TA

CAAACTTCTTCCCACCGCCATGAAT

AGTAACATGTTGTTCCTTTTGCAGGTC
TA

GAGTGGTAAGTGAGTGTGGAGCAT

0.30

0.40

0.25
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0.23

0.18

0.39

0.30

0.23
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0.35
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253

254
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AM22979

AM?22982

AM?22999

AM23006

AM23055

AM23071

AM23074

AM23084

AM23107

AM23112

AM23128

AM23158

AM23187

AM23196

AM23216

AM23221

AM23231

AM23262

ss161146971

ss161146974

ss161146991

$s161146998

ss161147047

$s161147063

$s161147066

ss161147076

ss161147099

ss161147104

ss161147120

ss161147150

ss161147179

ss161147188

ss161147208

ss161147213

ss161147223

ss161147254

C/T

C/T

A/G

A/C

A/G

A/T

A/G

A/G

A/G

C/G

C/T

A/G

A/T

C/T

A/C

A/C

G/T

G/T

GAAGGTGACCAAGTTCATGCTATA
GTGTTATAAATGTTTCATGACATCGG

GAAGGTGACCAAGTTCATGCTAGA
AGACATGAAGAGATTGATAACCAG

GAAGGTGACCAAGTTCATGCTGCA
TCGAAGATTGTTACATCGAGAGT
GAAGGTGACCAAGTTCATGCTACT
AATAAGGTGACCCATATAGCTCT
GAAGGTGACCAAGTTCATGCTACA
ATTACAGAGCATCCATATAATTCAT
ATTTA
GAAGGTGACCAAGTTCATGCTAAA
TTTCTTTTGACCAAAGATAACCCCAA
T
GAAGGTGACCAAGTTCATGCTTAA
CCTTATGAATTGAACACTGTAGAGA
T
GAAGGTGACCAAGTTCATGCTAAT
GGCGGAAAGGATCTCAATGGT
GAAGGTGACCAAGTTCATGCTATT
TAACGTTTGTTCTTCGAAGTATATCT
TAT
GAAGGTGACCAAGTTCATGCTATC
AAGGAAAAATTTACTTTAAAGCTAT
GTTAC

GAAGGTGACCAAGTTCATGCTCAA
TAGTGTAAGCGTTTGATATGACATTC

GAAGGTGACCAAGTTCATGCTCTC
CCACGGATCATGTGCATAT

GAAGGTGACCAAGTTCATGCTGTA
TGCTGTTTTATGTTGATGATGCTTAT

GAAGGTGACCAAGTTCATGCTATA
TTCAGCAAATGATTCCTTCAATGATC

GAAGGTGACCAAGTTCATGCTAAA
CCTGACCTATTTAGTAAATTGGATCT
GAAGGTGACCAAGTTCATGCTATA
ACTTCAATATATGTTCTATTTCTTCT
GAAA
GAAGGTGACCAAGTTCATGCTGTG
TTAATTTGATGTTTGTTAGAATTGTT
AATG
GAAGGTGACCAAGTTCATGCTATA
AAGGAAACCCCAAAAATTCATAATA
CcC

TC
GAAGGTCGGAGTCAACGGATTGT
ATAGTGTTATAAATGTTTCATGACA
TCGA
GAAGGTCGGAGTCAACGGATTAT
AGAAGACATGAAGAGATTGATAAC
CAA
GAAGGTCGGAGTCAACGGATTCA
TCGAAGATTGTTACATCGAGAGC
GAAGGTCGGAGTCAACGGATTCT
AATAAGGTGACCCATATAGCTCG
GAAGGTCGGAGTCAACGGATTCA
ATTACAGAGCATCCATATAATTCAT
ATTTG
GAAGGTCGGAGTCAACGGATTAA
ATTTCTTTTGACCAAAGATAACCCC
AAA

GAAGGTCGGAGTCAACGGATTAC
CTTATGAATTGAACACTGTAGAGAC

GAAGGTCGGAGTCAACGGATTGG
CGGAAAGGATCTCAATGGC
GAAGGTCGGAGTCAACGGATTAA
CGTTTGTTCTTCGAAGTATATCTTA
C
GAAGGTCGGAGTCAACGGATTAT
CAAGGAAAAATTTACTTTAAAGCTA
TGTTAG
GAAGGTCGGAGTCAACGGATTAC
AATAGTGTAAGCGTTTGATATGACA
TTT
GAAGGTCGGAGTCAACGGATTCT
CCCACGGATCATGTGCATAC
GAAGGTCGGAGTCAACGGATTGT
ATGCTGTTTTATGTTGATGATGCTT
AA
GAAGGTCGGAGTCAACGGATTCA
TATTCAGCAAATGATTCCTTCAATG
ATT
GAAGGTCGGAGTCAACGGATTAC
CTGACCTATTTAGTAAATTGGATCG
GAAGGTCGGAGTCAACGGATTAT
AACTTCAATATATGTTCTATTTCTTC
TGAAC
GAAGGTCGGAGTCAACGGATTGT
GTTAATTTGATGTTTGTTAGAATTG
TTAATT
GAAGGTCGGAGTCAACGGATTAA
TAAAGGAAACCCCAAAAATTCATA
ATACA

88

TTGCATGTGTGGGTCAGTTGCTGAT

GACGTAAAATATCAAAGTACAATGTA
CAAA

CAATACCAAATTGATCCCAACCACTCT
T
CGCTAATATTTGATATCAATGGGTCAC
TAA

TTATTCATACGTGTATGGGATATTGGA
GAA

TGAGAATATACGAAGTTTCTTTTCTGG
TTA

GCTTAAGTGCAGCCATGATTTCAGTAA
AT

TTCGACAACGATGACTGCCAGTCTT

TAGGTGTGTACCATCCTCACCACAT

ACTCGAAGTGGAATACTTGGTTACGT
ATT

AGGCCTCGTCTTTGTGGCCTAATAT

CCTGAAAAGTGTCCTAATCGTCAATG
ATA
CATTCAACAAACAATCCCCAACATCA
CAA

CACAACAGTGGCTTACTTTTTAATCAA
GAT

CTGGTCTATATGTTGCATGTCGGGTT

CTCACTCTACTCTTACAAGCTCCATAA
TA

CCCTGCATTCAAATCATCAACAAAAA
CATT

ACGAAATCTTTTCCTGATAACAAAGAT
AAT

0.28

0.20

0.22

0.45
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0.25

0.28

0.43

0.23
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262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

271

278

279

280

281

AM23275

AM23281

AM23354

AM23386

AM23401

AM23553

AM23590

AM23610

AM23641

AM23684

AM23686

AM23703

AM23707

AM23741

AM23764

AM23808

AM23857

AM23891

AM23895

AM23925

AM23934

ss161147267

ss161147273

ss161147346

ss161147378

ss161147393

ss161147545

ss161147582

ss161147602

ss161147633

ss161147676

ss161147678

ss161147695

ss161147699

ss161147733

ss161147756

ss161147800

ss161147849

ss161147883

ss161147887

ss161147917

$s161147926

G/T

C/G

A/G

C/T

A/G

A/G

A/G

C/G

C/T

A/G

A/G

A/G

C/G

A/G

C/T

C/T

G/T

A/T

A/G

A/T

G/T

GAAGGTGACCAAGTTCATGCTTTA
ATGTCATATGCGGCATAATTTAATA
G
GAAGGTGACCAAGTTCATGCTAGA
CGGTCTCTCAGGACACTTC
GAAGGTGACCAAGTTCATGCTGTC
CCCGGTGGGGAGAGAT
GAAGGTGACCAAGTTCATGCTGCG
CTCAATGTGCTTCACGCC
GAAGGTGACCAAGTTCATGCTCAA
GCACTGCAATAATGCCAGAGAA
GAAGGTGACCAAGTTCATGCTAAC
AAGTGCTTACACTTCACAACACTT
GAAGGTGACCAAGTTCATGCTCAA
AAATGAAATTTGCATTTGATTGAAT
ACAT
GAAGGTGACCAAGTTCATGCTAAA
GAATAGGCAGCATCATGTGGTC
GAAGGTGACCAAGTTCATGCTCAA
ATTTCCAATTAACAACACAATATCA
GAAC
GAAGGTGACCAAGTTCATGCTCAT
TCGATCAAGGTTTGCATTAAAGTAG
T
GAAGGTGACCAAGTTCATGCTGAG
TGGTGCAAGGAAGATTACACTT
GAAGGTGACCAAGTTCATGCTTTA
TCTTGTTTGGGAAGTTCTAATTCTGT
GAAGGTGACCAAGTTCATGCTCCT
CAGGAATTAGAGGCCAAGAG
GAAGGTGACCAAGTTCATGCTAAT
GCTTAAGGGATTGGGTTAATTTAAG
A
GAAGGTGACCAAGTTCATGCTGAT
TTGTAGCTTGTGTGGATTGGC
GAAGGTGACCAAGTTCATGCTCAT
TGAGTTTACCACGCTGATAAGC
GAAGGTGACCAAGTTCATGCTAAT
TTTATTATCAGTGATAATTTGTCTTT
GCTG
GAAGGTGACCAAGTTCATGCTGAC
GCCTGCTGACCTGCATAAA
GAAGGTGACCAAGTTCATGCTGTC
CTTACACGACTAAAAAACACCTTAT

GAAGGTGACCAAGTTCATGCTCAA
AAACAAGCAACATTAACAGGGCTT

GAAGGTGACCAAGTTCATGCTCCT
ACACAAAGAACTCATATTCAAAATT
ATC

GAAGGTCGGAGTCAACGGATTCT
TTAATGTCATATGCGGCATAATTTA
ATAT
GAAGGTCGGAGTCAACGGATTAG
ACGGTCTCTCAGGACACTTG
GAAGGTCGGAGTCAACGGATTCC
CCGGTGGGGAGAGAC
GAAGGTCGGAGTCAACGGATTGC
GCTCAATGTGCTTCACGCT
GAAGGTCGGAGTCAACGGATTAA
GCACTGCAATAATGCCAGAGAG
GAAGGTCGGAGTCAACGGATTCA
AGTGCTTACACTTCACAACACTC
GAAGGTCGGAGTCAACGGATTCA
AAAATGAAATTTGCATTTGATTGAA
TACAC
GAAGGTCGGAGTCAACGGATTAA
AGAATAGGCAGCATCATGTGGTG
GAAGGTCGGAGTCAACGGATTCA
AATTTCCAATTAACAACACAATATC
AGAAT

GAAGGTCGGAGTCAACGGATTCG
ATCAAGGTTTGCATTAAAGTAGC

GAAGGTCGGAGTCAACGGATTAG
TGGTGCAAGGAAGATTACACTC
GAAGGTCGGAGTCAACGGATTAT
CTTGTTTGGGAAGTTCTAATTCTGC
GAAGGTCGGAGTCAACGGATTCC
TCAGGAATTAGAGGCCAAGAC

GAAGGTCGGAGTCAACGGATTGC
TTAAGGGATTGGGTTAATTTAAGG

GAAGGTCGGAGTCAACGGATTCG
ATTTGTAGCTTGTGTGGATTGGT
GAAGGTCGGAGTCAACGGATTAT
CATTGAGTTTACCACGCTGATAAGT
GAAGGTCGGAGTCAACGGATTAA
TTTTATTATCAGTGATAATTTGTCTT
TGCTT
GAAGGTCGGAGTCAACGGATTGA
CGCCTGCTGACCTGCATAAT
GAAGGTCGGAGTCAACGGATTCC
TTACACGACTAAAAAACACCTTAC
GAAGGTCGGAGTCAACGGATTCA
AAAACAAGCAACATTAACAGGGCT
A
GAAGGTCGGAGTCAACGGATTAC
CTACACAAAGAACTCATATTCAAA
ATTATA

89

GACCTGGGCCATTTGTTTAAAAACCTT
AT

GCCAATCAGATGGATAAAACAAGGGA
AAT
CGATTAATTTGCTGCAGAAAACTACTT
CTT

ACGCAATCCAATAATGAGGCGCACT

GTACTGAAGTGACTTTCTAAAATTGAC
AAT
GCATATTTGTAATCTTTAACGAGGCTC
CTT

CTTTCCATAAGCACTGGCTCAAATAAC
T
CATAGATGGTGCAGCTGGGATGATA

TCAAATAATGATCGGTCTTAATCTCAT
GTA

AGGAGCAAAGGCATGTAATCTTAATG
CAT

AGCCTTGATCACATTTCTTGGTTTGTG
TT

CTTACTTCGGGTTAAGCCTGTGACAT
CAGTGATGTTAGTGTTCAATGAACCAT
GAA
GATAGGGAAGGGATGGGAAGGAAAT
GGACCTGTAAATAGGAAAATGTCGAA
CAT
GCAAAGCGGCTTTTGCAGGTGTCT
GTTGCTTTTGCAGAATCGAGCATAATG
AT

TAGAGTCTCATTTTAGGCGAGTTACCA
T
AATGGAGTATAGCATGTCAAGATCCA
ATAT

GCACAGTTTGCTTGCTACTCCAGTT

CAATCCATGCACTTTAAACATCAAAG
ATTT

0.29

0.25

0.31

0.22

0.24

0.28

0.24

0.42

0.24

0.05

0.27

0.45

0.24

0.03

0.24

0.22

0.08

0.13

0.19

0.14

0.33

PR

PR

PR

PRT

PT

PRT

PR

P+R

PRT

PR

PR

PR

PR

PRT



282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

AM23966

AM23989

AM24013

AM?24020

AM?24023

AM?24029

AM24041

AM?24062

AM24078

AM24104

AM24134

AM24152

AM24177

AM24179

AM24194

AM24210

AM24224

AM?24245

AM?24266

AM?24401

AM24451

ss161147958

ss161147981

$s161148005

$s161148012

ss161148015

ss161148021

$s161148033

$s161148054

ss161148070

ss161148096

ss161148126

ss161148144

ss161148169

ss161148171

ss161148186

ss161148202

ss161148216

ss161148237

ss161148258

ss161148393

$s161148443

A/T

C/T

C/T

A/T

A/T

A/G

A/C

A/G

A/G

A/G

G/T

A/G

A/G

C/T

C/T

C/T

A/G

G/T

C/G

C/G

C/G

GAAGGTGACCAAGTTCATGCTATT
CGAAGTATAATAAATCAACTGCCTG
TA

GAAGGTGACCAAGTTCATGCTACT
TTCAACTTGTTTTAATATTTAAGCGG

GAAGGTGACCAAGTTCATGCTACA
TTATCAAAGTGGTCCTTTTTCCTC
GAAGGTGACCAAGTTCATGCTATT
CGTCAGTCCATCTAAGCTAAAAGT
GAAGGTGACCAAGTTCATGCTCCA
TCCTTGATGGAGCCGAATATT
GAAGGTGACCAAGTTCATGCTATA
ATTTTTTCAAACTGTAAGTACTGATT
GCTA
GAAGGTGACCAAGTTCATGCTCAT
TACAATAACCTTCACTAATGTGTCGA
GAAGGTGACCAAGTTCATGCTTCT
GATCCGATCTTAGCTACCCAA
GAAGGTGACCAAGTTCATGCTCAT
CGTTCTTTGCTGCAGCCCTT
GAAGGTGACCAAGTTCATGCTGGA
TATTACAAATTTGACTGTAGCAACA
AAT
GAAGGTGACCAAGTTCATGCTGTA
GCGCAAAAAGTGCGGTCAC
GAAGGTGACCAAGTTCATGCTCCA
ATCCAGAGAAATTGCCAGCAAA
GAAGGTGACCAAGTTCATGCTTAT
GGTCGTTAAAAAATATACGAACCGA
T
GAAGGTGACCAAGTTCATGCTTTT
ATGGTCGTTAAAAAATATACGAACC
G
GAAGGTGACCAAGTTCATGCTATA
ATATAATAAGCTGGATCAAATGACC
TG
GAAGGTGACCAAGTTCATGCTAAT
TCTATTTATATGAGTTCATTGAAGTC
AAG
GAAGGTGACCAAGTTCATGCTGGA
TGGGAACAAAGAAATGATGGCA
GAAGGTGACCAAGTTCATGCTCCT
AACAGAATCATATGACTCTGTAG
GAAGGTGACCAAGTTCATGCTGCG
GAGGAATTTGCTTGATTTCAC
GAAGGTGACCAAGTTCATGCTGAA
TATTTGAAGTAAAGTGAAGAGTCTG
C
GAAGGTGACCAAGTTCATGCTGAT

GAAGGTCGGAGTCAACGGATTCG
AAGTATAATAAATCAACTGCCTGTT

GAAGGTCGGAGTCAACGGATTAT
CTACTTTCAACTTGTTTTAATATTTA
AGCGA
GAAGGTCGGAGTCAACGGATTCA
CATTATCAAAGTGGTCCTTTTTCCTT
GAAGGTCGGAGTCAACGGATTCG
TCAGTCCATCTAAGCTAAAAGA
GAAGGTCGGAGTCAACGGATTCC
ATCCTTGATGGAGCCGAATATA

GAAGGTCGGAGTCAACGGATTTT
TTCAAACTGTAAGTACTGATTGCTG

GAAGGTCGGAGTCAACGGATTAC
AATAACCTTCACTAATGTGTCGC
GAAGGTCGGAGTCAACGGATTCT
GATCCGATCTTAGCTACCCAG
GAAGGTCGGAGTCAACGGATTAT
CGTTCTTTGCTGCAGCCCTC
GAAGGTCGGAGTCAACGGATTGA
TATTACAAATTTGACTGTAGCAACA
AAC
GAAGGTCGGAGTCAACGGATTAG
TAGCGCAAAAAGTGCGGTCAA
GAAGGTCGGAGTCAACGGATTCA
ATCCAGAGAAATTGCCAGCAAG

GAAGGTCGGAGTCAACGGATTGG
TCGTTAAAAAATATACGAACCGAC

GAAGGTCGGAGTCAACGGATTTT
TTATGGTCGTTAAAAAATATACGAA
CCA
GAAGGTCGGAGTCAACGGATTCA
TAATATAATAAGCTGGATCAAATG
ACCTA
GAAGGTCGGAGTCAACGGATTCA
ATTCTATTTATATGAGTTCATTGAA
GTCAAA
GAAGGTCGGAGTCAACGGATTGA
TGGGAACAAAGAAATGATGGCG
GAAGGTCGGAGTCAACGGATTCC
CTAACAGAATCATATGACTCTGTAT
GAAGGTCGGAGTCAACGGATTGC
GGAGGAATTTGCTTGATTTCAG
GAAGGTCGGAGTCAACGGATTGA
ATATTTGAAGTAAAGTGAAGAGTCT
GG
GAAGGTCGGAGTCAACGGATTGA

90

GCTTCGTGTCAATTCTTAAATTATTTG
GAT

CTTTCTTATTGTAATAAACTTTTAGAG
GTT

CCGTTGAATCTTAATCATACGTCCAAA
TTT
CACATTTAGGGGATCTAATTGTAGTGA
TAT
TGCACATGAATTAACGAGTCATTTTAC
AAT

GGTCGAACATGTTGAACATGCTCAGA
A

TCAAGATTGGAAACAAAGGTGTCTCG
TA
AAGCTGAAGTTGTCGAACACAGAAGT
A
TTTGCAGCATTTCCATCATCAAGGACT
T

CCCATGGATAGATCACAGTACCGAA

AATCTCCTTATGCAGGGTGTTCAGTTT
T

GTCGAGCTTTGAAATTTGCTCTCTGTT

AAAGTTTAGCACCTCTTTGGTTGCTTC
TT

AAAGTTTAGCACCTCTTTGGTTGCTTC
TT

ACCAATATTTTCCTTATGCCAATTGTT
GTT

ACACCCAATGACTTAAATATACATCTC
TAA

GGTTACATAACATGATGAGCATGAAC
CAA
CAACATTTAAAAATAATCCACAGCCC
GAAA
GAACTCTTGATGGTTTTCAGGCACAAA
AT

GTATGTGTTTATTTTGGAGCATGCAAC
CTT

AATATAGATTCCTCTTCCCCCAATGGA

0.21

0.10

0.09

0.38

0.37

0.37

0.44

0.39

0.31

0.33

0.18

0.30

0.36

0.32

0.20

0.35

0.23

0.29

0.33

0.37

0.12

PRT

PR

PRT

PRT

PR

PRT

PR

PR

PRT

PRT

PR

PRT

PRT



303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

AM24457

AM24460

AM?24486

AM24490

AM24501

AM24510

AM24515

AM24519

AM24531

AM24579

AM24610

AM24615

AM?24646

AM24655

AM24661

AM24699

AM24743

AM24766

AM24776

ss161148449

$s161148452

ss161148478

ss161148482

$s161148493

$s161148502

ss161148507

ss161148511

ss161148523

ss161148571

ss161148602

$s161148607

$s161148638

$s161148647

$s161148653

$s161148691

ss161148735

ss161148758

$s161148768

A/G

A/G

A/T

A/T

A/G

A/T

A/T

G/T

C/T

A/T

A/G

A/G

A/G

A/T

C/T

A/T

A/T

A/G

C/T

CTTTGTCGACATCTTCGACAATG
GAAGGTGACCAAGTTCATGCTTAT
ACAGTGTGGCTTTGGAGGCA
GAAGGTGACCAAGTTCATGCTTAG
ATCAAGTCAGACACTGATTAACA
GAAGGTGACCAAGTTCATGCTATT
CATCTGAATCGGCGTTTGAGATAA
GAAGGTGACCAAGTTCATGCTGTG
AGCGGATGACCCACATTACT
GAAGGTGACCAAGTTCATGCTCAT
CATCATCATACCCAGTGTATCCA

GAAGGTGACCAAGTTCATGCTTGA
TCAATAGTGGTGATCATTGTCTT

GAAGGTGACCAAGTTCATGCTAAG
CCTAATTTGCTGCAGGAATAGATA

GAAGGTGACCAAGTTCATGCTCAA
ACAAGTTAAACTCATCGTCATGAG

GAAGGTGACCAAGTTCATGCTATA
CTTCTCCAAACATGAACTTGCTTC

GAAGGTGACCAAGTTCATGCTACA
TGCTTCTTGGTCAAATTATTGAAAAT
ATA
GAAGGTGACCAAGTTCATGCTAAA
GTCATAAAGAAGGGAAATTTTAAGG
AATA
GAAGGTGACCAAGTTCATGCTGGA
TATTTTCCCTTTCCACTGGAAGT
GAAGGTGACCAAGTTCATGCTCAG
TATATTTCGAGTTGATTCAATTATAT
CTTT
GAAGGTGACCAAGTTCATGCTGAA
TCTTCTCCAAATGAAAAGTTACTTCA
AT

GAAGGTGACCAAGTTCATGCTTGC
ACTTTGTGATTGTTTAACGATAAATC

GAAGGTGACCAAGTTCATGCTCAA
TAGGCGTCTTTTTATTTTTGGCTTTAT

GAAGGTGACCAAGTTCATGCTCGC
CATCATCATAAGTAGACACCT
GAAGGTGACCAAGTTCATGCTGAA
CTTAATTACAAGTTTTTTTAACCTCA
TACA
GAAGGTGACCAAGTTCATGCTTGT
ATGAGTCTGAATAATAACAAAGTAG
G

TCTTTGTCGACATCTTCGACAATC
GAAGGTCGGAGTCAACGGATTAT
ACAGTGTGGCTTTGGAGGCG
GAAGGTCGGAGTCAACGGATTAG
ATCAAGTCAGACACTGATTAACG
GAAGGTCGGAGTCAACGGATTCA
TCTGAATCGGCGTTTGAGATAT
GAAGGTCGGAGTCAACGGATTGT
GAGCGGATGACCCACATTACA
GAAGGTCGGAGTCAACGGATTAT
CATCATCATACCCAGTGTATCCG
GAAGGTCGGAGTCAACGGATTCT
TGATCAATAGTGGTGATCATTGTCT
A
GAAGGTCGGAGTCAACGGATTAA
GCCTAATTTGCTGCAGGAATAGATT
GAAGGTCGGAGTCAACGGATTGC
AAACAAGTTAAACTCATCGTCATGA
T
GAAGGTCGGAGTCAACGGATTAA
ATACTTCTCCAAACATGAACTTGCT
T
GAAGGTCGGAGTCAACGGATTAC
ATGCTTCTTGGTCAAATTATTGAAA
ATATT
GAAGGTCGGAGTCAACGGATTAG
TCATAAAGAAGGGAAATTTTAAGG
AATG
GAAGGTCGGAGTCAACGGATTGA
TATTTTCCCTTTCCACTGGAAGC
GAAGGTCGGAGTCAACGGATTAG
TATATTTCGAGTTGATTCAATTATA
TCTTC
GAAGGTCGGAGTCAACGGATTGA
ATCTTCTCCAAATGAAAAGTTACTT
CAAA
GAAGGTCGGAGTCAACGGATTCT
TGCACTTTGTGATTGTTTAACGATA
AATT
GAAGGTCGGAGTCAACGGATTCA
ATAGGCGTCTTTTTATTTTTGGCTTT
AA
GAAGGTCGGAGTCAACGGATTCG
CCATCATCATAAGTAGACACCA
GAAGGTCGGAGTCAACGGATTAA
CTTAATTACAAGTTTTTTTAACCTC
ATACG
GAAGGTCGGAGTCAACGGATTCT
TGTATGAGTCTGAATAATAACAAA
GTAGA

91

T
TAAATTGAGAGCACAACGCAGTGTCA
A
GATCTTGTTCTTTTTTCCTACCATAGTT
AT
CTGCCTTTATTGGTTAAGGTGATCACA
TA

CATGTGAATGAAGTCGTGCGGCTAA
TTCCCCAGACCCTGACCATAGATAT
GAGCCTGCGTCATTTGAAAAACAAGA

TAT

TCAAAGAATGTTCTTCTGGGGTGTTTC
T

GATAAGATATCTTCTGAGCAGACTGT
GAT

GACTAAGTACAACGCATCAAAATCAA
AGTT

CCTCTGTTTTAATCTGACGGAACCAAA
T

CTAATCTTTAAAGCCACCCAACTTATT
CTA

GAAATCGATCAAAAACACGAGCACGG
A

GGGATGCTTTCATCAATGATTGCTACT
TT

CAATTGTTAGGAACCCTTCAGGGGAT

GCCAAACATATGTTAGAGGCAACTTC
AAT

TAATGTTCAAGTACTTGACTGCAGAGT
CT
TGATACAAAACCTATGTATTACGGAA
CCAT

CGACCCTTTGTGCTTTACGAAAGAGAT

CCCAAATCCTTATATTTGGCCACATCA
AA

0.26

0.13

0.10

0.38

0.24

0.09

0.46

0.10

0.32

0.37

0.26

0.31

0.34

0.26

0.22

0.48

0.25

0.22

0.31

PRT

PRT

PRT

PR

PRT

PR

PR

P+RT

PRT

PR

P+RT

PR

PR

PRT

PRT

PR



322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

AM24819

AM24869

AM24909

AM?24913

AM?24924

AM?24956

AM?24983

AM25002

AM25005

AM25124

AM25135

AM25154

AM25192

AM25224

AM25236

AM25241

AM25249

AM25261

AM25268

AM25292

ss161148811

$s161148861

$s161148901

ss161148905

ss161148916

$s161148948

ss161148975

$s161148994

ss161148997

ss161149116

ss161149127

ss161149146

ss161149184

ss161149216

ss161149228

ss161149233

$s161149241

ss161149253

$s161149260

$s161149284

A/G

A/G

G/T

C/T

C/T

A/G

C/T

A/T

A/G

A/G

A/G

C/T

A/G

A/G

A/G

C/G

A/G

A/G

A/G

A/G

GAAGGTGACCAAGTTCATGCTGAC
AGGCATTAACCGTATTGACTCA
GAAGGTGACCAAGTTCATGCTGAG
ATTTGTTGTAATTATCTGTTTATTTG
ATGT
GAAGGTGACCAAGTTCATGCTGAC
GGTTTAATAGACGGATCGGC

GAAGGTGACCAAGTTCATGCTCAA
ATCTTCCAAAGTCGTTGCAATTATAC

GAAGGTGACCAAGTTCATGCTAAC
TTCGAGGAAATTCACTTCCTTTG

GAAGGTGACCAAGTTCATGCTCAA
AAAATAATGGGTTCTGATTCAAGAC
AAT
GAAGGTGACCAAGTTCATGCTGTT
GGAGTAGTTCATTACGATAAGAG
GAAGGTGACCAAGTTCATGCTACT
CAATTTTGAACTTATAATCTTAATTC
AATA
GAAGGTGACCAAGTTCATGCTATT
GTGTAACAAATCAAAAAATTCAAAT
TCGA
GAAGGTGACCAAGTTCATGCTAGT
ATGCTATGTCATAGGTGCCAATT

GAAGGTGACCAAGTTCATGCTCTT
CTTTGATCTTGATTTATACCACCAT

GAAGGTGACCAAGTTCATGCTGTC
AGATTGGCACTCTTACCCG
GAAGGTGACCAAGTTCATGCTACA
AGTTCATTAAGCAAAGACACAAACA
AT
GAAGGTGACCAAGTTCATGCTTAT
CTTGACCCTCAGTCCAAAATGTA
GAAGGTGACCAAGTTCATGCTAGA
TATATCGAAACCCAATGAACCCT
GAAGGTGACCAAGTTCATGCTCAT
TTTGAATATCAAATGTGATCATATGG
C
GAAGGTGACCAAGTTCATGCTATA
ACAAAACTTGGACATGTACCATTAT
CT
GAAGGTGACCAAGTTCATGCTGTT
GAAGCCAAAGATTCAGGTCGT
GAAGGTGACCAAGTTCATGCTGAT
GATGAAGGAAAAGACTTATGTAGGA
T
GAAGGTGACCAAGTTCATGCTGGC

GAAGGTCGGAGTCAACGGATTAC
AGGCATTAACCGTATTGACTCG
GAAGGTCGGAGTCAACGGATTAG
ATTTGTTGTAATTATCTGTTTATTTG
ATGC
GAAGGTCGGAGTCAACGGATTAA
GACGGTTTAATAGACGGATCGGA
GAAGGTCGGAGTCAACGGATTCA
AATCTTCCAAAGTCGTTGCAATTAT
AT
GAAGGTCGGAGTCAACGGATTAA
TAACTTCGAGGAAATTCACTTCCTT
TA
GAAGGTCGGAGTCAACGGATTAA
AAAATAATGGGTTCTGATTCAAGAC
AAC
GAAGGTCGGAGTCAACGGATTCG
TTGGAGTAGTTCATTACGATAAGAA
GAAGGTCGGAGTCAACGGATTAC
TCAATTTTGAACTTATAATCTTAAT
TCAATT
GAAGGTCGGAGTCAACGGATTAT
TGTGTAACAAATCAAAAAATTCAA
ATTCGG
GAAGGTCGGAGTCAACGGATTGT
ATGCTATGTCATAGGTGCCAATC
GAAGGTCGGAGTCAACGGATTCT
TCTTTGATCTTGATTTATACCACCA
C
GAAGGTCGGAGTCAACGGATTGT
CAGATTGGCACTCTTACCCA
GAAGGTCGGAGTCAACGGATTCA
AGTTCATTAAGCAAAGACACAAAC
AAC
GAAGGTCGGAGTCAACGGATTAT
CTTGACCCTCAGTCCAAAATGTG
GAAGGTCGGAGTCAACGGATTGA
TATATCGAAACCCAATGAACCCC
GAAGGTCGGAGTCAACGGATTCA
TTTTGAATATCAAATGTGATCATAT
GGG

GAAGGTCGGAGTCAACGGATTAC
AAAACTTGGACATGTACCATTATCC

GAAGGTCGGAGTCAACGGATTGA
AGCCAAAGATTCAGGTCGC

GAAGGTCGGAGTCAACGGATTGA
TGAAGGAAAAGACTTATGTAGGAC

GAAGGTCGGAGTCAACGGATTGC

92

GGCTATTATTGTGGTAGAGGGAGCAA
GATAGCGTAACTACAAAACAATAGAC
AATA

ACTCCCCTTCTTGAAATTCACTAAGAC
AA

GATGTATTGGAGTCCTTTTGCATTGCA
TA

GAACATCAGATGATGGCTATAATTGG
AGAA

TCGCCACCAAACATAACCAAATGACA
AAT

GTTCAAATCTGGTTGGTGGATATGTTG
AA

CAATTAACTTAATGCGTTGCAGTAACT
CAA
GGTTTGAGCAGTCATAATCCTCAACTT
TA

CTCCACAACAAGATCTTTCCAAATTCG
TT

AAGAATTACGCTATCGTTGCTGGAAC
AAT

ATCTGGTCGAAGTAGCAGCCTGTT

CCTGTTGTGCTGTGATGAAGAGACTT

TAGCATTTGGTCTTCGTGATGATGTCA
AA
ACCAGCATAGCGACCCTTCAAAGTT

CCTTTCTCTGACACACCAAAAATAAAT
CAA

TTTGAAATGATGAACCCTATGTTACTT
GGA

TCCTTCCTGACTGGCGTGCTCA

AAAGGACTTATAATTAATGTTACGCTC
CAT

GAGAGACTTGCCATTTCCTACCCAT

0.40

0.26

0.26

0.25

0.32

0.21

0.33

0.20

0.35

0.26

0.28

0.10

0.25

0.29

0.20

0.50

0.14

0.10

0.26

0.26

PRT

PR

PRT

P+RT

PR

PR

PRT

P+RT

PR

PR

PRT

PRT

PRT

PR
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342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

AM25309

AM25326

AM25340

AM25393

AM25418

AM25474

AM25494

AM25497

AM25548

AM25606

AM25631

AM25708

AM25811

AM25919

AM25953

AM26018

AM26133

AM26171

AM26230

AM26438

ss161149301

ss161149318

ss161149332

ss161149385

ss161149410

ss161149466

ss161149486

$s161149489

$s161149540

$s161149598

$s161149623

$s161149700

$s161149803

ss161149911

$s161149945

ss161150010

ss161150125

ss161150163

ss161150222

$s161150430

A/G

C/T

A/T

A/C

A/T

C/T

A/G

A/G

C/T

C/T

G/T

C/T

A/C

A/G

C/T

C/G

A/C

C/T

C/T

C/T

TCTTAAAACAAGCCTCGACAAT
GAAGGTGACCAAGTTCATGCTAAA
ACTATACTGAAAACTTACGCTATAT
AATTA

GAAGGTGACCAAGTTCATGCTGTA
AATAGTCCCCATATGATATCTCG

GAAGGTGACCAAGTTCATGCTAGA
TTCGGGAACAACCTCAACCATT
GAAGGTGACCAAGTTCATGCTATT
TTTTGGTGATTACGAAAAAAGAGAA
AAGT
GAAGGTGACCAAGTTCATGCTGTG
GGGTTTTTGTATCGTAAACTATCT
GAAGGTGACCAAGTTCATGCTCAT
CCCAGAGAGGAGTGCTCC
GAAGGTGACCAAGTTCATGCTGCG
TATAAGCCAACTTGCTACCAA
GAAGGTGACCAAGTTCATGCTGTT
AGTTTTGTAGAATCAAATGACAATG
TCTT
GAAGGTGACCAAGTTCATGCTCAA
ATTTAGTTTATGTAAAATAACGATTC
ACG
GAAGGTGACCAAGTTCATGCTAAT
ATGATAATTTTGACCTTTGCAATGGA
G
GAAGGTGACCAAGTTCATGCTGTC
GTTTAATGGAACCTTGATTACTC
GAAGGTGACCAAGTTCATGCTCGC
TTCATGATGAGACGATCTC
GAAGGTGACCAAGTTCATGCTAAA
AGCCAAAACATTCATCAAAAAGAAA
CAA
GAAGGTGACCAAGTTCATGCTGTT
ATTGTTATGTATTCGAGGTGTAATTG
T
GAAGGTGACCAAGTTCATGCTTCA
TTTAAATTACAAAAATTACATTACAT
GCG
GAAGGTGACCAAGTTCATGCTACG
ACTTACATTTAGTCGGAGGTG
GAAGGTGACCAAGTTCATGCTCAG
GCAATGTGGCTGGTGATGAT
GAAGGTGACCAAGTTCATGCTAGG
CTTTCCAGCAACACTCGTG

GAAGGTGACCAAGTTCATGCTTAC
ATACCGAAATTGTTCAGAACCAC

GAAGGTGACCAAGTTCATGCTGAA

TCTTAAAACAAGCCTCGACAAC
GAAGGTCGGAGTCAACGGATTAA
AACTATACTGAAAACTTACGCTATA
TAATTG
GAAGGTCGGAGTCAACGGATTCT
GTAAATAGTCCCCATATGATATCTC
A
GAAGGTCGGAGTCAACGGATTAG
ATTCGGGAACAACCTCAACCATA
GAAGGTCGGAGTCAACGGATTTT
TGGTGATTACGAAAAAAGAGAAAA
GG
GAAGGTCGGAGTCAACGGATTGT
GGGGTTTTTGTATCGTAAACTATCA
GAAGGTCGGAGTCAACGGATTAC
ATCCCAGAGAGGAGTGCTCT
GAAGGTCGGAGTCAACGGATTCG
TATAAGCCAACTTGCTACCAG
GAAGGTCGGAGTCAACGGATTAG
TTTTGTAGAATCAAATGACAATGTC
TC
GAAGGTCGGAGTCAACGGATTCA
AATTTAGTTTATGTAAAATAACGAT
TCACA
GAAGGTCGGAGTCAACGGATTAA
AATATGATAATTTTGACCTTTGCAA
TGGAA
GAAGGTCGGAGTCAACGGATTCG
TCGTTTAATGGAACCTTGATTACTA
GAAGGTCGGAGTCAACGGATTCT
CGCTTCATGATGAGACGATCTT
GAAGGTCGGAGTCAACGGATTAA
AGCCAAAACATTCATCAAAAAGAA
ACAC

GAAGGTCGGAGTCAACGGATTAT
TGTTATGTATTCGAGGTGTAATTGC

GAAGGTCGGAGTCAACGGATTCA
TTTAAATTACAAAAATTACATTACA
TGCA
GAAGGTCGGAGTCAACGGATTAC
GACTTACATTTAGTCGGAGGTC
GAAGGTCGGAGTCAACGGATTAG
GCAATGTGGCTGGTGATGAG
GAAGGTCGGAGTCAACGGATTCA
GGCTTTCCAGCAACACTCGTA
GAAGGTCGGAGTCAACGGATTAT
TACATACCGAAATTGTTCAGAACCA
T
GAAGGTCGGAGTCAACGGATTGT

93

CATGACTCTAAAAGGTTGTCATTGTAA
CAA

CACCTCAAGTACTCATGACAAATGTTC
AA

GTCATGGTCTTAAATTTACTTGGCGCA
AA

GTGGTATTTTTTGGGCACGATACACAT
TA
TCCTGGCTCATACGGATGCCTAAAA

AGATCCTAACACCGTAGTGTCTTAACT
AT
TTCGCTTTAGGCTCTTAGGTTGGTTAA
AT

TCGACACTGATCTCCTCGGTAACAT

GTAACCACGATCATCAATTTAAAAGT
AGAA

CATCCTCTGCACCAATAAGGCCAAA

GGATAGTAAGATTGCATCAGGGATTG
AAA
GACACTTCATTTTTAGACCAAAAACGT
ATT

TTGTCGGCAATTCTTCATTGTGTTTTA
GAT

CACAATATCTCTTTCAGCCATACCATC
AA

ATGTGTATAAACACATCACAATACTCT
CTA

GAGTTAGGCCCTTATTAGCCACCAA

CTGCCTAAGTTTGCCTATCACACAGAT

TGAGCATAGCTGACTAAATAACACTA
ACAA

GAAGTTGAAGAGGAAGCTCAGGGAT

AACCTTCAATCTTCAACCATCTGCCAT

0.20

0.26

0.24

0.29

0.10

0.32

0.18

0.24

0.46

0.24

0.11

0.11

0.24

0.25

0.38

0.15

0.36

0.38

0.15

0.24

PR

PR

PRT

PR

PR

PRT

PR

PRT

PR

PRT

PRT

PR

PRT

PRT



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381
382

AM26453

AM26498

AM27597

AM27602

AM27605

AM27606

AM27607

AM27609

AM27610

AM27611

AM27612

AM27614

AM27615

AM27616

AM27618

AM27621

AM27622

AM27626

AM27627

AM27628
AM27630

ss161150445

$s161150490

ss161151589

ss161151594

ss161151597

ss161151598

ss161151599

ss161151601

ss161151602

ss161151603

ss161151604

ss161151606

ss161151607

ss161151608

ss161151610

ss161151613

ssl61151614

ss161151618

ss161151619

ss161151620
ss161151622

A/T

A/T

C/T

A/G

G/T

C/G

C/G

A/G

A/T

C/T

C/T

C/T

C/G

A/G

C/T

G/T

C/T

A/C

A/C

C/T
C/T

TAAATATTGAAGGTTGAACGTTGAA
C
GAAGGTGACCAAGTTCATGCTAAA
GTAGTAAATTTTGTAGGATTTTTGCT
ACT
GAAGGTGACCAAGTTCATGCTGAT
TTGTTGCTGCTGGTTTGAGA
GAAGGTGACCAAGTTCATGCTTCC
TGTTGTCCTTCAAGCCCC
GAAGGTGACCAAGTTCATGCTCCA
GAATGGATCTGGTGGTCGT
GAAGGTGACCAAGTTCATGCTAGA
GTGTTTATAATGCAAATATTTGAGGT
G
GAAGGTGACCAAGTTCATGCTACT
CTTTTGGCTATAACTTTTGATAGAAA
C
GAAGGTGACCAAGTTCATGCTTAT
AGGTGGTTGGACAACATGGC
GAAGGTGACCAAGTTCATGCTTGC
TGACATTCACTATAAGTCCAACT
GAAGGTGACCAAGTTCATGCTATT
GTAGATATGTTAAATTTAGTTGGACT
TATA

GAAGGTGACCAAGTTCATGCTAGG
TTCTAAGATTATATTCACCAGCAG

GAAGGTGACCAAGTTCATGCTAAT
GATCGAACTATCAGCTCTGATAC

GAAGGTGACCAAGTTCATGCTCAA
ATTCAAAACTTAACAGTTGCCCG
GAAGGTGACCAAGTTCATGCTGAA
AATTTATTCATAAGACAAACTACAA
ACAG
GAAGGTGACCAAGTTCATGCTAAC
TTCCCTTAGAAAGAAATATCGTAT
GAAGGTGACCAAGTTCATGCTGAT
TGTAAGGCTATCTATCAGCAACG
GAAGGTGACCAAGTTCATGCTCAA
TTCTGTTGCTGATAGATAGCCTG
GAAGGTGACCAAGTTCATGCTGAT
AGATAGCCTTACAATCTCAC
GAAGGTGACCAAGTTCATGCTAGC
ACAATGTTACCTTCAATCTTGGAT
GAAGGTGACCAAGTTCATGCTAAG
ATTGAAGGTAACATTGTGCTGCA
GAAGGTGACCAAGTTCATGCTGTA
ACATTGTGCTGCATTTAGCCTC
GAAGGTGACCAAGTTCATGCTATA

TGAATAAATATTGAAGGTTGAACGT
TGAAT
GAAGGTCGGAGTCAACGGATTAA
AGTAGTAAATTTTGTAGGATTTTTG
CTACA
GAAGGTCGGAGTCAACGGATTCT
GATTTGTTGCTGCTGGTTTGAGT
GAAGGTCGGAGTCAACGGATTGT
TCCTGTTGTCCTTCAAGCCCT
GAAGGTCGGAGTCAACGGATTCA
GAATGGATCTGGTGGTCGC
GAAGGTCGGAGTCAACGGATTGA
AGAGTGTTTATAATGCAAATATTTG
AGGTT
GAAGGTCGGAGTCAACGGATTAC
TCTTTTGGCTATAACTTTTGATAGA
AAG
GAAGGTCGGAGTCAACGGATTAT
AGGTGGTTGGACAACATGGG
GAAGGTCGGAGTCAACGGATTGC
TGACATTCACTATAAGTCCAACC
GAAGGTCGGAGTCAACGGATTGT
AGATATGTTAAATTTAGTTGGACTT
ATT
GAAGGTCGGAGTCAACGGATTGA
GGTTCTAAGATTATATTCACCAGCA
A
GAAGGTCGGAGTCAACGGATTAA
TTAATGATCGAACTATCAGCTCTGA
TAT
GAAGGTCGGAGTCAACGGATTCC
AAATTCAAAACTTAACAGTTGCCCA
GAAGGTCGGAGTCAACGGATTGA
AAATTTATTCATAAGACAAACTACA
AACAC
GAAGGTCGGAGTCAACGGATTAA
CTTCCCTTAGAAAGAAATATCGTAC
GAAGGTCGGAGTCAACGGATTAG
ATTGTAAGGCTATCTATCAGCAACA
GAAGGTCGGAGTCAACGGATTAC
AATTCTGTTGCTGATAGATAGCCTT
GAAGGTCGGAGTCAACGGATTGC
TGATAGATAGCCTTACAATCTCAT
GAAGGTCGGAGTCAACGGATTGC
ACAATGTTACCTTCAATCTTGGAG
GAAGGTCGGAGTCAACGGATTAG
ATTGAAGGTAACATTGTGCTGCC
GAAGGTCGGAGTCAACGGATTGG
TAACATTGTGCTGCATTTAGCCTT
GAAGGTCGGAGTCAACGGATTAA

94

CAGTACAAAGCAACAAAAATCAATGA
GGAA
CAAACAACTCAGCAGAACCAGCACAA

GCAAGTGCATGATAACATTGTGAAAG
CTA
AGCTACTGGATACATTCTGACTTGTTG
TT

CGCTAACCTTGCATTAATGTGATGTTT
CTA
AGTTTAATTTCCAATACGCTAACCTTG
CAT

CCTACATACGTACCAAGTTGCATTTCT
TA
CATCTGGAGAAATGTTAAACTAATTTG
CAT

GTATAAGCACCTTGTGTTTCTCCCATT
AT

CTTGTGTCTTTAGAGACCCTTC

GTGCACCTCGTGTTTTTCCGATTCTT

GTGAACAAGTAAATACCATGTGATCA
AGTA

TGCGCCTGTGAATCTGTGATGGTT

GAGCCAAATGAGTTGGTGCAGAAGTT

GTAGGAATCTTTCTGCAAAGTAGTCTC
TT

TTCTACAATGCTTCGAAGGAGGCGT

GGTTCCGATACAAAGACCTAAATACC
AAA

GTTCTTGCCCTTTGTCTCCATATTCTTT

GGACAACAACTCTTAGCAATGTAGAG
AT

GAAGGGGGACAACAACTCTTAGCAA
GAAGGTCAAGGTCACCGTGTGAAAT

0.19

0.24

0.25

0.08

0.29

0.10

0.26

0.17

0.36

0.36

0.21

0.28

0.28

0.39

0.50

0.24

0.44

0.41

0.36

0.43

0.25

PRT

PRT

PRT

PRT

PR

PRT

PR+T

PR

PR

PR

PRT

PRT

PRT

PRT

PRT

PRT

RT

PRT



383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

AM27631

AM27632

AM27633

AM27634

AM27635

AM27636

AM27637

AM27642

AM27645

AM27650

AM27651

AM27652

AM27653

AM27654

AM27655

AM27656

AM27658

AM16690

AM18129

ss161151623

ss161151624

ss161151625

ss161151626

ss161151627

ss161151628

$s161151629

ss161151634

ss161151637

ss161151642

ss161151643

ss161151644

ss161151645

ss161151646

ss161151647

ss161151648

ss161151650

ss161140682

ss161142121

C/T

A/T

G/T

C/T

A/T

C/T

C/T

A/G

A/G

A/T

A/G

A/G

A/G

C/G

A/G

A/C

A/G

A/C

A/T

TTTTAGGGAAATTTCATATGGCAACC

GAAGGTGACCAAGTTCATGCTCAT
ATGAAATTTCCCTAAAATATATTTAT
GCG
GAAGGTGACCAAGTTCATGCTACC
CAATTTGAAACTTGCATCAAACGA
GAAGGTGACCAAGTTCATGCTGTT
AAGGAGGGTAGTTACTCAGAAG

GAAGGTGACCAAGTTCATGCTCCG
GGTAACCTTTATTTAAGTTATTTAG

GAAGGTGACCAAGTTCATGCTGGA
GGAATTTGCAACCTAATCTCGAT
GAAGGTGACCAAGTTCATGCTACA
AAACAATTATAATAAACTTCCCTTAT
CTTG

GAAGGTGACCAAGTTCATGCTGAT
TTTTCATCATCTGGGTATTTTGATAG

GAAGGTGACCAAGTTCATGCTGTA
CACAAGTAATATATCAAATAGATGA
ATAA
GAAGGTGACCAAGTTCATGCTAAA
GTATTAATTACATGAAAGGATTCGA
AGAA
GAAGGTGACCAAGTTCATGCTGAG
CTTGGTTAATTTATAGATAAAATCGA
TGA
GAAGGTGACCAAGTTCATGCTTTC
GTACGTTTCCGTGAGAGATTAAT
GAAGGTGACCAAGTTCATGCTAAC
GTACGAAACATAACGCATGAAACA
GAAGGTGACCAAGTTCATGCTGAA
AAAAAGTGAAAAATTCTATTAGTAT
ATTCA
GAAGGTGACCAAGTTCATGCTCCA
TAGTTGGCATCAACTTACTGC
GAAGGTGACCAAGTTCATGCTATC
AAAGTCCAACCCAAACAAAAATCAA
GAAGGTGACCAAGTTCATGCTAAC
TTGATATTTATCCGATTTTATAATTG
AAA
GAAGGTGACCAAGTTCATGCTATC
ATCTTTCTCATCGACAAAATAAACA
CA
GAAGGTGACCAAGTTCATGCTGTA
TTAGTATGATTAGACGTCTTGGTGTA
GAAGGTGACCAAGTTCATGCTTTA
TTTGATACAATTTACTTACTTGATAC

ATATATTTTAGGGAAATTTCATATG
GCAACT
GAAGGTCGGAGTCAACGGATTCC
ATATGAAATTTCCCTAAAATATATT
TATGCA
GAAGGTCGGAGTCAACGGATTAC
CCAATTTGAAACTTGCATCAAACGT
GAAGGTCGGAGTCAACGGATTGG
TTAAGGAGGGTAGTTACTCAGAAT
GAAGGTCGGAGTCAACGGATTGT
CCGGGTAACCTTTATTTAAGTTATT
TAA
GAAGGTCGGAGTCAACGGATTGG
AGGAATTTGCAACCTAATCTCGAA
GAAGGTCGGAGTCAACGGATTAC
AAAACAATTATAATAAACTTCCCTT
ATCTTA
GAAGGTCGGAGTCAACGGATTAA
ATGATTTTTCATCATCTGGGTATTTT
GATAA
GAAGGTCGGAGTCAACGGATTGT
ACACAAGTAATATATCAAATAGAT
GAATAG
GAAGGTCGGAGTCAACGGATTAG
TATTAATTACATGAAAGGATTCGAA
GAG
GAAGGTCGGAGTCAACGGATTGA
GCTTGGTTAATTTATAGATAAAATC
GATGT
GAAGGTCGGAGTCAACGGATTCG
TACGTTTCCGTGAGAGATTAAC
GAAGGTCGGAGTCAACGGATTCG
TACGAAACATAACGCATGAAACG
GAAGGTCGGAGTCAACGGATTGA
AAAAAAGTGAAAAATTCTATTAGT
ATATTCG
GAAGGTCGGAGTCAACGGATTCC
ATAGTTGGCATCAACTTACTGG
GAAGGTCGGAGTCAACGGATTCA
AAGTCCAACCCAAACAAAAATCAG
GAAGGTCGGAGTCAACGGATTAA
CTTGATATTTATCCGATTTTATAATT
GAAC
GAAGGTCGGAGTCAACGGATTCA
TCTTTCTCATCGACAAAATAAACAC
G
GAAGGTCGGAGTCAACGGATTAG
TATGATTAGACGTCTTGGTGTC
GAAGGTCGGAGTCAACGGATTTA
TTTGATACAATTTACTTACTTGATA
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GACTAATTCACTGGGAGTTGGGACAT
CAATTAACGAATCGAATGGTCGGCCA
A
CCACCCGTAACCGATCTAACCTAAA

GATCGGTTACGGGTGGCGTTATTAA
GATTTTGTAGAGAGAGTGAGTGGTGA
TTT
GTGTTCTTACTTTGCATTAGTATTTGT
GAT

GCAAATTAATTTGACTGTTTAACAGAT
AAA

CAAGCTAAGTAGCTGACACCAAAGCA
T

CACAATATTCCTTTTGCAATTCCTCAT
CAT

CTTTGAAAATTATTCCATTGGAGGAGT
TTT

ATATGAACTGGACAATACTTGTGAAT
GTAT
GCACAACTCGTGATTTAAAAAACTGA
CAAA

AATAGGACACTATTTTTAGTACGTT

CGTCTCCCATGAGACTTCCTGTAA

GACGGTTGGTTTCCCAAGTAAAGGTT

CGATTTAAAATCGTCTTATGTATCCAC
ATT

GAGGTCTGTCGTGAGCTTCAAAGAA

CGAAATGCTAATACAACTAATAATAC
ACAA
TGAGACATCAAAGCCTATCATATCAA
GAAA

0.18

0.37

0.18

0.46

0.35

0.30

0.20

0.42

0.20

0.13

0.26

0.39

0.24

0.33

0.28

0.33

0.44

0.32

PR

PRT

PR

PR

PR

P+R+

PR

PR

PR

PR

PR

PT

PR

PR

PR
(NTP)
PRT
(NTP)



402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

AM19874

AM20217

AM20931

AM22074

AM?22693

AM25194

AM18897

AM19664

AM19665

AM19986

AM20218

AM20387

AM20538

AM20599

AM20791

AM20792

AM20930

AM20979

ss161143866

ss161144209

$s161144923

$s161146066

ss161146685

ss161149186

ss161142889

ss161143656

ss161143657

ss161143978

ss161144210

$s161144379

$s161144530

$s161144591

$s161144783

$s161144784

$s161144922

ss161144971

C/T

A/G

A/G

A/G

A/C

A/C

C/T

A/G

G/T

A/G

C/T

C/T

C/T

C/T

C/T

G/T

C/G

A/G

AAT
GAAGGTGACCAAGTTCATGCTCAT
TTTCTTATTTGGAAATGAATACCATC
G
GAAGGTGACCAAGTTCATGCTGGA
TTTCTTCCGCTTGGACATCTTAT
GAAGGTGACCAAGTTCATGCTCGA
AACCGAAACCGACCCACTA
GAAGGTGACCAAGTTCATGCTTCC
TGGAAGCCAAAATCTTCGACT
GAAGGTGACCAAGTTCATGCTGAT
TATAATTATAACTGATTTTAACAGAT
TTTT
GAAGGTGACCAAGTTCATGCTTGA
AATAATTAAGTCACTTTTGATCAAA
ACAA
GAAGGTGACCAAGTTCATGCTTAT
TCATGAAAGGATTCATAAATGATGG
C
GAAGGTGACCAAGTTCATGCTAAT
AAGAATACCAGTGTTCCAGCTCT
GAAGGTGACCAAGTTCATGCTCAG
AGTCAGAGCTGGAACACG
GAAGGTGACCAAGTTCATGCTCAA
AAGGCAATTGGGTGCACAAAGT
GAAGGTGACCAAGTTCATGCTAAC
CATGTTTGGTATAGCATCTCAG

GAAGGTGACCAAGTTCATGCTGAA
GAAATTCAAGATGATGATAGGGAG

GAAGGTGACCAAGTTCATGCTGAT
ACATCTTGGCAATTTAATACAAGTTC

GAAGGTGACCAAGTTCATGCTGTA
ACATTACATAACAAACGCTTTCTAC

GAAGGTGACCAAGTTCATGCTACG
TGAAACTTTAAAAGCCAATTTTTCTG

GAAGGTGACCAAGTTCATGCTGGC
TTTTAAAGTTTCACGTGATAAATTTG

GAAGGTGACCAAGTTCATGCTGGT
TTGTATCGGGTCAATACCATAG
GAAGGTGACCAAGTTCATGCTAAA
TATTTGAATGATGGGTTTCTTATATG
TCAT

CAAA
GAAGGTCGGAGTCAACGGATTAT
CATTTTCTTATTTGGAAATGAATAC
CATCA
GAAGGTCGGAGTCAACGGATTTC
TTCCGCTTGGACATCTTAC
GAAGGTCGGAGTCAACGGATTGA
AACCGAAACCGACCCACTG
GAAGGTCGGAGTCAACGGATTCC
TGGAAGCCAAAATCTTCGACC
GAAGGTCGGAGTCAACGGATTAT
AATTATAACTGATTTTAACAGATTT
TG
GAAGGTCGGAGTCAACGGATTGA
AATAATTAAGTCACTTTTGATCAAA
ACAC
GAAGGTCGGAGTCAACGGATTAA
TTTATTCATGAAAGGATTCATAAAT
GATGGT
GAAGGTCGGAGTCAACGGATTAT
AAGAATACCAGTGTTCCAGCTCC
GAAGGTCGGAGTCAACGGATTCC
AGAGTCAGAGCTGGAACACT
GAAGGTCGGAGTCAACGGATTAA
AAGGCAATTGGGTGCACAAAGC
GAAGGTCGGAGTCAACGGATTGT
AACCATGTTTGGTATAGCATCTCAA
GAAGGTCGGAGTCAACGGATTGA
AGAAATTCAAGATGATGATAGGGA
A
GAAGGTCGGAGTCAACGGATTAA
TTGATACATCTTGGCAATTTAATAC
AAGTTT
GAAGGTCGGAGTCAACGGATTCT
GTAACATTACATAACAAACGCTTTC
TAT
GAAGGTCGGAGTCAACGGATTCA
CGTGAAACTTTAAAAGCCAATTTTT
CTA
GAAGGTCGGAGTCAACGGATTAA
TTGGCTTTTAAAGTTTCACGTGATA
AATTTT
GAAGGTCGGAGTCAACGGATTGG
TTTGTATCGGGTCAATACCATAC
GAAGGTCGGAGTCAACGGATTAT
TTGAATGATGGGTTTCTTATATGTC
AC

GGTTTTGTTTGTTTGAGAGAATAAATC
AAA

CGGATTTTTGTTGGCCCTCCTCTTT

GGTCCAATCGAGTACGGGTTTGTAT

CCAGAGAAGGGGGAGGTGGAA

AACAGTCGGGGAAGAGAGGGAAAAA

GCCTAAGTTGTTCTAACTTTCTATAGC
TTA

GTGGACACGCAAGCCGAACTAATTA
ACGGTGTCATCGTAACTTGCTATATCA
AA
CACCCAATGGATAGCGACAGTGAAT

TATTGAGGGTCTCTTCTCCGGAGA

AAGCGGAAGAAATCCAAAGTCTACCT
TT

CATCATGGCAATACTTCCTGACAAGA
AA

CGAATTATGAATTGTATCAATCTTATG
AAA

CTCACAATGGCTTTCAATCCATGATTT
AAA

CGTGGTCTTTGCAATTAGTTTTTTCTGT
TA

TGCTTGGAAAAAAATAATTTATTGCTT
GTT

CCCGATACCGTCTATACTAAAATGGAT
AT

GCATTTGGCAAGCCACATTTATCTGAT
T

0.22

0.37

0.41

0.10

0.28

0.20

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

(NTP)
PRT

(NTP)
PRT

(NTP)
PRT
(NTP)

PRT
(NTP)

PR
(NTP)

NTD

NTD
NTD
NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD
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Supplemental Table S2. EcoRI and Bfal adapter and primer sequences.
Each MID-barcode carries a unique barcode sequences (bolded).

Ligation Adapters

EcoRl adapterl (F)
EcoRlI adapter2 (R)

Bfal adapterl (F)
Bfal adapter2 (R)

5'/5BioTEG/-CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA-/5Phos/5'

5'-GACGATGAGTCCTGAG

ACTCAGGACTCAT-/5Phos/5'

MID-barcode
primers pairs

Sequence (5°237)

EcoRI

Bfal

MID1
MID2
MID3
MID4
MID5
MID6
MID7
MID8

ACGAGTGCGTGACTGCGTACCAATTC
ACGCTCGACAGACTGCGTACCAATTC
AGACGCACTCGACTGCGTACCAATTC
AGCACTGTAGGACTGCGTACCAATTC
ATCAGACACGGACTGCGTACCAATTC
ATATCGCGAGGACTGCGTACCAATTC
CGTGTCTCTAGACTGCGTACCAATTC

CTCGCGTGTCGACTGCGTACCAATTC

ACGAGTGCGTGATGAGTCCTGAGTA
ACGCTCGACAGATGAGTCCTGAGTA
AGACGCACTCGATGAGTCCTGAGTA
AGCACTGTAGGATGAGTCCTGAGTA
ATCAGACACGGATGAGTCCTGAGTAG
ATATCGCGAGGATGAGTCCTGAGTAG
CGTGTCTCTAGATGAGTCCTGAGTAG
CTCGCGTGTCGATGAGTCCTGAGTAG
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Supplemental Table S3. Quinoa SNP marker information.

Includes SNP marker name, GenBank dbSNP accession ID, polymorphism type, KASPar™ primer sequences (A1, A2 and Common Reverse),

minor allele frequency (MAF), linkage group (LG; Figure 4) and position in centiMorgan for all 511 functional SNP assays tested sorted on
linkage group and position.
TdbSNP in GenBank under the handle MAUGHAN in batch number 2012A, build B138.

'K ASPar™ primers: A1l are A2 primers are SNP allele specific. Note that the first 21 bases of the primers (bolded) are the sequence tags used in

the KASPar™ secondary PCR reaction.

*Minor allele frequency (MAF) values presented were calculated based on the 113 C. quinoa accessions; NT = Not tested on the diversity panel.

"Linkage Group; NM = Not Mapped.

- SNP . . . Position
SNP ID GenBank SS #' type Al primer (5°>3°)} A2 primer (5°>3’)} Common reverse primer (5’23} MAF' LG (cM)
GAAGGTGACCAAGTTCATGCTTA  GAAGGTCGGAGTCAACGGATTCA
Cq07160_1275 530859972 GT  ATGATCTTGTAATCAAATTCTACCA  TTAATGATCTTGTAATCAAATTCTA  CCAGGATCAATGTACAACGCACGTT 0.3 1 0.00
GC CCAGA
GAAGGTGACCAAGTTCATGCTGTT GAAGGTCGGAGTCAACGGATTAA
Cq08741 1131 530860128 GIT  ATGATCGATAAATAACTTAGCTAAC ~ GTTATGATCGATAAATAACTTAGCT — ot TCTCCCAATATITAATAAGGTAGG =g 5 1 5.60
AG AACAT
GAAGGTGACCAAGTTCATGCTAG  GAAGGTCGGAGTCAACGGATTAG
Cq04771_845 530859767 AT ATGTCAACTATTTTAGTTGATTGAA  ATGTCAACTATTTTAGTTGATTGAA — GAAGTGTACGAGATTCATICCAAGTG g 1 8.84
ATA
ATCT ATCA
GAAGGTGACCAAGTTCATGCTTTG GAAGGTCGGAGTCAACGGATTTG
Cq07565_986 530860014 C/T  AACAATAAAATCAAACTTTATATTG ~AACAATAAAATCAAACTTTATATTG —OLATTCAATTGTCTICTAAACATACAC ) 4 1 20.47
GAA
ACTG ACTA
GAAGGTGACCAAGTTCATGCTGA  GAAGGTCGGAGTCAACGGATTGA
Cq07990_1447 530860062 AT GGTGCATGTATATATGTACTTCAAG ~ GGTGCATGTATATATGTACTTCAAG 4 <1 AACTCCATGCTCAACACATACA =g 5 1 2201
A T
GAAGGTGACCAAGTTCATGCTCC  GAAGGTCGGAGTCAACGGATTCC
Cq05004_868 530859783 A AT T o eiAG GCCTCCTCACCCTATGCTGGTA 0.29 1 2271
GAAGGTGACCAAGTTCATGCTTG ~ GAAGGTCGGAGTCAACGGATTAC — CAAAGTCTTGAGTATCGAATAACCAA
Cqo1312 330859433 AG GATTACTGATACACGGTCCACA TGATACACGGTCCACG GCTT 0.3 ! 2435
GAAGGTGACCAAGTTCATGCTAT ~ GAAGGTCGGAGTCAACGGATTCT
Cq07822_1014 530860049 LY A Ver iy vty oy Gk oL ey g g v pas s G GTTGCAAGTGTGGAGCGCTTAAGTT 0.27 1 25.62
GAAGGTGACCAAGTTCATGCTGG ~ GAAGGTCGGAGTCAACGGATTCG ~ TACAAGCTTATCTGCCATTTTTTTGGT
€q06292_1096 330859872 T AAAGTGGGTCATCAAGGGTC GAAAGTGGGTCATCAAGGGTT TTT 0.01 ! 29.02
GAAGGTCGGAGTCAACGGATTGT
GAAGGTGACCAAGTTCATGCTGTT GGACATTTCAAATACCATGTCCAACGT
Cq05564 663 530859820 UV wal e by ;TTGAAAAGTGAAATGATGACACG Y 021 1 31.04
GAAGGTGACCAAGTTCATGCTAT — GAAGGTCGGAGTCAACGGATTCA
Cq05440 657 530859813 A/G  CATTTCCTTTAGAATATAGTAGTCA  TTTCCTTTAGAATATAGTAGTCAAA  AACTGTCGACTCTTGTATCTAAACAAT ) 4 1 35.82
GAA
AATGTA TGTG
GAAGGTGACCAAGTTCATGCTGA  GAAGGTCGGAGTCAACGGATTGA
Cq01610_260 530859457 AT AATTATGTTCTATACTAAAGGAAAT — AATTATGTTCTATACTAAAGGAAAT — LOUAGGTATTTTAACAACACATGTATT —  ; 1 39.16

GCAAA

GCAAT

98

CAT



Cql0144 1722

Cq06314 1104

Cq01459 296

Cq01538

€q00020_1

Cq00528_99

Cq01825 354

Cq06203_738

Cq01160_249

Cq04810_851

Cq02091 392

Cq02559 492

Cq08688_1577

Cq05414_656

Cq00418_77

Cq01254 265

Cq04851_600

Cq05729 676

Cq07631_1384

Cq08105_1485

530860172

530859879

530859440

530859449

530859297

530859352

530859482

530859863

530859419

530859769

530859510

530859563

530860125

530859811

530859341

530859426

530859778

530859831

530860021

530860079

A/G

C/T

A/C

A/G

A/C

C/T

A/C

C/T

A/G

A/G

A/T

G/T

C/T

A/C

A/T

C/T

G/T

A/G

G/T

A/G

GAAGGTGACCAAGTTCATGCTCG
GGTGAACGCAGAAGGTTGTTT
GAAGGTGACCAAGTTCATGCTGT
GACATTATATTTATAGTAATTGTCC
CAG
GAAGGTGACCAAGTTCATGCTCG
ATTTTACCAATTATTTGTGAAATTA
TCAACA
GAAGGTGACCAAGTTCATGCTCG
GAAATTTTATGTAGAACTACTTTAA
AGATAA
GAAGGTGACCAAGTTCATGCTAA
AAAATAATGTATTATAATTTGGACT
TTCT
GAAGGTGACCAAGTTCATGCTATT
GTTTTGAACATGGCCTTGAGGG
GAAGGTGACCAAGTTCATGCTCA
TACGGGAAACATCGATTGTGACAT

GAAGGTGACCAAGTTCATGCTAG
TTTGGAGAAAACTTACATAGATCGG

GAAGGTGACCAAGTTCATGCTCA
ATAGTTTTGCCTTACCACGGCA
GAAGGTGACCAAGTTCATGCTAC
CCATTCGACGGCCCCA
GAAGGTGACCAAGTTCATGCTCA
AATCTAATTGCATAGCATTAAATCA
ATCAAT
GAAGGTGACCAAGTTCATGCTGTT
ATTGATTATGAACATATATGACATA
TAGAG
GAAGGTGACCAAGTTCATGCTGA
AGAGTCCATTCATGAGAGGGC
GAAGGTGACCAAGTTCATGCTAA
TTCAATATAAACAACACTTCATACA
TAATTA
GAAGGTGACCAAGTTCATGCTCCT
AAGTACACGATCGCTCCAT
GAAGGTGACCAAGTTCATGCTGG
GTCAGGAAGATGGAAGTTGG
GAAGGTGACCAAGTTCATGCTGT
GAATTATGGACAATAAATTAGTTGT
CAG
GAAGGTGACCAAGTTCATGCTGG
TACACCTTTTATCATCTATTATTGAC
A
GAAGGTGACCAAGTTCATGCTCTC
CTGCAGTTCCGAGCTAC
GAAGGTGACCAAGTTCATGCTGA
CCTATGATGCTACTTTTGATCATCTT

GAAGGTCGGAGTCAACGGATTGG
GTGAACGCAGAAGGTTGTTC
GAAGGTCGGAGTCAACGGATTCT
GTGACATTATATTTATAGTAATTGT
CCCAA
GAAGGTCGGAGTCAACGGATTTT
ACCAATTATTTGTGAAATTATCAAC
C
GAAGGTCGGAGTCAACGGATTGG
AAATTTTATGTAGAACTACTTTAAA
GATAG
GAAGGTCGGAGTCAACGGATTCT
AAAAAATAATGTATTATAATTTGGA
CTTTCG
GAAGGTCGGAGTCAACGGATTAA
TTGTTTTGAACATGGCCTTGAGGA
GAAGGTCGGAGTCAACGGATTAT
ACGGGAAACATCGATTGTGACAG
GAAGGTCGGAGTCAACGGATTAA
GTTTGGAGAAAACTTACATAGATCG
A
GAAGGTCGGAGTCAACGGATTAA
TAGTTTTGCCTTACCACGGCG
GAAGGTCGGAGTCAACGGATTAC
CCATTCGACGGCCCCG
GAAGGTCGGAGTCAACGGATTCA
AATCTAATTGCATAGCATTAAATCA
ATCAAA
GAAGGTCGGAGTCAACGGATTGT
TATTGATTATGAACATATATGACAT
ATAGAT
GAAGGTCGGAGTCAACGGATTAT
GAAGAGTCCATTCATGAGAGGGT
GAAGGTCGGAGTCAACGGATTAA
TTCAATATAAACAACACTTCATACA
TAATTC
GAAGGTCGGAGTCAACGGATTCC
TAAGTACACGATCGCTCCAA
GAAGGTCGGAGTCAACGGATTAT
AGGGTCAGGAAGATGGAAGTTGA
GAAGGTCGGAGTCAACGGATTCA
GTGAATTATGGACAATAAATTAGTT
GTCAT
GAAGGTCGGAGTCAACGGATTGG
TACACCTTTTATCATCTATTATTGAC
G
GAAGGTCGGAGTCAACGGATTCT
CTCCTGCAGTTCCGAGCTAA
GAAGGTCGGAGTCAACGGATTAC
CTATGATGCTACTTTTGATCATCTC

99

CTGGACTGGAAGCTTCGTCTTCTTT

CCCTCCACACACGGAATAAGAGATT

CTATAGATTAGCCCCCCATTCCCAA

GTAGTGTTACCCAAACGTTTCCAAACT
TA

CGAATTAAAATTTGGTTATTTGGATCC
GAT
GAAGGGTGACCCGAGTTTGGCTA

GGTCATCCTTTCATTCAGTCAAAGCTA
TA

CGCTCAAATTTGTTGCAAATAAAAGCT
CAT
GGCAGAAGCATTCCAGGTTATAGGTT
CGAGGCTCTGGTCGCCGTGTT

AGGGGTAATTTATGATTGTTGATTTTC
ATT

CATAATGATCACAACATAGGTTCATA
ATAA

AGCATCGTTGTAACCCTTCTTTGTCAT
TA

GTGTGTATATGTATATGGGCTTGATTG
TAA
CACAGTATTCTGCTAAGCGTCGCTA

GAAGAGCTAACCAAAGAAGAACTCTG
ATT

AGACATTTTTCACCCCCATTATCCAAC
T

ACTAATCTGACATTCAGACAGCTGCAT
AT
GCTTTGTCTTGGCCTTAGCGGATTT

TAGTCCTCTCCTTCTGATAGGTTTGAT
TA

NT

NT

0.02

NT

0.07

0.4

0.29

NT

NT

0.41

0.42

39.74

39.87

39.98

40.10

40.12

40.25

40.25

40.35

40.61

41.35

42.07

43.60

44.13

46.33

46.46

46.79

47.55

48.66

52.61

54.61



Cq08392_1541

Cq01616_261

Cq07496_1352

Cq01718_265

Cq02386_351

Cq00607 126

Cq02543_366

Cq02090_391

Cq00394 77

Cq09813_1679

Cq02997

Cq07632_994

Cq01509 310

Cq04110

Cq09225 1634

Cq06944 1247

Cq07543_1366

Cq06822_1226

Cq04222_751

530860100

530859459

530860002

530859463

530859540

530859361

530859559

530859508

530859338

530860162

530859593

530860023

530859442

530859693

530860148

530859953

530860009

530859933

530859709

A/G

A/G

C/T

A/G

A/G

A/G

A/T

C/T

A/T

A/C

C/T

G/T

C/T

C/T

A/C

G/T

A/T

G/T

C/T

GAAGGTGACCAAGTTCATGCTGC
GGGGGACCTTGACATCGA
GAAGGTGACCAAGTTCATGCTATT
GTCGAGTTCTGCATTAATTAGCTAA
T
GAAGGTGACCAAGTTCATGCTAA
CAATAATAGAAGCCAATTAAGGAT
CTAC
GAAGGTGACCAAGTTCATGCTATT
ACTCTGTAGCTTAGATAACATAAAT
GTAT
GAAGGTGACCAAGTTCATGCTAC
AGAACTGCGTCTTGCCAAACTT
GAAGGTGACCAAGTTCATGCTGG
CGGTAACTTCGACTACATCGT
GAAGGTGACCAAGTTCATGCTGA
CAGAACAACCAAGCTAAGGTTATT
A
GAAGGTGACCAAGTTCATGCTAA
AGCTCATTATTCTTTCTAAAGAAAT
GATAG
GAAGGTGACCAAGTTCATGCTTC
AATTCAGTAAAAATATTTAAAAAA
GGAAAA
GAAGGTGACCAAGTTCATGCTGT
AGGCGATCAAAGAGAAATAGAAGA
GAAGGTGACCAAGTTCATGCTAT
GATAATATAAGATAGGATACCTGA
AGTG
GAAGGTGACCAAGTTCATGCTGC
AACTACTCATGGTATCCATAGC
GAAGGTGACCAAGTTCATGCTGG
ATTATGTAAAAGATTTAATGTTACA
TACG
GAAGGTGACCAAGTTCATGCTAA
TTATTGACGATAAGCCAAATAAACT
CG
GAAGGTGACCAAGTTCATGCTGT
GTATAAAGATTATTTGGGAATTGTT
GGT
GAAGGTGACCAAGTTCATGCTAG
TTTATCTAATAAGCTAAAAACCTTA
GTAG
GAAGGTGACCAAGTTCATGCTGG
AAGGTATATGTGAATGTGGAAGGT

GAAGGTGACCAAGTTCATGCTCA
ATCAAAGCATTATCTGATGAGTCTG

GAAGGTGACCAAGTTCATGCTAG
GAGAGAGAAAGAGGAGATACG

GAAGGTCGGAGTCAACGGATTCG
GGGGACCTTGACATCGG

GAAGGTCGGAGTCAACGGATTGT
CGAGTTCTGCATTAATTAGCTAAC

GAAGGTCGGAGTCAACGGATTGT
AACAATAATAGAAGCCAATTAAGG
ATCTAT
GAAGGTCGGAGTCAACGGATTAC
TCTGTAGCTTAGATAACATAAATGT
AC
GAAGGTCGGAGTCAACGGATTCA
GAACTGCGTCTTGCCAAACTC
GAAGGTCGGAGTCAACGGATTGC
GGTAACTTCGACTACATCGC

GAAGGTCGGAGTCAACGGATTGA
CAGAACAACCAAGCTAAGGTTATTT

GAAGGTCGGAGTCAACGGATTGA
AAGCTCATTATTCTTTCTAAAGAAA
TGATAA
GAAGGTCGGAGTCAACGGATTCA
ATTCAGTAAAAATATTTAAAAAAG
GAAAT
GAAGGTCGGAGTCAACGGATTGT
AGGCGATCAAAGAGAAATAGAAGC
GAAGGTCGGAGTCAACGGATTAA
TGATAATATAAGATAGGATACCTGA
AGTA
GAAGGTCGGAGTCAACGGATTTG
CAACTACTCATGGTATCCATAGA
GAAGGTCGGAGTCAACGGATTCT
GGATTATGTAAAAGATTTAATGTTA
CATACA
GAAGGTCGGAGTCAACGGATTGA
ATTATTGACGATAAGCCAAATAAAC
TCA
GAAGGTCGGAGTCAACGGATTGT
ATAAAGATTATTTGGGAATTGTTGG
G
GAAGGTCGGAGTCAACGGATTGT
AGTTTATCTAATAAGCTAAAAACCT
TAGTAT
GAAGGTCGGAGTCAACGGATTGG
AAGGTATATGTGAATGTGGAAGGA
GAAGGTCGGAGTCAACGGATTGC
AATCAAAGCATTATCTGATGAGTCT
T
GAAGGTCGGAGTCAACGGATTGA
GGAGAGAGAAAGAGGAGATACA

100

AAGTCAACGCCGGAATAATTTGGTCA
AT

GCAACTACGAAAGTCACAAGTCTATG
ATA

CTGCACTGCCCTTTTCAATTGCTGAA

GTGGTTATAACTTATAATTTCTCTTCTT
AT

CACATCAGTGCTTGATTTTGCCGAGAA

AATGAGCCGGAGTGAATCTCCCAAA

CCGTACCTTGCAACGTCCTTGATTA

GGACAATTTCTGTCCAGAAACTATGC
AAA

GTTGCAATTTCAAAATTTAAATAGCTG
CAA
CACCTGGTTTTTTCTGATTGCATCAAG
T
GAAGCCAGTTCATGGTGCTCTTGTT
CTTCCCTTCCCCAACTATATATTTGAG
AT
GGAGTAGTAAATTAGTACTCCTTAATA
CTA

GTCATACCAATTGCATCAAAGTTAGCC
AA

GTCAAGCAAGGACAACTCTTCGCAA

CCCATGTTTACAGCAAATTACCATATC
CAT

GGGTTCATCTTATTCCCAAAAATTTCC
ATA

GTCATTCTTAAACGATGTTATCTTTGT
CAA

CTTATTTCCCTACACTCTCCTCTGATTT

NT

NT

0.24

NT

0.44

0.3

NT

0.06

0.3

0.26

0.49

0.29

62.77

72.00

75.09

77.47

93.10

94.13

94.18

96.61

100.54

101.00

103.56

112.31

0.00

3.26

16.62

19.12

20.52

25.67



Cq04197 543

Cq04415_792

Cq04519 805

Cq04579 819
Cq07068_1264
Cq04171_540
Cq08101_1476
Cq00230_43

Cq06322_773

Cq03054

Cq03683

Cq02458 484

Cq08435_1548

Cq05188_899

Cq04364 782

Cq07752_1405

Cq04324 768

Cq04549 810

Cq08986_1139

Cq03552_650

Cq06605 1178
Cq03953

530859706

530859737

530859743

530859751

530859963

530859702

530860076

530859317

530859882

530859597

530859656

530859556

530860106

530859794

530859736

530860039

530859725

530859748

530860139

530859646

530859914
530859683

A/T

C/T

A/G

G/T

A/T

G/T

G/T

C/T

A/G

A/T

A/G

G/T

A/G

A/G

C/T

A/G

C/G

A/C

A/G

A/T

A/G
G/T

GAAGGTGACCAAGTTCATGCTGT
AGCAAGTTCAGATTGGAATTTGTGA
GAAGGTGACCAAGTTCATGCTTA
ATTATGTGATTGCATGTTTAGTTAC
TTTAG
GAAGGTGACCAAGTTCATGCTTAT
TGCAATATATATAACTACATCATTG
CACA
GAAGGTGACCAAGTTCATGCTCA
AAACTTCATGGACTCTTCGCAG
GAAGGTGACCAAGTTCATGCTAG
GAACCATAGAGAGCTCCTTCT
GAAGGTGACCAAGTTCATGCTGA
CCTGGTAACACAACAGCGAG
GAAGGTGACCAAGTTCATGCTCA
TTGTGGTTGATTGGCTCAAGG
GAAGGTGACCAAGTTCATGCTAA
GTGTGGAACTTAGCTTATAC
GAAGGTGACCAAGTTCATGCTTG
CCAAATCCGAGCTCAATTTGAAAT
GAAGGTGACCAAGTTCATGCTAA
ATGAAATCTTTGTATGTGGTTTTGA
GAAAT
GAAGGTGACCAAGTTCATGCTGG
CTATTAAATACCAGCGGTACTCAA
GAAGGTGACCAAGTTCATGCTCCT
TCTCTTTCGAGTTTATAGC
GAAGGTGACCAAGTTCATGCTTG
ATTTCTGTAACTAAAAGTGTTAATT
TTCTA
GAAGGTGACCAAGTTCATGCTAA
TTTGACCCATAAAGGCATTGTGCA
GAAGGTGACCAAGTTCATGCTCC
GATCCTTTAACTAAATCTCTGCC
GAAGGTGACCAAGTTCATGCTCA
ACAAACAAATCTGTCACAGAGACTT
A
GAAGGTGACCAAGTTCATGCTCA
CTTGGTGCAAATGCTTCTTGC
GAAGGTGACCAAGTTCATGCTATT
TTGCTCTATTTATAGTATAAAGGGA
TCAT
GAAGGTGACCAAGTTCATGCTCA
CCTTAAAATATCCGAGCATGTCCA
GAAGGTGACCAAGTTCATGCTTCT
CAATTTCTCACTACATAAACATTAC
AAAT
GAAGGTGACCAAGTTCATGCTCA
GATGCTTCAATGTATGACTTGGCT
GAAGGTGACCAAGTTCATGCTAC

GAAGGTCGGAGTCAACGGATTGT
AGCAAGTTCAGATTGGAATTTGTGT
GAAGGTCGGAGTCAACGGATTAA
TTATGTGATTGCATGTTTAGTTACTT
TAA
GAAGGTCGGAGTCAACGGATTGC
AATATATATAACTACATCATTGCAC
G
GAAGGTCGGAGTCAACGGATTCC
AAAACTTCATGGACTCTTCGCAT
GAAGGTCGGAGTCAACGGATTAG
GAACCATAGAGAGCTCCTTCA
GAAGGTCGGAGTCAACGGATTAG
ACCTGGTAACACAACAGCGAT
GAAGGTCGGAGTCAACGGATTCT
CATTGTGGTTGATTGGCTCAAGT
GAAGGTCGGAGTCAACGGATTCT
GCTAAGTGTGGAACTTAGCTTATAT
GAAGGTCGGAGTCAACGGATTGC
CAAATCCGAGCTCAATTTGAAAC
GAAGGTCGGAGTCAACGGATTAA
ATGAAATCTTTGTATGTGGTTTTGA
GAAAA
GAAGGTCGGAGTCAACGGATTGC
TATTAAATACCAGCGGTACTCAG
GAAGGTCGGAGTCAACGGATTAA
GCTCCTTCTCTTTCGAGTTTATAGA
GAAGGTCGGAGTCAACGGATTGA
TTTCTGTAACTAAAAGTGTTAATTT
TCTG
GAAGGTCGGAGTCAACGGATTTG
ACCCATAAAGGCATTGTGCG
GAAGGTCGGAGTCAACGGATTGC
CGATCCTTTAACTAAATCTCTGCT

GAAGGTCGGAGTCAACGGATTAA
CAAACAAATCTGTCACAGAGACTTG

GAAGGTCGGAGTCAACGGATTCA
CTTGGTGCAAATGCTTCTTGG
GAAGGTCGGAGTCAACGGATTTG
CTCTATTTATAGTATAAAGGGATCA
G
GAAGGTCGGAGTCAACGGATTAC
CTTAAAATATCCGAGCATGTCCG
GAAGGTCGGAGTCAACGGATTCT
CAATTTCTCACTACATAAACATTAC
AAAA
GAAGGTCGGAGTCAACGGATTAG
ATGCTTCAATGTATGACTTGGCC
GAAGGTCGGAGTCAACGGATTCT

101

GGCAAACTCTCTTCGATACAACCTATT
AT

ACTACACGGAATGAAACTCGCCCAA

CCTTGTCTAAGATGGATAATATACACG
GTA

GATGTAACTCGTTCCCTTACAAGTGTA
T

ACCGGCGTCATTTTTGAGCCGTTTT

GCAATGTCAAACCATTAAGTTCAACG
TTAA
AGTCACACAATGAGTCAAGAACACCA
A

CGACTGTTGTTGCTCTGGGAAACAT

CCGTAAGAGGTTTTAGGGGTCACTT

GCTCATCAAGTAGCCATAATAATTAAT
AAT

CTTTTGAGCAACAGCAGGCGGCAT

CACACTTAAACTTATCGCCAAAATCA
GGTT

CAATGCAGCACTTTGAGGATCACC

AACCTTGGTCGGACAAGTTTGATTTCA
AT

CCCATTGCCTCGACGTGCTTGTT

CAAGGGAATTGAAATGACTAACATCA
CCAT

GCCGGCAGAATGTTGAACCAATCTT

GTGACACATGGCACTCCAACCCAT

TGATTTTGGTGTGAACAAATATATAGC
CTT
CTCTGACCAATTCATTTCATATGGTTC
ATT

ATACGCAGGCATTCTGGCGGGA

TGACCAATCCGTCCACAATAATAGCA

0.29

0.29

0.09

0.28

0.28

0.24

0.27

NT

0.24

0.21
0.38

33.12

34.49

40.48

41.92

43.17

43.94

48.48

50.02

51.84

52.18

56.11

56.69

56.84

57.14

57.47

58.69

61.32

63.42

70.83

72.40

74.41
76.80



Cq03261_596

Cq03291

Cq05952_1020

Cq04021_725

Cq05728 969
Cq02024

Cql0143_1719

Cq07578_1375

Cq06387 1134

Cq07782_1413

Cq08573_1565

Cq09275 1638

Cq01317 231

Cq07416_1330

Cq03337_462

Cq01528 313

Cq08992_1619

Cq03439_476

Cq07348_1320

530859614

530859619

530859847

530859686

530859829

530859496

530860171

530860018

530859889

530860044

530860119

530860151

530859434

530859993

530859625

530859445

530860141

530859635

530859988

A/C

A/G

A/G

C/T

A/T

C/T

A/C

A/G

A/C

A/G

C/T

A/G

A/G

G/T

C/T

A/G

G/T

A/C

A/C

TAAGTGGGTCGAATTTAAGTACAAG

GAAGGTGACCAAGTTCATGCTATT
TAATTCTAAACCACAATTAAATGCA
ATGT
GAAGGTGACCAAGTTCATGCTTCC
AAAGTGGACTTATAAACGGACAA
GAAGGTGACCAAGTTCATGCTATT
TAATGCTTATATGTAGCCTTAAGGG
T
GAAGGTGACCAAGTTCATGCTTTG
GAAGTTTTGAGAAGTTTTTCACATA
G
GAAGGTGACCAAGTTCATGCTGG
GCTTACTCATTAGGAGTAAGTCA
GAAGGTGACCAAGTTCATGCTCA
AGGGCGTCCCAATAATAAGTTG
GAAGGTGACCAAGTTCATGCTATT
ACAACATGTGCAGGCGCTACAT
GAAGGTGACCAAGTTCATGCTGC
AACACATAATTCTAAAATATTTATG
ATCACT
GAAGGTGACCAAGTTCATGCTGA
AAGAAAAGAAAGACTGATCAGCTG
T
GAAGGTGACCAAGTTCATGCTTTG
AAGTGGCCAAACATTGATTGCTA
GAAGGTGACCAAGTTCATGCTCA
AGTGGAACATTCCCATACGTC
GAAGGTGACCAAGTTCATGCTAA
ACAAATCATTGATGTTTGCAATGAC
AGA
GAAGGTGACCAAGTTCATGCTTIT
AGCAATGCATGTATCAAGCATAATA
T
GAAGGTGACCAAGTTCATGCTCA
TATTTTTCATCATGCAACATGTTATT
GTG
GAAGGTGACCAAGTTCATGCTCCT
CTATTAAGTGAACGTTGAATATTAT
AAC
GAAGGTGACCAAGTTCATGCTCA
TAAATTAAGGCTCTATAGTATCTAA
GGTTT
GAAGGTGACCAAGTTCATGCTCC
GTCAGATAGTGAACTGCACC
GAAGGTGACCAAGTTCATGCTAA
AAGAGTTGTATGTTAGGTGTCTTTG
ATA
GAAGGTGACCAAGTTCATGCTGT

ACTAAGTGGGTCGAATTTAAGTACA
AT
GAAGGTCGGAGTCAACGGATTAT
TTAATTCTAAACCACAATTAAATGC
AATGG
GAAGGTCGGAGTCAACGGATTCC
AAAGTGGACTTATAAACGGACAG

GAAGGTCGGAGTCAACGGATTAA
TGCTTATATGTAGCCTTAAGGGC

GAAGGTCGGAGTCAACGGATTAA
ATTTGGAAGTTTTGAGAAGTTTTTC
ACATAA
GAAGGTCGGAGTCAACGGATTGG
GCTTACTCATTAGGAGTAAGTCT
GAAGGTCGGAGTCAACGGATTCC
AAGGGCGTCCCAATAATAAGTTA
GAAGGTCGGAGTCAACGGATTAC
AACATGTGCAGGCGCTACAG
GAAGGTCGGAGTCAACGGATTCA
ACACATAATTCTAAAATATTTATGA
TCACC

GAAGGTCGGAGTCAACGGATTAA
AGAAAAGAAAGACTGATCAGCTGG

GAAGGTCGGAGTCAACGGATTGA
AGTGGCCAAACATTGATTGCTG
GAAGGTCGGAGTCAACGGATTCT
CAAGTGGAACATTCCCATACGTT

GAAGGTCGGAGTCAACGGATTCA
AATCATTGATGTTTGCAATGACAGG

GAAGGTCGGAGTCAACGGATTTA
GCAATGCATGTATCAAGCATAATAT
C
GAAGGTCGGAGTCAACGGATTCC
ATATTTTTCATCATGCAACATGTTA
TTGTT
GAAGGTCGGAGTCAACGGATTAA
CCTCTATTAAGTGAACGTTGAATAT
TATAAT
GAAGGTCGGAGTCAACGGATTAA
ATTAAGGCTCTATAGTATCTAAGGT
TC
GAAGGTCGGAGTCAACGGATTAC
CGTCAGATAGTGAACTGCACA

GAAGGTCGGAGTCAACGGATTAG
AGTTGTATGTTAGGTGTCTTTGATC

GAAGGTCGGAGTCAACGGATTGT

102

AA

TGGAGTAATTAATTTTTCATGCAAAGA
TTA

TTTCTGTCACACTGATTTAGTGACGGT
T

CAACTATGAATTATATGGCATAATGCT
ATA

CACCCACCTTACATCACCACTATCAA

CAACCTAAATGAGATAGAACAGTCCC
AAA
CAACAAGTTTCCAAGTGGTTGACATC
AA
TTATCTTTTGCCACGAGACATCATTTA
CTT

CCAGTTTAGGCTCCTTTTTGATCTTGTT
A
CCGATCAGTGATTGCTATTGCTTTCTT
T

GACCTACCTCCATACGATGATAAACA
TAA

GGTGAACCTGGCCCTGTTCCTT

AGCTTGTCATTGCAAACATTAATTTGG
GAT

TTAATATAATTGGGCAAGAATTATGA
GTAA

AAAGCAATGTTATGGGGATGATAGGG
AA

AATCGCAAATCATTTAAATGACCTCG
GTTA

GTTATGCTCAACTTGAATTTGTGCTCT
GTT

GACTGCCGTGCCACGACAGAAT

AAAGAAACCAGTACTGCCACCTCCT

GATGTTAATACCAAAAAATTAGGCAG

0.29

0.2

0.27

0.2

0.28

0.27

0.23

0.29

0.08

0.42

NT

0.44

NT

91.81

98.06

106.24

0.00

13.80

15.94

18.90

20.79

21.75

21.84

22.03

22.19

22.26

23.20

24.68

26.39

29.06

31.79



Cq07348 1319

Cq08102_1478

Cq00362_72

Cq02891_400

Cq07233_1288

Cq07172_1282

Cq04675 586

Cq01605

Cq03485 642

Cq04358 778
Cq08757_1585

(Cq04283_548

Cq06516_802

Cq07662_1392

Cq02319_443

Cq03511_484

Cq04631_580

Cq07471_1344
00249

Cq05311_923

530859986

530860078

530859333

530859584

530859977

530859974

530859759

530859454

530859637

530859732

530860132

530859716

530859905

530860028

530859535

530859642

530859755

530859999

530859319

530859803

C/T

C/T

G/T

A/T

A/G

C/G

A/T

A/T

A/T

C/T

C/T

C/T

C/G

A/G

A/C

A/G

A/C

C/T

A/G

A/G

GTACACTTTTGGTTTGGGTCA

GAAGGTGACCAAGTTCATGCTGT
ACACAGATGAATTTCTAACATCGG

GAAGGTGACCAAGTTCATGCTAG
TGCACGCACGATCTTCTCAG
GAAGGTGACCAAGTTCATGCTAC
TTTGAAGATTGTATAGCTAATTAGT
ATTC
GAAGGTGACCAAGTTCATGCTAT
AGTTAGTTAGTTAGTTATAATCTCT
TTAATT
GAAGGTGACCAAGTTCATGCTTA
GTGGCATGGTTTTGACACGTCA
GAAGGTGACCAAGTTCATGCTGTT
TACATTTTAGACGATTTTGTAAAAG
TTTTC
GAAGGTGACCAAGTTCATGCTGT
CCAAAGGTTCAAGGACTTGAAGT
GAAGGTGACCAAGTTCATGCTCA
TATAAACGGCGTATCCATTACACTA
GAAGGTGACCAAGTTCATGCTATT
ATAAGTTAGTTTACGATAGGATTAG
TGAAA
GAAGGTGACCAAGTTCATGCTGC
AGATTGAATGGCTGACTGGC
GAAGGTGACCAAGTTCATGCTGA
AATTAGCCTTCTCTGCATCTGG
GAAGGTGACCAAGTTCATGCTCG
CATATTCAATCCGTTTCAACAC
GAAGGTGACCAAGTTCATGCTTAT
TTCAAACAATTACAGTAGTTATCTA
CTAC
GAAGGTGACCAAGTTCATGCTGTT
GAGATTCTTTACGTGTATGGTAGTA
GAAGGTGACCAAGTTCATGCTGA
ATATGTTGTAACTCTTGTAAGCTTT
GAAA
GAAGGTGACCAAGTTCATGCTATT
AAGGGGGTTTAGTAATCAAATATGC
A
GAAGGTGACCAAGTTCATGCTGT
AGAATGAAAAGTTGATAAGAGGGG
T
GAAGGTGACCAAGTTCATGCTGT
GTAGACCATCAAGTGATCTTCG
GAAGGTGACCAAGTTCATGCTGA
ATACTTCCATAGATCGAATGGACTT
GAAGGTGACCAAGTTCATGCTGT
GTTGTTATTTTTGTTTCATATGCTCA

GTACACTTTTGGTTTGGGTCC

GAAGGTCGGAGTCAACGGATTGT
GTACACAGATGAATTTCTAACATCG
A
GAAGGTCGGAGTCAACGGATTGA
GTGCACGCACGATCTTCTCAA
GAAGGTCGGAGTCAACGGATTGT
ACTTTGAAGATTGTATAGCTAATTA
GTATTA
GAAGGTCGGAGTCAACGGATTAT
AGTTAGTTAGTTAGTTATAATCTCT
TTAATA
GAAGGTCGGAGTCAACGGATTGT
GGCATGGTTTTGACACGTCG
GAAGGTCGGAGTCAACGGATTGT
TTACATTTTAGACGATTTTGTAAAA
GTTTTG
GAAGGTCGGAGTCAACGGATTGT
CCAAAGGTTCAAGGACTTGAAGA
GAAGGTCGGAGTCAACGGATTCA
TATAAACGGCGTATCCATTACACTT
GAAGGTCGGAGTCAACGGATTAT
AAGTTAGTTTACGATAGGATTAGTG
AAT
GAAGGTCGGAGTCAACGGATTTG
CAGATTGAATGGCTGACTGGT
GAAGGTCGGAGTCAACGGATTGA
AATTAGCCTTCTCTGCATCTGA
GAAGGTCGGAGTCAACGGATTCG
CATATTCAATCCGTTTCAACAT
GAAGGTCGGAGTCAACGGATTAT
TTCAAACAATTACAGTAGTTATCTA
CTAG
GAAGGTCGGAGTCAACGGATTGA
GATTCTTTACGTGTATGGTAGTG
GAAGGTCGGAGTCAACGGATTAA
TATGTTGTAACTCTTGTAAGCTTTG
AAC

GAAGGTCGGAGTCAACGGATTAA
GGGGGTTTAGTAATCAAATATGCG

GAAGGTCGGAGTCAACGGATTAG
AATGAAAAGTTGATAAGAGGGGG

GAAGGTCGGAGTCAACGGATTGG
TGTAGACCATCAAGTGATCTTCA
GAAGGTCGGAGTCAACGGATTAA
TACTTCCATAGATCGAATGGACTC
GAAGGTCGGAGTCAACGGATTGT
TGTTATTTTTGTTTCATATGCTCAAT

103

GACA

AACATAACCTTTCTCTGTCCCTCTCTT

CCAACACCATCCATACATGGTGGTT

TTTTCCAATCTTCATTCAATAACCTAC
ACA

GTGTTTTTTATCGAGTGGCCAATGAGA
AT

ACACATATTCAAGGCTTCAAGTCCCAT
GTGTTAAAAGAGTCATAAAAAGACAG

TGAT

CTTGGCTACTTTGTGTGTGTATTGCAT
AT

CTACTGCTTCGTGAGTAGTCTGGAT

AATCTACAAACCCAATTCAACTTCGCG
AT

CCTTTTGGTCACAACAACCTCATGCAT

ATGCGCTGGCTACTTTGATTCGGAA

TTTTGACAAGTTCTTCCCCCTAATCGA
AT

ACCCACTTGTATAATTAACTGGTTTGA
CAA

TAATGCAATTGTTTTGGAAGAGCTTCA
CAT

ACTATAGTGGGTGTTTTTTTTGTTTAT
AAA

TCTAAACTCGTTCTTTTGGGGATTGTG
T

ATGTAATTAGGCGGTTAAAGTAACTA
ACAT

TTAAGAATGCGTTGGTAGGTACTCATG
AT
GCAAAATTTCTATTCACTCCATTTGCT
ATT
TAGAATCAACATCAACATAGGCTGAC
CAT

0.3

0.46

0.44

0.24

0.3

0.48

NT

0.25

32.22

33.12

34.29

39.43

42.15

59.25

66.56

74.84

96.00

0.00

11.50

21.56

24.65

25.85

41.19

42.25

43.81

44.68

45.25

49.28



Cq06843_1229

Cq08630_1573

Cq04504 804

Cq03541

Cq00360_70
Cq02657

Cq06585 1173

Cq05696_673

Cq02650_498

Cq07809 1416

Cq00782_143

Cq02389 352

Cq06229 1065

Cql10573_1259

Cq06675_835
Cq05777_989

Cq04841 853

Cq04841_855

Cq00148_17

Cq00971_207
Cq00754

530859935

530860123

530859741

530859644

530859331

530859568

530859912

530859827

530859566

530860048

530859377

530859542

530859866

530860187

530859917

530859836

530859774

530859776

530859310

530859401
530859375

A/C

A/G

A/G

A/C

C/T

C/T

C/T

A/T

A/T

A/G

C/T

C/T

G/T

A/C

G/T

A/G

C/T

A/G

A/G

A/G
A/G

ATCT

GAAGGTGACCAAGTTCATGCTCC
CAGCAATGGTTCGGCAACTTT
GAAGGTGACCAAGTTCATGCTCC
ACGTGTCGGGTGGTGAGT
GAAGGTGACCAAGTTCATGCTCA
TTGTTGGATACTCGAATGGATTTAC
AA
GAAGGTGACCAAGTTCATGCTAA
TGATTTAATCCTTCTAAATCATGTG
AATCAA
GAAGGTGACCAAGTTCATGCTGT
GGGGACCATGAGATGAGAG
GAAGGTGACCAAGTTCATGCTAA
TCCATAAGGCAATCTTTGAACCAG
GAAGGTGACCAAGTTCATGCTAA
ATAATAGCGGCGGAGGAAGTAG
GAAGGTGACCAAGTTCATGCTGT
CAGCCATAGAAAAAAACTAACTAA
TTACA
GAAGGTGACCAAGTTCATGCTGA
GCTCAGCATGACACCCTAATTA
GAAGGTGACCAAGTTCATGCTGG
TACGATACAAGGGTCTTTTGGA
GAAGGTGACCAAGTTCATGCTAA
TTCATAGCTCGTAATATTCATAAAT
AATCAC
GAAGGTGACCAAGTTCATGCTATT
GGACCCACGGTTGTGACC
GAAGGTGACCAAGTTCATGCTAA
AGAATTTAATGATTAAATTGGCTAA
CTAC
GAAGGTGACCAAGTTCATGCTTTT
TCACATGCAATTATTTTAGGAATCC
ATAA
GAAGGTGACCAAGTTCATGCTCC
CACACTTGAGCCCCACAG
GAAGGTGACCAAGTTCATGCTAA
CGGCCTTATAAAAGGGCGGAAA
GAAGGTGACCAAGTTCATGCTCG
AAAATACCCTGAAGAGTATCACC
GAAGGTGACCAAGTTCATGCTAT
AATGGTTATAAGCAGCAAAGGCAC
T
GAAGGTGACCAAGTTCATGCTAA
TATTACTCGTTAGAATTATTAATTCT
TTCCA
GAAGGTGACCAAGTTCATGCTTA
CACCTCCGAACCTCCCGA
GAAGGTGACCAAGTTCATGCTAT

CcC

GAAGGTCGGAGTCAACGGATTCC
AGCAATGGTTCGGCAACTTG
GAAGGTCGGAGTCAACGGATTCA
CGTGTCGGGTGGTGAGC

GAAGGTCGGAGTCAACGGATTGT
TGGATACTCGAATGGATTTACAG

GAAGGTCGGAGTCAACGGATTTA
ATCCTTCTAAATCATGTGAATCAC

GAAGGTCGGAGTCAACGGATTGG
TGGGGACCATGAGATGAGAA
GAAGGTCGGAGTCAACGGATTCA
ATCCATAAGGCAATCTTTGAACCAA
GAAGGTCGGAGTCAACGGATTCA
AATAATAGCGGCGGAGGAAGTAA
GAAGGTCGGAGTCAACGGATTGT
CAGCCATAGAAAAAAACTAACTAA
TTACT
GAAGGTCGGAGTCAACGGATTGA
GCTCAGCATGACACCCTAATTT
GAAGGTCGGAGTCAACGGATTGT
ACGATACAAGGGTCTTTTGGG
GAAGGTCGGAGTCAACGGATTAA
TTCATAGCTCGTAATATTCATAAAT
AATCAT
GAAGGTCGGAGTCAACGGATTAT
TGGACCCACGGTTGTGACT
GAAGGTCGGAGTCAACGGATTCT
AAAGAATTTAATGATTAAATTGGCT
AACTAA
GAAGGTCGGAGTCAACGGATTCA
CATGCAATTATTTTAGGAATCCATA
C
GAAGGTCGGAGTCAACGGATTAT
CCCACACTTGAGCCCCACAT
GAAGGTCGGAGTCAACGGATTCG
GCCTTATAAAAGGGCGGAAG
GAAGGTCGGAGTCAACGGATTGC
GAAAATACCCTGAAGAGTATCACT

GAAGGTCGGAGTCAACGGATTAA
TGGTTATAAGCAGCAAAGGCACC

GAAGGTCGGAGTCAACGGATTAA
TATTACTCGTTAGAATTATTAATTCT
TTCCG
GAAGGTCGGAGTCAACGGATTAC
ACCTCCGAACCTCCCGG
GAAGGTCGGAGTCAACGGATTGC

104

GTAGGCGAGGGTCTTGAAATTGTTAA
TAA

AAGGGGACACGTGTCACCCCAA

CCATTCTTGTGGTTCTACTCCTTGCTT

GTGTCATCTATTAAGAAACGGAGGAA
GTA

CGTACTCCATCCGTGTTTTAATAAGTG
T
GGCATTTGAGCAGATAGACTTGGAGA
A
TGGTGTCATTTTTCAGTAGACCTATCT
TAA

GGTTTTGTTATGTGGGCTGTAGGGAA

ATTCACAAATCAACAAGCTTCCTAAAT
GTA
AGGAATTAAGGATTGCTGAATTGTCA
ACAA

CAATTAGTTCTGGGATTGTTCCAGGTA
TA

TGCATTTGCATTGCTTCCTAATCATAG
TTT

GGAACTCCCCAAAACATACAATCATT
GTA

TAAAATATAGTATATAAGCTAACCCC
ACAT

CTTCCCTTTGGAAACCTTCCATGCTT

GTATCGCGGAGTGGGTACTCTAATT

GCATAGCAAGAGCAAAGGATCGACAA

GGTGCCTTTGTTGTATTGTGAACCATT
AT

CCCAAGCAACCAACGAGCCGAA

CTTGGCTGCAGGATTCGAGTAGTAT
CCAACCATCTAAAGGTGGGACGTAA

0.3

NT

NT

0.42

NT

0.29

0.48

0.34

0.41

0.09
0.44

51.51

59.49

68.07

74.58

84.23

88.25

92.35

94.41

0.00

0.55

3.90

23.62

35.57

39.08

39.78

40.61

41.96

42.87

43.36

44.25
46.84



Cq06332_1120

Cq01871_361

Cq00228_37
Cq03756_689
Cq04632_825
Cq04734_843
Cq06480_1152

Cq01809 352

Cq01727 266

Cq06682_836
Cq01883 287

Cq05370_932

Cq06047 1034

Cq05382 937

Cq02413_470

€q02399

Cq01984 373

Cq06528 1162

Cq04033_520

Cq00375

Cq01140 233

530859884

530859485

530859315

530859663

530859757

530859764

530859896

530859480

530859464

530859919

530859487

530859808

530859854

530859810

530859547

530859544

530859492

530859907

530859688

530859334

530859412

A/G

C/T

G/T

A/T

A/G

A/C

A/G

A/G

A/T

C/T

A/C

G/T

C/T

A/T

A/G

C/T

C/G

A/T

A/C

A/T

A/G

AGCAGTTTTAAAAACCAATCAGGCT
ATT
GAAGGTGACCAAGTTCATGCTAT
CTAAATGGAATTGTACATTTAACAA
TTGACA
GAAGGTGACCAAGTTCATGCTAG
TTTTCTTAAACTTTTTATAAGGTAG
AGATG
GAAGGTGACCAAGTTCATGCTAA
GCTCTGATTTGTTCAAGAAGGGG
GAAGGTGACCAAGTTCATGCTCC
CAGTTACCGCTGCCAATAACT
GAAGGTGACCAAGTTCATGCTCA
CTATTTTCAGCATTCACAAGGTCA
GAAGGTGACCAAGTTCATGCTCG
AGCCGAAGAACTCCTAAAAATCA
GAAGGTGACCAAGTTCATGCTAA
GCTTCTCCCGCCCGGCT
GAAGGTGACCAAGTTCATGCTGA
ACCCCAATTCACCATTGACATCA
GAAGGTGACCAAGTTCATGCTTA
GCAAAATTGCTCAAATGAAATATG
GCA
GAAGGTGACCAAGTTCATGCTAG
AACACGTACGTACTATTGTGGG
GAAGGTGACCAAGTTCATGCTTG
AATGGTGTGTGTCACAAAATCACT
GAAGGTGACCAAGTTCATGCTGA
GGATGGATCAACCCTCAAAGG

GAAGGTGACCAAGTTCATGCTAA
TTGAAAATGGTTGATGGAAAATTG

GAAGGTGACCAAGTTCATGCTAA
CAATCCAGATGCCTTGAATCAACA
GAAGGTGACCAAGTTCATGCTAT
GTCCTAAAGACACGAACGGCTT
GAAGGTGACCAAGTTCATGCTGA
GAAAATTAGCTAATCCCTAAGAAGT
G
GAAGGTGACCAAGTTCATGCTCA
CAATTTCTTCTAACCTTGAGTTCTC
GAAGGTGACCAAGTTCATGCTGTT
ACAAGCACAAAGTCAAAATTAGAA
CAAA
GAAGGTGACCAAGTTCATGCTAT
GATCCATTTGGTGGCATTTATGGA
GAAGGTGACCAAGTTCATGCTAA
TATCTTAGTATATCTTATGAATGAC
CCAAAA
GAAGGTGACCAAGTTCATGCTCA

AGTTTTAAAAACCAATCAGGCTATC

GAAGGTCGGAGTCAACGGATTCT
AAATGGAATTGTACATTTAACAATT
GACG
GAAGGTCGGAGTCAACGGATTGA
GTTTTCTTAAACTTTTTATAAGGTA
GAGATA
GAAGGTCGGAGTCAACGGATTCA
AGCTCTGATTTGTTCAAGAAGGGT
GAAGGTCGGAGTCAACGGATTCC
CAGTTACCGCTGCCAATAACA
GAAGGTCGGAGTCAACGGATTCA
CTATTTTCAGCATTCACAAGGTCG
GAAGGTCGGAGTCAACGGATTGA
GCCGAAGAACTCCTAAAAATCC
GAAGGTCGGAGTCAACGGATTGC
TTCTCCCGCCCGGCC
GAAGGTCGGAGTCAACGGATTAA
CCCCAATTCACCATTGACATCG
GAAGGTCGGAGTCAACGGATTAG
CAAAATTGCTCAAATGAAATATGGC
T
GAAGGTCGGAGTCAACGGATTGT
AGAACACGTACGTACTATTGTGGA
GAAGGTCGGAGTCAACGGATTGA
ATGGTGTGTGTCACAAAATCACG
GAAGGTCGGAGTCAACGGATTGA
GGATGGATCAACCCTCAAAGT
GAAGGTCGGAGTCAACGGATTGT
TGCTAATTGAAAATGGTTGATGGAA
AATTA
GAAGGTCGGAGTCAACGGATTAA
CAATCCAGATGCCTTGAATCAACT
GAAGGTCGGAGTCAACGGATTGT
CCTAAAGACACGAACGGCTC
GAAGGTCGGAGTCAACGGATTAT
GAGAAAATTAGCTAATCCCTAAGA
AGTA
GAAGGTCGGAGTCAACGGATTCA
CAATTTCTTCTAACCTTGAGTTCTG
GAAGGTCGGAGTCAACGGATTGT
TACAAGCACAAAGTCAAAATTAGA
ACAAT
GAAGGTCGGAGTCAACGGATTGA
TCCATTTGGTGGCATTTATGGC
GAAGGTCGGAGTCAACGGATTAA
TATCTTAGTATATCTTATGAATGAC
CCAAAT
GAAGGTCGGAGTCAACGGATTAA

105

GATCACCAAGCAAACTTTGATAT

CCTGTTTTTTGACTAACCAAGTAGCCT
AA
TTTAGCCGGCCCCGAACACGAA

GTAATCATCATCTCTATGAAAGCTGAA
GAA
AGAAACAAGATAAGGAAGTTGAACCT
ACTA

AAGCTGTGTTGTCTCCAGCTGTGAT

CAAGACCCAAAGAGGAAACCCAGAT

GGAACATGATATGGTTGCCAAAGATC
TTA

CTTACAAAATCCTATTTTAGTAAGGCG
GTT

AATTGGCATTGTCACATATGCATATGC
TTT

GAAATGGTAAAGGCAAGCGGCTGAA

GGGTTGCTTACTTTCCATCAAAATGAA
GAT

CACATGCACAAATTCACCACAATTTCA
CTA

GCATTAGCTTGTAGAGTGTAGACTCAT
T
CTTTGTCTTGGGAAAACTTGTACCGAA
AA

GCAATGGATGCTTAAGCTAAAGTAGG
AAT

GTCTTCGATGGGTCAACCATCTTCAA

GCCTTTGGTTTAAGTGATCAACCAACA
AT

CATAACATAGAGAATTATCCAAAAGT
AGAT

CGTTACTGATGGTGGCTTAAGCAGAA

TGCTTCAAAAACCCGAATTTTCTCGAA

0.32

0.29

NT

0.45

0.28

0.27

0.47

47.20

47.78

51.19

51.43

51.53

51.59

51.64

52.73

53.33

53.93

59.21

64.06

71.27

0.00

0.23

1.49

1.98

2.36

2.69

2.81

293



Cq00114 6

Cq05770 980

Cq07547_984
Cq01932_289
Cq06902_869

Cq05882_1002

Cq01730_339

Cq05603_951
Cq05931_1016

Cq03788

Cq02952_557

Cq04541 573

Cq00617 127
Cq03209_587

Cq00840_178

Cq00104_5

Cq06503_798

Cq02440_481

Cq08478_1105

Cq02258 430

530859305

530859834

530860013

530859489

530859947

530859843

530859470

530859822

530859845

530859672

530859589

530859746

530859362

530859605

530859383

530859303

530859900

530859554

530860112

530859526

A/G

A/C

C/T

C/T

G/T

C/G

C/T

A/G

C/T

A/T

A/C

A/G

C/T

A/T

C/T

C/T

C/T

A/G

C/T

C/G

AATTTTCACCTTAATCTCTTACTTGT
CATT
GAAGGTGACCAAGTTCATGCTAA
ACAAGTAACCCCTGACCAAAATCA
A
GAAGGTGACCAAGTTCATGCTTA
CCGGCTTAATTAATTGGATAAATTA
AGATT
GAAGGTGACCAAGTTCATGCTGG
AACAGCCAAAATTGGTTCCTG
GAAGGTGACCAAGTTCATGCTTTA
GTAAGCGAACAGATGTCAG
GAAGGTGACCAAGTTCATGCTGG
AGTTCCCAACTCCTTCAACG
GAAGGTGACCAAGTTCATGCTCA
ACCGGAGTCACTCGAACAC
GAAGGTGACCAAGTTCATGCTGA
AGATGATCTACAGTCAAATTAACTT
AAG
GAAGGTGACCAAGTTCATGCTAG
CTTTTGGTGATCCAAATAGTCGATA
GAAGGTGACCAAGTTCATGCTATT
GTTGATGATTGGAAAGGGGTGG
GAAGGTGACCAAGTTCATGCTCA
TTTGACTTCCGGTCAACATAATTGT
GAAGGTGACCAAGTTCATGCTAT
GGATTAAACTTCTGGTTCTCATTTTC
A
GAAGGTGACCAAGTTCATGCTGA
TTATCTTTCTGGCTTCATTAAACCAT
TA
GAAGGTGACCAAGTTCATGCTGC
ATTAAACCTCACAGTAGTCTTCG
GAAGGTGACCAAGTTCATGCTGA
GTCTGGATGAATTGGGCATTGA
GAAGGTGACCAAGTTCATGCTCA
CACCATCAGGAACCTACTAAAC
GAAGGTGACCAAGTTCATGCTAA
GGAGTATATCGGTATAACTAACATA
TAC
GAAGGTGACCAAGTTCATGCTGA
CCAAGTATCTCCTGACCGAAC
GAAGGTGACCAAGTTCATGCTCCT
CTGCTGGTATAGTTTTCTCTCTT

GAAGGTGACCAAGTTCATGCTCTT
TGTTTCCAAAAGATACTGAG

GAAGGTGACCAAGTTCATGCTTIT
GTCTTTTAAAGTTATTGATGGATTA
ATGC

TTTTCACCTTAATCTCTTACTTGTCA
TC

GAAGGTCGGAGTCAACGGATTAC
AAGTAACCCCTGACCAAAATCAG

GAAGGTCGGAGTCAACGGATTCC
GGCTTAATTAATTGGATAAATTAAG
ATG
GAAGGTCGGAGTCAACGGATTGG
GAACAGCCAAAATTGGTTCCTA
GAAGGTCGGAGTCAACGGATTGC
TTTAGTAAGCGAACAGATGTCAA
GAAGGTCGGAGTCAACGGATTGG
GAGTTCCCAACTCCTTCAACT
GAAGGTCGGAGTCAACGGATTCA
ACCGGAGTCACTCGAACAG
GAAGGTCGGAGTCAACGGATTAT
GAAGATGATCTACAGTCAAATTAAC
TTAAA
GAAGGTCGGAGTCAACGGATTGC
TTTTGGTGATCCAAATAGTCGATG
GAAGGTCGGAGTCAACGGATTGT
TGATGATTGGAAAGGGGTGA
GAAGGTCGGAGTCAACGGATTCA
TTTGACTTCCGGTCAACATAATTGA

GAAGGTCGGAGTCAACGGATTAA
ACTTCTGGTTCTCATTTTCC

GAAGGTCGGAGTCAACGGATTAT
CTTTCTGGCTTCATTAAACCATTG

GAAGGTCGGAGTCAACGGATTGG
CATTAAACCTCACAGTAGTCTTCA
GAAGGTCGGAGTCAACGGATTGA
GTCTGGATGAATTGGGCATTGT
GAAGGTCGGAGTCAACGGATTAT
CACACCATCAGGAACCTACTAAAT
GAAGGTCGGAGTCAACGGATTAA
TAAGGAGTATATCGGTATAACTAAC
ATATAT
GAAGGTCGGAGTCAACGGATTAT
GACCAAGTATCTCCTGACCGAAT
GAAGGTCGGAGTCAACGGATTCT
CTGCTGGTATAGTTTTCTCTCTC
GAAGGTCGGAGTCAACGGATTAT
TGCTCTTTGTTTCCAAAAGATACTG
AA
GAAGGTCGGAGTCAACGGATTTT
GTCTTTTAAAGTTATTGATGGATTA
ATGG

106

TTTGGTCAAGGGTTGCTA

AATATTTGAAGCTCCCACTAAATCAA
GCAT

GAATTTTCGATAATAATTGGCTAAACC
CAA

GCTGGTGTTTTGCGGGAAGCCAA

GAAATATAAGAGGAGGATCGAGTAAG
CAT

CACCTCTCCGTTGAACCGGGT
CAGAAAACCCCAATAAACATAAATAT
AATT

TGACATGATCACTGTCTGCCAAATTGA
AA
CTTCGACCCTTCTTCTTTTTTTCTCAAT
AA

TACCCCGTACATGACCAGGATGTTA

CGCTATCTTAAAGTTTCGATAAGAGG
ATAA

AGAAATTGATGGGCACATTCAGAGAG
TTT

CGATCCATTATCTACAAGGGTCATAA
GAA

CAGCTCATATCCTCCCTTTTCCTCAT

GGTACCAATAATATGGTGATTATAGTC
AGT

CCATGCAAATGCAAAGTAAGTCGAAC
TTT

GGTTATTAGGGGATACTCGAGGACTT

GCACAAAAGCTCAATGAAGCTAAGCT
AAA

GAGTAATGAAACCCTCTGCCATCCAA

CTATCCATTAAGAGGACCCTCCCTT

0.29

0.13

0.28

0.47

0.28

0.25

0.29

0.3

0.49

0.42

2.94

3.03

3.14

3.14

3.21

3.29

3.77

4.20

4.72

7.51

10.03

10.70

23.26

24.78

29.53

29.89

31.12

35.13

39.25

45.60



Cq07904 1427

Cql0375 1753

Cq08755_1583

Cq07535_1362

Cq02123

Cq01729 337

Cq02055 385

Cq01729 335

Cq05277 913

Cq07623_1383

Cq02100_399

Cq03777_505
Cq06686_1196

Cq08518_1554

Cq02860_537

Cq00876_185

Cq03260_449

Cq07647 1388

Cq00539_107

Cq00309_67

530860056

530860176

530860130

530860006

530859515

530859468

530859503

530859466

530859797

530860020

530859512

530859671

530859921

530860114

530859580

530859389

530859612

530860027

530859355

530859326

C/T

A/G

C/G

C/T

C/T

A/T

C/T

C/T

C/T

A/C

C/T

A/T

C/T

A/G

A/G

C/T

A/C

A/C

A/G

A/C

GAAGGTGACCAAGTTCATGCTGG
CACTTATGTTTAGGTCATTCCTC
GAAGGTGACCAAGTTCATGCTAA
ATATAGAGAATAAAGCAAAAATAT
ACATATA
GAAGGTGACCAAGTTCATGCTGA
AGAGCAGGGGCAGCTAATTG

GAAGGTGACCAAGTTCATGCTCA
ATATAATAGGGCGATTCTATATGCC

GAAGGTGACCAAGTTCATGCTCT
ATCCAGCACTCTCGCAGTC
GAAGGTGACCAAGTTCATGCTGTT
CACAATATTTTACATTTATGCCATG
TT
GAAGGTGACCAAGTTCATGCTGT
GCAATTTACCTTATAATTTATTTTCT
CCTG
GAAGGTGACCAAGTTCATGCTGTT
GATCAATTTATTTTGTCAATCAATA
GGG
GAAGGTGACCAAGTTCATGCTATT
TGCCTATTTGAGATCAATGTCATAA
C
GAAGGTGACCAAGTTCATGCTTC
AAAATAAACAAGCTCTATATCGCCA
T

GAAGGTGACCAAGTTCATGCTTTG
AGACAATATGATTCAATCACATCAC

GAAGGTGACCAAGTTCATGCTCC
ATCCCTAAATAAAAGTCCCCGA
GAAGGTGACCAAGTTCATGCTGA
GAATGGGATTCGGAATTAATGGAC
GAAGGTGACCAAGTTCATGCTGC
AGACACATCCCTAAGAAAGACAA
GAAGGTGACCAAGTTCATGCTAT
AGATATTTGAGAATTATAATACATG
GCCTA
GAAGGTGACCAAGTTCATGCTTGT
ATGTGGTCCCAACATACAACG
GAAGGTGACCAAGTTCATGCTTC
AATATAATGTTTTTCATTGGTTGGA
TAGT
GAAGGTGACCAAGTTCATGCTCCT
AAGTTTAGCACCCGGAGCTT
GAAGGTGACCAAGTTCATGCTCA
AGTATCATGTTTGGCTTAAGAAGAA
AT
GAAGGTGACCAAGTTCATGCTAA

GAAGGTCGGAGTCAACGGATTGG
CACTTATGTTTAGGTCATTCCTT
GAAGGTCGGAGTCAACGGATTAA
ATATAGAGAATAAAGCAAAAATAT
ACATATG
GAAGGTCGGAGTCAACGGATTGA
AGAGCAGGGGCAGCTAATTC
GAAGGTCGGAGTCAACGGATTAA
CAATATAATAGGGCGATTCTATATG
CT
GAAGGTCGGAGTCAACGGATTCT
CTATCCAGCACTCTCGCAGTT
GAAGGTCGGAGTCAACGGATTCT
GTTCACAATATTTTACATTTATGCC
ATGTA
GAAGGTCGGAGTCAACGGATTGT
GCAATTTACCTTATAATTTATTTTCT
CCTA
GAAGGTCGGAGTCAACGGATTAA
GTTGATCAATTTATTTTGTCAATCA
ATAGGA
GAAGGTCGGAGTCAACGGATTAT
TATTTGCCTATTTGAGATCAATGTC
ATAAT

GAAGGTCGGAGTCAACGGATTCA
AAATAAACAAGCTCTATATCGCCAG

GAAGGTCGGAGTCAACGGATTCT
TTGAGACAATATGATTCAATCACAT
CAT
GAAGGTCGGAGTCAACGGATTCC
ATCCCTAAATAAAAGTCCCCGT
GAAGGTCGGAGTCAACGGATTGA
GAATGGGATTCGGAATTAATGGAT
GAAGGTCGGAGTCAACGGATTCA
GACACATCCCTAAGAAAGACAG
GAAGGTCGGAGTCAACGGATTAG
ATATTTGAGAATTATAATACATGGC
CTG
GAAGGTCGGAGTCAACGGATTGT
TGTATGTGGTCCCAACATACAACA
GAAGGTCGGAGTCAACGGATTCA
ATATAATGTTTTTCATTGGTTGGAT
AGG
GAAGGTCGGAGTCAACGGATTCT
AAGTTTAGCACCCGGAGCTG
GAAGGTCGGAGTCAACGGATTCA
AGTATCATGTTTGGCTTAAGAAGAA
AC
GAAGGTCGGAGTCAACGGATTAA

107

GAATCACATCTTGTCTTTATCGCGTGA
AA

CATTTAACCAGACACATATATTTGTTT
CAT

GTAAACTATAAAAGACTCAAGCTCAT
CCTA

GATTTTATTCTGACAAAGAGGGCGAC
TTT
GGTGAAAGGGTGAAGAAGGACGTAA

CCCATTGATCTTCTTGATCAATATAGC
AAA

GATAGTAAAGTTGCATTGACAAACAT
GATA

GTCCCAGGTTTAATGAAGAAAAAGAC
TATA

GTCGATGAGTCTACTCCCAAGAGAA

CTTTGTTCTTGGTTTTTTTGCTTTTGCT
TA

CTTGCAGATTCCGTGAAATAA
CTTCACCTTTAATCAACCAATCCCCAA
TA
CCCACCCACTATCCAAACAAGGTAT

CCTAATTACAGTGCAACAAGAACCCT
AAT

TATCTGAATACATCTCCAATTGATACC
ATT

CCTCTTATTTTTTTTGGTACACTGCCG
AT

GCTCCTCCCACTCACCCATCAA

CCATACATGTAGCCGGCCCTCTT

GGACTCATGGGAGAATGACAAAATTG
ATT

CAAGAGAACTAACAATACTCATGGTT

0.2

0.07

0.29

NT

0.28

NT

0.17

0.05

0.09

0.47

46.58

50.57

61.37

66.71

68.94

0.00

9.04

13.43

18.32

25.71

29.85

30.70

41.23

41.67

43.44

43.53

43.94

46.20

46.49

46.69



Cq07860_1423

Cq00284

Cq08444_1549

Cq07642_1387

Cq01301
Cq05101_881
Cq10455_1761

Cq07746_1404

€q02999 566

Cq02983_564

Cq07710_1402
Cq01153
Cq02419 478
Cq04118_530
Cq01807 282

Cq06309_1101

Cq06007_1029

Cq04146_737

Cq01516_311
Cq07028_1256

Cq01144 234

530860053

530859324

530860107

530860025

530859431

530859790

530860180

530860037

530859595

530859591

530860034

530859415

530859551

530859695

530859479

530859877

530859850

530859699

530859443

530859960

530859414

A/T

A/C

A/G

C/T

G/T

C/T

A/G

C/T

A/C

A/G

A/T

C/T

A/G

C/T

C/T

A/G

C/G

C/T

G/T

A/G

G/T

GAGATTTAACAATCGTCATAAGTAT
ATTAA
GAAGGTGACCAAGTTCATGCTCC
CCATTTCTAAGCCAATGAAGCA
GAAGGTGACCAAGTTCATGCTCG
GTAGTATAAATGTACGAATATAAAT
TGTTTT
GAAGGTGACCAAGTTCATGCTGT
GCGGTCTCAGTTATTTCCTTGA
GAAGGTGACCAAGTTCATGCTCA
TAATGAGTGTATACTTGTGACGG
GAAGGTGACCAAGTTCATGCTTGT
TACAAAAGGGGATTCAATTG
GAAGGTGACCAAGTTCATGCTCA
CAAAAGTCTTTTGTCTTTTAATAGG
AATG
GAAGGTGACCAAGTTCATGCTCCT
GTACCATCGGACCAGGAT
GAAGGTGACCAAGTTCATGCTGTT
TCAATGGTGGTGGTTTGCATAG
GAAGGTGACCAAGTTCATGCTCA
AGAAAGACGGAATAATGTATTTCA
CAT
GAAGGTGACCAAGTTCATGCTGG
ACTTCATTATATGTTCCTTTATTCAT
TATTT
GAAGGTGACCAAGTTCATGCTTGT
TTAGAAATGGGAGTCTCGCGT
GAAGGTGACCAAGTTCATGCTGT
GTTAGGTGTGGAAGCATTTCTTC
GAAGGTGACCAAGTTCATGCTCG
CAGTCTCTGAAATCTTCACAGT
GAAGGTGACCAAGTTCATGCTCA
AAAGAGGCACAAGGATATCTGG
GAAGGTGACCAAGTTCATGCTAA
GGGAGCCAAATCTCAGTAACAC
GAAGGTGACCAAGTTCATGCTAT
CGTGCCAATAGGAAGGAGCAA
GAAGGTGACCAAGTTCATGCTGA
AAATCTTGAATGACTATCTAAATTT
TATGG
GAAGGTGACCAAGTTCATGCTCA
CTATTTAATTCTAAACCACAATTAT
ATAGAG
GAAGGTGACCAAGTTCATGCTCA
TTGTTGGCAAGCATACTCCAAAG
GAAGGTGACCAAGTTCATGCTCTC
ATGGATCTATCCAGCGCAA
GAAGGTGACCAAGTTCATGCTCTC
TATATTTATCGAGCTATCTTATCAA

GAGATTTAACAATCGTCATAAGTAT
ATTAC
GAAGGTCGGAGTCAACGGATTCC
CCATTTCTAAGCCAATGAAGCT
GAAGGTCGGAGTCAACGGATTGG
TAGTATAAATGTACGAATATAAATT
GTTTG
GAAGGTCGGAGTCAACGGATTGC
GGTCTCAGTTATTTCCTTGG
GAAGGTCGGAGTCAACGGATTGT
CATAATGAGTGTATACTTGTGACGA
GAAGGTCGGAGTCAACGGATTGG
CTTGTTACAAAAGGGGATTCAATTT
GAAGGTCGGAGTCAACGGATTAC
ACAAAAGTCTTTTGTCTTTTAATAG
GAATA
GAAGGTCGGAGTCAACGGATTCC
TGTACCATCGGACCAGGAC
GAAGGTCGGAGTCAACGGATTGG
TTTCAATGGTGGTGGTTTGCATAA
GAAGGTCGGAGTCAACGGATTCA
AGAAAGACGGAATAATGTATTTCA
CAG
GAAGGTCGGAGTCAACGGATTGA
CTTCATTATATGTTCCTTTATTCATT
ATTC
GAAGGTCGGAGTCAACGGATTGT
TTAGAAATGGGAGTCTCGCGA
GAAGGTCGGAGTCAACGGATTAG
TGTTAGGTGTGGAAGCATTTCTTT
GAAGGTCGGAGTCAACGGATTGC
AGTCTCTGAAATCTTCACAGC
GAAGGTCGGAGTCAACGGATTCA
AAAGAGGCACAAGGATATCTGA
GAAGGTCGGAGTCAACGGATTAA
GGGAGCCAAATCTCAGTAACAT
GAAGGTCGGAGTCAACGGATTCG
TGCCAATAGGAAGGAGCAG
GAAGGTCGGAGTCAACGGATTGA
AAATCTTGAATGACTATCTAAATTT
TATGC
GAAGGTCGGAGTCAACGGATTCA
CTATTTAATTCTAAACCACAATTAT
ATAGAA
GAAGGTCGGAGTCAACGGATTCC
ATTGTTGGCAAGCATACTCCAAAT
GAAGGTCGGAGTCAACGGATTCT
CATGGATCTATCCAGCGCAG
GAAGGTCGGAGTCAACGGATTTT
CTCTATATTTATCGAGCTATCTTATC
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GAAA

GAATAAGTATGCTGTAGCTCATAGTA
GGAA

TTGATGGTCGGATAATACGCCATTATC
TA

CCGACTGCTAAGACTTGGAGAACAA

GTTTAGAACTGTACCGGATCGACCTA

TACAGGGTATGAGGAAGCCTAATGTT
TAT

CACAGTCTCACTCCTGTTTACCTCAA

GTTGACTTCATAGTCATCACCACATTC
AT

CTTTCAAAGGCATCAAGCCCACCTT

GTCTATACTTGCAAGTTTTCTGAGTGT
GTA

GAAACCCATGTGTCTTTGTACATGATA
CAA

GAGGGTTGGTAGATGAGAGAGAAAAT
AAA
CGTTGTCGTGGAAGAAAAAGAGCTGT
T

GTGAAGCATGTTCGATGTCACTGTGTT

CCATAGAAGCATTTCGTAGAGGTCTA
AAT
ATTTTTGTAGAGTTGAGTTGAGTTGGA
GAT
TAATTCACCAAGCATATGCCTTGCCAA
T

CTGGTATATATATATTTCCAATTTGAC
TTA

CCATGTTAAAACCATTTATTTATGGAG
TAA

TCTTAAAGGATTAGAGGTGGCACTCTT

CTGCAAGGACATTATGGTCACAAATC
ATT
CTGGGTGATTGTATTAATTACTATCGA
ATT

0.06

0.48

NT

0.27

0.49

0.47

46.90

46.94

47.21

47.87

50.07

60.45

66.28

0.00

0.77

4.76

14.66

23.12

24.31

24.98

32.57

47.52

50.71

53.17

54.81

55.58



Cq00070 3

Cq06120_730

Cq09636_1658
Cq04220_750
Cq03766
Cq00356_66

Cq00274_53

Cql0656_1782

Cq02231

Cq08242_1499

Cq09993_1704

Cq09010_1146

Cq00851_181

Cq09993_1703

Cq00541_106

Cq04469 800

Cq04356_774

Cq02163_417

Cq03504 645

Cq05618_956

530859299

530859859

530860160

530859708

530859667

530859329

530859321

530860188

530859522

530860088

530860165

530860142

530859385

530860164

530859357

530859739

530859730

530859517

530859641

530859826

C/T

C/T

A/G

G/T

A/C

C/T

G/T

C/T

A/G

C/T

A/C

A/G

A/G

C/T

C/T

A/C

C/T

C/T

A/T

A/C

G

GAAGGTGACCAAGTTCATGCTTTT
TATAGTAAAATTAACCCCGGCCC
GAAGGTGACCAAGTTCATGCTAC
TACAATCATACTAACCAACATTATA
ACC
GAAGGTGACCAAGTTCATGCTCC
CATCTGTGCAATGCAGAACCA
GAAGGTGACCAAGTTCATGCTAG
AGGCACAATCCTCCAGTCC
GAAGGTGACCAAGTTCATGCTAA
GGAAAAGACGGGGTTGTGGAAAT
GAAGGTGACCAAGTTCATGCTCCT
GGTGCGAGGCACAACC
GAAGGTGACCAAGTTCATGCTCA
AACTATTTCTTTCCACCCATGCTG
GAAGGTGACCAAGTTCATGCTCA
CGTTCAATTTAGGCACATATATTAA
GG
GAAGGTGACCAAGTTCATGCTCG
AATATAATTCTTGAGAACCTTGACA
TTA
GAAGGTGACCAAGTTCATGCTCCT
TTGCCCACCCTATGTAGC
GAAGGTGACCAAGTTCATGCTAA
ATGTACAACATATAATCAAAGTAA
ACACAT
GAAGGTGACCAAGTTCATGCTGA
CTTCACATCAACCAAGGCTGT
GAAGGTGACCAAGTTCATGCTGT
ACGAAAAAGTGAAAATGGAGAAAT
TGA

GAAGGTGACCAAGTTCATGCTAA
GGTAAAACCATGTAACTCCTACAG

GAAGGTGACCAAGTTCATGCTCC
ACTTCTTGTTCCATTACCAGTC
GAAGGTGACCAAGTTCATGCTAG
ATTCATTTGAAAACTATGAATCTTG
TTTAA
GAAGGTGACCAAGTTCATGCTGA
GTAAATTCAGTTATTTATCAACATT
CATAC
GAAGGTGACCAAGTTCATGCTAA
AATGTATAGAGGCTGAGCCGG
GAAGGTGACCAAGTTCATGCTCA
GGATTTTGTTAAAATATACTTCCTC
A
GAAGGTGACCAAGTTCATGCTCTC
TCTATATCTCTGGCCTCAATTT

AAT

GAAGGTCGGAGTCAACGGATTTT
TTTATAGTAAAATTAACCCCGGCCT
GAAGGTCGGAGTCAACGGATTCA
ACTACAATCATACTAACCAACATTA
TAACT
GAAGGTCGGAGTCAACGGATTCC
ATCTGTGCAATGCAGAACCG
GAAGGTCGGAGTCAACGGATTCA
GAGGCACAATCCTCCAGTCA
GAAGGTCGGAGTCAACGGATTGG
AAAAGACGGGGTTGTGGAAAG
GAAGGTCGGAGTCAACGGATTGC
CTGGTGCGAGGCACAACT
GAAGGTCGGAGTCAACGGATTCA
AACTATTTCTTTCCACCCATGCTT
GAAGGTCGGAGTCAACGGATTAC
ACGTTCAATTTAGGCACATATATTA
AGA
GAAGGTCGGAGTCAACGGATTGA
ATATAATTCTTGAGAACCTTGACAT
TG
GAAGGTCGGAGTCAACGGATTAA
TTCCTTTGCCCACCCTATGTAGT
GAAGGTCGGAGTCAACGGATTAA
ATGTACAACATATAATCAAAGTAA
ACACAG
GAAGGTCGGAGTCAACGGATTGA
CTTCACATCAACCAAGGCTGC
GAAGGTCGGAGTCAACGGATTGT
ACGAAAAAGTGAAAATGGAGAAAT
TGG
GAAGGTCGGAGTCAACGGATTGT
AAGGTAAAACCATGTAACTCCTACA
A
GAAGGTCGGAGTCAACGGATTCT
CCACTTCTTGTTCCATTACCAGTT
GAAGGTCGGAGTCAACGGATTAG
ATTCATTTGAAAACTATGAATCTTG
TTTAC
GAAGGTCGGAGTCAACGGATTGA
GTAAATTCAGTTATTTATCAACATT
CATAT
GAAGGTCGGAGTCAACGGATTCA
AAATGTATAGAGGCTGAGCCGA
GAAGGTCGGAGTCAACGGATTCA
GGATTTTGTTAAAATATACTTCCTC
T
GAAGGTCGGAGTCAACGGATTCT
CTCTATATCTCTGGCCTCAATTG

109

GGTGTGATTAAATTTGACAAATCCCA
ATTA

GTTAGTTTAGTTGATAAAAACCGTGTC
TTT

GTTTGATACTTAGCTTATGTCTACTCA
GTT

CACTGTGCGAAGTTCTCTGCCTTT

AACCCTTGCTTCTCCGCAACCAATT

GGAAAAGAAAACACACACACACCTAA
AGAT
GATATCTTTCATAGCTCAATAGGGGA
AAAT

CCTTGCATTAATTAGTATACCCCACTT
GTT
GCTTTGATGAATTGAAGATCGGACAA
CTT

CCACAACACAGAATGAGCATATGAAA
CAA

CTCTGTAGGAGTTACATGGTTTTACCT
TA

GTATATTAATTCGTTGTTCACATGGTT
GTT

GACATTTTGAGCAATATCGTGCATGA
GAT
GGTTGATGCTATGTTTTTTATCCTTTAT
T
TCTTTTGATGTCATTTATAGGCGGGGA
TA

CCTTTCTCCTAACTTGGAGAAGGGTT

GTTCTAATATTGTCTTTTGGGTGGACA
TTT

GTCGGTAACCCAAACCTTGTGAAGAT

ATGACTACTGCAAAAGTTCAATTGTTG
CAA

GCTCATAATCGGCTTCAATGGAGAAT
ATA

0.25

0.21

NT

0.21

0.28

0.26

0.28

0.25

0.28

0.29

0.45

0.41

0.5

55.89

56.46

58.16

58.73

62.27

0.00

13.77

18.61

24.64

25.79

28.65

29.58

29.72

30.18

39.41

39.52

41.52

43.47

48.40

55.69



Cq01075_194

Cq08095_1467

Cq02259 431

Cq00346_64
Cq03197 434

Cq08420_1547

Cq05970_1024

Cq04338_557

Cq04523_807

Cq03713_678
Cq03432_475

Cq05089_879

Cq03418_473

Cq02026

Cq07774_1006

Cq08239_1498

Cq02438_480

Cq02820_535

Cq02917

Cq00425_85

530859405

530860072

530859528

530859327

530859604

530860102

530859849

530859729

530859744

530859660

530859634

530859788

530859632

530859498

530860042

530860086

530859552

530859575

530859588

530859345

C/G

C/T

C/T

A/T

A/C

C/T

A/G

C/T

G/T

A/G

A/G

G/T

A/G

A/G

C/T

A/G

A/T

C/G

A/G

C/T

GAAGGTGACCAAGTTCATGCTGTT
GCCTGAACATTGGCGGTC
GAAGGTGACCAAGTTCATGCTCTC
CTATTGACTGCAAATCCAC
GAAGGTGACCAAGTTCATGCTAT
GATTTATTATTTGCAATCTTGTACAT
ATATG
GAAGGTGACCAAGTTCATGCTGT
GTAAAAACCTAAGCACCTAGTCTT
GAAGGTGACCAAGTTCATGCTCC
CGAGTGGTTTGAGGAGAAGA
GAAGGTGACCAAGTTCATGCTCA
CAACCACCAATTCACGCCTG
GAAGGTGACCAAGTTCATGCTAA
TTTATTTATATGTTTACGTACACTAA
TA

GAAGGTGACCAAGTTCATGCTAC
TTAATGCAAACTTTTTGGCTCCTTC

GAAGGTGACCAAGTTCATGCTATT
TCTCTTCTTCTAATGAATAAGTCTC
AC
GAAGGTGACCAAGTTCATGCTGG
TGGTACCATCATAAGTACCTACT
GAAGGTGACCAAGTTCATGCTAT
GTCCACTTGGGTATCCTGAGTA
GAAGGTGACCAAGTTCATGCTGG
AAGCTAAGAGGAGTTACCTTTG
GAAGGTGACCAAGTTCATGCTCA
AGTAACTCTTTAAACTACATTTACC
CTAAT
GAAGGTGACCAAGTTCATGCTTAT
CTCTGTACGATTTTTCACACTATAA
A
GAAGGTGACCAAGTTCATGCTAA
AGTTGGTATTATAACACCTTGGTAT
AC
GAAGGTGACCAAGTTCATGCTCA
TCTTTCAGGCTCTTTAGATATCAAA
GA
GAAGGTGACCAAGTTCATGCTCC
CTCTTTATTCTTAGAAAACACTCGT
A
GAAGGTGACCAAGTTCATGCTCA
TATACATGTCAATATAATCATAAGA
ATTGC
GAAGGTGACCAAGTTCATGCTCG
GCACCTTGGAAGCCACATATA
GAAGGTGACCAAGTTCATGCTGC
CGTTTCCCCGACAACGG

GAAGGTCGGAGTCAACGGATTGT
TGCCTGAACATTGGCGGTG
GAAGGTCGGAGTCAACGGATTCT
CTCTCCTATTGACTGCAAATCCAT
GAAGGTCGGAGTCAACGGATTAT
GATTTATTATTTGCAATCTTGTACAT
ATATA
GAAGGTCGGAGTCAACGGATTGT
GTAAAAACCTAAGCACCTAGTCTA
GAAGGTCGGAGTCAACGGATTCC
GAGTGGTTTGAGGAGAAGC
GAAGGTCGGAGTCAACGGATTAA
TCACAACCACCAATTCACGCCTA
GAAGGTCGGAGTCAACGGATTGC
TAATTTATTTATATGTTTACGTACAC
TAATG
GAAGGTCGGAGTCAACGGATTAA
ACTTAATGCAAACTTTTTGGCTCCT
T

GAAGGTCGGAGTCAACGGATTTC
TCTTCTTCTAATGAATAAGTCTCAA

GAAGGTCGGAGTCAACGGATTGT
GGTACCATCATAAGTACCTACC
GAAGGTCGGAGTCAACGGATTGT
CCACTTGGGTATCCTGAGTG
GAAGGTCGGAGTCAACGGATTGG
GAAGCTAAGAGGAGTTACCTTTT
GAAGGTCGGAGTCAACGGATTAG
TAACTCTTTAAACTACATTTACCCT
AAC
GAAGGTCGGAGTCAACGGATTAT
CTCTGTACGATTTTTCACACTATAA
G
GAAGGTCGGAGTCAACGGATTAA
AGTTGGTATTATAACACCTTGGTAT
AT

GAAGGTCGGAGTCAACGGATTCT
TTCAGGCTCTTTAGATATCAAAGG

GAAGGTCGGAGTCAACGGATTCC
CTCTTTATTCTTAGAAAACACTCGT
T
GAAGGTCGGAGTCAACGGATTCA
TATACATGTCAATATAATCATAAGA
ATTGG
GAAGGTCGGAGTCAACGGATTGG
CACCTTGGAAGCCACATATG
GAAGGTCGGAGTCAACGGATTAA
GCCGTTTCCCCGACAACGA

110

CAGATTCATGCCTAATGTCTTCGTCTT

AACAAGCATCAAACCAGGAGTTGGAA
TTA

CAACAAATATAAAACGATACTCAAAT
CCAA

GGAAGGTTTTGGGCTTCCTAACCTA

CAACCACCTTTGACCCGAAGCTATA

TCTCTTAATCCTTTAAGTTGTTGCCTC
ATT

TTAAACTGCAACACATCGCTTCAGTCA
AA

CCCTCCATTTTTGCCAAAAAAATCTTC
ATT

ATCAGCCTAAACTTAGCTGTTCACAAG
T

CGTCACAGCCGGTCAAGGTTAAAAT

CAATGGAGTGGGTAGTTGGAGTTGAA

GTACAGGTGGGCTACACGACCAT

GGCTTATAAATGAAAGAATTAGGGCA
AGAT

GCAACACTCAAAGGGTTAATTCCCAT
AAT

CACCCAACTATGGGCAATAGCTCAA

TCAGAAATTTGGTTGTTTCTTTCAGGG
TTT

GTGATGGAAACTTAGTCACTTGTAACC
TA

GGGGAAATTTTAGACTCAATTGAAAT
GCAT
GCAAAATCGCCCAAAACACACCCTT

GTAGTAACGACCTATTATCTACCGATC
AA

0.28

0.49

0.27

NT

0.23

0.27

0.3

0.42

NT

NT

57.41

59.21

61.35

0.00

10.88

13.03

18.14

22.39

22.70

22.87

23.34

23.36

23.54

27.52

30.60

32.09

32.15

32.39

32.76

32.90



Cq06868_1235

Cq07095 895

Cq05865 694

Cq07798_1415

Cq01059 221

Cq02067 387

Cq02187

Cq03316
Cq02870_541
Cql11499 1871

Cq07692_1398

Cq06298_759

Cq00829 177

Cq08765_1586

Cq04257 546

Cq01329

Cq06989 878

Cq02410_357
Cq08289 1510
Cq06771_1211

Cq06082_722

530859940

530859965

530859841

530860046

530859403

530859505

530859519

530859623

530859582

530860195

530860032

530859873

530859382

530860133

530859713

530859436

530859956

530859545

530860093

530859926

530859856

A/C

A/G

A/G

C/T

C/T

A/G

A/C

A/T

C/T

A/C

A/G

G/T

C/T

A/G

C/T

A/T

C/T

C/T

A/G

A/G

C/T

GAAGGTGACCAAGTTCATGCTGT
CTGTTCCATACACATCACAATGCA
GAAGGTGACCAAGTTCATGCTGTT
CAACATCCCTGATTCATGAGAGT
GAAGGTGACCAAGTTCATGCTAA
CAAATCTATCCAATCAAATCTAACG
TGT
GAAGGTGACCAAGTTCATGCTTC
ACAAATCGAAGTCCTCATCATAAC
GAAGGTGACCAAGTTCATGCTTG
CTGCCTTGTTGAAACACTACAG
GAAGGTGACCAAGTTCATGCTTTA
TTCATGTGGTTTAGAAGATTGCCAA
T
GAAGGTGACCAAGTTCATGCTAT
GTTTACAAGGTTTACTCAAATTGTA
AACAAA
GAAGGTGACCAAGTTCATGCTCA
ATGGCAATGCTAATGACCAGAAT
GAAGGTGACCAAGTTCATGCTGG
GTGGCTTGAAAGAGACTCG
GAAGGTGACCAAGTTCATGCTGC
CATGTATTTGAAGGAAGAGGA
GAAGGTGACCAAGTTCATGCTGG
GAGAGGGAAGGAGAGCAGA
GAAGGTGACCAAGTTCATGCTGA
GAGAATTAAGCTGTATTTTAGGGAT
TG
GAAGGTGACCAAGTTCATGCTAA
ATGGAATTAAGAAATTAAAGGAAG
AAAATTG
GAAGGTGACCAAGTTCATGCTCA
TAACACAATATCGAAGGCAGTAGA
GAAGGTGACCAAGTTCATGCTCA
AAGGAAATTTGCAAAAGTCAATGG
G
GAAGGTGACCAAGTTCATGCTCA
ACACTATAGAAAAGCAGCTATAAG
TAAA
GAAGGTGACCAAGTTCATGCTATT
TCGAATTAAATATTGATGTTGCAGC
TC
GAAGGTGACCAAGTTCATGCTGG
ATTCTCAAGGCACATTCAC
GAAGGTGACCAAGTTCATGCTGA
AATTTTCAGTCACAGTACACCAA
GAAGGTGACCAAGTTCATGCTAC
GCTCAAACCAATGGCCCTT
GAAGGTGACCAAGTTCATGCTAC
AAAGCCATGGAGAAACTCTCG

GAAGGTCGGAGTCAACGGATTCT
GTTCCATACACATCACAATGCC
GAAGGTCGGAGTCAACGGATTCA
ACATCCCTGATTCATGAGAGC
GAAGGTCGGAGTCAACGGATTCA
AATCTATCCAATCAAATCTAACGTG
C
GAAGGTCGGAGTCAACGGATTTT
CACAAATCGAAGTCCTCATCATAAT
GAAGGTCGGAGTCAACGGATTTG
CTGCCTTGTTGAAACACTACAA

GAAGGTCGGAGTCAACGGATTCA
TGTGGTTTAGAAGATTGCCAAC

GAAGGTCGGAGTCAACGGATTGT
TTACAAGGTTTACTCAAATTGTAAA
CAAC
GAAGGTCGGAGTCAACGGATTCA
ATGGCAATGCTAATGACCAGAAA
GAAGGTCGGAGTCAACGGATTAA
TGGGTGGCTTGAAAGAGACTCA
GAAGGTCGGAGTCAACGGATTGC
CATGTATTTGAAGGAAGAGGC
GAAGGTCGGAGTCAACGGATTGG
AGAGGGAAGGAGAGCAGG
GAAGGTCGGAGTCAACGGATTAG
AGAGAATTAAGCTGTATTTTAGGGA
TTT
GAAGGTCGGAGTCAACGGATTAA
ATGGAATTAAGAAATTAAAGGAAG
AAAATTA
GAAGGTCGGAGTCAACGGATTCA
TAACACAATATCGAAGGCAGTAGG
GAAGGTCGGAGTCAACGGATTAT
CAAAGGAAATTTGCAAAAGTCAAT
GGA
GAAGGTCGGAGTCAACGGATTCA
ACACTATAGAAAAGCAGCTATAAG
TAAT
GAAGGTCGGAGTCAACGGATTCA
TTTCGAATTAAATATTGATGTTGCA
GCTT
GAAGGTCGGAGTCAACGGATTGC
TGGATTCTCAAGGCACATTCAT
GAAGGTCGGAGTCAACGGATTGA
AATTTTCAGTCACAGTACACCAG
GAAGGTCGGAGTCAACGGATTAC
GCTCAAACCAATGGCCCTC
GAAGGTCGGAGTCAACGGATTAG
ACAAAGCCATGGAGAAACTCTCA

111

GGACATAGAGATGTTTAGTCGACTAC
ATA
GTTTGAAGATTAGAGTCGGAATTGAA
TCTT

CGAGTCACGTAGGCGACAAATAGAT

GTTCTTGCCAAGTTGCCATGCATTGAA

GTGTAATTATAGCAGAATGAAACTGC
ACAA

GTGGAAGAAGAGATATTACAGGTGAT
TGAA

CGAAGTATCTTCCTAACCTTCTCTTCA
TT

CGCGTGCATGTTTCATATACCCTCAA

GTCTTGTGCATCAACTTAAACACTCCT
AA

CACGTTTCCATTATCCCTCCACCAA

CTTTGTTCCTCGTGTCTTCCTTAGATTA
T

ACCAAACTTTGCTTTGAAACA

TTATGTTTTTCCTTCCTCCAATTGCTCA
AT

GCCCATGCAGAGGGGGATTTGAT

GCCTTGAGATCATTAATTCGATCATAA
CTA

GGTGAGATATGGTGCGCCATGTAAA

GTCCATAAATTCAAAGCATATACTAC
GCAT

AGCATTGGCAAAACCGAGGGATCAA

CAGAACAAAGCTAATCGAGGCGGTT

CACACTTGGCAAGCGAAGACCGAA

CTTACCAAGGATGACCGAGCGGTA

NT

NT

NT

0.25

0.09

0.1

0.4

0.07

NT

NT

0.04

0.3

NT

0.34

0.4

NT

34.47

37.89

39.91

45.89

47.31

47.72

50.55

56.51

60.14

0.00

16.90

17.23

21.97

23.78

35.15

3542

38.36

38.43

46.17

53.74

0.00



Cq02314 441
Cq05310_922

Cq09271_1636

Cq03218_590

Cq03218_589

Cq08070_1462

Cq03720_680

Cq09567 1656

Cq04304_766

Cq03672

Cq03263

Cq01607 330

Cq00965

Cq03600_654

Cq04713_841

Cq01231 263

Cq06024 716

Cq02712

Cq00517

Cq05054 873

530859533

530859801

530860149

530859609

530859607

530860069

530859662

530860158

530859722

530859653

530859616

530859456

530859398

530859648

530859762

530859422

530859852

530859572

530859348

530859787

A/G

A/C

A/G

C/G

A/T

A/G

C/G

C/T

A/G

A/T

A/T

C/T

A/G

C/T

A/G

C/T

A/T

A/T

G/T

A/T

GAAGGTGACCAAGTTCATGCTAA
CCTGGAGGGGATGGAAGCT
GAAGGTGACCAAGTTCATGCTGTT
CTTGGAACTTTCATCATTAGTTCCT
GAAGGTGACCAAGTTCATGCTCG
CCTTCCTTTCTTGCCACAGTA
GAAGGTGACCAAGTTCATGCTAT
GATTGTCATAAATAATTTGCACAAG
TATTAG
GAAGGTGACCAAGTTCATGCTAC
AAGTATTACTTTAGAACTATACCGG
AT
GAAGGTGACCAAGTTCATGCTAA
AAAATCTGAATCCTTCTATGAAAAA
TAAGCT
GAAGGTGACCAAGTTCATGCTCC
GTATGTGCCCCATTAATCATAC
GAAGGTGACCAAGTTCATGCTCTT
TAACATGATATCGGAGCCAGC
GAAGGTGACCAAGTTCATGCTGC
ATATATGTACTGAAATTTTGAAAGG
TTTGA
GAAGGTGACCAAGTTCATGCTAA
TGTCAATGAGAGTTAAAATTTACAA
TGTACA
GAAGGTGACCAAGTTCATGCTGA
AGATTGGCAATTTGCTTCCAGAAT
GAAGGTGACCAAGTTCATGCTCA
ATGTACATAGAATCAAATTTGAGCA
ATTAG
GAAGGTGACCAAGTTCATGCTTTC
TTTGAAGAGGTGATATATAGAATAT
GTT
GAAGGTGACCAAGTTCATGCTAC
CGCTACCAGAGTTCCTAC
GAAGGTGACCAAGTTCATGCTGA
TCTCTTATGCAAATAATGTAATTGA
TCAATA
GAAGGTGACCAAGTTCATGCTGT
GATTTCCCCAAACCAAGCGG
GAAGGTGACCAAGTTCATGCTCG
TAGTTTATGCCCCTGTTGTCTATT
GAAGGTGACCAAGTTCATGCTCTT
GAAATATATCACGCAATCTATTCCA
T
GAAGGTGACCAAGTTCATGCTAC
CCGAATAATAGTGTTGGTGG
GAAGGTGACCAAGTTCATGCTCA
CAATTCTAAATTTCACCCCAAAAAA
ATTTAT

GAAGGTCGGAGTCAACGGATTCC
TGGAGGGGATGGAAGCC
GAAGGTCGGAGTCAACGGATTCT
TGGAACTTTCATCATTAGTTCCG
GAAGGTCGGAGTCAACGGATTGC
CTTCCTTTCTTGCCACAGTG
GAAGGTCGGAGTCAACGGATTAT
GATTGTCATAAATAATTTGCACAAG
TATTAC
GAAGGTCGGAGTCAACGGATTAC
AAGTATTACTTTAGAACTATACCGG
AA
GAAGGTCGGAGTCAACGGATTAA
ATCTGAATCCTTCTATGAAAAATAA
GCC
GAAGGTCGGAGTCAACGGATTCC
GTATGTGCCCCATTAATCATAG
GAAGGTCGGAGTCAACGGATTGT
CTTTAACATGATATCGGAGCCAGT
GAAGGTCGGAGTCAACGGATTCA
TATATGTACTGAAATTTTGAAAGGT
TTGG
GAAGGTCGGAGTCAACGGATTAA
TGTCAATGAGAGTTAAAATTTACAA
TGTACT
GAAGGTCGGAGTCAACGGATTGA
AGATTGGCAATTTGCTTCCAGAAA
GAAGGTCGGAGTCAACGGATTCA
ATGTACATAGAATCAAATTTGAGCA
ATTAA
GAAGGTCGGAGTCAACGGATTCT
TTGAAGAGGTGATATATAGAATATG
TC
GAAGGTCGGAGTCAACGGATTCC
TACCGCTACCAGAGTTCCTAT
GAAGGTCGGAGTCAACGGATTAT
CTCTTATGCAAATAATGTAATTGAT
CAATG
GAAGGTCGGAGTCAACGGATTGG
TGATTTCCCCAAACCAAGCGA
GAAGGTCGGAGTCAACGGATTCG
TAGTTTATGCCCCTGTTGTCTATA
GAAGGTCGGAGTCAACGGATTCT
TGAAATATATCACGCAATCTATTCC
AA
GAAGGTCGGAGTCAACGGATTCC
TACCCGAATAATAGTGTTGGTGT
GAAGGTCGGAGTCAACGGATTCA
CAATTCTAAATTTCACCCCAAAAAA
ATTTAA

112

CTCTTTCCGGAATGGGTACTCTGTT

TGGAACAGCTGGCTCGATCTTTGAT
AGACCAGAAAAATGGCATGAGAGTGT
TAT

CAGTATTCTCATAGGTCGTTCCGGTA

CACTTGTTGGAAGGACACCATTCCTT

GCCATAGGTAAAAAGTTCTCCTTTCCT
T

CCGTAGAGAGCAGGCTACTGGAA

TGGGCCCTCCTTATATACACCACTT

GTATAGTGACCATTATTGCAGTGGCA
A

CGTGAAAAATGCCCATAAAAGTCGTT
CTT

GAGAGGTACAAAGTTTGGTGTAGCGA
A

TGGCCCATCTTAATTATATACTTATTC
CAT

GCACCATTTCTTAGACCTATAACTCCA
AA

TAAGAGTAGTTTTCATTCTCAGCCTCA
CT

CAGTACTAAAAGATCTTCTTGGTCTGT
CAT

ATAATATTGAAAGCTTACCCGCCTGCT
T
TGCCTTAGGTATCATTATACCTTGGCT
T

CTTGCACACCATCATTGAACCCGAT

GTAAAAAAAAAAATTTCTTCTCTCCAG
CCA

CCTCTTTATCTTCCATTTGCCCTCTTTA
T

0.42

0.43

0.4

0.41

0.02

0.49

7.05

12.25

12.30

22.15

23.78

33.76

45.36

53.28

0.00

8.00

16.83

32.07

35.10

41.99

44.96

52.92

0.00

4.05

15.63



Cql10080_1218

Cq05264 908

Cq01536

Cq01240 217

Cq07754_1406

Cq03236_595

Cq05024 869
Cq00826

Cq05483_945

Cq02359

Cq06241_1073

Cq07839 1421

Cq07440_1334

Cq05321 924

Cq08115_1486

Cq01747 343

Cq00565

Cq00095 4

Cq04336_770
Cq08188_1496

Cql0567 1773

530860169

530859795

530859447

530859424

530860041

530859611

530859785

530859380

530859815

530859538

530859868

530860051

530859995

530859804

530860081

530859471

530859359

530859301

530859727

530860084

530860185

A/G

C/T

C/T

A/C

A/G

C/T

C/T

C/T

A/T

A/T

A/C

C/T

A/G

G/T

A/G

C/T

A/G

A/T

A/G

A/T

A/T

GAAGGTGACCAAGTTCATGCTCA
AAAGCTATACACCGATGCTAAGTTT
GAAGGTGACCAAGTTCATGCTCA
CTTTGTATATGTCTCCGACCATG

GAAGGTGACCAAGTTCATGCTAG
TTTTGAGGTGATTAGAGTCTCTTTG

GAAGGTGACCAAGTTCATGCTAA
AGCATCGTTCATTAATGAGCTTTTT
ATTTAA
GAAGGTGACCAAGTTCATGCTAC
TTTGAGGATGTCAAGGAAGCCA
GAAGGTGACCAAGTTCATGCTCA
ATTCAATCAAATCAAGAAAAAAGA
AAACCC
GAAGGTGACCAAGTTCATGCTCCT
AAGTCCCTAACTTAGATTCACC
GAAGGTGACCAAGTTCATGCTCC
AACTGTGCAATGCACAAACGG
GAAGGTGACCAAGTTCATGCTTA
CTACCTCAAAAAGGGGGGCTTT
GAAGGTGACCAAGTTCATGCTGA
TTGATTACTATTGTCTACAAATAAT
GGGTA
GAAGGTGACCAAGTTCATGCTCCT
ATCAATAAAACGATCATAATGTCGA
TAT
GAAGGTGACCAAGTTCATGCTGC
ATGCTTATCAACTCATGGACTAC
GAAGGTGACCAAGTTCATGCTCA
AAGTTCTTCTATGCTCAACCTTTTCT
GAAGGTGACCAAGTTCATGCTCG
GAATTAGTAGTGTTGTTTTGATAGA
C
GAAGGTGACCAAGTTCATGCTTG
CTGCATTACAAGCAGAGATGA
GAAGGTGACCAAGTTCATGCTCC
ATGAATGACTCACTTTATGCTCC
GAAGGTGACCAAGTTCATGCTAT
CTTACAGTTCTTGAAGAGACATTAA
GTA
GAAGGTGACCAAGTTCATGCTTTA
CTCTTTACAAAAAGTATTTACAATC
TCCA
GAAGGTGACCAAGTTCATGCTAA
TGGAAGTCCGACGGTGGAATT
GAAGGTGACCAAGTTCATGCTGA
TTTCTATACGAGGTAACATGCTCTT
GAAGGTGACCAAGTTCATGCTCCT
CTTTAGCTGCTTCCGAAGTA

GAAGGTCGGAGTCAACGGATTAA
AAGCTATACACCGATGCTAAGTTC
GAAGGTCGGAGTCAACGGATTAC
ACTTTGTATATGTCTCCGACCATA
GAAGGTCGGAGTCAACGGATTCA
GTTTTGAGGTGATTAGAGTCTCTTT
A
GAAGGTCGGAGTCAACGGATTGC
ATCGTTCATTAATGAGCTTTTTATTT
AC
GAAGGTCGGAGTCAACGGATTCT
TTGAGGATGTCAAGGAAGCCG
GAAGGTCGGAGTCAACGGATTCA
ATTCAATCAAATCAAGAAAAAAGA
AAACCT
GAAGGTCGGAGTCAACGGATTAA
CCTAAGTCCCTAACTTAGATTCACT
GAAGGTCGGAGTCAACGGATTAC
CAACTGTGCAATGCACAAACGA
GAAGGTCGGAGTCAACGGATTAC
TACCTCAAAAAGGGGGGCTTA
GAAGGTCGGAGTCAACGGATTGA
TTACTATTGTCTACAAATAATGGGT
T
GAAGGTCGGAGTCAACGGATTCT
ATCAATAAAACGATCATAATGTCGA
TAG
GAAGGTCGGAGTCAACGGATTAT
GCATGCTTATCAACTCATGGACTAT
GAAGGTCGGAGTCAACGGATTAA
AGTTCTTCTATGCTCAACCTTTTCC
GAAGGTCGGAGTCAACGGATTCG
GAATTAGTAGTGTTGTTTTGATAGA
A
GAAGGTCGGAGTCAACGGATTGC
TGCATTACAAGCAGAGATGG
GAAGGTCGGAGTCAACGGATTAC
CATGAATGACTCACTTTATGCTCT
GAAGGTCGGAGTCAACGGATTCT
TACAGTTCTTGAAGAGACATTAAGT
G
GAAGGTCGGAGTCAACGGATTTA
CTCTTTACAAAAAGTATTTACAATC
TCCT
GAAGGTCGGAGTCAACGGATTAT
GGAAGTCCGACGGTGGAATC
GAAGGTCGGAGTCAACGGATTTC
TATACGAGGTAACATGCTCTA
GAAGGTCGGAGTCAACGGATTCC
TCTTTAGCTGCTTCCGAAGTT

113

ATCATAACAGTACATCATCCGGGAAA
GTT
CTTACCCCCTCTATAAAAAATGACGG
AAA

GTCTTTATTACTTCCCACTCTAATCAC
CTT

CCAGAACTTGGAATGTAGATAACTTG
AAAA

CCACCAACTGGTCAACCTTTCTCTT

GGTGCTTATTTTCGACGAGACTTCAAT
T
CTGAGTGTATGAGCATTCAGGGAGT

CTACTCATGTTGGAGCAGAAGTAAAA
TTTT
GCTGGAAAATCCACTTAAACAGTAAT
CTAA

GCCATAGCCAAAGAAGAGTATAATTT
CTCT
AGCAAAAAACAGATATTTTGTGTGTA
GTCC

ATACAGATACAGGACTCAGGTCTTTC
AA

GGGATGTGTTAGTTTGGCTAAAGGGTT
TTAATTAGTTAAAGTCTCGGCCTCTCC
A

CTTTTCTGGCACGTGATTATAAACATA
AAA

CACATTCATTTGTGAAGCCTCTCACTT

CCTTCCTGACAAGTGTGAAAATTGTGT
AT

GGCGGTTATCCAGAATCTGGAATGTA

GTCAATGGATCGGCTACATTGTCGTT

GCGTACTCGTGGGTGCCTATGAT

GGAGGAGTGTTTAGTTAGAAGAGTGA
TAA

0.28

0.29

NT

NT

0.24

0.45

16.95

20.04

27.56

30.38

30.61

41.53

41.86

47.51

51.60

0.00

0.86

7.70

9.71

11.09

18.70

34.71

37.86

38.50

38.84

39.33

39.71



Cq05334 927

Cq08431_1097

Cq05513_659
Cq01567 320
Cq06561_1168

Cq05831_995

Cq06368_1128

Cq01869_360

Cq01758 270

Cq00969 205

Cq03299_609

Cq00132_7

Cq06351_1126

Cq02275 438

Cq04362_779

€q00277

Cq01112_231

Cq02214

Cq00187 22

Cq06162_1058

530859806

530860104

530859817

530859450

530859910

530859840

530859887

530859484

530859473

530859399

530859621

530859306

530859886

530859531

530859734

530859322

530859408

530859521

530859312

530859861

A/C

A/T

C/T

A/G

C/T

A/T

G/T

C/T

G/T

C/T

C/T

A/G

G/T

A/G

C/T

A/G

G/T

C/T

A/G

A/T

GAAGGTGACCAAGTTCATGCTAA
GCTATCGTTCCATTGTGGTCAT
GAAGGTGACCAAGTTCATGCTGT
AAAAACCATTGACTAAAACAATTC
GATCT
GAAGGTGACCAAGTTCATGCTTC
GTGTAATGTAGGGTTTAGGGTC
GAAGGTGACCAAGTTCATGCTGG
GAGTTGCCAATCTATTGTTGGAT
GAAGGTGACCAAGTTCATGCTCC
ATGGGGTATTATTGGCCG
GAAGGTGACCAAGTTCATGCTCC
CAATCGTGTAACCGAACCGT

GAAGGTGACCAAGTTCATGCTTG
CAAAATTACTATTCACTCCATTGC

GAAGGTGACCAAGTTCATGCTAA
CTTAAATTGAGAATCTCCGAAGACC

GAAGGTGACCAAGTTCATGCTAA
ATCAAATAGCAAGATAAAGAGAAA
AGATTAC
GAAGGTGACCAAGTTCATGCTAT
CCTCCTACCAAAGAGTCCAATC
GAAGGTGACCAAGTTCATGCTAT
AGGCTTAAAATGTAATGTAAATTAC
TTTTG
GAAGGTGACCAAGTTCATGCTCA
ATCTCAAATACACACCTCATCATAA
ATAA

GAAGGTGACCAAGTTCATGCTAC
TTACCCTACTACATTGTTAGTTGG

GAAGGTGACCAAGTTCATGCTGA
AGTGGCAAAGTACAAACGTCTTATA

GAAGGTGACCAAGTTCATGCTTIT
TTGTTTTAGGGTGCTTTTAATGTTG

GAAGGTGACCAAGTTCATGCTATT
TACTTGCCTAAAACTTTGTGAAAAT
ACAAA
GAAGGTGACCAAGTTCATGCTCA
ATCATACTCACATCAGCACCTG
GAAGGTGACCAAGTTCATGCTGTT
CTTTGATGTTGATCACTTATTGACA
G
GAAGGTGACCAAGTTCATGCTATT
GAATTTAGAGAAAACATCAATTTAA
ATACA
GAAGGTGACCAAGTTCATGCTTAT

GAAGGTCGGAGTCAACGGATTAA
GCTATCGTTCCATTGTGGTCAG
GAAGGTCGGAGTCAACGGATTGT
AAAAACCATTGACTAAAACAATTC
GATCA
GAAGGTCGGAGTCAACGGATTGT
TCGTGTAATGTAGGGTTTAGGGTT
GAAGGTCGGAGTCAACGGATTGG
AGTTGCCAATCTATTGTTGGAC
GAAGGTCGGAGTCAACGGATTCT
CCATGGGGTATTATTGGCCA
GAAGGTCGGAGTCAACGGATTCC
CAATCGTGTAACCGAACCGA
GAAGGTCGGAGTCAACGGATTCT
TGCAAAATTACTATTCACTCCATTG
A

GAAGGTCGGAGTCAACGGATTCA
AACTTAAATTGAGAATCTCCGAAGA
CT
GAAGGTCGGAGTCAACGGATTAA
ATCAAATAGCAAGATAAAGAGAAA
AGATTAA
GAAGGTCGGAGTCAACGGATTGA
TCCTCCTACCAAAGAGTCCAATT
GAAGGTCGGAGTCAACGGATTAT
AGGCTTAAAATGTAATGTAAATTAC
TTTTA
GAAGGTCGGAGTCAACGGATTAA
TCTCAAATACACACCTCATCATAAA
TAG
GAAGGTCGGAGTCAACGGATTCT
ACTTACCCTACTACATTGTTAGTTG
T
GAAGGTCGGAGTCAACGGATTAA
GTGGCAAAGTACAAACGTCTTATG
GAAGGTCGGAGTCAACGGATTAA
CTTTTTTGTTTTAGGGTGCTTTTAAT
GTTA
GAAGGTCGGAGTCAACGGATTAC
TTGCCTAAAACTTTGTGAAAATACA
AG
GAAGGTCGGAGTCAACGGATTCC
AATCATACTCACATCAGCACCTT
GAAGGTCGGAGTCAACGGATTGT
TCTTTGATGTTGATCACTTATTGAC
AA
GAAGGTCGGAGTCAACGGATTGA
ATTTAGAGAAAACATCAATTTAAAT
ACG
GAAGGTCGGAGTCAACGGATTAT

114

GATTCAAAACCTCAATTGCTATTCCTC
AAT

CACAGATTATTGTTCATGGGCCTGTTA
T

CAGGGAAATTATCCAATCCCAAACCT
AAA

ATGATGCCGCATGGTGTTGATGCTT

GTTGACAAACCAAGCATGTCGAGGTA

TCATTTAGTCCTTTGGATAAATTTGTC
GTT

CAAGATATGGTCTTGATACCCTGTTTG
AA

GGGACTTGTAAAGTTCTTTGAGTATTC
TTT

ACCACTTTTTAGACTTTCAACTTCAAT
CAA

GTGTACCTGTCGACCAATGCTTCTT

GGACTTTTGGATGTCATGTTGGGGAT

CAGCAAGACAGCAACAGAGACACAA

GAGGATGGGTACTGGTGCCGAA

CAGTACACCCCACATATAAACCCTCAT

CCAGATTCAAAACAAACCCATTTCCC
AAA

GTTTTTGTGTAACATACTCCCTCTTTTC
T

CGAGGTCCGGAACCAAGGAGTT

CATCTCCTCCTCTACATCAAAGTACAA
T

GATTTAAAGCACGTTTTCCTCATGTGG
AA

AGTTATAGCTAACTAAGTTCT

NT

0.45

0.29

0.43

NT

0.29

0.49

0.27

0.3

39.78

39.79

39.96

40.14

40.16

40.39

40.52

41.00

42.08

43.82

49.21

0.00

15.78

16.08

16.15

19.36

20.38

21.02

26.59

30.67



Cq02851 398

Cq04152_744

Cq07328_1308

Cq02819 533

Cq01155

Cq06921 874

Cq06645 1188

Cq09162_1154

Cq09433_1647

Cq03289 603

Cq02255
Cq03178

Cq06508_1158
Cq08861_1590

Cq02908_545

Cq08722_1578

Cq03866_707

Cq08584 1113

Cq04319_554

530859579

530859701

530859984

530859573

530859417

530859951

530859915

530860144

530860156

530859618

530859524

530859602

530859903

530860137

530859586

530860127

530859678

530860121

530859723

A/T

A/C

A/G

C/T

A/G

A/G

G/T

C/T

C/T

G/T

C/T

C/T

C/T

C/T

C/T

A/C

A/T

A/G

A/T

AACTGCTTAGCTTGTCAAGTTTGTA

GAAGGTGACCAAGTTCATGCTAG
CGTTCATGGAATAATTGATCATCTT
AAA
GAAGGTGACCAAGTTCATGCTAG
TGACATATATTCGTGTGTTTGATTA
AATTT
GAAGGTGACCAAGTTCATGCTTA
GGAGATATCCAAGGAGGGGAA
GAAGGTGACCAAGTTCATGCTAC
AAGTTTGCAAAATAAAATAACAAG
CATTTC
GAAGGTGACCAAGTTCATGCTAA
GAAGAAGAGAGTGGGTACAACCT
GAAGGTGACCAAGTTCATGCTAT
AAGTGTAAATCTGGAAATCATGAC
AACT
GAAGGTGACCAAGTTCATGCTAA
ATTGGCATAAATTTGACACTTAAGG
C
GAAGGTGACCAAGTTCATGCTAT
GATATATCAATGCTTGAATAAGTCA
AGC
GAAGGTGACCAAGTTCATGCTGA
GAATACTGACCGTAGACTTGAG
GAAGGTGACCAAGTTCATGCTGA
GAGAAGATTTAAAAAGAAACACAT
TTGC
GAAGGTGACCAAGTTCATGCTTA
GAAAGATAATAAGTGTAGAAATAT
TATGTC
GAAGGTGACCAAGTTCATGCTAT
AACCTACCGTGTCACGGCG
GAAGGTGACCAAGTTCATGCTAT
GAGTTTGATCAACCTACTGGCC
GAAGGTGACCAAGTTCATGCTCG
TACTCACTCTTGTTCTATGAGAC
GAAGGTGACCAAGTTCATGCTAC
AAGCTCATACTTAAATTAACAAATG
ACG
GAAGGTGACCAAGTTCATGCTCCT
GTCGTAGAGCTGTCGCT
GAAGGTGACCAAGTTCATGCTTG
ATTTTATTGAGAAATTTTGTTATGT
GAGCT
GAAGGTGACCAAGTTCATGCTAG
CTGTAGTAGTCATGTACACTTGTAT
GAAGGTGACCAAGTTCATGCTGA
TAGAATTGAGTATGCATGGATATTC
ATTTA

AACTGCTTAGCTTGTCAAGTTTGTT

GAAGGTCGGAGTCAACGGATTAG
CGTTCATGGAATAATTGATCATCTT
AAT
GAAGGTCGGAGTCAACGGATTGT
GACATATATTCGTGTGTTTGATTAA
ATTG
GAAGGTCGGAGTCAACGGATTAG
GAGATATCCAAGGAGGGGAG
GAAGGTCGGAGTCAACGGATTGA
CAAGTTTGCAAAATAAAATAACAA
GCATTTT
GAAGGTCGGAGTCAACGGATTGA
AGAAGAGAGTGGGTACAACCC

GAAGGTCGGAGTCAACGGATTAG
TGTAAATCTGGAAATCATGACAACC

GAAGGTCGGAGTCAACGGATTGT
AAATTGGCATAAATTTGACACTTAA
GGA
GAAGGTCGGAGTCAACGGATTAA
ATGATATATCAATGCTTGAATAAGT
CAAGT
GAAGGTCGGAGTCAACGGATTGG
AGAATACTGACCGTAGACTTGAA
GAAGGTCGGAGTCAACGGATTAA
GAGAGAAGATTTAAAAAGAAACAC
ATTTGA
GAAGGTCGGAGTCAACGGATTAG
AAAGATAATAAGTGTAGAAATATT
ATGTT
GAAGGTCGGAGTCAACGGATTCA
TAACCTACCGTGTCACGGCA
GAAGGTCGGAGTCAACGGATTGA
TGAGTTTGATCAACCTACTGGCT
GAAGGTCGGAGTCAACGGATTCG
TACTCACTCTTGTTCTATGAGAT
GAAGGTCGGAGTCAACGGATTAT
AACAAGCTCATACTTAAATTAACAA
ATGACA
GAAGGTCGGAGTCAACGGATTCC
TGTCGTAGAGCTGTCGCG
GAAGGTCGGAGTCAACGGATTGA
TTTTATTGAGAAATTTTGTTATGTG
AGCA
GAAGGTCGGAGTCAACGGATTGC
TGTAGTAGTCATGTACACTTGTAC
GAAGGTCGGAGTCAACGGATTGA
TAGAATTGAGTATGCATGGATATTC
ATTTT

115

ATGGAATTATGGGTTTCCTTTTCCAAT
TTA

CGAGATACAACTTGATCTTGTACTTGT
TTA
GTGAGGAAAAAAATTCAATTTCGGAC
GGTT
CTGAGTACCATGTTTCCCAAGGGTA

TGTCAAACAATCTGGTGTTCTCAAGCA
AT

TTGCTCCGCCAATTGACGATCTCTT

GGTATTATTGGACTACCATGAATAGG
GAT

ATGTACTCAACATCTCCTAAGTCTCTC
AA

CCGTCCATTCTGGTCCTCAAATGAT

GCTGAATATCTGCTGACAACCACCAA

CAAAAGCTAAACATCCAGTTCTTGTAT
CAA

GCAACAAGCAGTAGCGGAAAATTTAG
AAA
CGAGTAAGTATGCCAATGTGATTAGA
ATAT
CATATATTAAACCAACATAGTTGCGTG
TGT

CCATGTAAGGACAAAGACGGTCCAT

TGTCGTTTTGCGACAGACTCTGTCA
CAAAGAAACAAGCTCATAACTTAAGT
TCAA

GTACTTCATATCTCATCAATTTCGATC
CAA

TTCAGTAACATTAGCACCAGCAACCA
TAT

NT

NT

0.03

0.45

0.3

0.2

33.52

34.11

34.34

36.12

36.54

36.58

36.58

36.58

36.58

36.62

37.48

37.82

38.56

39.59

40.76

42.77

48.04

0.00

0.34



Cq08088_1466

Cq02841 536

Cq07733_1403

Cq07113_1273

Cq01651 264

Cq08463_1101

Cq00655 133

Cq00424 83

Cq02013 294

Cq07368_1324

Cq06538_1165

Cq05556_661

Cq00941 169

Cq04233_752

Cq03850
Cq04047

Cq03909_ 712
Cq00521_106

Cq07475_1345

530860071

530859577

530860035

530859970

530859461

530860111

530859368

530859343

530859494

530859990

530859908

530859819

530859394

530859711

530859676

530859690

530859679

530859350

530860000

G/T

A/T

C/T

C/T

C/T

A/C

G/T

A/T

A/G

A/T

G/T

C/T

A/G

C/T

C/T

C/T

A/G

A/G

C/T

GAAGGTGACCAAGTTCATGCTGG
ATGCAAATCCTCATGAACATCAAC
GAAGGTGACCAAGTTCATGCTGG
GACATACTATCGAAAGCTGTTTTAT
GAAGGTGACCAAGTTCATGCTGA
AGGTATTGAATCATTGATATTAGTT
TTCC
GAAGGTGACCAAGTTCATGCTATT
TGATAGGTCTAAACTTTTTTTCCCA
C
GAAGGTGACCAAGTTCATGCTAA
CATGTGCATTGACAAGCGTGTTC
GAAGGTGACCAAGTTCATGCTGA
ATTTAATTGTATCCTTTTCAACCAAT
CCAT
GAAGGTGACCAAGTTCATGCTAA
ACCTTTGGACCCTCCAAATGAG
GAAGGTGACCAAGTTCATGCTAT
GACAAAGAAATTATTTAAGAAATG
GAAACAA
GAAGGTGACCAAGTTCATGCTGA
TGACCTTGTCGCGATGAGATAA
GAAGGTGACCAAGTTCATGCTATT
AACCTCTAAAAGACATGGAACTTTT
AATTA
GAAGGTGACCAAGTTCATGCTAG
AAAATAATTATTTTGTGATCAAGCT
TGTTG
GAAGGTGACCAAGTTCATGCTGT
CTTAAAATGTTGGTTAGCAGGAAAA
C
GAAGGTGACCAAGTTCATGCTGT
GTTTTTGATGATTAATGAAAGTTGA
AGGTT

GAAGGTGACCAAGTTCATGCTGTT
CACCTATCATCTTTGATGTACTTG

GAAGGTGACCAAGTTCATGCTCTC
CTCTGTATCAATTAATTTTGTATAC

GAAGGTGACCAAGTTCATGCTGC
CATGTTTGTAGTGGTAAGTGTAC
GAAGGTGACCAAGTTCATGCTTG
ACAGTAAGAGCGAAGATTACAAGA
GAAGGTGACCAAGTTCATGCTCC
AATACAATTATAATGCAAAACTCTA
ATTTAT
GAAGGTGACCAAGTTCATGCTAC
ATAGATATAAGTCATCAATTTGAAT
GCC

GAAGGTCGGAGTCAACGGATTAG
GATGCAAATCCTCATGAACATCAAA
GAAGGTCGGAGTCAACGGATTGG
GACATACTATCGAAAGCTGTTTTAA
GAAGGTCGGAGTCAACGGATTGA
AGGTATTGAATCATTGATATTAGTT
TTCT
GAAGGTCGGAGTCAACGGATTCT
ATTTGATAGGTCTAAACTTTTTTTCC
CAT
GAAGGTCGGAGTCAACGGATTAA
ACATGTGCATTGACAAGCGTGTTT

GAAGGTCGGAGTCAACGGATTTA
ATTGTATCCTTTTCAACCAATCCAG

GAAGGTCGGAGTCAACGGATTAA
ACCTTTGGACCCTCCAAATGAT
GAAGGTCGGAGTCAACGGATTAT
GACAAAGAAATTATTTAAGAAATG
GAAACAT
GAAGGTCGGAGTCAACGGATTAT
GACCTTGTCGCGATGAGATAG
GAAGGTCGGAGTCAACGGATTAA
CCTCTAAAAGACATGGAACTTTTAA
TTT
GAAGGTCGGAGTCAACGGATTGA
GAAAATAATTATTTTGTGATCAAGC
TTGTTT
GAAGGTCGGAGTCAACGGATTAG
TCTTAAAATGTTGGTTAGCAGGAAA
AT
GAAGGTCGGAGTCAACGGATTGT
TTTTGATGATTAATGAAAGTTGAAG
GTC
GAAGGTCGGAGTCAACGGATTAT
GTTCACCTATCATCTTTGATGTACTT
A
GAAGGTCGGAGTCAACGGATTAT
ACTCTCCTCTGTATCAATTAATTTTG
TATAT
GAAGGTCGGAGTCAACGGATTGC
CATGTTTGTAGTGGTAAGTGTAT
GAAGGTCGGAGTCAACGGATTGA
CAGTAAGAGCGAAGATTACAAGG
GAAGGTCGGAGTCAACGGATTCC
AATACAATTATAATGCAAAACTCTA
ATTTAC
GAAGGTCGGAGTCAACGGATTAC
ATAGATATAAGTCATCAATTTGAAT
GCT

116

CAAATGATTCCTTAGGTGTAACATGGC
AA
TCAATCATTATCTGAATTAAATCTTTA
AAT

GGAGCAGTAGTAATACTTCTTACAATC
CTA

CTTCCATTCTTATTCATTCTGCAAACA
AAT

ACGTACTCCCTCTGTCCCAGTTTA

CATCGATTGTAAATAAGTTTGCAAGG
AGAA

CAAACCGGATTTTATCTACGACCCAAT

GAGATATCAATTGTCTCAGTTTCCTCA
ATT

CAGTATCTATCGCGAGAAGATGGCAT

AAATCTTAGTCCAGATTCGCTTACTAA
ATA

CTCTATAAATAGAGGTCATATTACCCC
TTT

CATTCTTTCCATTTAAGAGAAGACCTC
GAA

CGCCCCGTCAGCAAAGTGTTGTT

CATGATTGATGGACCTTCGAAGTTCAT
T

ATGATTGAACCGGCATCTTTCACAAGT
AT

GTCATCATCTCACAATATAGACACAC
ATTA
CGCTTCAACAGATTTCCAATCCATATC
AT

CTCTCAGCCTTAAATAATTAGTAATCA
CAT

CTATAAGTGGTGACTGGTGAATGGAA
TTT

NT

0.44

0.3

NT

0.29

0.29

0.44

0.29

0.07

0.07

0.74

13.43

23.96

29.37

30.10

30.17

30.48

33.05

33.18

37.19

37.62

38.65

39.81

44.88

0.00

3.28

6.43



Cq03094_576

Cq03400_471

Cq04297 551

Cq00136_9

Cq07519_980

Cq01275 266

Cq04097_730

Cq06301_1098

Cq08281_1506

Cq06105_1043

Cq01086_225

Cq01182 213

Cq04693_587

Cq04745_591

Cq07309_1303
Cq04814 599

Cq01791_349

Cq02073_388

Cq01769 275

Cq02042_383
Cq03645 658

530859598

530859630

530859720

530859308

530860004

530859427

530859692

530859875

530860091

530859857

530859406

530859420

530859760

530859765

530859982

530859771

530859477

530859506

530859475

530859501
530859651

G/T

C/T

C/T

A/C

C/T

A/G

C/T

A/G

G/T

C/T

A/C

C/T

C/G

C/T

A/C

A/G

C/T

G/T

A/G

A/C
A/T

GAAGGTGACCAAGTTCATGCTGA
CGACTTCCACAGTGCCTCG
GAAGGTGACCAAGTTCATGCTGTT
CCTGTAGCTTAGATATTTTAATTCC
G
GAAGGTGACCAAGTTCATGCTAC
CCCTTTCACAAAATCCGGATC
GAAGGTGACCAAGTTCATGCTAA
GGTGTAGTTCAAGTCTAATATAAGG
TAT

GAAGGTGACCAAGTTCATGCTGTT
GTCAGCTTATAAAGAACTTTAGTCC

GAAGGTGACCAAGTTCATGCTCC
ACTCTTGGTTGAATAAATTGTCGT
GAAGGTGACCAAGTTCATGCTCC
ATTTTGATTGTGTAGCTTGGCTC
GAAGGTGACCAAGTTCATGCTGTT
CCATGATCTGTTCTAATATGTATCA
ATTA
GAAGGTGACCAAGTTCATGCTAA
GCAACGCTTTGCTAATTGCTCC
GAAGGTGACCAAGTTCATGCTGG
AATTACATTGCAAAAGTCATTATTC
TTAC
GAAGGTGACCAAGTTCATGCTCC
CGTGATTTCTTTTCTTTTACATGATA
AT
GAAGGTGACCAAGTTCATGCTTTG
GCAGATTTACACATGAGTTTTATTA
G
GAAGGTGACCAAGTTCATGCTAG
AATATGGAGATTATTCCATGGTGTC
GAAGGTGACCAAGTTCATGCTTC
AAAAGCTAATAGAGTTGAGTTGTAT
AG
GAAGGTGACCAAGTTCATGCTCC
ATATAGGGAAGGATTTGACCATGT
GAAGGTGACCAAGTTCATGCTGA
CCTGACATCAATCAAATTCCCCTA
GAAGGTGACCAAGTTCATGCTGT
AGCAAAAATCGGCAAGTCTTTCG
GAAGGTGACCAAGTTCATGCTAA
TATTTTCCCAATATTTCCTAACAATT
ACG
GAAGGTGACCAAGTTCATGCTAC
ACTGGTGTTTAGCGCCAGGT
GAAGGTGACCAAGTTCATGCTAA
GGATGACATGCTACAATGCCTCA
GAAGGTGACCAAGTTCATGCTTA

GAAGGTCGGAGTCAACGGATTGA
CGACTTCCACAGTGCCTCT
GAAGGTCGGAGTCAACGGATTAG
TTCCTGTAGCTTAGATATTTTAATTC
CA
GAAGGTCGGAGTCAACGGATTCT
ACCCCTTTCACAAAATCCGGATT
GAAGGTCGGAGTCAACGGATTGG
TGTAGTTCAAGTCTAATATAAGGTA
G
GAAGGTCGGAGTCAACGGATTAG
TTGTCAGCTTATAAAGAACTTTAGT
CT
GAAGGTCGGAGTCAACGGATTCC
ACTCTTGGTTGAATAAATTGTCGC
GAAGGTCGGAGTCAACGGATTCC
ATTTTGATTGTGTAGCTTGGCTT
GAAGGTCGGAGTCAACGGATTCC
ATGATCTGTTCTAATATGTATCAAT
TG
GAAGGTCGGAGTCAACGGATTGT
AAGCAACGCTTTGCTAATTGCTCA
GAAGGTCGGAGTCAACGGATTAG
GAATTACATTGCAAAAGTCATTATT
CTTAT
GAAGGTCGGAGTCAACGGATTCC
GTGATTTCTTTTCTTTTACATGATAA
G
GAAGGTCGGAGTCAACGGATTGT
TTGGCAGATTTACACATGAGTTTTA
TTAA
GAAGGTCGGAGTCAACGGATTAG
AATATGGAGATTATTCCATGGTGTG
GAAGGTCGGAGTCAACGGATTCT
TCAAAAGCTAATAGAGTTGAGTTGT
ATAA
GAAGGTCGGAGTCAACGGATTCA
TATAGGGAAGGATTTGACCATGG
GAAGGTCGGAGTCAACGGATTAC
CTGACATCAATCAAATTCCCCTG
GAAGGTCGGAGTCAACGGATTAG
TAGCAAAAATCGGCAAGTCTTTCA
GAAGGTCGGAGTCAACGGATTCT
AATATTTTCCCAATATTTCCTAACA
ATTACT
GAAGGTCGGAGTCAACGGATTCA
CTGGTGTTTAGCGCCAGGC
GAAGGTCGGAGTCAACGGATTGG
ATGACATGCTACAATGCCTCC
GAAGGTCGGAGTCAACGGATTAC

117

AAGATAGCGAGGCAATGATACCTTCA
AT

GGGGGGGGGGTGAATTGTAGAT
ACAGAACATAGCTGGATGTATGAAAG
GAA
GCTTTCCTTAAATCAGGATGATTATCT
ATA
AGCATATGTCCAATTTAGGAGAGCTG
ATT

CGTGGCAAAGTGAATAAATTATTGAG
AGAA
CCAATCACTTTTGGAAATAAACCATG
ATAA

GATGAGTTTCTTGCATTTGTGAAGAAA
GAA

GTTGAGAGAGAATTAGATGCGACAAT
TTAT

CGGGTTTGGTTTTGGGGAGACATTT

CGACTTGGATCTCGTTGTCCACAAA

AACTTTCCTAATTTAAGCTTGCCAAGC
TTT

CGGGTGAATGACATCCCTCTACTT

TGGCAAAAGTATTGGACCCTTTTGCAA
AA

CAGGTTAACAGCATCAGTGCCTCTT

GTTCACAGATTAACCATCACAAGGGA
TAT

GCTACTGGCTCGCAAACCACTAAAT

TTAGATCCACACCCTCCTTTTCATACT
AT

ACAAGACTATCGCCACATGCTGGAT

CTCGTGGCTCGGCCATCTTTGTA
GGCGTTCATTCTCTTGCGGACTATT

0.1

NT

NT

0.27

NT

NT

0.29

NT

0.28

0.3

NT

0.25

NT

0.44

0.29

NT

0.35
NT

11.10

14.82

15.60

21.43

21.88

27.28

28.57

29.47

29.71

29.92

29.94

29.94

30.59

31.12

31.86

41.05

0.00

7.33

15.38

19.60
22.41



Cq06399 782
Cq02327 449
Cq07111_1272
Cq06847 858

Cq00875_183

Cq06287 1095

Cq04832_852

Cq01116

Cq06890_1240
Cq07446_1335
Cq07545_1368
Cq07999_1451
Cq08569 1564
Cq09189_1630

Cq07542_1363

Cql1413_1856

Cq00734_137

Cq04604 824

Cq00391_75
Cq05798 991

Cq10745_1790
Cq04286

530859891

530859536

530859968

530859937

530859387

530859870

530859772

530859410

530859944

530859997

530860011

530860064

530860118

530860146

530860007

530860194

530859373

530859753

530859336

530859838

530860190
530859718

G/T

A/G

A/C

A/C

A/G

A/G

C/T

C/T

A/T

A/C

A/C

A/T

C/G

C/T

G/T

A/T

C/T

G/T

C/G

C/T

A/G
C/T

CCTCCAGATGGTGACAAGCATT

GAAGGTGACCAAGTTCATGCTAC
CCGATTTTGTGTATTCTTGACCC
GAAGGTGACCAAGTTCATGCTGT
GTACTTCGCTCTCACTCA
GAAGGTGACCAAGTTCATGCTGTT
CAGTAATTAATCCCGAGAGTGCT
GAAGGTGACCAAGTTCATGCTATT
TATCCGCCTCAAGCTCTCCTTT
GAAGGTGACCAAGTTCATGCTGG
TAGTTAATGAGCCTCAAGCTT
GAAGGTGACCAAGTTCATGCTGA
TATTTTATTGTGTTCATAACCCCTTA
AAGT
GAAGGTGACCAAGTTCATGCTCA
TTTCATTTAATTCATTGCTAAGTTTA
TGTG
GAAGGTGACCAAGTTCATGCTGTT
GAACCATCATATTATAAACATGTGA
G
GAAGGTGACCAAGTTCATGCTGT
GTTTAGTTTGGAAGGAATTGCAT
GAAGGTGACCAAGTTCATGCTCG
AGGGTGTCTTGTTTCTGGGT
GAAGGTGACCAAGTTCATGCTGA
GGTAACATCTTCCCAACTCTACT
GAAGGTGACCAAGTTCATGCTGTT
GGACCGTCTGGCTGACAA
GAAGGTGACCAAGTTCATGCTCC
GAAACCATCCATATTTATCCTACG
GAAGGTGACCAAGTTCATGCTGA
GTTGAAGCTGTACAACCAATCG
GAAGGTGACCAAGTTCATGCTTTA
AACGATACCTACGCTCAAGC
GAAGGTGACCAAGTTCATGCTCA
GCCTTATTTAAATTCCATTAACAAT
GCAA

GAAGGTGACCAAGTTCATGCTTA
GATGATCATCAAATCTTGTGGCTG

GAAGGTGACCAAGTTCATGCTGT
AATGGAGAAATTCTTGAACGGAAG

GAAGGTGACCAAGTTCATGCTAA
GATGTGTGTTGGTTTGCTTGGC
GAAGGTGACCAAGTTCATGCTTTC
ACTTCAAGGCCAATTGTCTCG
GAAGGTGACCAAGTTCATGCTAA
CATTCTTATTGCAGCGGTGCATTAT
GAAGGTGACCAAGTTCATGCTTG

CTCCAGATGGTGACAAGCATA

GAAGGTCGGAGTCAACGGATTAC
CCGATTTTGTGTATTCTTGACCA
GAAGGTCGGAGTCAACGGATTCT
GTGTACTTCGCTCTCACTCG
GAAGGTCGGAGTCAACGGATTCA
GTAATTAATCCCGAGAGTGCG
GAAGGTCGGAGTCAACGGATTAT
CCGCCTCAAGCTCTCCTTG
GAAGGTCGGAGTCAACGGATTGG
TAGTTAATGAGCCTCAAGCTC
GAAGGTCGGAGTCAACGGATTAT
TTTATTGTGTTCATAACCCCTTAAA
GC
GAAGGTCGGAGTCAACGGATTCA
TTTCATTTAATTCATTGCTAAGTTTA
TGTA
GAAGGTCGGAGTCAACGGATTGT
TGAACCATCATATTATAAACATGTG
AA
GAAGGTCGGAGTCAACGGATTCT
GTGTTTAGTTTGGAAGGAATTGCAA
GAAGGTCGGAGTCAACGGATTGA
GGGTGTCTTGTTTCTGGGG
GAAGGTCGGAGTCAACGGATTAG
GTAACATCTTCCCAACTCTACG
GAAGGTCGGAGTCAACGGATTGT
TGGACCGTCTGGCTGACAT
GAAGGTCGGAGTCAACGGATTCC
GAAACCATCCATATTTATCCTACC
GAAGGTCGGAGTCAACGGATTGG
AGTTGAAGCTGTACAACCAATCA
GAAGGTCGGAGTCAACGGATTCC
TTTAAACGATACCTACGCTCAAGA
GAAGGTCGGAGTCAACGGATTCA
GCCTTATTTAAATTCCATTAACAAT
GCAT
GAAGGTCGGAGTCAACGGATTGT
TAGATGATCATCAAATCTTGTGGCT
A
GAAGGTCGGAGTCAACGGATTCT
TGTAATGGAGAAATTCTTGAACGGA
AT
GAAGGTCGGAGTCAACGGATTAA
GATGTGTGTTGGTTTGCTTGGG
GAAGGTCGGAGTCAACGGATTTT
CACTTCAAGGCCAATTGTCTCA
GAAGGTCGGAGTCAACGGATTCA
TTCTTATTGCAGCGGTGCATTAC
GAAGGTCGGAGTCAACGGATTGT

118

AGTAGTAGGTTCGGGAGGGTCATT

GGAGGTCTCTGTGCTTGCAAAACTT

CGATTGATAATTTCGGGCCATTTCTGA
T
GGCTTAACCTCATTATCTAACCATTCT
AAA

GGTAGGAAGAGCAGTGGGTGGTT
GAGCAAACTGATCCTCCGAGAACAA

ACAACAATATCATTAAGAGATCCAAC
CATT

CGACTCCTCAAGCTTATAAGATGTGTT
AT

CAGAGTCTCAAGGTACTGCGAGAA
TCCCTAATCCCACCACCAGATCAAA

CCCAATCTCCATAAGGGTAACCGAT

GGTTCTTGTTATTAGTCCCATTGGACT
TA

GTTGTTGTTGTGGAGGTGGAGGATT

TTGGCTTTCCAACGCGATTTGAAGAAA
A
ACAAGGTTGTCCTTTTTTAGTTTGGAG
AAA

CAATTTAATTGAAGGCTGAAATTTCAT
TAA

CGAGTGGAGGGGATGAGGATTAATT
CTTTGTATTTGTGCTCGTGTTGGTTTCT
T

CTCCTCTATAAACTTCTAACTCATGAC
CAA
GGATTAAATTACCCAAGTTTTTAGATG
CAA

GGAATGCAGCTGGAAAGCTTGGTTT
ACATGGCTTCAAAGCGTTATATGCAA

NT

NT

0.29

0.28

NT

0.22

0.4

0.04

NT

0.43

NT

0.46

NT

NT

0.04

0.24

0.28

0.35
0.3

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20
20

23.41

24.56

34.56

34.58

35.05

39.63

0.00

0.63

13.75

13.76

14.53

15.43

18.07

20.91

21.66

22.79

22.86

22.97

23.38

23.55

24.05
24.62



Cq06451 1142
Cq07878_1021

Cq06484 792

Cq00535_100

Cq03761 503

Cq02030_382

Cq07044_1262
Cq06730_1203

Cq08452_1550

Cql0473_1249

Cq06896_866

Cq06788 1214

Cq00650

Cq02262

Cq08321_1514

Cq06457 790

Cq04563_814

Cq06851_1232

Cq08098_1475

Cq01300

Cql10399_1241

530859893

530860055

530859898

530859354

530859665

530859499

530859961

530859924

530860109

530860181

530859946

530859928

530859366

530859529

530860097

530859894

530859750

530859938

530860074

530859429

530860178

C/T

C/T

A/C

C/T

A/G

G/T

A/G

G/T

C/T

C/G

A/T

A/G

A/G

G/T

A/G

G/T

A/G

C/T

A/G

C/T

C/T

ACTATTGGTTGTTGTTGCCTCG

GAAGGTGACCAAGTTCATGCTAC
TGTTTTTAAATCCGTCCTTATTCGG
GAAGGTGACCAAGTTCATGCTAA
ATTTAGGGAAGGCGGATGTGC
GAAGGTGACCAAGTTCATGCTAA
GGAAGGGTTAGGGAGATAACACA
GAAGGTGACCAAGTTCATGCTATT
TCAAATGATAGAATTGTCCCAAACA
G
GAAGGTGACCAAGTTCATGCTAA
ATAAAATTTGAGGCATCAGGGCTCT
GAAGGTGACCAAGTTCATGCTTG
AAAAAATTTAGTGACATAGGGTAT
GC
GAAGGTGACCAAGTTCATGCTAG
CATTTCTGCTCTGAAGCACACA
GAAGGTGACCAAGTTCATGCTGG
TAGGGGTTTATATGAGGTGGC
GAAGGTGACCAAGTTCATGCTTA
AATGAGTTCAATCCTGTTCGCTC
GAAGGTGACCAAGTTCATGCTAG
AATTTTTGCTAAAAAAGTTTITATTTIT
TCTTG
GAAGGTGACCAAGTTCATGCTCC
GCCCAAAGCCAAGTATGCTTT
GAAGGTGACCAAGTTCATGCTTC
ACCAGGTCGTCGGCCA
GAAGGTGACCAAGTTCATGCTCG
TTTATTACACACTTTGAAATTGGTA
TGTA
GAAGGTGACCAAGTTCATGCTGG
CTAATCATAGGGCCCAACC
GAAGGTGACCAAGTTCATGCTGT
CTTTCCTCCGGATATTGCTCATT
GAAGGTGACCAAGTTCATGCTTTT
AAGAATATATGGTATGGTATTGGTC
C
GAAGGTGACCAAGTTCATGCTGG
GTTATTGACGAGACGTTTGGTA
GAAGGTGACCAAGTTCATGCTGG
AATCGACAACCAAGATGATAAGC
GAAGGTGACCAAGTTCATGCTGT
ATAAAAATCCATGATAACAGTATAC
GGAA
GAAGGTGACCAAGTTCATGCTGA
ACTCTTAACATATTGGCATACAATG
C
GAAGGTGACCAAGTTCATGCTAA
GTGTAGTCTACATGTAGAAGTGTAG

TGACTATTGGTTGTTGTTGCCTCA

GAAGGTCGGAGTCAACGGATTGA
CTGTTTTTAAATCCGTCCTTATTCGA
GAAGGTCGGAGTCAACGGATTAC
AAATTTAGGGAAGGCGGATGTGT
GAAGGTCGGAGTCAACGGATTGG
AAGGGTTAGGGAGATAACACC
GAAGGTCGGAGTCAACGGATTCA
TTTCAAATGATAGAATTGTCCCAAA
CAA
GAAGGTCGGAGTCAACGGATTAT
AAAATTTGAGGCATCAGGGCTCC
GAAGGTCGGAGTCAACGGATTGT
TGAAAAAATTTAGTGACATAGGGT
ATGA
GAAGGTCGGAGTCAACGGATTGC
ATTTCTGCTCTGAAGCACACG
GAAGGTCGGAGTCAACGGATTAG
GTAGGGGTTTATATGAGGTGGA
GAAGGTCGGAGTCAACGGATTCT
TAAATGAGTTCAATCCTGTTCGCTT
GAAGGTCGGAGTCAACGGATTAG
AATTTTTGCTAAAAAAGTTTITATTTT
TCTTC
GAAGGTCGGAGTCAACGGATTCC
GCCCAAAGCCAAGTATGCTTA
GAAGGTCGGAGTCAACGGATTCA
CCAGGTCGTCGGCCG
GAAGGTCGGAGTCAACGGATTGT
TTATTACACACTTTGAAATTGGTAT
GTG
GAAGGTCGGAGTCAACGGATTGG
GCTAATCATAGGGCCCAACA
GAAGGTCGGAGTCAACGGATTCT
TTCCTCCGGATATTGCTCATC
GAAGGTCGGAGTCAACGGATTCT
TTTAAGAATATATGGTATGGTATTG
GTCA
GAAGGTCGGAGTCAACGGATTGG
TTATTGACGAGACGTTTGGTG
GAAGGTCGGAGTCAACGGATTGG
AATCGACAACCAAGATGATAAGT
GAAGGTCGGAGTCAACGGATTAT
AAAAATCCATGATAACAGTATACG
GAG
GAAGGTCGGAGTCAACGGATTCG
AACTCTTAACATATTGGCATACAAT
GT
GAAGGTCGGAGTCAACGGATTGA
AGTGTAGTCTACATGTAGAAGTGTA

119

CAA

GGCTCCATTAAAGTGTCAGATAAGAC
TTA

CAAGGACCATCTGAGGAAGATGGTT

GAGGTGTTCGATTGGCTTAGGGATA

TATCCAAAAAGACCAAATGCATATTC
TTAT

TTCGAGTAGCTTTTTTTACCTCTGCTGT

A

TGAGTTAGGCTTCCTACAGTTGATGAA

TA

GATGCCTCATTCTAAGTAAAATTGGCA

CAA

CCAGATTATCCTAACCCAATTCAATCT

GAA
GAGCTAATCGGAAATATCTATCAACC
GAT

GACATGTATGAGTAATTAATCCGACA
AATA

GACTGATTTCCAAAATGGTAAAACCT
GTAT

CGACTAATCTCCGTTACAACTGCGAT

GTAAGTACAACCATGTTTCAAGTGAA
GATA

GAAAAACAAATCACAAGCAAGCTAAG

CAAA
CCGCACTGACAGAACCACCAAATAA
GTATGACCTTCATGGGGATACATGGT
A

GCCATCTTTCAAACACAAGTACACAA
CTA

CAAGTTCAACCTTGCTTGTGTCAGCAA

TATTTTCGATGAAGAAAGAAGAAAGA

GGAA

GGATCTGAATCTTGGCGTTGGTCTT

AAATAAAGGTCTTGTATACGACACCA
ACAT

0.28

NT

0.29

0.08

0.41

0.3

0.29

0.28

0.47

0.45

0.3

0.29

20

20

20

20

20

21

21

21

21

22

22

22

23

23

23

23

24

24

25

25

25

24.72

24.90

25.55

27.41

31.73

0.00

10.16

21.19

32.09

0.00

22.20

30.79

0.00

15.71

25.93

0.00

16.82

0.00

10.62



Cq06805_1221

Cq00881 189

Cq08253_1500

Cq02114 402

Cq00715 132

Cq02418 474

Cq08059 1461

Cq07916_1431

Cql0196_1733

Cq07675 1396

Cq04280

Cq08302_1511
Cq00210_33

Cq00410_79

Cq00504_90

Cq00628_129

Cq00699 147

Cq00787

Cq00883_192
Cq00958

530859931

530859391

530860090

530859514

530859371

530859549

530860067

530860060

530860174

530860030

530859715

530860095

530859314

530859340

530859347

530859364

530859369

530859378

530859392
530859396

A/T

A/G

A/C

C/T

C/T

C/T

A/G

C/G

A/T

A/G

A/G

C/T

A/C

C/T

C/T

C/T

A/C

A/G

C/G
A/C

GAAGGTGACCAAGTTCATGCTAC
CAGTCATGTCAATGAATATAAGATT

GAAGGTGACCAAGTTCATGCTTA
AAACAAAAGATCAACACAATTGAC
AACAT
GAAGGTGACCAAGTTCATGCTAA
ATGATACAATGAATTGTTTAGTTGG
A
GAAGGTGACCAAGTTCATGCTGC
ATCATATATTGCGTCGTATAAATTA
C
GAAGGTGACCAAGTTCATGCTAG
TGTGTATTCTCCATAATTGTTGGG
GAAGGTGACCAAGTTCATGCTGA
AAGACACCGACCAGACGGC
GAAGGTGACCAAGTTCATGCTGTT
GTGAGAAAGTAACAAGACAATATT
GTATA
GAAGGTGACCAAGTTCATGCTATT
TCAACTCCCCTAAGGACATGG
GAAGGTGACCAAGTTCATGCTTCC
TTTTTTTCCAGAGCATTACGTT
GAAGGTGACCAAGTTCATGCTGA
TGGCTCTAAAATTTTCTTTGCTATAT
TATT
GAAGGTGACCAAGTTCATGCTCA
TGTCAATGAATGTAAGATTAATACA
GTAT
GAAGGTGACCAAGTTCATGCTAC
ATGTATGCATAAATCACACGTACG
GAAGGTGACCAAGTTCATGCTGG
AAAGGAAGGGGTTTCTTTTGGTT
GAAGGTGACCAAGTTCATGCTCC
CTAACACGTCGAAAAGACCG
GAAGGTGACCAAGTTCATGCTAA
ACATGATTGTGTTGATTGGTAAAAC
AC
GAAGGTGACCAAGTTCATGCTATT
CGGTATTTTCGCCTACTCTACC
GAAGGTGACCAAGTTCATGCTCA
AAATAGCTTTTTCATTTTGGCTTAA
AAGA
GAAGGTGACCAAGTTCATGCTAA
CTAACCATGATTATTATAAGTACGA
TTAGT
GAAGGTGACCAAGTTCATGCTCA
TTGTAGCTGAAGGTACATATCATG
GAAGGTGACCAAGTTCATGCTCA

A

GAAGGTCGGAGTCAACGGATTCT
ACCAGTCATGTCAATGAATATAAGA
TA
GAAGGTCGGAGTCAACGGATTAA
AACAAAAGATCAACACAATTGACA
ACAC
GAAGGTCGGAGTCAACGGATTCT
AAATGATACAATGAATTGTTTAGTT
GGC
GAAGGTCGGAGTCAACGGATTCT
GCATCATATATTGCGTCGTATAAAT
TAT
GAAGGTCGGAGTCAACGGATTGA
GTGTGTATTCTCCATAATTGTTGGA
GAAGGTCGGAGTCAACGGATTGA
AAGACACCGACCAGACGGT
GAAGGTCGGAGTCAACGGATTGT
GAGAAAGTAACAAGACAATATTGT
ATG
GAAGGTCGGAGTCAACGGATTTC
AACTCCCCTAAGGACATGC
GAAGGTCGGAGTCAACGGATTCT
TCCTTTTTTTCCAGAGCATTACGTA
GAAGGTCGGAGTCAACGGATTGA
TGGCTCTAAAATTTTCTTTGCTATAT
TATC
GAAGGTCGGAGTCAACGGATTCA
TGTCAATGAATGTAAGATTAATACA
GTAC
GAAGGTCGGAGTCAACGGATTGA
CATGTATGCATAAATCACACGTACA
GAAGGTCGGAGTCAACGGATTGA
AAGGAAGGGGTTTCTTTTGGTG
GAAGGTCGGAGTCAACGGATTCC
CTAACACGTCGAAAAGACCA
GAAGGTCGGAGTCAACGGATTAT
ATAAACATGATTGTGTTGATTGGTA
AAACAT
GAAGGTCGGAGTCAACGGATTAA
ATTCGGTATTTTCGCCTACTCTACT
GAAGGTCGGAGTCAACGGATTCA
AAATAGCTTTTTCATTTTGGCTTAA
AAGC
GAAGGTCGGAGTCAACGGATTCT
AACCATGATTATTATAAGTACGATT
AGC
GAAGGTCGGAGTCAACGGATTCA
TTGTAGCTGAAGGTACATATCATC
GAAGGTCGGAGTCAACGGATTCA

120

TGCACTGCACCGTGTCTAACAACAT

GCTTCCAATCTCTCACTGGTAAAATCT
T

CGCACAACTCAATTATGGAACATCAA
CAT

CACATAAGGCTGTGGAAACTGATGAT
AAT

GGTGTTGCGGGGCGGATACATA

CTCGGCCTCCATGTAAACGTACAAA

GAGTTATGCTTAGCCACAACTAAGCT
AAA

TATAATTATCAAATGACCATCTCAACC
AAA
ATGTTGAGAGCATCTGCAGTGATTATC
AT

CTGAGACCCAAAAAAAGGATATTTGA
GCAT

GTCTAACAACATGGAGTTGGAACATA
GAA

ATCCACTATACAATCAGCCTTCAGTGT
T
CTTCGAACCCTTTTGACCCAAAATTCA
AA
GAAGAGTATGTGCGTTCTTCATATGCT
TA

TCTCTTCTTCTCAACTGTTGTTGTTTCA
T

GGCTATTTAATTAGCGCGGATATTCTT
AAT

GCCAAAAAATGTGTTTGGTAATTGGC
CAT

GATTATATAGAAGCTAAAACTATGCC
GCTA

GTGATCCGGAAGGAGGTTACTATGAT
GGTTCCGATTCGATAGGAAGGGAAA

0.42

0.43

0.06

0.29

0.48

NT

0.27

0.26

0.25

NT

0.16
0.1

26

26

26

26

26

27

27

28

28

28

29

29

NM

NM

NM

NM

NM

NM

NM
NM

0.00

0.37

7.41

9.06

0.00

7.02

0.00

0.00

0.42

NM

NM

NM

NM

NM

NM

NM
NM



Cq01392_291
Cq01584 326

Cq01960_291

Cq02510

Cq02558

Cq02644

Cq02690_383

Cq03134

Cq03350_620

Cq03384 629

Cq03488

Cq03642_657

Cq03679_666

Cq03700_676

Cq03767 691

Cq03838 697

Cq03949 717
Cq03981 722
Cq04124

Cq04183_542
Cq04926_859

530859438

530859452

530859491

530859558

530859561

530859565

530859570

530859600

530859626

530859628

530859639

530859649

530859655

530859658

530859669

530859674

530859681

530859685

530859697

530859704
530859781

A/G

A/T

A/G

C/T

G/T

C/T

A/G

C/T

G/T

A/T

A/G

A/T

C/G

G/T

A/G

A/T

A/G

G/T

A/C

A/C
G/T

TTCCCCCCACTTTCATACACA

GAAGGTGACCAAGTTCATGCTAT
ATTTCTGAGCCTCAACCATCTGAA
GAAGGTGACCAAGTTCATGCTAC
AGAGTCAAGTCACGAATGAGGAA
GAAGGTGACCAAGTTCATGCTGT
CCTGACCTGTTTATTAAATAGGTCA

GAAGGTGACCAAGTTCATGCTAG
ATGAAACAAGTACCTGATATCCTTC

GAAGGTGACCAAGTTCATGCTCC
ATTGTTGTAAGACCACATGAAAATC

GAAGGTGACCAAGTTCATGCTCC
AAAACGAGGCATCACTACCC
GAAGGTGACCAAGTTCATGCTTIT
TCAACTCAATTCCATTTTAAAACTT
AACA
GAAGGTGACCAAGTTCATGCTTTC
CCTTTCACATGAGAGGTATGC
GAAGGTGACCAAGTTCATGCTGT
CCCATCCATACGCGTCAATC
GAAGGTGACCAAGTTCATGCTATT
GGAACGGGTAATTTTATATCTATAT
ATGAA
GAAGGTGACCAAGTTCATGCTTA
GAGAACAGCAGAGGAGTATCATAT
GAAGGTGACCAAGTTCATGCTCA
CAAGCCAAAACAAAAATTGCACTTT
TAA
GAAGGTGACCAAGTTCATGCTGA
AAAAGGATTTAACATTAAATGTATG
TGGTG
GAAGGTGACCAAGTTCATGCTCA
CTTCCTTGAAGTGCGTCTTCC
GAAGGTGACCAAGTTCATGCTGC
AAGAAAGCTACATTATTAGCTGATG
T
GAAGGTGACCAAGTTCATGCTAG
CTTGTACTCCACCATAAATAACTAT
AT
GAAGGTGACCAAGTTCATGCTGT
GAGGTTTGAAGCCTTACTGTA
GAAGGTGACCAAGTTCATGCTAT
GTGTGAGTCGAGACCCCAC
GAAGGTGACCAAGTTCATGCTGA
GAGGTAGCATTCCCTTGCTAAA
GAAGGTGACCAAGTTCATGCTCA
AGACTGGGAATGTCCCCCTAA
GAAGGTGACCAAGTTCATGCTGT

TTCCCCCCACTTTCATACACC

GAAGGTCGGAGTCAACGGATTAT
TTCTGAGCCTCAACCATCTGAG
GAAGGTCGGAGTCAACGGATTAC
AGAGTCAAGTCACGAATGAGGAT
GAAGGTCGGAGTCAACGGATTCC
TGACCTGTTTATTAAATAGGTCG
GAAGGTCGGAGTCAACGGATTCA
AGATGAAACAAGTACCTGATATCCT
TT
GAAGGTCGGAGTCAACGGATTGT
CCATTGTTGTAAGACCACATGAAAA
TA
GAAGGTCGGAGTCAACGGATTGC
CAAAACGAGGCATCACTACCT
GAAGGTCGGAGTCAACGGATTTT
TCAACTCAATTCCATTTTAAAACTT
AACG
GAAGGTCGGAGTCAACGGATTAA
TTTCCCTTTCACATGAGAGGTATGT
GAAGGTCGGAGTCAACGGATTGG
TCCCATCCATACGCGTCAATA
GAAGGTCGGAGTCAACGGATTGG
AACGGGTAATTTTATATCTATATAT
GAT
GAAGGTCGGAGTCAACGGATTAG
AGAACAGCAGAGGAGTATCATAC
GAAGGTCGGAGTCAACGGATTCA
CAAGCCAAAACAAAAATTGCACTTT
TAT
GAAGGTCGGAGTCAACGGATTGA
AAAAGGATTTAACATTAAATGTATG
TGGTC
GAAGGTCGGAGTCAACGGATTCA
CTTCCTTGAAGTGCGTCTTCA

GAAGGTCGGAGTCAACGGATTCA
AGAAAGCTACATTATTAGCTGATGC

GAAGGTCGGAGTCAACGGATTAG
CTTGTACTCCACCATAAATAACTAT
AA
GAAGGTCGGAGTCAACGGATTGT
GAGGTTTGAAGCCTTACTGTG
GAAGGTCGGAGTCAACGGATTCA
TGTGTGAGTCGAGACCCCAA
GAAGGTCGGAGTCAACGGATTAG
AGGTAGCATTCCCTTGCTAAC
GAAGGTCGGAGTCAACGGATTAA
GACTGGGAATGTCCCCCTAC
GAAGGTCGGAGTCAACGGATTCG
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ATATACTGTTAAAGGACCATCTCAACT
AAA
CCTATTCAGATTGCTTTCTTTATCCACT
AT

GGGCTGGAAAACAGGTCGGGTT

GATTGAGAAGGCGAAACTCTGAAACT
T

AACGGAGTCCGTGAACGTTTTGGAT

AAATTAACTTGCATACCCGGTATGCCT
A

GAAACAAGTGGTTGTTAAAAACATTG
GGTA

CAGTAACGACGGGGATTGTTACAGAA

GAGTCCAGATGCATCGCGCAGAA

CAAGCAGCAACATACAAGCAATGAGT
TAA

GGCACCAACTATAGTGGTATGGATTT
AAT

GTTTGGTGGATTTTGGTAGTACCGGTT

CACAATCCAACATTATAATCATTCAAG
CAA

CGAAGAATAAAGGCCAGCTCCCAA

ATTTGGAGCCGCAGCCATGACAAAT

CTCTTATTCGAGGGAATCATGGATTTG
TA

CTTCCAAGTCCCATCAATATAATGACC
TA

ACTGTAGAATAGGGCTGT

AGGGATGATGGGAGCGTCGGTT

TCGCTCTACGAGAGGCCTTGTATAT
GAAGCGTCAGAGAGTATAGAATTGTT

NT

0.08

0.47

0.06

0.29

0.21

0.24

0.09

0.42
0.19

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM
NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM
NM



Cq05119 886

Cq05301_920

Cq05610_954

Cq05743_978

Cq06206_1059

Cq06321_1117
Cq06687 1197
Cq06800_1216

Cq06887 1239
Cq06914_1243
Cq06987 1250
Cq07004_1251
Cq07107_1271

Cq07224 1287

Cq07244 1289

Cq07295 1298

Cq07404 1329

Cq07568_1373

Cq07911_1429

Cq08025_1457

Cq08131_1490

530859792

530859799

530859824

530859833

530859864

530859880

530859922

530859930

530859942

530859949

530859954

530859958

530859967

530859975

530859979

530859981

530859991

530860016

530860058

530860065

530860083

C/T

A/G

A/T

A/G

C/T

C/T

A/G

A/C

A/T

C/G

A/C

A/G

A/G

A/T

A/G

A/G

A/G

A/G

G/T

A/G

A/G

CTCCTCCTTCCAGTTCCAC

GAAGGTGACCAAGTTCATGCTAG
GACCGTAGGGTATGTGAAGG
GAAGGTGACCAAGTTCATGCTGA
TGAGGGAAGGGTGATGACAT
GAAGGTGACCAAGTTCATGCTAC
CTACTCTTTGACAATTATCACAAGT
TA
GAAGGTGACCAAGTTCATGCTAT
ATATCGTTGGAAAGATATTTTCAAG
CCT
GAAGGTGACCAAGTTCATGCTATT
ATTCAAACATACAATGTTAAATGGA
TTGTC
GAAGGTGACCAAGTTCATGCTGT
CTTGCTTTATACTTTCATACATAATT
ACC
GAAGGTGACCAAGTTCATGCTGA
TGTATGTGAATTGCCTTCCTTCAA
GAAGGTGACCAAGTTCATGCTAC
ATTATTAAAGCGTAATTGGTTTCGT
GA
GAAGGTGACCAAGTTCATGCTAA
ATCAGACTCATTGCCCTGGATTA
GAAGGTGACCAAGTTCATGCTAG
GGATCTTGAACATCCATCACAC
GAAGGTGACCAAGTTCATGCTCA
GAACAGGCTATCAAACCTGGAAT
GAAGGTGACCAAGTTCATGCTCG
CGATGCGTGACGCCCAA
GAAGGTGACCAAGTTCATGCTAT
ATCAAGCACACACTCAACATTCGT
GAAGGTGACCAAGTTCATGCTAA
ACCTGCTCTTATGTGTACGAGCA
GAAGGTGACCAAGTTCATGCTAA
TACAATTGCGAAGTTTTCAGAACTT
T
GAAGGTGACCAAGTTCATGCTGG
GAATGGTTGTTTCCCCTTCAATAA
GAAGGTGACCAAGTTCATGCTCA
TGAGCTGCATTGACTGATATTCCT
GAAGGTGACCAAGTTCATGCTGTT
TGAGATAACATAGTGTTTGTTACGT
AT
GAAGGTGACCAAGTTCATGCTAG
GTGTCTGACATGTGTTGCCG
GAAGGTGACCAAGTTCATGCTAT
ATAGAAAAACTACCAATGAATAAT
ACAAAGT
GAAGGTGACCAAGTTCATGCTAT

TCTCCTCCTTCCAGTTCCAA

GAAGGTCGGAGTCAACGGATTGA
GGACCGTAGGGTATGTGAAGA
GAAGGTCGGAGTCAACGGATTGA
TGAGGGAAGGGTGATGACAC
GAAGGTCGGAGTCAACGGATTAC
CTACTCTTTGACAATTATCACAAGT
T

GAAGGTCGGAGTCAACGGATTAT
CGTTGGAAAGATATTTTCAAGCCC

GAAGGTCGGAGTCAACGGATTAT
TCAAACATACAATGTTAAATGGATT
GTT
GAAGGTCGGAGTCAACGGATTAG
TCTTGCTTTATACTTTCATACATAAT
TACT
GAAGGTCGGAGTCAACGGATTGA
TGTATGTGAATTGCCTTCCTTCAG
GAAGGTCGGAGTCAACGGATTCA
TTATTAAAGCGTAATTGGTTTCGTG
C
GAAGGTCGGAGTCAACGGATTAA
ATCAGACTCATTGCCCTGGATTT
GAAGGTCGGAGTCAACGGATTAG
GGATCTTGAACATCCATCACAG
GAAGGTCGGAGTCAACGGATTAG
AACAGGCTATCAAACCTGGAAG
GAAGGTCGGAGTCAACGGATTGC
GATGCGTGACGCCCAG
GAAGGTCGGAGTCAACGGATTAT
CAAGCACACACTCAACATTCGC
GAAGGTCGGAGTCAACGGATTAA
ACCTGCTCTTATGTGTACGAGCT
GAAGGTCGGAGTCAACGGATTAA
TACAATTGCGAAGTTTTCAGAACTT
C
GAAGGTCGGAGTCAACGGATTGG
AATGGTTGTTTCCCCTTCAATAG
GAAGGTCGGAGTCAACGGATTAT
GAGCTGCATTGACTGATATTCCC

GAAGGTCGGAGTCAACGGATTTG
AGATAACATAGTGTTTGTTACGTAC

GAAGGTCGGAGTCAACGGATTAA
GGTGTCTGACATGTGTTGCCT
GAAGGTCGGAGTCAACGGATTAT
ATAGAAAAACTACCAATGAATAAT
ACAAAGC
GAAGGTCGGAGTCAACGGATTAT
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GTT

TTCCTGCCTTGATGATTGCCCACTT

CCTTCCCTTAATATGTTTTGGTGTCAC
AT

GGTTTTTATTGGCCAAGTTTCTTTCGA
GAT

ATTTATTTTGGTTCATAACATGGGTCC
AAT

TTGACTCGATTGAGCTTACACCATCAA
A

GGTAACGGTTTTGGGGGTTTCTTCTT

GTTTACATAGGTTGTTCTGGTTGTGGA
AA

CAACCAAAATAAGCATCACAATTAAA
CCAA

CGGTATTACAATAAACTACAGTCCAT
ACAT
GTAAATAATAATCTGTTTTCGATAAGC
TAA
GTAACATTAACGACAGATTTCCTCTAC
GAA

GTGAACCATCGAGTCTTTGAACGCAA

GGAATGAGTTTTTCTTATGTTGAGTGT
GTA
CAACAAATCTACAATAGCCTCCTTGTC
TA

TGGATCTGTATGGTTGATACATGATCG
AA

GTTATAAAACCCCACCTCTTCTTCTCT
T
CAGGTAGTGGAAAGAATTTCTTTGCA
GA

TGACACATCCCATATCTTAAACTTTCA
TTT

CGTTGACCCTCGTTGACTAACATCTT

CTATTCATTCCTTTTCCCTTGGTTGCTA
A

CAAACAAGCATAAGAACAAATAAACA

0.07

NT

0.24

NT

0.25

0.06

0.46

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM



Cq08373_1537
Cq08561_1560
Cq08784 1587
Cq09347_1641
Cq09408_1645
Cq10074_1712
Cql10502_1768
Cq11400_1851

Cq04926_858

Cq06504 1156

530860098

530860116

530860135

530860153

530860155

530860167

530860183

530860192

530859779

530859901

C/G

C/T

A/G

A/G

A/C

C/T

A/T

A/T

A/T

C/T

GTTTGCTTTAAAGGGATTTTAAAAT
TCAATT
GAAGGTGACCAAGTTCATGCTCA
TAAGGGCCTATGACAATACTCG
GAAGGTGACCAAGTTCATGCTCA
AGACTGAAATGGGTTCTAAGTCAC
GAAGGTGACCAAGTTCATGCTTG
GTTGTGGTTGACAAGAACACGA
GAAGGTGACCAAGTTCATGCTCA
ATCTGCAAATGATCCCGATGCT
GAAGGTGACCAAGTTCATGCTGG
AAAGTATTGCATTGTCAAGGTTGT
GAAGGTGACCAAGTTCATGCTGG
CAATTACACATCTATCAACATCAC
GAAGGTGACCAAGTTCATGCTGT
CCGAAGCAAAAAGGAAGGCGT
GAAGGTGACCAAGTTCATGCTGT
AACTTACCAGCTTATCTGGCAGTT
GAAGGTGACCAAGTTCATGCTTCT
CCTCTTTATCAATTGCTTAGCATTT
GAAGGTGACCAAGTTCATGCTCCT
TTACGACACAAAACAAACAATGTA
AC

GTTTGCTTTAAAGGGATTTTAAAAT
TCAATC
GAAGGTCGGAGTCAACGGATTCA
TAAGGGCCTATGACAATACTCC
GAAGGTCGGAGTCAACGGATTCA
AGACTGAAATGGGTTCTAAGTCAT
GAAGGTCGGAGTCAACGGATTGG
TTGTGGTTGACAAGAACACGG
GAAGGTCGGAGTCAACGGATTAA
TCTGCAAATGATCCCGATGCC
GAAGGTCGGAGTCAACGGATTGG
AAAGTATTGCATTGTCAAGGTTGG
GAAGGTCGGAGTCAACGGATTCG
GCAATTACACATCTATCAACATCAT
GAAGGTCGGAGTCAACGGATTGT
CCGAAGCAAAAAGGAAGGCGA
GAAGGTCGGAGTCAACGGATTGT
AACTTACCAGCTTATCTGGCAGTA
GAAGGTCGGAGTCAACGGATTCT
CCTCTTTATCAATTGCTTAGCATTA
GAAGGTCGGAGTCAACGGATTCC
TTTACGACACAAAACAAACAATGT
AAT

TGTT

CCTGCAGTGACATTCATAGTGATGGTT

ATGAAGGGTCCCCTTCTGTTGGAAT

ATGCGGCAAATGATAGCATGATATCA
GAT
GGTAAAACCTGTATGAAAAAGGGCAA
CAA
CATCCGGCATTGATTAGAAAATAAAA
CATT
GGTAGTTTTTGTGTTAGGAAATGGGAC
T

CGCCATACGATACGTCATTTGCAGTT

CTCTCCATACGTTTGATAAGGAAACTG
AA
CCGTCAAATTCCGGAATTTAATCAATA
CAA

GGCCCTTTCCTATAATAGGGGATTATT
AA

0.48

0.29

0.03

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM
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