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Abstract

Pacific bluefin tuna (Thunnus orientalis) is one of the most economically important species in the
Percomorpha group of teleost fishes. Their migrations are extensive and depend upon continuous
swimming at a high rate of speed throughout their life. The draft genome sequence of this species
has been reported but remains highly fragmented. We constructed a Pacific bluefin tuna genetic
linkage map using microsatellite markers developed on each of the scaffolds from the draft ge-
nome sequence to link these genome fragments and understand the genomic structure of species
in Percomorpha. Of the 606 polymerase chain reaction microsatellite primer pairs tested, 473
were polymorphic in the mapping populations for the linkage analysis. We constructed sex-spe-
cific maps for 24 linkage groups consisting of 470 markers, which allowed us to place scaffolds
that cumulatively represented 20.8% (153.8 Mb) of the sequenced genome onto the linkage
groups. The distribution of orthologous genes on the chromosomes of tuna and four other teleost
fish species suggested that the constitution of tuna chromosomes is closest to that of medaka. Both
species have the 24 chromosomes of the ancestral teleost, including several chromosomal inver-
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sions. The integrated map developed in this study will be useful to construct a complete physical
map to conduct comparative teleost genomics and genetic studies on economically useful traits in
Pacific bluefin tuna.
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1. Introduction

Pacific bluefin tuna (Thunnus orientalis) is one of the most economically important species of fish, and their
migrations are unique, as they swim quickly and continuously throughout their life. This continuous swimming
ability enables Pacific bluefin tuna to migrate long distances in the Pacific Ocean. Continual swimming is re-
quired, so that water containing oxygen flows continuously over the gills; this is a special feature of Thunnus
and closely related species. Tuna have superior swimming ability due to a large quantity of red muscle, a rapid
metabolic rate, large body size, and their unique shape and swimming form, although details remain unknown.
Moreover, the tuna growth rate is very high, as they can grow 50 cm in total length in 1 year. Maximum length
and weight are about 2.5 m and 300 kg, respectively. These unique ecological features of Pacific bluefin tuna
originate from their genome.

Tuna farmers generally use natural seed for broodstock. However, tuna catch is restricted by international
fishing regulations created as a result of recent decreases in wild population numbers [1]. Thus, a breeding sys-
tem that depends on the recruitment of naturally occurring siblings is difficult to maintain. The complete life-
cycle has been established recently for Pacific bluefin tuna aquaculture [2] and artificial seed is now being used
for production. Therefore, there is much interest in creating broodstock with commercially valuable genetic
traits.

Several whole genome sequences have been reported recently in teleosts because of the development of
high-throughput sequencing methods. Whole genome sequences have been registered in public databases for
model fish, such as zebrafish (Danio rerio) [3] and medaka (Oryzias latipes) [4] as well as for other fish, such as
fugu (Takifugu rubripes) [5], Tetraodon (Tetraodon nigroviridis) [6], stickleback (Gasterosteus aculeatus) [7],
and Pacific bluefin tuna [8].

The draft Pacific bluefin tuna genome sequence was generated using the Roche 454 FLX Titanium and Illu-
mina Gallx next-generation sequencing platforms [8]. Whole genome shotgun sequencing and assembly pro-
vided 192,169 contigs (>500 bp) and 16,802 scaffolds (>2 kb). The N50 values, which are used to evaluate
connectivity of the assembly, are 7588 bp (contigs) and 136,950 bp (scaffolds), respectively.

Cytological studies [9] [10] have reported that Thunnus species have 24 pairs of chromosomes. Draft genome
sequence when merged should, therefore, only have 24 huge fragments corresponding to each chromosome. The
draft genome sequence of this species is highly fragmented, and constructing a genetic linkage map is an effec-
tive way to link the sequence fragments. Genetic linkage maps have been used as an anchor for fish [11] [12],
plants [13]-[16], and domestic animals [17]. A genetic linkage map is constructed by developing genetic mark-
ers on scaffolds and examining the linkage relationships between the markers. However, no genetic linkage map
has been constructed for Pacific bluefin tuna. Several different classes of polymorphic markers could be used to
construct genetic linkage maps. Repetitive sequence regions called microsatellites (MS) (or short tandem repeats)
are abundant in eukaryotic genomes and have the potential to exhibit high polymorphism in a mapping popula-
tion. MS markers also have the benefit of being multi-allelic within species, and therefore, unlike single nucleo-
tide polymorphism markers (SNPs), MS markers can be used to track the unique segregation phases of both
male- and female-specific parental alleles in their progeny. When parents are doubly heterozygous for SNP
markers, the linkage phase of heterozygous progeny cannot be assessed. Only a few MS markers have been de-
veloped for Pacific bluefin tuna [18], and therefore, there is a need to develop additional markers for this spe-
cies.

Recently, four novel candidates for vertebrate SD genes were reported, all of them in fishes. These include
amhy in the Patagonian pejerrey [19], Gsdf in Oryzias luzonensis [20], Amhr2 in fugu [21] and sdY in rainbow
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trout [22]. There are multiple sex-determining regions in teleost fishes that do not possess homology to one
another due to the turnover of sex chromosomes [23]. In bluefin tuna the sex-determining region has been iden-
tified to by XY based, and male-specific marker (male delta 6 or Md6) has been characterized [24]. There is no
syntenic information about Md6 and those sex-determining regions in teleost fishes. One of the objectives of this
study was to localize the sex-determining locus within the genomic scaffolds corresponding to the genetic lin-
kage map placements by mapping Md6 using an adjacent MS marker.

Comparative genome studies have revealed the evolution of chromosomes among several fish species. These
studies suggest that the medaka genome has the conserved genomic structure of the MTZ ancestor (the last
common ancestor of three fishes, medaka, Tetraodon, and zebrafish) and no major chromosomal rearrangements
have occurred for more than 300 million years (My) [4] [25], whereas the zebrafish genome has experienced
many interchromosomal rearrangements during evolution due to extensive translocations. A comparative ge-
nome study of fugu supported their hypothesis and discussed inter-chromosomal rearrangements in the fugu and
Tetraodon lineages [12]. Tongue sole also experienced three major chromosomal fusion events after divergence
from the common ancestor with medaka, Tetraodon, and fugu [26]. A high density genetic map with tiled ge-
nomic platyfish contigs revealed that the platyfish and medaka karyotypes are remarkably similar with few in-
terchromosomal translocations but with numerous intrachromosomal rearrangements (transpositions and inver-
sions) since their lineages diverged about 120 Mya [27]. That study also suggested that stickleback and Tetrao-
don arose by fusion of pairs of ancestral chromosomes. These results suggest that the chromosomal constitution
and synteny of fish in Percomorpha are highly conserved, with few inter-chromosomal rearrangements despite
substantial phylogenetic distances among the taxa compared [28] [29]. Percomorpha is a large group in Acan-
thopterygii that includes medaka, platyfish, fugu, Tetraodon, stickleback, tongue sole, European seabass, and
Pacific bluefin tuna. Accordingly, constructing a genetic map for other non-model fish species in Percomorpha
using gene information on scaffolds from whole genome sequences will provide new aspects for comparative
studies in this group.

The aim of the present study was to construct a genetic linkage map for Pacific bluefin tuna based on draft
genome sequence information to understand the genome structure of this species in Percomorpha. We extracted
an F1 full-sib population of young Pacific bluefin tuna as a mapping population. We constructed a linkage map
using MS markers developed on each of the scaffolds and examined preservation of chromosome structure in
four other fully sequenced fish species.

2. Materials and Methods
2.1. Mapping Population

Many full-sib progeny and their parents were prepared to construct a linkage map for the mapping population.
Unlike other fish that spawn easily, one-to-one mating is very difficult in Pacific bluefin tuna. Thus, we tried to
extract full-sib progeny from young fish spawned naturally from several parents. We collected 500 progeny (18
days old) derived from a small number of parents based on our visual observations at Amami Station, Seikali
National Fisheries Research Institute, FRA. The parents of these young fish were derived from wild fish cap-
tured offshore of Shimane in the Japan Sea and reared 3 years at Amami Station, Seikai National Fisheries Re-
search Institute, FRA. The whole bodies of the small fish were preserved in 100% ethanol until extraction of
genomic DNA. DNA extraction was conducted using the Quickgene system (Fujifilm, Tokyo, Japan), following
the manufacturer’s protocol. Candidate adult parents of these progeny were treated using the same method, ex-
cept a fin clip was collected as the sample. Genomic DNA was amplified using the Illustra GenomiPhi Amplifi-
cation Kit (GE Healthcare, Milwaukee, WI, USA) following the manufacturer’s protocol. A parental analysis of
500 young individuals was performed using 11 MS loci to select the full-sib progeny. Parent-offspring hypo-
theses were examined based on genotypic incompatibilities between putative parents and offspring using the ex-
clusion method. The parentage assignment test in PARFEX software [30] was used with the exclusion method.
We allowed for a few genotype mismatches (<2) between offspring and parents per MS marker due to missing
data or the influence of a null allele.

2.2. Development of Microsatellite Markers

The 16,802 scaffolds that comprise the Pacific bluefin tuna genome assembly are distributed from 1.02 Mbp to
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1.98 Kbp [8]. The positional information of longer scaffolds was revealed using linkage analysis during con-
struction of the tuna physical map. Therefore, we selected the longest 1000 scaffolds as mapping candidates.
Primer 3 [31] was used to design the appropriate polymerase chain reaction (PCR) primers for the near-detected
MS regions that had repeat units ranging from two to five nucleotides. The size of the amplified PCR product
was set to 100 - 400 bp in the reference sequence. We selected one PCR primer pairs from each scaffold, and
606 PCR primer pairs for MS were tested for polymorphism in the mapping population (Supplementary Table
S1).

2.3. Genotyping and Linkage Analysis

Multiplex PCR was used to simultaneously amplify four targeted loci. The universal primer-multiplex PCR
method [32] was adapted to amplify the four primer pairs. This method uses multiple universal primers each la-
beled with a unique fluorescent tag (FAM, VIC, NED, and PET) to co-amplify multiple loci, including size
overlapping markers [32]. The sequence information for the universal primers is shown in Supplementary Ta-
ble S1. We used the Type-it Microsatellite PCR kit (Qiagen, Hilden, Germany) for multiplex PCR, following
the manufacturer’s recommendations. PCR amplifications were performed in a 10 pl reaction volume consisting
of 5 pl Qiagen multiplex master mix, 1 pl Qiagen Q solution, 0.02 uM forward primer, 0.2 UM reverse primer,
and 0.2 uM fluorescently tagged universal primers corresponding to each tailed primer. The following PCR
conditions were used: initial denaturation at 94°C for 5 min, 28 cycles of 94°C for 30 sec, 58°C for 90 sec and
72°C for 30 sec, eight cycles of 94°C for 30 sec, 53°C for 90 sec, and 72°C for 30 sec, followed by final exten-
sion at 59°C for 3 min. The PCR products were heat denatured and a fragment analysis was performed on an
Applied Biosystems 3130xI Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) using a LI1Z-600
size standard (Life Technologies, Carlsbad, CA, USA). Allele sizes were subsequently assessed and scored us-
ing GENE MAPPER ver. 4.0 (Life Technologies). After obtaining the genotyped data for each marker, the al-
leles were identified as paternal or maternal, which enabled construction of male-specific and female-specific
linkage maps. We used MapDisto software [33] to identify each linkage group and determine the order of the
MS markers in each linkage group using a log of odds threshold of 4.0. Finally, map distances were calculated
using the Kosambi function. Segregation of each marker was analyzed using the chi-square test for goodness of
fit to the expected Mendelian ratio in a backcross model (1:1). We focused on markers that showed significant
distortion at the 5% level, after a Bonferroni correction for multiple testing. The estimated genome coverage of
the map was calculated using the method 4 of Chakravarti et al. [34], ¢ = 1 — e 2™ where d is the average in-
terval of markers, n is the number of markers, and L is the length of the linkage map. Differences in the recom-
bination rates between the male and female linkage maps were evaluated by calculating the interval of common
contiguous markers in the female and male linkage maps.

2.4. Mapping Sex-Linked Sequences

The DNA sequence of the male characteristic fragment Md6 has been identified in cultured Pacific bluefin tuna
and a BLAST search against the Pacific bluefin tuna genome assembly showed highest identity (Expect value:
8°1%%) with contig BADN01109032 on scaffold Ba00007445 [24]. We designed four appropriate PCR primer
sets for four MS regions on the scaffold to locate Md6 on the genetic linkage map (Supplementary Table S1).
Then, we performed a linkage analysis using the same method as used for the other MS markers.

2.5. Genome Sequence and Amino Acid Sequence Comparisons

The amino acid sequence data of four teleosts (fugu, medaka, stickleback, and Tetraodon) were downloaded
from the Ensembl database to construct the Oxford grid [35]. A protein BLAST search was performed for the
five teleost sequences (Ensembl fishes and tuna) with an E-value < 10°. Orthologous gene pairs were defined as
one reciprocal best hit. Core genes conserved among the five teleosts were defined as the real orthologous gene
set. Oxford grids were constructed to study the synteny and examine the distribution of the orthologous genes.

3. Results
3.1. Selection of the Mapping Population

Estimated parent-offspring pairs were mainly comprised of eight groups (groups 1 - 8) (Supplementary Figure
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S1 and Supplementary Table S2) derived from eight male and four female parents. Many individuals are
needed to construct a linkage map, so we extracted 193 full-sib progeny (group 5).

3.2. Development of Microsatellite Markers

The total length of the 1000 selected scaffolds was 302 Mbp, accounting for 40.7% of all scaffolds. Of the 606
PCR primer pairs tested for MS, 473 were polymorphic in the mapping population.

3.3. Constructing the Genetic Linkage Map

Ninety-three group 5 progeny and their parents were used as the mapping population. We used 473 PCR primers
to perform the linkage analysis. We constructed sex-specific maps for 24 linkage groups consisting of 470
markers (Table 1 and Figure 1). Among the informative markers used in the linkage analysis, 99.4% of the
markers showed detectable linkage relationships with each other. Three markers were not linked to any other
marker.

Table 1. Summary of genetic and physical map of Pacific bluefin tuna.

Genetic map Physical map
LGs . e . e Uil 72 ar:\::%ocr):d Size (bp)
Genetic No. of Marker Genetic No. of Marker of markers
distance (cM)  markers interval (cM) distance (cM)  markers interval (cM) scaffolds
LG1 54 19 0.3 69.5 25 2.9 26 26 7,311,548
LG2 41.3 14 3.2 45.5 14 35 19 19 4,013,609
LG3 55.7 16 37 66.5 16 4.4 20 20 7,566,954
LG4 60.9 20 3.2 56.3 16 3.8 26 26 7,445,291
LG5 36.7 18 2.2 76.9 20 4.0 22 22 8,683,432
LG6 53.0 12 4.8 54.0 12 4.9 14 14 5,824,343
LG7 19.4 11 1.9 62.3 16 4.2 17 17 3,758,735
LG8 345 18 20 349 11 35 19 19 5,886,385
LG9 304 12 2.8 50.5 13 4.2 17 17 4,872,438
LG10 433 16 29 66.2 15 4.7 22 22 7,525,825
LG11 34.7 12 32 739 15 5.3 19 19 6,890,034
LG12 41.6 20 22 64.1 15 4.6 23 23 7,880,459
LG13 84.2 14 6.5 923 17 5.8 20 20 6,805,915
LG14 35.7 18 21 53.3 14 41 20 20 8,512,497
LG15 54.1 17 3.4 41.1 13 3.4 18 18 8,527,022
LG16 45.7 16 3.0 49.8 16 33 21 21 7,004,297
LG17 35.8 13 3.0 27.1 15 19 19 19 6,185,918
LG18 259 18 15 47.5 19 26 21 21 5,107,399
LG19 37.0 13 31 338 9 4.2 14 14 4,691,049
LG20 404 14 31 55.4 12 5.0 18 18 6,731,092
LG21 52.1 20 2.7 67.2 20 35 25 25 8,650,511
LG22 64.5 16 43 41.3 14 3.2 16 16 4,817,797
LG23 26.0 12 24 29.2 13 24 16 16 3,887,699
LG24 349 15 25 739 16 49 18 18 5,216,393
Total 992.9 374 27 13323 366 3.7 470 470 153,796,642
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Figure 1. Male and female genetic linkage maps of T. orientalis. Vertical squares represents Male (left) and Female linkage
group, respectively. Genetic distances between adjacent markers are shown above in Kosambi mapping function (cM).
Common marker between two sexes is bridged by connected lines. Markers with red asterisks (*) showed a significant se-
gregation distortion from the expected Mendelian 1:1 segregation in female map.
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The male map consisted of 24 linkage groups with 374 MS markers. The total length of the linkage groups
was 992.9 cM, and the mean distance between two markers was 2.7 cM. The sizes of individual linkage groups
ranged from 5.4 to 84.2 cM (mean, 41.4 cM). The number of markers per linkage group varied from 11 to 20,
with a mean of 15.6 markers per linkage group. The estimated genome coverage of the map was 86.5%.

The female map included 366 markers in 24 linkage groups. This map spanned 1332.3 ¢cM, and mean spacing
between two markers was 3.7 cM. The sizes of the female linkage groups ranged from 27.1 to 92.3 cM (mean,
55.5 cM). The number of markers per linkage group varied from 9 to 25, with a mean of 15.3 markers per group.
The estimated genome coverage of the map was 86.5%.

The ratio of male map length to female map length was 1.0:1.4. The distribution of the intervals between con-
tiguous common markers in both linkage maps was almost the same (Figure 2), although several linkage groups
clearly showed different recombination rates in specific regions or linkage groups (Supplementary Figure S2).
In particular, the genetic distance between the common markers in LG1, LG5, LG7, LG11, LG14, LG18, and
LG24 on the female map was higher than the male genetic distance. In contrast, LG15 and LG22 showed higher
genetic distances on the male map.

3.4. Mapping the Sex-Linked Sequence

The MS marker (07445_1679), which was developed in scaffold Ba00007445, was only polymorphic in females
and mapped to the LG10 terminal region on the female map (Figure 1). Orthologues of several sex-determining
genes in teleosts [23] but were not found on the LG10 scaffold of the integrated genetic linkage map.

3.5. Integration of the Genetic Linkage Maps with the Physical Map

Developing MS markers to specific regions of each scaffold allowed us to integrate the genetic and physical
maps into a consolidated genome map. We anchored 470 scaffolds to be consistent with the order of markers
determined on the genetic linkage maps. Thus, we placed scaffolds that cumulatively represented 20.8% (153.8
Mb) of the sequenced genome onto the linkage groups (Table 1). In total, 4243 genes estimated in the tuna draft
genome assembly have been included in these scaffolds [8].

3.6. Comparison of Genome Structure in Other Teleosts

Constructing the integrated Pacific bluefin tuna map made it possible to compare conserved sequence regions
with those of other teleosts. We identified 6445 pairs of orthologous genes among tuna and four other teleosts
(fugu, medaka, stickleback, and Tetraodon). Then, we extracted 1381 gene pairs from these orthologous genes
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Figure 2. Recombination ratio between male map and female map. The common intervals
flanked by adjacent markers from the 24 linkage groups are compared.
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and mapped them on the integrated map. We constructed an Oxford grid [35] for Pacific bluefin tuna against the
four teleosts based on the number of orthologous genes on each linkage group/chromosome. These results indi-
cated that 24 pairs of chromosomes in tuna and medaka showed a clear one-to-one relationship (Figure 3).
Comparisons with the other three fish species also indicated highly conserved one-to-one relationships, although
there were several one-to-two and one-to-three relationships between homologous chromosomes. For example,
fugu chromosome 1 corresponded to LG3, LG19, and LG21 in Pacific bluefin tuna (Figure 3(b)). Stickleback
chromosome 1 corresponded to LG2 and LG13 in Pacific bluefin tuna. A similar result was observed in stickle-
back chromosome 4 with LG10 and LG23 in Pacific bluefin tuna (Figure 3(c)). Three one-to-two relationships
were detected between Tetraodon (chromosomes 1 - 3) and Pacific bluefin tuna (LG4 and LG10, LG19 and
LG21, and LG2 and LG8) (Figure 3(d)).

We constructed an integrated map to compare the Pacific bluefin tuna and medaka chromosome structures.
Homologous sequence regions across several chromosome pairs between tuna and medaka revealed reciprocal
homology relationships as well as reverse orientation orderings. Thus, several inversions may have occurred in
either genome (Figure 4 and Supplementary Figure S3).
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Figure 3. Oxford grid comparing genomes of T. orientalis and four model fishes. Commonly conserved 1378 orthologous
genes among five fishes were plotted into Oxford grids. Each number in a cell indicates the number of orthologs in each ge-
nome. Each grids were drawn by specific color according to the number of orthologous, The number of each linkage group
of T. orientalis was determined in this study. (a) T. orientalis-Medaka comparison; (b) T. orientalis-Fugu comparison; (c) T.
orientalis-Stickleback comparison; (d) T. orientalis-Tetraodon comparison.
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4. Discussion

In this study, we constructed an integrated map composed of 24 linkage groups with 470 MS markers. The inte-
grated map will be a useful resource to develop a complete physical map, conduct comparative genomic studies
in teleosts, and perform genetic studies of economically useful traits in Pacific bluefin tuna.

The karyotype composition of Pacific bluefin tuna was two pairs of metacentric, three pairs of submetacentric,
two pairs of subtelocentric, and 17 pairs of acrocentric chromosomes. The numbers of linkage groups on the
sex-specific maps agreed with the number of chromosome pairs suggested from microscopic observations [9].
Scaffolds integrated with linkage groups will have to be detected on chromosome samples using fluorescence in
situ hybridization to reveal the relationships between linkage groups and chromosomes, as in other fish [12] [36].
It is also desirable to locate scaffolds or contigs that include unique repeats in telomeric or centromeric regions.

Coverage of the male and female genomes by the maps was 86.5% respectively; thus, the chromosomes were
covered comprehensively by this linkage map. However, mean lengths of the linkage groups were somewhat
shorter (male: 41.4 cM, female: 55.5 cM) compared with linkage maps of other closely related teleosts [11]
[37]-[40], suggesting the absence of a marker at the end of a chromosome and that the mapped scaffolds lack
telomeric and centromeric repeats. Restriction site-associated DNA (RAD) tag sequencing [41] using a next-
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generation sequencer is useful to develop several thousand single nucleotide polymorphism markers close to re-
striction endonuclease sites. This method has been applied to construct linkage maps for several teleosts [27]
[42]-[45]. The integrated map in this study provides a framework for constructing high density-linkage map us-
ing RAD tag sequencing.

Total map length between males and females was almost the same compared with that of several other te-
leosts [12] [38] [46] [47], although the female map was somewhat longer than that of the male map (ratio F:M,
1.4:1). The distributions of the common marker intervals between the male and female maps were not different.

The MD6 sex-linked sequence was mapped to the LG10 terminal region on the female linkage map. Because
the mapping population in this study was 18 days old, we could not distinguish phenotypic sex. Therefore, we
could not perform a linkage analysis between genotypic and phenotypic sex. A mapping population that distin-
guishes phenotypic sex will be needed to map the sex-determining region in the future. Sex-determining genes
reported in other teleosts [23] were not found on LG10 of the integrated map. Therefore, it will be necessary to
map these genes on our genetic linkage map to determine the relationships between these sex-determining genes
and sex in Pacific bluefin tuna.

The comparison of chromosome structure among the five fish species suggested that Pacific bluefin tuna
chromosomes were very similar to those of medaka, but traces of several inter-chromosomal rearrangements
were detected in the other fish. A comprehensive amino acid sequence comparison of orthologous genes among
the five teleosts (including Pacific bluefin tuna) supported that Pacific bluefin tuna is phylogenetically closer to
stickleback than to medaka [8]. Taken together, Pacific bluefin tuna are more phylogenetically related to stick-
leback than to medaka but not in chromosome structure. The medaka genome has the conserved genomic struc-
ture of the MTZ ancestor and has not experienced any major rearrangements for more than 300 My. Our results
suggest that the chromosome structure of the Pacific bluefin tuna could also be the conserved structure of the
MTZ-ancestor because of the high similarity between the chromosome structures of the two species. Yellowtail
(Perciformes) chromosome structure is highly similar with that of the MTZ ancestor [48]. Our results support
these yellowtail results at the whole genome level.

Stickleback [27], fugu, and Tetraodon [12] have experienced chromosome fusion events two or three times
since diverging from the MTZ ancestor, which presumably had 24 chromosome pairs. Stickleback chromosome
1 corresponded to LG2 and LG13 in Pacific bluefin tuna. A similar trace was observed in stickleback chromo-
some 4 with LG10 and LG23 in Pacific bluefin tuna. These one-to-two relationships are potential traces of in-
ter-chromosomal rearrangements in a lineage phylogenetically diverged from the two species. In this case, fu-
sion of two chromosomes or chromosome fission in the stickleback lineage could have occurred after divergence
from the common ancestor. Our comparative study did not consider intra-chromosomal rearrangements that di-
verged from the MTZ ancestor. An investigation of macro or micro-synteny among fish species in which whole
genome sequences are available is needed to understand the detailed characteristics of Pacific bluefin tuna
chromosome structure and to estimate rearrangement events in the Perciformes lineage.

It was a surprising and new finding that medaka and Pacific bluefin tuna have similar chromosome constitu-
tions, even though these two species are evolutionary distant in Percomorpha and differ morphologically and
physiologically. This result suggests that other fish in Percomorpha may have a similar chromosome constitution
and traces of inter-chromosomal changes. It is also possible that chromosome constitution does not always re-
flect phylogenetic distance based on other genetic factors, such as nucleotide or amino acid sequences. Several
chromosome pairs and homologous sequence regions between tuna and medaka were in reverse orientation be-
tween these two species. Chromosome inversion may have occurred from ectopic recombination between ho-
mologous sequences or breakage of chromosomes and erroneous repair of free ends by non-homologous end-
joining [49]. Genes at recombination breakpoints occasionally experience a fission or fusion event with other
genes during chromosomal inversion, fusion, or translocation. Such a phenomenon has been explained as the
mechanism of novel gene birth [49]. Thus, different genes are detected in these boundary regions of Pacific blu-
efin tuna and medaka.

Pacific bluefin tuna has high market value, but wild populations have decreased in recent years [1]. The com-
plete lifecycle of this species has been closed for aquaculture, and artificial seed is being used for production [2].
Therefore, there is interest in creating brood stocks with commercially valuable traits, such as rapid growth. A
genetic linkage map with many DNA markers is needed to efficiently find markers associated with quantitative
trait loci (QTL) that can be used in marker-assisted selection breeding programs to genetically improve traits,
such as disease resistance, high growth rate, and sex determination in Pacific bluefin tuna seed and seedlings.
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QTL analyses [50] for specific traits have been performed in many fish including groups phylogenetically close
to Pacific bluefin tuna in Percomorpha, such as two yellowtail species (Seriola quinqueradiata and Seriola la-
landi) in Carangidae [37] [51] and Japanese flounder (Paralichthys olivaceus) and Atlantic halibut (Hippoglos-
sus hippoglossus) in Pleuronectiformes [45] [52] [53]. In this study, we developed sex-specific linkage maps
using a tuna draft genome sequence. The mean distances between two markers in the male and female maps
were 2.7 cM and 3.7 cM, respectively. This marker density is sufficient to perform a rough QTL analysis [54].
The linkage map will be a useful resource for QTL analyses of economically useful traits in this species. More-
over, it could be used to elucidate the genetic basis of the ecologically unique traits of Pacific bluefin tuna. Inte-
grated sequence information from the linkage maps will help identify responsible genes in candidate regions de-
tectable by QTL analysis.
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Supplementary Figures and Tables

Table S1. The information of PCR primers used in this study. These primers are categorized as follows. A: used in parentage test. B:
used in linkage mapping.

Scaffold For_ward Forward Primer Foryvard Reyerse Reverse Primer Reyerse el M$ Perfector  Simple
Category ™"\ Primer Sequences (5-3) Primer Primer Sequences (5-3) Primer Allele — Unit | oot Notation
ID q m (°C) ID q Tm(°C) Size (bp) Size P

B Ba00002 00002_358935_F  tttgtcagtgggaaacaatctg 60.0 00002_358935_R gtgotgtgtgtgtttgtacgtg 59.9 140 2 perfect (CA)14
B Ba00003 00003_495686_F gtgtggaagcaacaagcaaata 60.2 00003_495686_R  tggatttgggtacaggtaaagg 60.1 321 2 perfect (AC)36
B Ba00004 00004_886445 F agcatctgtgtctgcataatgg 60.2 00004_886445_R cgacaatgtgacatgtttgttg 59.9 148 2 perfect (CA)12
B Ba00005 00005 610364 F caaaggggattttagtctgcty ~ 60.1 00005 610364 R ctigccaaasacctcgacttac  60.2 141 2 \',meg:;é (GT)16
B Ba00006 00006_761447_F gcaagcatatggcacatttaga 60.1 00006_761447_R atcttgctcctcctcettectct 60.0 130 2 WlirtTf]lpr?(I;f;g:)S (TG)42
B Ba00007 00007_770851_F  gccccatatgtacatggagttt 60.0 00007_770851_R  gggcgttattctagtgatgttty 59.9 185 2 perfect (AC)21
B Ba00008 00008_803992 F catttggttttctttggtccat 60.1  00008_803992 R tccasaaccagaaaggacactt  60.0 128 2 wlimp:gf;;:)s (AC)15
B Ba00009 00009_514635_F  tgtgcttcgtaaacacaacctc 60.2 00009_514635_R  gaggctgcaggatatgaatagg 60.1 111 2 wlimprfgfggt)s (AC)21
B Ba00010 00010_781278_F ggtgaattcaattgccagtttag 59.9 00010_781278_R ccattacttacttctcgeccag 60.1 106 2 perfect (CA)14
B Ba00011 00011_657238_F  atcacgtttatttagcccgaga 60.0 00011_657238_R atgagaccgttaacattttgcc 60.2 141 2 perfect (AC)16
B Ba00013 00013 638192 F tgacclcticccaatggactat ~ 59.8 00013 638192 R gelcagtetctggtttectgtc  60.4 142 2 W'i;‘;]prfgfgg;s (AC)19
B Ba00014 00014_385141 F  gattccacatggtcagcttgta 60.0 00014 _385141_R ctccaaaaggaaagtcaaccac 60.0 139 2 perfect (CA)22
B Ba00015 00015_721830_F aagcgctactttcaggtgagtc 60.1 00015_721830_R  ctcactactcccacctggagat 59.6 138 2 perfect (CA)13
B Ba00016 00016_658769_F tttaatttgtcacccgtetgtg 59.9 00016_658769_R  catgtctccatattttccgtga 59.8 121 2 perfect (AC)13
B Ba00017 00017_135995 F cactgttgctctgggtaaaggt 60.6 00017_135995_R ccgggtttgatatattgtgett 60.1 150 2 perfect (TG)16
B Ba00018 00018_365575_F  ttcagttatgggtctgggctat 59.9 00018_365575_R  ctgaaacatgtatggttgtggg 60.2 143 2 perfect (AC)15
B Ba00019 00019 259174 F gagtgatggcctggatagactc 60.1 00019 _259174_R gtctgcectgtetgtetgttcac 60.0 123 2 W'impﬁéfgg:)s (CA)25
B Ba00020 00020_291940_F tagcatatttgtattcgggcac 59.0 00020_291940_R  ccctgaagtcagtcaaggtaca 59.3 116 2 perfect (AC)17
B Ba00021 00021 81471 F ctigtggatggcacagagatag ~ 59.8 00021 81471 R  caagtcacgcataaasaccaga  60.2 140 W'imp:gf;;:)s (TG)24
A Ba00022 03538 _117_F tgatgttttcacagagaaccaga 59.8 03538_117_R cggttcaggtatgtcagagtga 60.2 177 2 perfect (TG)13
B Ba00022 00022 661885 F agataccgcagggattatctga ~ 60.0 00022 661885 R  aaaataaaaatcagcccacacg  60.2 146 2 m&eg:g (TG)25
B Ba00023 00023 682414 F fgtccaatatagcaagcagtgg ~ 60.2 00023 682414 R gotgtggtatttacatttgcga  60.0 135 2 m&eg:;; (TC)22
B Ba00026 00026_267152_F acagcccctattcacaatgagt 59.9 00026_267152_R  gtgagccttcacaaacaacaag 59.8 107 2 m&eg:;; (TG)32
B Ba00027 00027_603499_F tctgacaccaccatatagcacc 59.9 00027_603499_R  tggagacgacgatcctaatgta 59.6 400 2 perfect (CA)21
B Ba00028 00028_464941 F  aaactgtgggacatgttctttt 57.6 00028_464941_R  cagaaacacaaccctaaccctc 59.9 201 2 perfect (CA)21
B Ba00029 00029_643815_F  tgtgtgtgtgtgaatgtgtgtg 60.0 00029_643815_R taatccctcgagacgtgaattt 60.0 102 2 perfect (TG)15
B Ba00030 00030_319912 F  ttgtccctggagaaaagtgttt 60.0 00030_319912_R  acatgggaacacataggacaca 60.2 128 2 perfect (TG)21
B Ba00031 00031_368460_F ttcctctgtgaactgaagcaga 60.2 00031_368460_R  gagatgaggcagaacatctgtg 59.9 101 me::gggs (AC)21
B Ba00032 00032_435309_F gccagaggaaaagacagagaaa  60.0 00032_435309_R  tcaggtaggacagctcacaaaa 59.9 103 2 perfect (GT)14
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Continued
B Ba00033 00033_575768_F gcgaggaaccttcagttcatac 60.1 00033_575768_R tgcagtgtctcaattttgctct 60.1 129 2 perfect (AC)20
B Ba00034 00034_183287_F aattgccagttgaagtgtgtgt 59.6 00034_183287_R gacatgtacctttgttctggca 60.0 131 2 perfect (TG)22
B Ba00035 00035_115704_F gcagagtttcatacatggtgga 60.0 00035_115704_R  gtcatgggaaaatgaagcaaat 60.2 125 2 perfect (GT)19
B Ba00036 00036_456502_F  tggaaagttgttgttatgcacc 59.9 00036_456502_R  aaaacaaccaaaccaaccaaac 60.0 110 2 perfect (GT)20
B Ba00038 00038 356123 F casatagccagacagacagcac ~ 59.9 00038 356123 R actgacagacagaccagacagg — 59.4 147 2 W'impr?gf;;tps (TG)24
B Ba00039 00039_394087_F ggaggatgaggtgttgctctac 60.1 00039_394087_R  tagttgaaggcgtcatgacatt 59.6 109 2 perfect (AC)18
B Ba00040 00040_154055_F  gcatctacctcctcttttggaa 59.7 00040_154055_R  ccctcaaagcaaatttttgaac 60.0 101 2 perfect (TG)13
B Ba00041 00041 262465 F aactttgactigatgatggcy 60.1 00041 262465 R ttgacagctatgggatgtgttc  60.0 146 2 wlimp:c;f;;:)s (AT)19
B Ba00042 00042 205845 F aagtgatggasacacgactgty ~ 60.1 00042 205845 R tgtatgctgactccccatagty  60.0 137 2 W'imp:gfg?ps (GT)16
B Ba00044 00044_557436_F tgctggatgggataagaagttt 60.0 00044_557436_R tattccagaggcatcttcagty 59.3 145 2 perfect (GT)19
B Ba00045 00045_218346_F agcatttagcaagtgaagcaaa 59.2 00045_218346_R caaattctctctctcctcagee 59.6 397 2 perfect (TG)45
B Ba00046 00046_354953 F  actgtctgctcctgtcgtaaca 60.0 00046_354953_R cccctctttgctcttaatctga 59.9 366 2 perfect (CA)17
B Ba00047 00047_153600_F ctctctectectecttgtgtgt 59.9 00047_153600_R attttccctetgtgttggtttg 60.3 234 2 perfect (GA)22
B Ba00048 00048 150402 F cagtctctotggctctgtcaaa ~ 59.8  00048_150402_ R caggagacaaatctgaccttcc  60.1 145 2 W'i't‘;”rfgfgg;s (AC)18
B Ba00049 00049 329914 F cttgcagacatctctotecctt ~ 60.0 00049 329914 R gaatgccaatgcaaaagigtaa  60.0 130 2 'm”eg:g;w"h (TG)30
B Ba00050 00050 328297 F tetgctcctgticatgtetgat 50.9 00050 328297 R gcclgtaatgcticatttaggg ~ 60.0 148 2 'mpﬁ(’)f;gg‘”th (TG)29
B Ba00051 00051_211304_F gcatgtccaatattcagctcag 59.7 00051_211304_R attgatttgtgtggaaaaggct 59.9 294 2 perfect (TG)18
B Ba00052 00052 385529 F gccgttageatggctasaatac  60.0 00052 385529 R teatcactgagccagacagagt  60.1 137 2 W'iﬁp:éf;;)s (AC)24
B Ba00053 00053 380153 F gtctttctgtctgggtttgtce 60.0 00053 380153 R aagcacatgtttttctccctgt  60.0 126 2 WEEpr?(:f;g:)s (CA)20
B Ba00054 00054_476399_F  ggggacttcagtcattctgttc 60.0 00054_476399_R  gttattagaaagcatgcagggc 60.1 285 2 perfect (AC)14
B Ba00055 00055_557397_F cacctggtaagtgttaaagggg 59.8 00055_557397_R  gaacagcttgctgtgcataatc 59.9 122 2 perfect (GT)14
B Ba00056 00056_277475_F cagatgccaaaccaactctgta 60.2 00056_277475_R  tgcaacagctagcattcttcat 60.1 146 2 perfect (TG)17
B Ba00057 00057 560819 F cacgtcacaggctatttgtcat ~ 60.1 00057 560819 R tasagaaggaccaaaaggacca  60.0 138 2 wlimp:;f;?ps (TG)19
B Ba00058 00058 544515 F gcaagagcaggtagigttcaa  50.6 00058 544515 R geatatgctcagaagagagtgc 5.3 121 2 W'imp:;fggt)s (CA)29
B Ba00059 00059_177790_F  ggtacaccctgcagttttgaat 60.3 00059_177790_R  tggctgttaaatagctcectgt 60.2 330 2 perfect (AC)30
B Ba00060 00060_449308_F  cacatggtcaaacgttttctgt 59.9 00060_449308_R  taaacgtctcaacaggatgtgg 60.0 117 2 perfect (TG)13
B Ba0006l 00061 227060_F ggaagcagtgtgactgtgaaag ~ 60.0 00061 227060 R  ggttctaaggectaatgctgaa  59.8 118 2 W'i’t‘;]":gf;g:m (TG)18
B Ba00062 00062 36778 F ttcaagggcaatasagtgtgty ~ 60.0 00062 36778 R ttctetgttctcttcteocctg 60.0 243 2 wlimpr?gf;;)s (TG)29
B Ba00063 00063_195848 F ctgcacagtggaaatccataa  60.0  00063_195848_R tttactgigtttaatgcacceg  59.9 128 2 w:&eg:;; (GT)24
B Ba00065 00065 349693 F cttgcagcaacagagatacacc  59.9 00065 349693 R cactgctgattttatgcttcg 59.9 150 2 W:Epﬁgf;ggs (CA)19
B Ba00066 00066_257637_F  atctgggtccagcaaatatcac 60.2 00066_257637_R ctcttggcttatcgtgacctct 59.9 106 2 imperfect (TG)18

with no gaps




T. Uchino et al.

Continued

B Ba00067 00067_289897_F  catccagcttattggtgcatta 60.0 00067_289897_R  agagcaggaatcaaaattggaa 60.1 196 perfect (AC)22
imperfect

B Ba00068 00068 _46927_F ctttcatttcccaagaaacgtc 60.0 00068_46927_R agtcagtgataggtgttggect 60.1 309 with no gaps (CA)25
imperfect

B Ba00069 00069_102016_F ttttcctggtaaattcacccte 59.4 00069_102016_R ttcacactgttggtttctgtcc 60.1 127 with no gaps (CA)15

B Ba00070 00070_316720_F ctgtggtgtttgtacgtcaggt 60.0 00070_316720_R  aaacggacacagctgagaaaat 60.2 307 perfect (TA)19
Imperfect

B Ba00072 00072_331722_F ggaggaaccataattgtccgta 60.1 00072_331722_R  cacagtgataacaaccctttgc 59.5 117 with gaps (AC)15
imperfect

B Ba00074 00074_240980_F ggaaagtcagctcaggagaaaa 60.0 00074_240980_R aaatacagacacccaaacagca 59.5 146 with no gaps (GT)20
imperfect

B Ba00075 00075_95644_F  ctgttgatgactggagaaggct 60.8 00075_95644_R cactcactcactcgcacacata 60.0 129 with no gaps (TG)19

B Ba00076 00076_171876_F  agaatatttctgtccctgccaa 60.0 00076_171876_R  gttgggtataaatgcctggtgt 60.0 140 perfect (AC)13

B Ba00077 00077_231443 F  cctcagttcagcctetgtetet 60.2 00077_231443_R tcatatacctgcttacaaccgc 59.2 112 perfect (GT)13

B Ba00078 00078 132497 F aatgattgtctaggccacatcc ~ 60.2 00078 132497 R caggggtctasacctcacactc  60.0 122 W'impféfgiﬁs (TG)20
imperfect

B Ba00079 00079_517200_F ggtttgcatttggctattcttc 60.0 00079_517200_R  ttgcaacatgtgattgaaacaa 60.0 128 with no gaps (TG)16

B Ba00080 00080_298907_F  tgcacgtgatattttgatgatg 59.5 00080_298907_R  ctgatgttgagaacagaggctg 60.1 144 perfect (GT)16

B Ba00082 00082_412469_F ccacactgactgactggatgat 60.0 00082_412469_R atttcctttacctgcaatcctg 59.5 148 perfect (CA)16

B Ba00083 00083_506654_F tttctggtgtactgaaacggtg 60.1 00083_506654_R tgtcactttagcectgecttat 60.2 316 perfect (CA)23

B Ba00084 00084_322090_F aggattgtgtgcaccataactg 59.9 00084_322090_R tgatctcactcacagatacagca 58.5 121 perfect (TG)18

B Ba00085 00085_363474_F  atctcctctaggagctgtgtge 60.1 00085_363474_R  gcggaaaatacagagtggaatc 60.0 135 perfect (AGAC)7
imperfect

B Ba00086 00086_310160_F caggacttacaatccctcttge 60.1 00086_310160_R caacaatgcatttctctctcca 60.3 147 with no gaps (CA)33

B Ba00087 00087_101769_F tccgacaacttaaaattggctt 60.0 00087_101769_R  catgcaggtcagcatagttgat 60.2 163 perfect (TG)21

B Ba00089 00089_38868_F ctgtttcaatattgccctgaca 60.0 00089_38868_R agtccagtctcccaaaatgtgt 59.9 138 perfect (CA)19
imperfect

B Ba00090 00090_474748_F  ctgtctttgagggaagcaaaat 59.8 00090_474748_R  ctgcagacaagacacacaaaca 60.0 126 with no gaps (TG)15

B Ba00091 00091_276727_F cccagtgagaaggctaaggtaa 59.8 00091_276727_R  atcattcacagacgatgtttgc 60.0 116 perfect (GT)14
imperfect

B Ba00093 00093_24283_F  agtatccagattgccaaattgc 60.3 00093_24283_R attttattaggcttcctgggga 60.2 148 with gaps (TG)21

B Ba00094 00094_323057_F cacattgcaacttatgcacaga 59.8 00094_323057_R  aatcagttgctcaatgctgaga 60.0 141 perfect (AC)15
imperfect

B Ba00095 00095_365782_F  gtacccattaggctgtagtggc 59.9 00095_365782_R  aaaacaattgacaccaaccaca 60.2 117 with no gaps (TTTG)9

B Ba00096 00096_85218_F ttctgtctctgctcttgtttge 59.8 00096_85218_R gctgagttgccatcacattaaa 60.1 121 perfect (TG)12

B Ba00097 00097 394083 F tcaaggacaagagtgtgtgcat ~ 60.8 00097 394083 R  tccaaggtcctactgtccatct  60.0 121 W:Epr?gf;?ps (TG)18
imperfect

B Ba00098 00098_401184 F  ggcaaggactctctgtctgtct 60.1 00098_401184_R  aacaatacggtcaccaagtgtg 59.8 142 with no gaps (TATG)9

B Ba00099 00099 435286 F gtgtcaaaccctcaaggaaaac  59.9 00099 435286 R cacatggcttitttectetct 59.9 141 W'.?Rpﬁgfgiﬁ,s (6GT)21
imperfect

B Ba00100 00100_205743_F  cccaggcagtgtattgtgagt 60.0 00100_205743_R  ataagcagcatgagtgaaggtg 59.4 132 with gaps (TG)28

B Ba00l01 00101 439063 F gcaagtatgttggagctetgty ~ 59.9 00101 439063 R agcagtaaaaagtggasatgec 5.7 140 WlirtEpr?(:f;?ps (Te)17

B Ba00103 00103_228054_F atgcagtatgacaaggtcatgg 59.9 00103_228054_R ttaagtcaggtgtgtgtccctg 60.1 167 perfect (TG)18
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B Ba00104 00104 395600_F aaatttgggccctatttgaatc ~ 60.4 00104 305600 R gotaatgttgtcatgetgeact  60.3 120 \','Vrl‘t"heg:;; (TG)15
B Ba00105 00105_119773_F  tcacccagttatttgtcccttt 59.7 00105_119773_R  ggacaagatttgcagtgtgtgt 60.1 146 wlimp:(:fgg;)s (AC)17
B Ba00106 00106_187871 F cgacaagaagctaaacccactt 59.8 00106_187871_R  aggcctagagatatcgcatctg 59.9 119 perfect (GT)12
B Ba00108 00108 370173 F cttctgctttttcatgottgty 60.1 00108 370173 R aagttgggggtgaaaaagigta  59.8 119 W'irt?‘p;;f;;:)s (GT)20
B Ba00109 00109_128874_F  tgctgttggctgctacactact 60.1 00109_128874_R ctttgtcacagcttgtcctgte 60.0 150 perfect (CA)26
B Ba00110 00110_99146_F  ccgtcgtgtagtgttgtccata 60.9 00110_99146_R  aggatactactaccaccgctgc 59.7 104 perfect (TG)22
B Ba00111 00111 291702 _F tttaaggggaaagacaaatcctc 59.8 00111 _291702_R  gtttgctgaaagaaggaaaacy 60.3 114 perfect (AC)20
B Ba00112 00112_219640_F tcagatgagagatgcagagagc 59.9 00112_219640_R  aatgatggggttaaatttgtgc 60.0 128 perfect (AC)14
B Ba00113 00113_423636_F ttcttgcgctttatttctcaca 60.0 00113 423636_R  gtccccaaaggtgacctaagtt 60.6 104 perfect (CA)17
B Ba00114 00114_369105_F tctgtagactgagctggtggaa 60.1 00114_369105_R tgctcaactgcagacttgtttt 60.1 123 perfect (CA)16
B Ba00115 00115_267973_F atctcgacaaatgatgatgctg 60.1 00115_267973_R ggtccaagtgtgtctgtgtgtt 60.0 119 perfect (AC)16
B Ba00116 00116_417144 F ttacattgctgctgtgtgtgaa 60.4 00116_417144 R  cacacatcacatcttgcatctg 60.2 138 wlimpr?c;fg;:m (GT)22
B Ba00117 00117_154563_F gaggaagcactcctcactccta 60.0 00117_154563_R  aagctgtgtgggaaagtagctc 60.0 146 perfect (AGC)10
B Ba00118 00118_445594 F  gtgcgagtttacccactttacc 59.9 00118_445594_R ttaagtggctctctcttcctgg 60.0 150 perfect (AC)24
B Ba00119 00119 335944 F ggttaggatttgcatgtgtgty ~ 60.3 00119 335944 R  caagggattgagaggctaatty  60.1 145 W'irtup:éf;;)s (TO)18
B Ba00120 00120 340187 F aaactgtctccatccaactggt ~ 59.9 00120 340187 R agasaacacatggcactgacac  60.1 128 wﬁﬂpﬁéfgﬁﬁs (AC)20
B Ba00121 00121_314068_F cacagccatcaagaagattcaa 60.3 00121_314068_R  gttggtttgaccattacaagca 59.9 136 perfect (GT)20
B Ba00122 00122 266017 F tttgtaccagaaacgcaatgac ~ 60.0 00122 266017 R  attggatggcatgggagtatag  60.1 143 W'imp:;f;::)s (AC)22
B Ba00123 00123 167823 F coticttigttggtctyctttc 60.3 00123 167823 R  ccactggtccettaagtagety  60.2 137 wlimpr?;f;;:)s (TG)19
A Ba00124 03220 1809 F tgaatgcctattigtgtccaag  60.0 03220_1809 R actttctatcccacategtget 600 300 W'imprf;fggt)s (ATT)16
B Ba00124 00124_210364_F  cattccaaagcgttgtgtttta 60.0 00124 _210364_R agatttccccaattctttccat 60.0 169 perfect (TG)19
B Ba00125 00125_425690_F  ggtcctgtccttctcatattge 60.0 00125_425690_R  gtggtgagctgatttacgtcty 59.8 262 perfect (GT)16
B Ba00126 00126 455614 F gcatcgcatcataggcatacta ~ 60.1 00126 455614 R tatctctcacacacttgcccac  60.2 143 Wm";g;g;g (TG)21
B Ba00127 00127 236472 F gtatgacatccgticacaatgg ~ 60.1 00127 236472 R ttagcatgttttgaggttccct  60.0 105 wlimprféf;;)s (AC)19
B Ba00128 00128 315130 F caacatctggaccataagcaga  60.1 00128 315130 R ttegttctggtatgeattttty 60.0 124 W'impr?;f;;:)S (6T)21
B Ba00129 00129 _342326_F catgatgtgtcaaccaccacta 59.3 00129_342326_R tttgagtttgtggtgaggaatg 60.0 130 perfect (AC)12
imperfect
B Ba00130 00130_79916_F  cctgagttctgttacagctccat 59.8 00130_79916_R acttcaatgtaaaaacaccccg 60.1 124 with gaps (GT)19
B Ba00131 00131_455118 F ccagaacaactgctacatctgg 59.8 00131_455118_R  gcagacaccatgttttacaagc 59.7 148 perfect (AC)19
imperfect
B Ba00132 00132_191501_F  atttccctgactttgagtgceat 60.0 00132_191501_R cctctectgcttcatcactgta 59.5 125 with no gaps (TG)38
B Ba00133 00133_441269_F  ttggcaaccatgcaatatagtc 59.9 00133_441269_R  gagtctattgacaacaaggccc 60.0 136 perfect (GAT)10
B Ba00134 00134_312921 F tgacaagtctttctactgaggca 59.2 00134_312921_R tctttgaatggcttcactctca 60.0 121 perfect (CA)13
B Ba00135 00135_23239_F  agaagatcaccacattggcttt 60.0 00135_23239_R aaggcgtgtcaatatctgtgtg 60.1 142 perfect (CA)21
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B Ba00136 00136 215754 F ctgtggacatatgagggtttca  59.9 00136 215754 R ggacactgagtactgaacgcty  60.0 134 W'I't?]prfgf;;s (GT)21
B Ba00139 00139_63813_F  tgagtggacagcttttcticaa 60.0 00139_63813_R gtctgcatgcaaagaaacacat 60.2 150 perfect (TG)19
B Ba00140 00140_111707_F gacatgtgacagaaagcaaagc 59.9 00140_111707_R  cagctgactcaccaaacaacat 60.2 131 W'imp:;f;g:)S (GM21
B Ba00141 00141 408598 F ccatactgtcctcaggcttacc 600 00141 dogsgs R '9'0'8agagagagagagaga- 7 g 150 imperfect 35

gage with no gaps
B Ba00142 00142_277539_F tgtttttggtgtgtacagaggc 60.1 00142_277539_R gcttttgttaagctgaaatggg 60.1 141 perfect (AC)13
B Ba00143 00143_408087_F  attcaagctgtatgattggcct 60.0 00143 _408087_R ttcagatttttaacaagccggt 60.0 133 perfect (GT)19
B Ba00145 00145 238363 F  agcctecctigtatgtttacce 60.6 00145 238363 R atgtggtgattaattgcactgg  59.8 129 W'imprfgf;?ps (AC)24
B Ba00146 00146 75017 F aataaaccasaactgacacgca  59.6 00146 75017 R ggclgttgctcactgttatgtc  59.8 130 wlimp:;f;;:)s (AC)L7
B Ba00147 00147_105521 F cagagcataagcattccaaaca 60.3 00147_105521_R  tatgggtgttaagagcaaggct 60.2 360 perfect (CA)25
B Ba00149 00149 250489 _F ttttcccatagagttagcgcag 60.7 00149_250489_R ccatcattattgccctcttage 60.0 136 perfect (CT)16
B Ba00150 00150_9590_F tcggceteactctgctgtattta 60.0 00150_9590_R agcatatcagtctctgggcatt 60.1 246 perfect (TG)18
B Ba00151 00151 31055_F  gtcctgaggagttgactgttcc 60.2 00151_31055_R aattagcctgetgtgcetgtgta 60.0 120 perfect (GT)24
B Ba00152 00152_78998_F tcaaacactaacagagcaggga 59.9 00152_78998_R gttaaacagcttgttggcattg 59.7 143 perfect (GM17

imperfect
B Ba00153 00153_401556_F gtctaggactgccaaaaactgg 60.2 00153 _401556_R atgttcattttgggctgaatct 59.8 147 with no gaps (CA)26
B Ba00154 00154_270166_F  tcctgctctgtgctcacatact 60.1 00154_270166_R  gactggtgtgtaagcagtttcg 59.8 110 perfect (CA)18
B Ba00155 00155 332581 F  ncctettgtigcgtaagety 59.8  00155_332581 R taactigagitggaaggggaa  60.0 144 W:Epr?gf;?ps (AC)35
B Ba00156 00156_123482_F ggaagaagggatcacaacagac 60.0 00156_123482_R  tgctgggagaaatctaagatcc 59.7 115 wlimp:(r)fgg:)s (AG)18
B Ba00159 00159_126940_F ttgagccggaaaagatagagag 60.0 00159_126940_R  acacgttacaaaatgtgcaagc 60.1 144 perfect (TG)17
B Ba00160 00160_258703_F gtcagagtgttgagacaggcac 60.0 00160_258703_R ttttgctggtgattgaaaacty 60.1 169 perfect (CA)16
B Ba00161 00161_292321_F  attacacccagtttacatcggc 60.1 00161_292321 R  aatgggtgtgttcagacagatg 59.9 149 perfect (CT)12
B Ba00162 00162 313019 F tttctctetcteccectetott 60.0  00162_313019 R  cacaagagccalgtgtittagc  59.8 144 wlimp:;f;;:)s (TO)19
B Ba00163 00163_233910_F agtagaggtgtgggatgctgtt 60.1 00163_233910_R tcctgtcatgctcacaataacc 60.0 124 perfect (TG)15
B Ba00165 00165_248757_F  gatttaaccaatcctccatcca 60.0 00165_248757_R aaatcatttctcttttggtgee 59.5 268 perfect (AC)17
B Ba00166 00166 89208 F  attgccaaaccatatccacttc ~ 60.1 00166 89208 R tggtcctctactccatccaagt  60.0 122 imperfect -~ A\20

with no gaps

imperfect
B Ba00167 00167_150448 F acactgattctcagctgctctg 59.8 00167_150448_R  gaggtgagcgcacatatatcct 60.5 149 with no gaps (CAG)11
B Ba00168 00168_209325_F  tgaccaattaaatgagccagtg 60.0 00168_209325_R ttcctacttgtgtgtctgecte 59.4 169 perfect (AC)18
B Ba00169 00169_177627_F ttacctggtcagaaactcagca 59.9 00169_177627_R  catgcctgtgacctacagaaag 59.8 131 perfect (CA)16
B Ba00171 00171 222856 F cagacgagcagacagacagic  60.2 00171 222856 R cclcttgttcactgctaatcce  60.1 131 \',wt‘;]eg:;; (CA)30
B Ba00172 00172_167230_F tgtttctaggcggtttggtatt 59.9 00172_167230_R  ggtgcaccagtaaacacaaatg 60.3 174 perfect (TG)16
B Ba00174 00174_235377_F aagtccatatcagcctgaggaa 60.1 00174_235377_R  tcaacacagtctgcttgatcct 59.9 122 perfect (AG)18
B Ba00175 00175 169417 F gctggggagttasattccttct ~ 60.0 00175 169417 R tatcacagacaaagccactggt — 59.7 130 W'imp:;fgg)s (GT)23
B Ba00178 00178_369300_F acagtaacaaggggtctcgatg 60.4 00178_369300_R  cacatatgacacagtctggcaa 59.6 106 imperfect (GT)18

with no gaps
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B Ba00179 00179 24241 F cttttaggctggaaccagtcac ~ 60.2 00179 24241 R tgtgtgtatttgtgctigtgga 60.1 186 2 W'I’t?]prfgf;;s (AG)18
B Ba00180 00180_52086_F aacggcgaaaagaagtaggag 59.9 00180_52086_R ttcatgtcctcacaatcacaca 60.0 153 2 perfect (GT)18
B Ba00181 00181_145357_F tttctgetttttcctcttccag 60.0 00181_145357_R  gtttccacagaggagatcaacc 60.0 139 2 W'igp:;f;g:)s (GT)18
B Ba00182 00182_47978_F ctgtgctcectgtgtatttttg 59.7 00182_47978_R catgaaagcatgaatgtgtgtg 60.0 123 2 perfect (AC)18
B Ba00183 00183_234545_F  ccatgatccacagtttgtatgc 60.3 00183_234545_R  cactcaggacggatattcacaa 60.0 116 2 perfect (TG)13
B Ba00184 00184 263120 F ttgacaatggigtgctctctct ~ 59.9 00184 263120 R tgactcacacacacatacgete  59.8 140 2 \',mergf:g; (TC)31
B Ba00185 00185 18196_F cacactctgacacgactcacaa 60.0 00185_18196_R ttcatggactttggatgacaag 60.0 137 2 perfect (CA)18
B Ba00186 00186 302547 F aatgaccticttcttccocttc 60.0  00186_302547 R  gacatgcagcttcattcatctc  59.9 240 2 W'implfgfng)s (AC)32
B Ba00187 00187_105168 F gtgaatgaaaagtgcggtacaa 60.0 00187_105168_R  gatttaaactcccaacattgtgt 57.1 129 3 perfect (ATA)8
B Ba00189 00189_278390_F agccaattgagactgtgagtga 59.9 00189_278390_F aaggagagaagtaaaatatggcga  59.7 149 2 perfect (CA)15
B Ba00191 00191_224363_F gcaatagttgtagtgggcacag 59.7 00191 _224363_R  gtgtgtatgtatgtgtgcgtge 60.0 225 2 perfect (GT)18
B Ba00193 00193 210757 F atggtggtgasasacaatttcc ~ 60.0 00193 210757 R cattgtgagcacaggaccataa  60.9 138 2 W'irtrr']p;;f;g:)s (AT)18
B Ba00194 00194_309657_F  acagcccatctctgtctctcte 60.0 00194_309657_R  atagaacagtgggagtggttgg 60.3 127 2 perfect (AC)17
B Ba00196 00196_154314 F tggcctgcagtatttacacagt 59.7 00196_154314 R ctctggatctatggegtctcte 60.4 105 2 perfect (TG)21
B Ba00197 00197_295591 F  ttggaccttgctaaaaatcctc 59.6 00197_295591_R  cacaaaatcaaagcgtcattgt 60.0 119 2 perfect (AC)22
B Ba00198 00198_258441 F tttctggcatgattttgtgttc 60.0 00198_258441_R tataagctcatacagtccgccc 60.5 145 2 perfect (AC)13
B Ba00199 00199_174137_F gggggactaaagggatacagtc 60.1 00199_174137_R tcctgcatcttacaggacagaa 59.9 123 2 perfect (GT)18
B Ba00202 00202_221706_F caggcctctgctagacaacata 59.5 00202_221706_R taatcgctgttccatgagattg 60.1 148 2 perfect (GT)16
B Ba00203 00203_136570_F ttcatatatcttgccgaaccct 59.8 00203_136570_R  aaacgactgtcaatctatgtttgc 59.6 144 2 perfect (AC)22
B Ba00205 00205 303932 F cgcagtgcaagcatcttaatag ~ 60.1 00205 303932 R tctcaaaattcecgtettctgt 60.1 140 2 W'im”rfgfggés (GT)28
B Ba00208 00208_257727_F  gccaaagtttcactgggtctac 60.0 00208_257727_R ccctgtctttctetctggctaa 60.0 114 2 perfect (AC)13
imperfect
B Ba00210 00210_54610_F gaagggagacaccatctacgac 60.0 00210_54610_R gcaactccatatgtcaccagaa 60.0 150 3 with no gaps (AGT)16
B Ba00212 00212_127426_F ggtccgtccctaccacatctat 61.3 00212_127426_R  gctatatcaggcagatgcacag 59.9 146 2 perfect (CA)19
B Ba00213 00213 _68215_F tacacaaaagccagcgtaagaa 60.0 00213_68215_R tgtcagtgctcatgtttgtgtc 59.8 125 2 perfect (AC)16
B Ba00214 00214_171320_F ttgtcactgtctgcctctgttt 60.0 00214_171320_R ccgaaaccaattactagactgaca  59.6 246 2 perfect (AC)19
B Ba00215 00215_56434_F  ctcaaacttctccccagtcatc 60.1 00215_56434_R cagtgaccgtgtcattcatctc 60.6 121 2 perfect (AC)14
B Ba00217 00217_189367_F tcctctgaagtgatggaaacac 59.2 00217_189367_R  accccggggaaataagtaagta 60.0 297 2 perfect (GT)31
B Ba00218 00218_311412_F  gggtttggatcgaaatgtatgt 60.0 00218_311412_R  gcacacaaggctgctactactg 60.1 141 2 perfect (GT)16
B Ba00220 00220 358437 F accacaagictitctcaaggga ~ 60.2 00220 358437 R gatgcaataccatcaaggaggt — 60.2 151 2 W'imprfgf;;:)s (AC)22
B Ba00221 00221 265802 F cttgtccticctgtcagagett 60.1 00221 265802 R cattctcctgtectgtttectt 59.6 118 2 W'impr?gf;;tps (TG)16
B Ba00222 00222_65123 F gctctcagttgcttgtcacatc 60.1 00222_65123_R gttattgtgccccaatttgttt 60.0 145 2 perfect (CA)15
B Ba00227 00227_70020_F gagaacactgacagaatgcagg 59.9 00227_70020_R  caccaaaacctacacaacgaaa 59.9 317 2 perfect (CA)18

B Ba00228 00228_22684_F ctagtatgtgaccacccagcaa 60.1 00228_22684_R caatattgccaaagcatcaaga 60.1 290 2 perfect (CA)19
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B Ba00229 00229_230871_F gagagaagagaaagggtagggty  59.8 00229_230871_R  aacctgacaaatcctgatccat 59.7 104 2 perfect (GT)17
B Ba00230 00230_325570_F attttcctagtaacagggctca 57.1 00230_325570_R ctctetgecttggaaagacatt 59.9 120 2 perfect (GT)16
B Ba00231 00231_259399_F  aatgccaacgttttattctgct 60.0 00231_259399_R  atctgtttccaagcaacaaggt 60.0 223 2 perfect (GA)27
B Ba00232 00232_301439_F taccagctgaacacagcaatct 59.9 00232_301439_R  aatactgaaggaaatgagcgga 60.1 147 2 perfect (CA)18
B Ba00233 00233_211140_F cctgtagatgggggtgtgtatt 60.0 00233_211140_R ttccagcagcttataacttccc 59.8 129 2 perfect (TG)12
B Ba00236 00236 269275 F tgtctgageactttcatgtgty 60.0  00236_269275 R tctgctgaccagtatgagtget 601 131 2 wlimp:gf;;:)s (GT)17
B Ba00239 00239 273631_F tgaatggttaatcggactgtty ~ 59.9 00239 273631 R caaatagtttgggggtttgtgt  60.0 136 2 wlimp:g;;:)s (GT)21
B Ba00242 00242_90122_F aagtggaagtggactgtgtgtg 60.1 00242_90122_R  acagcatgtacacagggaaatg 59.9 248 2 perfect (CA)27
B Ba00244 00244_137400_F cccgacaatgactaatgtctca 60.0 00244 _137400_R cagtgctgatgagtgctttttc 60.1 341 2 perfect (AC)20
B Ba00245 00245 310245 F acactgctgcaagactgtagga  60.1 00245 310245 R tgaagaagggtocatgtgtaag  60.2 139 2 W'iiﬂpneéfgiés (CA)23
B Ba00246 00246 232655 F tgttttctgtecttcegatttt 60.0  00246_232655 R gtgaagactgtgacagctgagg  60.1 276 2 W'im”:;fggés (AC)24
B Ba00248 00248 41311 F tctctgagatggigtgtgtgty ~ 59.8 00248 41311 R actggctgattasageaggatt 5.3 136 2 W'i't‘;]prfgf;;;s (GT)22
B Ba00249 00249 _88492_F tatctgggtgtcacttgtcctg 60.0 00249_88492_R gagattgttcgtaactccccag 60.0 122 2 perfect (TG)19
B Ba00250 00250_172203_F aaatcatctgccctactcctga 60.1 00250_172203_R  caggaacacacatacacccact 59.8 150 2 perfect (GT)15
B Ba00251 00251_176303_F caagtgaggtaatgaatcagcg 59.8 00251_176303_R  cacatgttggcaagattcagat 60.0 131 2 wlirtrr:pr?(r)f;g;)s (TG)20
B Ba00252 00252_284152_F  gcttgttgtctgggagttatcc 60.0 00252_284152_R  actagagccagccactaggatg 59.9 101 2 perfect (CA)17
B Ba00254 00254 115440 F tggctgtaacaagtacaacatgc  60.1 00254 115440 R cgigaattatggagictgteca  60.0 125 2 W'imp;gfgggs (AC)18
B Ba00255 00255_110427_F atgaccctccagactcctgtaa 60.0 00255_110427_R  attgtggtatgacgaggtaggg 60.1 143 2 perfect (GM21
B Ba00257 00257 230233 F cccaacaccaatacacattcac ~ 60.0 00257 230233 R ttagggcagetgttaccatttt  60.0 144 2 wlimp:c:f;;:)s (cA)18
B Ba00259 00259_38068_F teectetctetctctcatccag 60.1 00259_38068_R aaatccgtctgttgaccctcta 60.0 233 2 perfect (TG)22
B Ba00260 00260_213233_F gagaggggactagggtcaaact 60.0 00260_213233_R ggtgagtctttgttgctgtctg 60.0 204 2 perfect (AC)17
B Ba00261 00261_176016_F gtgctegctctctttttctete 59.9 00261_176016_R ctggtttgtcaaggctctctet 60.1 327 2 perfect (CA)22
B Ba00262 00262_114168 F gccgtttgtagaacaaggattc 60.0 00262_114168_R cagagtgagacaaataaggaacga  59.8 237 2 perfect (TG)21
imperfect
B Ba00263 00263_250029_F actagcatcatgcacactccag 60.3 00263_250029_R  tagactgagagcaatgatcgga 60.0 120 with no gaps (CA)17
B Ba00264 00264_296767_F  gagtcagatcttgggctcactt 59.9 00264_296767_R  tccctataaatggatgattgge 60.0 137 2 perfect (AC)13
imperfect
B Ba00265 00265_126950_F gacatgtagtgtgttggatggg 60.2 00265_126950_R cattaaggggacttgctttttg 60.0 147 with no gaps (GM17
B Ba00267 00267_52317_F gatgaagctgaggaagaggaaa 60.0 00267_52317_R  aaagaagcactccagatgaagc 60.0 226 2 perfect (CA)18
B Ba00268 00268_35309_F tttgtatgagtcatccgetgtt 59.6 00268_35309_R ggctectctgttagtggctaga 60.0 152 2 perfect (TG)13
imperfect
B Ba00269 00269_183859_F  gtatctggtatctccacccacce 59.6 00269_183859_R  aagtctccaaaccagctctcag 60.1 145 with no gaps (CA)20
imperfect
B Ba00271 00271_88447_F aaatgcagagatccacacaatg 60.0 00271_88447_R taccacaaatgttctggctcac 60.0 112 with gaps (TG)17
B Ba00272 00272_69652_F  atttctagccaaggctcattty 59.8 00272_69652_R catttagcaggtcacaaaccaa 60.0 268 2 perfect (GT)15
B Ba00273 00273_203030_F acccagaaaagcaagttacagc 59.8 00273_203030_R  ggacaatgaaaagacatacgca 60.0 137 2 perfect (GT)18

B Ba00274 00274 _94421 F  gttcaactcgtaacaaggtcce 59.9 00274_94421 R gcatttgcaatacatttgcagt 60.0 376 2 perfect (AC)26
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B Ba00275 00275 165989 F catgtcacctcactgtcctcat ~ 60.0 00275165989 R tggcactgaaagaaagtttgty  60.3 126 W:Epr?gf;%s (CA)20
B Ba00279 00279_163067_F caacaacagcaatatccagcat 60.0 00279_163067_R  cctgctcctcatacacacacat 60.1 124 wiimp::;g;)s (GMN21
B Ba00280 00280_100118_F aaacgaaacaggatgaggagaa 60.1 00280_100118_R  ggtttgtgttgcaatctaagca 60.2 146 perfect (AC)15
B Ba00281 00281_302083_F acatgaaccttttacaccaccc 60.0 00281_302083_R tacttcacacgatggctcattc 60.1 206 perfect (GT)16
B Ba00283 00283_163507_F tgacctcttgttcattcttcca 59.7 00283_163507_R caagcaaatacaaaacaacacaga  59.3 113 perfect (TG)15
B Ba00284 00284 267020_F gatttacatasaaagcccgcag  60.0 00284 267020 R gectclgtttaccaaccaagte  60.0 273 wmp:gf;;s (TG)21
B Ba00285 00285 91074 F acaaccalctgigtgtatgga  60.2 00285 91074_R  cagctgecicactctatcaaty  60.0 126 'VCT&EQESQ (CA)25
B Ba00287 00287_212724_F gactggtgagtttgcacagatg 60.8 00287_212724_R  gcaaaacaatacactgccttca 60.2 122 perfect (TG)15
B Ba00288 00288_182806_F ttccattcagaaaacaatgcac 60.0 00288_182806_R  atacacaggttgcctttgatce 60.3 102 perfect (ATG)9
B Ba00289 00289_110193_F aacgaaaccgctgtaaaacaat 59.9 00289_110193_R  cccattcatttgagtaggggta 60.1 345 perfect (CT)27
B Ba00291 00291 55450 F ggaatgggatgatagtggactg ~ 60.6 00291 55459 R tetgtctctgtctettgettge 59.9 147 wiimp:;fg;tps (TG)31
B Ba00293 00293_239989 F  gtgggagtgcattgtctgtaaa 60.0 00293 _239989_R  aaggactcctacactctctgcg 60.1 164 perfect (CA)15
B Ba00294 00294_168402_F gctttattcctgtctctceect 60.1 00294_168402_R tttcaagggcagttgaattttt 60.0 285 perfect (CA)18
B Ba00296 00296_77766_F  tccaagcattatgtgcgaatac 60.0 00296_77766_R  gaggggagtgagcttcagttac 59.4 147 wiimpr?c;fggns (CA)17
B Ba00298 00298 179563 F gggasaagaagggagagaatgt  60.0 00298 179563 R  actgcagcttaccctgaaactc  60.0 136 Wzmpﬁgfgzgs (CA)28
B Ba00299 00299_219226_F ttgaattgtctgatgtcaaggg 60.0 00299 _219226_R  tgtgggctaattacatgtcagc 60.0 200 perfect (AC)25
B Ba00301 00301_147576_F  ccctcccattctctcetetetet 60.3 00301_147576_R  tgggtatgccattaaagcaaat 60.6 131 u]?g]eg:;; (CT)27
B Ba00302 00302 117386_F ccaagcaaccaggtttatgaat ~ 60.2  00302_117386_R fgtttctgtatgcacagctacg  59.1 127 wllmprfgr;(a:;)s (AC)22
B Ba00303 00303_288918 F tgtaacttcctgtgtctggtgg 60.1 00303_288918_R  agaatgaccactgaatacgcct 60.0 149 perfect (CA)15
B Ba00307 00307_134557_F  tgctaaatcggtggagttcttt 60.1 00307_134557_R  aggcaatgtttgagatgacctt 60.0 129 perfect (AC)17
B Ba00308 00308_198364 F  gtgcagttatggttgcatgttt 59.9 00308_198364_R  aaacaaagcactgaaagaagcc 59.9 179 perfect (TG)17
B Ba00311 00311 2504 F tgtattttgcctaatitgetgg 59.2 00311 2504 R catgtctctgacttccatccty ~ 59.7 142 V\'/ir;‘hpf]’gzcgps (TG)25
B Ba00315 00315_214426_F gtattcctctgtgcegtagace 60.0 00315_214426_R  cgtggtctgttgacatgaaagt 60.1 237 perfect (AC)16
B Ba00316 00316_307181_F tgaccagtaaagcacagattgg 60.2 00316_307181_R  agtaagaactggtggctggtgt 60.1 191 perfect (TG)17
B Ba00317 00317_245129_F actgaatcagccctcgctataa 60.2 00317_245129_R  ggccacagccttctgtattatc 60.0 155 perfect (TG)19
B Ba00319 00319 291741 F cagtgtgtctcaagggagtcty ~ 59.9 00319 201741 R cgcacataacttctctcattgc 599 114 Wiimpr?;f;;:)S (GT)20
B Ba00320 00320_152143 F tcacacaagtctaacctgcacc 60.2 00320_152143_R  aggatggcaaacagtctgatct 60.1 265 perfect (GTM)21
B Ba00321 49362_2269_F tttggactgtgattggaaactg 60.0 49362_2269_R tcaggaaattccattatgaccc 60.0 287 perfect (TG)17
B Ba00322 00322_215349_F aagagctatgacagaattgtcgg 59.8 00322_215349_R attctcatttccatggttgcetg 61.2 110 perfect (CA)15
B Ba00323 00323_106563_F ttactcaccacacacatgcaaa 60.1 00323 _106563_R  ggatcggacaagaagtggttag 60.0 146 perfect (AC)12
B Ba00324 00324_45366_F  gagttgcatgtgaagtgtccat 60.0 00324_45366_R gttttcttttctcctectgget 60.2 266 perfect (TG)20
B Ba00325 00325_150740_F acagctgtggtgctgagataga 60.1 00325_150740_R ttttcacagagtcattgttggc 60.2 103 perfect (AG)15
B Ba00327 00327_126646_F acgggagatgaatcatgacag 59.9 00327_126646_R tatgtcagactacactgcgcct 60.0 113 perfect (TG)15
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B Ba00329 00329_44622_F taaagggaaacgccatagtgac 60.4 00329_44622_R  cggacaggaaaatacactcaca 60.0 122 2 perfect (TG)17
B Ba00330 00330_206854_F gccagagcaaccaaattaaatc 60.0 00330_206854_R  atgtggtagcaaaatggtgttg 59.8 230 2 perfect (TG)23
B Ba00332 00332_70603_F acacgacacacacaaacagtga 60.2 00332_70603_R caacttctgcacctcgtctatg 59.9 151 2 perfect (AC)17
B Ba00333 00333_218804_F tttgcatcatcattgtcactca 60.1 00333_218804_R  agcatggaagagcagttacaca 59.9 150 2 perfect (TG)13
B Ba00334 00334 134051 F ttgtttttctcaggcttttggt 60.1 00334 134051 R acgcacacacacatatggtaca  59.8 150 2 Wiimpr?gf;;tps (Te)15
B Ba00336 00336 277236 F cacttaagtctccccctctgty ~ 60.2 00336 277236 R ncagttcaggacaagtasaacatc  58.0 255 2 W'I't?]p:gf;g;s (TG)23
B Ba00337 00337_63516_F cacatcctcactcagagactgc 60.1 00337_63516_R atgattgcattttcttcctcgt 60.0 325 2 perfect (AC)16
B Ba00338 00338_132157_F ttacctggagcaaacaaaggat 60.0 00338_132157_R  tggtgcattgctaataaacctg 60.0 282 2 perfect (AC)19
B Ba00340 00340 211772 F tatatgtggegtetigtgctet 50.8 00340 211772 R tatattcccatgcatagtegea  60.3 133 2 Wzm";g;g:)g (GT)17
B Ba00342 00342_217848_F taatcacgctatctccgaacaa 59.7 00342_217848_R accattctcacgttcacacttg 60.1 350 2 perfect (GT)27
B Ba00344 00344_229141 F agatgtagcctccctctgtgag 59.9 00344 _229141_R cttcttgtgtttgtgtgegttt 60.3 144 2 wiimp:;fggt)s (AC)15
B Ba00348 00348 249836 F tagcaggictigatgtagcagc ~ 59.7 00348 249836 R clggcaagtacaccetctctet 599 324 2 wiimp:;f;;:)s (GA)17
B Ba00349 00349_117312_F ttcaacgtgtgctgagctaaat 60.0 00349_117312_R atgtttgcagaatgttttcacg 60.0 197 2 perfect (GT)21
B Ba00351 00351_225199 F  actctgccaattgtgtgtatge 60.1 00351_225199 R  tgtcatgggatagtttggtcag 59.9 128 2 wiimp:;fgg:)s (AC)23
B Ba00352 00352_17553_F  ccctaacctcagtcctgttgte 60.0 00352_17553_R gtcacaatctccecttetgtte 60.0 122 2 perfect (TG)18
B Ba00353 00353 80333_F atcactttttctcctcacagec 59.8 00353_80333_R tatcgttcagacaccgtactgc 60.2 256 2 perfect (CA)40
B Ba00354 00354_195889 F cacttactactgctgcactggg 60.0 00354_195889_R  acatcagtgacatgctccaatc 60.0 283 2 perfect (GA)16
B Ba00355 00355_85820_F  gcaagtgcaacattaggtgtgt 60.1 00355_85820_R ctgcatgaaaatcagaccacat 60.0 126 2 perfect (TG)20
B Ba00357 00357_114080_F atttccatagacccacatccac 60.0 00357_114080_R catctgtttagctgatggcaag 59.9 130 2 perfect (CA)14
B Ba00360 00360_144136_F cattgtagtcctcagtgggtga 60.0 00360_144136_R taatcctttttcaaggctctge 59.9 108 2 perfect (TG)20
B Ba00361 00361_142893_F gatcgtgtatgacactggagga 60.0 00361_142893_R tgttaagcactttgagctgcat 60.1 137 3 perfect (TGA)11
B Ba00362 00362_103951_F tggtgattacaggtcaaagctg 60.2 00362_103951_R tggttggaagctttttattggt 59.9 101 2 perfect (TG)24
B Ba00363 00363_133525_F tacatttccattacgagcaacg 60.0 00363_133525_R gccatggcttctttaaaaactg 60.1 271 2 perfect (AT)16
B Ba00364 00364_110919 F tctgttaaatcagccagcagaa 60.0 00364_110919 R  cggaaaaccactgttaccctta 60.3 265 2 perfect (AC)23
B Ba00366 00366_155573_F  gtcgctgagattctgtgcatac 59.9 00366_155573_R  cgttccaatgaggctagactgt 60.7 143 2 perfect (AC)21
B Ba00367 00367 13599 F taacacttgcattgggttigtt 594 00367 13599 R tgasagacaatgtttcggaaty  60.0 135 2 Wiimprfgf;;;s (AC)21
B Ba00368 00368_199352_F acatacagtgcgtgtggacatt 60.4 00368_199352_R cttgttcttggaaaccctgaag 60.1 114 2 perfect (GT)16
B Ba00369 00369_212510_F agctggagagtgtaggcacatt 60.3 00369_212510_R  gaagaaagatgggcgacattag 60.1 141 2 perfect (AC)15
B Ba00370 00370_61671_F ggttgcacattttgtttgagaa 60.0 00370_61671_R ttttatttttggcctgcetgagt 60.1 112 3 perfect (AGT)12
B Ba00371 00371_126709_F gaatcacgcatccaaaactgta 60.0 00371_126709_R gttgacgcatgtcattcaagtt 60.0 145 2 perfect (AC)19
B Ba00372 00372_156446_F  acccatacatgtgctgtgtctt 59.4 00372_156446_R ccgtgtttcttttatctctggg 60.0 145 2 perfect (TG)16
B Ba00373 00373_285303_F acaggccacaaactatctccat 59.9 00373_285303_R  gacagagagagggaggggtg 61.2 122 2 perfect (CA)16
B Ba00374 00374_206401_F atgcgaaaaagaaaacgtcatt 60.0 00374_206401_R  acacctgcaacacatgaaaaag 60.1 135 2 perfect (TG)19
B Ba00379 00379 34874 F tgcatagcctgaaacaagacac ~ 60.3 00379 34874 R cagctatcaaacctgectetct  60.0 133 o Imperfect g

with no gaps
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B Ba00380 00380_65256_F  actatcagcatcatcatcacgg 60.0 00380_65256_R tcatgctccatatttcecttct 59.9 271 perfect (AC)18
B Ba00382 00382_106409_F aatcaccctcatcgatatcacc 60.1 00382_106409_R nctctctctctctctctctcactca 59.0 226 perfect (TG)15
B Ba00384 00384_241972_F  agatcatgcctgtgtttgaatg 60.0 00384_241972_R  atgcgcaaatcctaaaatccta 60.0 186 perfect (TG)17
B Ba00385 00385_3161 F  aggagctgcttctgtctaaacg 60.2 00385_3161_R agcctcacgatacctaaaacca 60.0 142 perfect (GT)15
B Ba00386 00386 215848 F tgtatctagctectgagaccce  59.7 00386 215848 R ttattccttcacccectactga  59.8 149 W'irt‘;‘p:;f;%s (TG)24
B Ba00387 00387_110610_F gaaatggggagtttgagagaca 60.5 00387_110610_R  acacacactgagctaaaggcaa 60.0 137 perfect (CA)16
B Ba00388 00388_5491_F atagcagttaagcagcagaggg 60.1 00388_5491_R ttggtccaaccagggtataaaa 60.4 293 perfect (CA)25
B Ba00389 00389_86907_F ttttcactgctgactgctgaat 60.1 00389_86907_R  aataatgtgtcaggtaggggttg 59.2 183 perfect (AC)15
B Ba00390 00390_94555_F  gcatgaaagtccagcaattgta 60.1 00390_94555_R gtgttgtttttgacagccacat 59.9 143 wlimpr?;f;;:)s (TG)27
B Ba00391 00391_186975_F taaaagagcggcattgtgtcta 59.9 00391_186975_R  gtaatgagaaaagcagccaacc 60.1 134 perfect (TG)23
B Ba00392 00392266915 F tgtctgtctetctetgectety 50.9  00392_266915 R  gatcccatcattaaaaggctca  60.3 133 W'im”:gfgggs (cA)3L
B Ba00395 00395_196629_F agtcatccaaaaatgactggct 60.0 00395_196629_R  cacacctgcactaaaactggtc 59.7 117 wlimp:;fggtps (GT)26
B Ba00396 00396_49430_F tttgacctgcctttcttgctat 60.3 00396_49430_R cagtgaggtcagaattgctctg 60.1 110 perfect (TTA)12
B Ba00397 00397_124125 F aggattggaatgtgasatggag ~ 60.2 00397 124125 R gttctatcccaagaagcacace  60.0 139 W'.i?]pneéfSZLs (GT)20
B Ba00398 00398 90943 F taatcogatagtcgtitcctgg ~ 60.3 00398 90943 R cgtctatgggacactgactcty  59.8 132 \'Ameg:;; (TG)16
B Ba00401 00401_253434 F cgtttatgtctcaggggaaaag 60.0 00401_253434_R  ccggtaaaactctaacaccagc 60.1 208 perfect (TG)26
B Ba00403 00403_159090_F  ccagtagtcgctctgcttacct 60.1 00403_159090_R tagatctcagatgggagtgggt 60.0 164 perfect (TG)17
B Ba00405 00405 275398 F gactgatctgtggaggacacty ~ 59.8 00405 275398 R ttaacaatagtgcaaaaccccc  60.1 135 \',mergf:g; (TTGT)8
B Ba00408 00408_171705_F tcccagtttgatgtgaagacac 60.0 00408_171705_R  cttttgatgggagaaccgttac 59.9 232 perfect (TG)17
B Ba00409 00409 36083 F tatatgacgtccgasagctgaa  59.7 00409 36083 R  accactatggcacagaacacag  60.1 110 W'irt?]p;gf;;)s (CA)26
B Ba00411 00411 197292 F gaaagcttattaacccgectet  60.1 00411 197292 R tgatcccaatgtcictttacca  59.4 324 \',meg:g; (AC)19
B Ba00414 00414 248669 F gagcattcactaatgcataccy ~ 59.6 00414 248669 R tgatgcaccatgtgttctigta  60.0 145 W'impr?gf;;tps (AC)28
B Ba00415 00415_58321_F cagcctcattagagagagggaa 60.0 00415_58321_R  tgtaagtatgcgccagagaaaa 59.9 149 perfect (AC)14
B Ba00418 00418_158396_F  ttgtgtgaattgcatgttgtgt 59.9 00418_158396_R  tgtttcacacacagctcagaca 60.6 112 perfect (TG)14
B Ba00419 00419 162528 F agtcgtactgtggggaaaaaga 60.0 00419_162528_R attgcccatcagtcctcttcta 60.1 130 wlimp:;f;;tps (TG)20
B Ba00420 00420_110640_F tctctctectectetetctetete 59.1 00420_110640_R  agggattagggaggttcaaaaa 60.2 111 perfect (CA)14
B Ba00425 00425 185935 F ccaaatgittgtcagatgcaat ~ 59.9 00425 185935 R ttggtgtgttttccaagttcty 60.1 139 W'Q;”{fg;g;s (CA)2L
imperfect
B Ba00426 00426_225612_F  tttagcccattgaccttttgtt 59.9 00426_225612_R  gaagtccagaccagctgagagt 60.1 140 with no gaps (CA)24
B Ba00429 00429_126533_F  gttctgaacctttgtggtctce 60.0 00429_126533_R gtgtgtgtgggggtggtaac 61.0 128 perfect (AC)17
B Ba00430 00430_55738_F  cccgactatgtgtgactagcg 60.7 00430_55738_R cagccagtgatgtgtgtgtatg 60.1 278 perfect (AC)19
B Ba00431 00431_177546_F ctgtctgtgtctgtggggaata 60.0 00431_177546_R  ttagactggaggtaggctggag 59.9 135 perfect (AC)15
B Ba00436 00436_19386_F ctcattcatcccttectetgac 60.1 00436_19386_R  gagtcatgaacagaaacctccc 60.0 140 perfect (TG)17
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B Ba00437 00437_117112 F tecttagtacgectcattgtga  59.8  00437_117112 R tgtgtgtototigtotgtgtgt  59.5 e 2 \',rv‘l‘tpheg:;; (CT)24
B Ba00438 00438_221425_F gacacagccgaagagaagaact 60.1 00438_221425_R aaaaatgcccttgatgetgtat 59.9 149 2 perfect (AC)15
B Ba00439 00439_256922_F ccaacctccataccttcagaat 59.4 00439_256922_R  nctgcaaagttgtagcagattta 57.6 135 2 W'igp:;f;g:)s (AC)22
B Ba00441 00441_269547_F acagcactctgactccaatgaa 59.9 00441_269547_R  ttagactgagacctgagccaca 60.1 286 2 perfect (TG)19
B Ba00443 00443 76931 F tigcccatctggagtaaagact ~ 60.1 00443 76931 R  ctgcaatagaggaaagaggagc 5.6 142 2 W'irt?]p;;f;g;s (Te)17
B Ba00444 00444_36874_F  tcaaactgccctttttgaagat 60.1 00444 _36874_R cagaaagctgtttcttttgect 60.1 234 2 perfect (AT)12
B Ba00445 00445_150042_F  ggatgtgttggatgggactatt 60.0 00445_150042_R agcttgtttgttcatgggaaat 59.9 188 2 perfect (CA)15
B Ba00448 00448_48208_F caaaacatgtgtgaggaggaaa 60.0 00448_48208_R  gtgtcctgtctggaaacacaag 59.7 146 2 perfect (GM17
B Ba00449 00449 190409 F taacagccasaacaaatatgeg ~ 60.0 00449 190409 R atgcatctgaaccactgaaaty  60.0 121 2 wlimp:c;f;:)s (AC)2L
B Ba00450 00450_64216_F tttttcectttggcagttgtat 59.9 00450_64216_R aatttgtccccgaaagtaacct 60.1 244 2 perfect (GT)14
B Ba00452 00452_238268_F tgggacactaggaagaggaaaa 60.1 00452_238268_R tcattatggctcctggaatage 60.4 141 2 perfect (AC)29
B Ba00454 00454_124238 F tgtgaacaaacctaccttgacg 60.1 00454_124238_R  acagggcttattgaacacacct 59.9 281 2 perfect (CA)16
B Ba00457 00457_145224 F getctgttectttcagettgtt 60.1 00457_145224 R  tcaaagatgaggcttgaagaca 60.0 346 2 perfect (AC)23
imperfect
B Ba00461 00461_72438_F  atgccaacaataatgcaaactg 59.9 00461_72438 R tcactctgaaagcgtttttgaa 60.0 164 2 with no gaps (TG)22
B Ba00462 00462_45158_F  attaatgagtggccttcatgct 60.0 00462_45158_R agacaatcctgatgtttggcac 61.3 184 2 wlirtﬂp:gf;g;)s (CT)19
B Ba00463 00463 73801 F acatcagagcaacaatagcagc  59.6 00463 73801 R cotgttcatgagtgtectcaaa  60.2 144 2 W'irt?]p;gf;;)s (TG)20
B Ba00464 00464_227462_F gaaaattcaccttcagtccagg 60.0 00464_227462_R  ccccctegtatacatcacagtt 60.1 140 2 W'imp:;fggt)s (AC)18
B Ba00466 00466 201546 F atatcaggggaggattggagtt  60.0 00466 201546 R tctctgagcactgtgtttgtt  60.0 244 2 wlimp:gf;;:)s (cA)3L
B Ba00468 00468_62179 F casatccctaggttggagttga 603 00468_62179 R caagcaattatccaagtgtcca  60.0 149 2 W'imp:;f;ggs (GT)24
B Ba00471 00471_29393_F ggacacacacttctcctcacac 59.7 00471_29393_R ttggcatcaaatgtcaccttac 59.9 399 2 perfect (AG)35
B Ba00477 00477_3475_F  tgatatgtatgcagcagcagtg 59.9 00477_3475_R atgggaaagaacgtgagtgaat 59.9 252 2 perfect (GT)16
B Ba00479 00479 164430 F agagacggaccaacattagcat ~ 60.0  00479_164430_R ”gagagagagaag;gagtgaga' 60.2 116 2 perfect  (AC)25
B Ba00481 00481_256170_F accataaaagtgaaaaggccaa 59.9 00481_256170_R  gacctttgagtctaatgggcac 60.0 245 2 perfect (CT)14
B Ba00488 00488_15510_F ctaccacagatttccacccac 59.3 00488_15510_R ttacccctttctctcatctcca 60.1 223 2 perfect (AC)14
B Ba00491 00491_193325_F  aacgctgcttttgaatcatgta 59.8 00491_193325_R  gcactgctgtgttaatgaggag 59.9 140 2 perfect (GT)15
B Ba00492 00492_109640_F gggatagactgcatgtgtgaaa  60.0 00492 109640 R  acaggtttggicttgacaggtt 5.9 182 2 W?Ep:SfSSLs (AC)20
B Ba00496 00496_15884_F  ggaggaggaagtcaaggttttt 60.0 00496_15884_R ggctgcagtaccatctgtcata 60.2 149 2 :L?g]eg:;; (GT)24
B Ba00498 00498_193397_F  ttactggtgccagtttgatgtc 60.0 00498_193397_R accagcaaatgctctgaatttt 60.1 141 3 perfect (TAA)9
B Ba00500 00500 1665 F geacccacagctaataagaagg — 60.2 00500_1665 R tacatgtgctegagtgigtgag 600 146 2 W'i[ﬂpféfgﬁés (CA)32
B Ba00501 00501 163327 F gtccaccctatgacctaagcac  59.9 00501 163327 R gotgagtgctctgggataaaat 5.8 119 2 M'/mf’igzcgps (CA)19
B Ba00502 00502_177633 F  cactgctigogigatgtcata  59.6 00502 177633 R aatttgectacctecticcttc 60.0 148 2 W'I't?]p:gf;;;s (Te)17

B Ba00505 00505_173542_F tggccctgaattagaaagtcat 60.0 00505_173542_R cagcacctttgcatttctacac 59.8 150 2 perfect (CA)16
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B Ba00506 00506 153914 F gtgtaaaattccccacaagctc  59.9 00506 153914 R tcacacacacagatasacgcac 5.7 127 2 W'I’t?]prfgf;;s (TG)24
B Ba00507 00507_138886_F gacaggagagagatcaggcagt 60.0 00507_138886_R aggctgatacccttgtgtttgt 59.9 173 2 wlimp::;g;)s (CA)18
B Ba00513 00513_127218 F ttgaaagtactctgtgtgcctg 58.1 00513 _127218_R ctgtccttecctttatcteect 60.0 133 2 perfect (TG)16
B Ba00514 00514 _61710_F ggctacaacggtatgagaggac 60.0 00514_61710_R  catctggagacgtgacagagag 60.1 204 2 perfect (CA)16
B Ba00518 00518_85385_F  agtgtggccttggagatagtgt 60.1 00518_85385_R tatttggggatgtttttggaag 60.1 352 2 perfect (CA)13
B Ba00519 00519_90493_F tcaagtgagagtagggcgtaca 59.9 00519 _90493_R  aggtcaaaaataacctgagcca 60.0 127 2 perfect (GT)14
B Ba00522 00522_93906_F ctgcctgeatctetetetctet 60.4 00522_93906_R ttagcattgagcacaaagcact 60.1 185 2 perfect (TG)14
B Ba00524 00524 24113 F ggttattgttgccgaagttttc 59.9 00524_24113 R ttcatgccagtatacacagcaa 59.3 111 2 perfect (TG)12
B Ba00525 00525_73008_F  tgtcgagatcagatcattttgc 60.2 00525_73008_R gtcttctaacggatgttttgcc 60.0 250 2 perfect (TG)17
B Ba00526 00526_103784_F  gctccgtttgtttacatccttc 60.0 00526_103784_R ttttcagtaatgagtctgctge 57.3 145 2 perfect (TG)20
B Ba00528 00528 118258 F gacggcittagitctgtcttgy ~ 60.3 00528 118258 R agigtttgtaggtgtgtgggty  59.9 150 2 wzmp:;f;g;s (CA)18
B Ba00529 00529 _11236_F ttaagtccgcaagtgctctaca 60.1 00529_11236_R aatcgcattgacattcacaaag 60.0 220 2 perfect (CA)13
B Ba00530 00530 206867 F tgaccttgagctggatgactaa  59.9 00530 206867 R  tcacagaggggtocagtataga 5.8 134 2 W'imprfgfgggs (TG)21
B Ba00532 00532_28858_F  agacaataaattcccccaaggt 60.0 00532_28858_R caactgaaaaatacaaaaactgctg  59.3 122 2 perfect (TG)16
B Ba00539 00539_199922 F attgcaggaaaaagggaaaaat 60.2 00539_199922_R agggaacgggtagaggagatag 60.0 121 2 perfect (CA)13
B Ba00540 00540_147465_F ccaaaaatcctaaccctaaccc 60.0 00540_147465_R tttccagccatataccacacag 59.9 273 2 perfect (AC)17
B Ba00541 00541 245376 F tttcctttgttaaagtcccoct 60.2 00541 245376 R tgtctggatatctcaagcaaaca  59.8 146 2 'VCT{'?Q?@ (AC)39
imperfect
B Ba00542 00542_22467_F gacagggaacacatgaagtcaa 60.0 00542_22467_R tgtaacgcaaattgtctcatcc 60.0 118 2 with no gaps (TG)18
imperfect
B Ba00543 00543 91589 _F acacagtccacgaaatagaataca  57.8 00543 _91589_R cttttgatctcttccagccagt 59.9 202 2 with no gaps (AC)25
B Ba00544 00544_183223 F tgcagtaaagggaaaggtttgt 60.0 00544_183223_R attgctagtggcttcgcataat 60.1 106 2 perfect (CA)13
B Ba00545 00545_157496_F tgtctatctccegcetcacacta 59.9 00545_157496_R  acgtgtatgtatgcatggtggt 60.1 312 2 perfect (CA)18
B Ba00546 00546_227598 F  catttcagactgtttcagctcg 60.1 00546_227598_R  aaggggtcactaacctgtcaga 60.0 175 2 perfect (TG)12
B Ba00549 00549 _102351_F ttgtaaggtttcccacctgtct 59.9 00549_102351_R gctttgttttcactaaatgggce 60.0 282 2 perfect (AC)16
B Ba00550 00550_31082_F agtgtagccaaaatgcaggaat 60.0 00550_31082_R atgtgccaaacatttcagagtg 60.0 124 2 perfect (AG)14
B Ba00551 00551_183042_F gtgcagcacagaggaaagaaag 61.5 00551_183042_R  aaggtttgtaaaaaggcgttga 60.0 239 2 perfect (GT)24
B Ba00552 00552_45779_F  catcctgtcaaactgtcagete 59.9 00552_45779_R  atgcaaagaatgtcacagcaac 60.2 259 2 perfect (TG)19
B Ba00554 00554_194224 F ggagaaatgcagagaaggaaaa 59.8 00554_194224 R tactccgaccttgtttcgattt 60.0 337 2 perfect (TC)19
B Ba00556 00556_116025_F  tcagacctgtaccggtttttct 60.0 00556_116025_R tgtgtgtgtgtgtgtgtgtgtyg 61.2 221 2 perfect (AT)16
B Ba00559 00559 232640 F tgaaggaacacaggagctgata  59.9 00559 232640 R gaacaagcitttctaagcacce  59.4 116 2 Wm’rfgfggés (TG)18
B Ba00561 00561_195912 F  ttagcaaagggtcaattcaggt 60.0 00561_195912 R tgctgcttctgaaaactccata 60.0 275 2 perfect (TG)23
B Ba00562 00562_82104_F ngcctcectacctactgtge 60.4 00562_82104_R tcatcgctgtcttectgactta 60.0 127 2 perfect (CA)15
B Ba00564 00564 _45473_F caggtcattctcctctgetctt 60.0 00564_45473 R gatgcattatcctcacacatgc 60.4 163 2 perfect (CA)14
B Ba00568 00568_212794 F  gtttgtccagtaacccaatggt 60.0 00568 _212794_R  tcaggatgctgactcctgtaaa 59.9 168 2 wlimp:(:fgg;)s (TG)17

B Ba00571 00571_140169_F gccagagccaagataaagctaa 60.0 00571_140169_R  cacacacatgcaaacctaacct 60.0 139 2 perfect (TG)13
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B Ba00577 00577 13831 F ggcgagaaatttggtgagatag  60.1 00577 13831 R aataaactgcaagtccgtttgc  60.5 121 2 W'I’t?]prfgf;;s (AC)19
B Ba00578 00578 _32552_F  tcctttggaaagacaacagctt 60.3 00578_32552_R cagtggtgtgtttgtgtgtgtc 60.0 121 2 wlimp::;g:)s (AC)17
B Ba00583 00583_197206_F aaccaagttttcatctaggcca 60.0 00583_197206_R  taaggccaagtgtaaagccaat 60.0 105 2 perfect (GT)18
B Ba00587 00587 86605 F  cgtcaggtttctcatagcacaa ~ 60.3 00587 86605 R  tgctaagagcaaaaacaccaaa  59.9 150 2 wmpr?gfsgtps (GT)21
B Ba00589 00589_151519 F ggggaactgaatgtggagatta 60.2 00589_151519_R cctttctttccttcatectect 60.1 136 2 wlirtTllwp:(r)f;g:)s (GT)27
B Ba00591 00591_222305_F  tgttcgacacagctcctgtaat 59.8 00591 _222305_R  cagtcaggtttacagtaggccc 60.1 396 2 perfect (CA)25
B Ba00593 00593_113620_F ngaaaacaaaacaaaaacaagtg 57.3 00593_113620_R tggtgttatcttgaaatgcage 60.1 346 2 perfect (TG)17
B Ba00597 00597 49293 F agggaactagcacaaagagety  60.1 00597 49293 R acttgtgccaaaatctgactga  59.8 201 2 wllrtrr:p:c:f;g;)s (AC)18
B Ba00598 00598 34944 F  atttacctcaaaccctcccatt 60.0 00598 34944 R  ctgaggactggaaaatactgcc 60.1 128 2 wzgp:(r)f;g:)s (CA)19
B Ba00599 00599 215025 F ccaagcagtacgactgagtgac ~ 60.0 00599 215025 R gctccaggaagaagacttcaaa  60.0 147 2 Wm";g;g;g (GT)28
B Ba00601 00601_158674_F agcaacatccagccatgtagta 59.7 00601_158674_R  tcccattactgatccagtgaca 60.4 107 2 perfect (GT)14
B Ba00606 00606_117549 F ggcactgagaaccaatctctct 59.9 00606_117549_R  gggaaaaacacacaaacactga 59.9 103 2 perfect (TG)18
B Ba00607 00607_205941 F  gttccttatttcctttcaccee 60.1 00607_205941_R  acaacccccaaccaacaata 60.0 176 2 perfect (TG)16
B Ba00608 00608_192669_F aaagacaccaggaaaagttcca 60.0 00608_192669_R  aggacacacctcaaattacgct 60.1 235 2 perfect (CA)20
B Ba00609 00609_215496_F  gtgggttttcaaatgggattta 59.9 00609_215496_R  agtgtacacacatgcatcagca 60.3 144 2 perfect (TG)19
B Ba00611 00611_213574 F tgcagctgagtcaagggtaata 59.9 00611_213574_R gtttaggtccatgtggttccat 60.0 198 2 perfect (TG)14
B Ba00612 00612_4182_F gtttcaggctggatttaccaag 60.0 00612_4182_R aaaagggaaagtttagttggca 59.2 145 2 perfect (GT)15
B Ba00613 00613 53311_F agagatgttgggagttcagagc 59.9 00613 53311_R  gggagatgatcagtatgaaggc 59.9 114 2 perfect (AC)21
B Ba00615 00615_146462_F  tttgtcacgcatacacacacat 60.0 00615_146462_R  tgtgagcaggataattgaggtg 60.1 245 2 perfect (CA)15
B Ba00616 00616_69185_F  actttaggtcatgcagcctgtt 60.2 00616_69185_R  gactgacaaagcagtaagcgtg 60.1 211 2 perfect (GT)14
B Ba00618 00618 _77660_F ttatttgtgttgcagaccttgg 60.0 00618_77660_R  acagagacaggaaggctctgac 60.1 119 2 perfect (GT)18
B Ba00621 00621_181178_F gggagagctggttgtttatgac 60.0 00621_181178_R aatgacttcatgctccaggttt 60.0 222 2 perfect (GT)14
B Ba00622 00622_88033_F aaacaaggagaaatcaccctca 60.0 00622_88033_R  aagcactttgtaactgtgttttgaa 59.4 134 3 wlirtTrllp:gf;Z:)s (ATA)19
B Ba00623 00623_138547_F  tccccttcacttacctgttttg 60.4 00623_138547_R tatttacaacatggggtgtgga 60.0 167 2 perfect (AC)19
B Ba00627 00627_83670_F  catgtaatgcttcttaagccec 60.0 00627_83670_R cacatgttgactgtgtgtgtcc 60.0 347 2 perfect (AC)16
B Ba00631 00631_217115_F acagatcacccattatttggct 59.7 00631_217115_R  tgtggtggagaataatcacagc 60.0 182 2 perfect (CA)16
B Ba00634 00634_187757_F  agtgaatgtatgtttgttgccg 59.9 00634_187757_R  ctaatgcacatcagccagagag 60.0 380 2 Wlirt?lp:;f;g:)s (AC)25
B Ba00635 00635_226359_F gctcacacaaccctgcataata 60.0 00635_226359_R  ctatcccagtgaaatgcagtga 60.1 346 2 perfect (AC)20
B Ba00638 00638 25913 F  gtgggagatgggtttgtatgtt ~ 60.0 00638 25913 R aggcagaaaccaacctctacty  59.8 126 2 W'imp:gf;?ps (TG)22
B Ba00639 00639_63945_F gctgtgcacacatcgtctct 60.1 00639_63945_R ctattgctgtcaccattgagga 60.1 245 2 perfect (CA)17
B Ba00640 00640_218522 F tttctctatcagccaccactga 59.9 00640_218522_R  cgcgtcactctgacattagaag 60.1 182 2 wlimp:;f;g:)s (TA)15
B Ba00641 00641 95262 F atcctgectetctetaccetcet 59.9 00641 95262 R ttaaaaacttcctgtgcaaacc  58.4 118 2 W'imp:gfgztps (AC)33
B Ba00645 00645_157801_F cgtgagagtgtgagactgaagg 60.1 00645_157801_R  atcagcactatggagcaaacct 60.2 337 2 perfect (AC)16




T. Uchino et al.

Continued
B Ba00646 00646 39958 F  atcaattgccactcactcacac ~ 60.0  00646_39958 R agtgtctotttggggasaaaca  60.0 135 W'I't?]prfgf;;s (CA)15
B Ba00647 00647_18112_F cacttcacaggaacaggatgaa 60.2 00647_18112 R  tggggattaggagctgagtaaa 60.1 336 perfect (GA)18
B Ba00649 00649_8071_F  caccagatctaggtttgcacag 59.8 00649_8071_R aacattgattttcttcccectt 60.1 261 perfect (CA)18
B Ba00650 00650_71824_F  tctgtgaggagcacagttgatt 59.9 00650_71824_R gacttcctcccatagtcacgte 60.0 183 perfect (GT)20
B Ba00652 00652 95261 F taatataggcctaccaacccce  60.3 00652 95261 R ccagcatcattagtgagcagac  59.9 124 W'imp:gf;;:)s (CA)24
B Ba00654 00654_73567_F catgtaatagcatgcaggaacaa 60.0 00654_73567_R atcacaaggtgtggcattacag 59.9 109 perfect (AC)25
B Ba00655 00655_188487_F aaaagcacatagatgagagggc 59.8 00655_188487_R aagaggtgaaggcaagagacag  60.1 125 wlimp::;g:)s (GT)23
B Ba00657 00657 186033 F accatggtaactgacccagact ~ 59.8 00657 186033 R  cacaacgtgagaaatacctgga  60.0 150 W'I’trr‘fr?gf;;;s (TG)24
B Ba00658 00658 _22126_F ttgtgtcgtgttctttgettct 60.0 00658_22126_R  gcagcagagctagagggttaaa 60.2 281 perfect (TG)15
B Ba00659 00659_143811 F ctgatcaggtgattagtgggtg 59.5 00659_143811_R ctttccteegtectagtttect 60.1 295 perfect (CT)16
B Ba00661 00661_199929 F  tgcacttttcatatctgcacct 59.8 00661_199929_R gttctggaagcttttcacatcc 60.1 140 perfect (AC)19
B Ba00662 00662_10641_F tttatgtcagcagttgggtttg 60.0 00662_10641_R  ataataaggcgcacagagtggt 60.1 183 perfect (TG)15
B Ba00663 00663_53252_F  gcaggcctagtagcaataccat 59.7 00663_53252_R aggcctctggcataataattca 60.0 292 perfect (TG)17
B Ba00664 00664 98309 F ataaccgcagcaatctectaaa  60.1 00664 98309 R gefgclgtctatgtttaacccty  60.2 148 W'imprfgf;gt)s (GT)16
B Ba00665 00665 91072_F  cacaagctgacaggtgacattt 60.2 00665_91072_R cacctgtgtctgtgtgttgaga 59.8 132 wlimpr?;fsgt)s (AC)19
B Ba00672 00672 101631 F ctttccaagtatgtgegtgtgt 60.1  00672_101631 R  cagtcagttacggcttcattca  60.3 133 wlimp:;f;?ps (TG)33
B Ba00673 00673_147435_F ctttccatcaaacccaactagc 60.0 00673_147435_R  atgaacagggacatgacatgag 59.9 141 wlimp:(;f;;:)s (GA)17
B Ba00675 00675_35983_F  agtcatggcagtgaaatgtacg 60.1 00675_35983_R cttgtctatttccagaatgccc 60.0 169 perfect (TG)16
B Ba00677 00677 116910 F gasaatgatggccttasagcty  60.1 00677 116910 R gatggttttagtgctacctgge  60.0 127 W:Ep;gf;g;s (AC)25
B Ba00679 00679_48521_F  atattatcgagagccccacgta 59.9 00679_48521 R  gaaatgaactggtgagaccaca 60.0 370 perfect (GT)16
B Ba00680 00680_103597_F  agcatggctcggttttatatgt 59.9 00680_103597_R  cggagctttgaaaacaaactg 59.9 110 wzgp:(:f;g:)s (TTG)16
B Ba00681 00681_151223 F  cgtcagcatccctcttagactt 59.9 00681_151223_R tcaaatcaccaggatagcagtg 60.1 118 perfect (GM)17
B Ba00682 00682_10180_F  agtcatttgaacttcagcccat 60.0 00682_10180_R ttggtattagggagttggcatt 59.7 111 perfect (CA)16
B Ba00683 00683_153133_F  gacattccactttgttacccgt 60.2 00683_153133_R  tccaataaagcactccaaagtt 57.9 157 perfect (CA)15
B Ba00684 00684 16035_F  tgatccaggatgaataccagtg 59.8 00684_16035_R agccaagatagctggcttcata 60.4 120 wlirt?lp:;fggt)s (TG)23
B Ba00685 00685 2827 F  gogtgtagcatticatttgtgt 60.1 00685 2827 R aagttcatttcaagcaggaagc ~ 59.9 136 wlimp:gf;?ps (TG)20
B Ba00686 00686_84565_F  ccaacgaggcttatggagatag 60.1 00686_84565_R gcctgtggcttttacagttctc 60.3 106 perfect (GT)13
Imperfect
B Ba00692 00692_182106_F ggagcataacagattgctgaca 60.3 00692_182106_R tgttgtcagtagctcgactggt 60.0 142 with no gaps (GT)19
B Ba00693 00693_47943_F ttaatttaaagggccaatgcag 60.3 00693_47943_R tgatttctgttgtgctacagge 60.3 258 perfect (AC)23
B Ba00697 00697_95618_F  accatggattaccagaaccatc 60.0 00697_95618 R tgtcatagttgtttgaccctge 60.0 235 perfect (AC)14
B Ba00699 00699_205382_F caggctaccactcaactcactg 60.0 00699_205382_R ccttttgaagccatttcatctc 60.1 178 perfect (GT)15
B Ba00700 00700_63539_F  gtagcgactccagctctctcte 59.9 00700_63539_R tatgaagaccctggtgtgtttg 59.9 372 perfect (CA)12
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B Ba00703 00703_106777_F tttcaggggaaatctaaaacca 59.8 00703_106777_R  ccagttaattgggaaaaagctg 60.0 387 2 perfect (AC)33

B Ba00706 00706_63620_F ctggtgtgcectgttgaatctta 60.2 00706_63620_R caaactctgcagtcagttggag 60.1 210 2 perfect (CA)18

B Ba00707 00707_13000_F ccttcatggaagtcttttaccg 60.0 00707_13000_R tttcctgtattgtgattggety 60.0 187 2 perfect (CT)24
imperfect

B Ba00708 00708_100317_F gtgtatgtgtgtatgtgcgtge 60.0 00708_100317_R gctttgtctetetttgtcacce 60.3 282 2 with no gaps (TG)26

B Ba00709 00709_165201_F  ccctatgcattctgtgttttca 60.0 00709_165201_R  tacaggctgagaaagacgtcaa 60.1 262 2 perfect (GT)14

B Ba00711 00711_149557_F acacagccaatttagagccatt 60.0 00711_149557_R  cttgatttgagagcccatgaat 60.5 131 2 perfect (CA)15
imperfect

B Ba00712 00712_32975_F actaagcatgattgcacagcag 60.5 00712_32975_R  atgaagcagagacattggtcct 60.1 143 with no gaps (AC)18

B Ba00714 00714 _19543_F tttgtgctgctgtgataaacct 59.8 00714_19543_R  ccatttaagcacaaacaggtga 60.0 175 2 perfect (CA)15
imperfect

B Ba00729 00729_16418_F gctgattgagcctacaageg 61.1 00729_16418_R  gagatcacaaaggcaaaaggac 60.1 107 2 with gaps (GT)26
imperfect

B Ba00731 00731_72616_F  tgggctggaaagtagtacctgt 60.1 00731_72616_R  aacgagatcatcaacccagact 60.0 178 2 with gaps (CA)18

B Ba00732 00732_205680_F atacagctccaagtccactggt 60.1 00732_205680_R tgagtgtgttgcctttgcttat 59.8 102 2 perfect (AC)18
imperfect

B Ba00733 00733_52024_F tttaaaaagcgaggctttcatc 59.9 00733_52024_R tctaactggctctgatageect 59.5 122 with no gaps (GT)26

imperfect with

B Ba00735 00735_142037_F aggtggaaaatgagcagaatgt 60.0 00735_142037_R  gtgtgtatttagcgtagcccaa 59.2 144 2 no gaps (TG)29
imperfect

B Ba00736 00736_28103_F gtattaagcagatgggacgctt 59.7 00736_28103_R  ccagctaaataaaacagggcac 60.0 132 with no gaps (AC)16

B Ba00739 00739_156044_F ctgggaatgtgagttcattcaa 60.0 00739_156044_R tectgtgttagettagetgcaa 60.2 138 3 perfect (TTG)22

B Ba00740 00740_129410_F aatgcaaaaacacagcattcac 60.1 00740_129410_R tgttccaacattcctttcagtg 60.0 359 2 perfect (TG)18

B Ba00741 00741_134776_F aaaagtgtgtgtaagcgtgtgg 60.1 00741_134776_R tgagcttcggataatggtttct 60.1 101 2 perfect (TG)15

B Ba00742 00742_20341_F ataaaaccaaagccatctgcat 59.9 00742_20341_R  aaagtgccacatcatcacagag 60.2 333 2 perfect (TG)21

B Ba00745 00745_120874_F caccaactgtcacaaatgacct 59.9 00745_120874_R  ggctgtgtggagaaaatacaca 60.0 238 2 perfect (CA)33

B Ba00746 00746 27380 F taggaaccactggagttaggga ~ 60.0 00746 27380 R  cagagaggctgagagacagtga  59.9 134 2 W'irt?]p:gf;;tps (€T)29
imperfect

B Ba00747 00747_77239_F acattacccgccactatttttg 60.1 00747_77239_R tgccacctactgtactggaatg 60.1 146 2 with no gaps (CT)20
imperfect

B Ba00749 00749_68946_F  aggatatccactgcacacacty 60.1 00749_68946_R acttttgttccgtttccaccta 59.9 108 2 with no gaps (GA)17

B Ba00751 00751_167377_F tagcagtaaaataacggcagca 59.9 00751_167377_R tattgtgtgtctccaggtgagg 60.0 279 2 perfect (CA)16
imperfect

B Ba00755 00755_129270_F taaacatcttcctcgtgtggty 60.0 00755_129270_R ttgccactgcatttttatttty 60.0 254 2 with no gaps (TA)16

B Ba00758 00758_136813_F ccaataaaggcacacaaagaca 60.0 00758_136813_R  gtgtatgcagtgtgaagtgcaa 59.8 308 2 perfect (TG)17

B Ba00760 00760_109813 F ttcatgagaaattgtttggcac 60.0 00760_109813_R  aatgtgcagtctgaggaacaga 59.9 180 2 perfect (GT)19

B Ba00761 00761_181066_F gacaccccctctctactacacg 60.1 00761_181066_R atgccctgcatctgtttaaagt 60.0 125 2 perfect (AC)13

B Ba00762 00762_180208_F  atctcaaggattgacctggttg 60.4 00762_180208_R  tggagatgagactttgatgtgg 60.1 224 2 perfect (TG)16
imperfect

B Ba00763 00763_149998 F gacaatttgagcaggtgtggta 60.0 00763_149998_R  atggaacctaagcaaggactca 60.1 137 with no gaps (TG)17

B Ba00764 00764_33855_F fttttacattgccctcatcacag 60.0 00764_33855_R ccgtgtgtctacaaattceen 60.9 185 2 perfect (AC)17
imperfect

B Ba00768 00768_151767_F  ggcccatattgtcttgtgatct 60.2 00768_151767_R ttcaaaccctegttagtgtect 60.0 130 with no gaps (CA)24

B Ba00769 00769_24620_F cagcaaagtggttagtcaggtg 59.8 00769_24620_R ggaaagttatgccctctgtttg 60.0 287 2 perfect (TG)25
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B Ba00770 00770_193378_F gaatcttacttccagagcctge 59.5 00770_193378_R ttcctgccacctcagatatttt 60.0 344 2 perfect (CA)22
B Ba00771 00771_194722_F gcaagtctgggaacacacataa 60.0 00771_194722_R  gtgtgtgcctctatcagtcage 59.9 255 2 perfect (GT)15
B Ba00772 00772_188965_F gttttaacagaggggaccagty 59.9 00772_188965_R  actgccttatacaagctgecte 59.9 327 2 perfect (TG)27
B Ba00773 00773_62883_F  ccctgtcacatcgtgttagtgt 60.0 00773_62883_R tgtgtgtccttgtgaatttaaacc 60.2 144 2 perfect (CA)19
B Ba00776 00776_154787_F  gtctttatcagaaccacctgcc 60.0 00776_154787_R  tcaaactttaaaccgacagcaa 59.8 326 2 perfect (TG)16
B Ba00777 00777_98600_F aaagccttcctectetctgtct 60.0 00777_98600_R  aaccaatatctcacacccaacc 60.0 368 2 perfect (AC)19
B Ba00778 00778_204378_F  atgactgatgatgaatggcttg 60.0 00778_204378_R gataaaggaggagggaaaagga  59.9 213 2 perfect (GT)19
B Ba00781 00781_193138_F aggattctgagtgacggaacat 60.0 00781_193138_R  agccaagcaggaagtgtgag 60.6 134 2 perfect (TG)19
B Ba00783 00783_22974_F  caccagaagtgcttcatatcca 60.1 00783_22974_R tcataaatatcccccacaaagc 60.0 246 2 perfect (GT)16
B Ba00786 00786_188276 F gaggagaalggagaatggacag  60.1  00786_188276 R catacacacégé‘rﬁ“““‘a' 59.6 375 2 perfect  (TA)22
B Ba00787 00787_21001_F  agacttggctctactccaggtg 59.9 00787_21001_R ttgccagceagcecttattttatt 60.1 189 2 perfect (TG)24
B Ba00788 00788_133172_F ttcaaatactagccacgagacg 59.4 00788_133172_R tcaatcatgacaaacttgcctc 60.1 182 2 perfect (CT)16
B Ba00790 00790_149838_F  atacagcatgaccttttgagca 59.8 00790_149838_R gacgcatatgctttgtgtttgt 60.1 240 2 perfect (TG)27
B Ba00791 00791_125354 F cattttgcacagaacaaatggt 59.9 00791_125354_R  gataaagcccagtggaaagatg 60.0 336 2 perfect (AC)30
B Ba00795 00795_9771 F gctacaccgctctegtctttat 59.9 00795_9771_R gagcacattgtgttttggagaa 60.2 136 2 perfect (TG)17
B Ba00799 00799 175806 F ctectictgctitctittigga 60.0  00799_175806 R aaagagtcttagcaagcggaty  60.0 106 2 Wiimp:gf;g)s (AC)19
B Ba00804  00804_765_F tacgtcatcttgttcctgatgg 60.0 00804_765_R tctectccaggaaacactcact 60.3 350 2 perfect (AC)16
B Ba00807 00807_15806_F  aaaagccatctcatcatgtcct 60.0 00807_15806_R cccatgtcatttttccattctt 60.1 177 2 perfect (TG)17
B Ba00809 00809 161938 F catticatcaactctgectetg 50.9  00809_161938 R  aatgigigttigtcatgaagec  59.9 103 2 Wiimp:(;fgztps (AC)20
B Ba00814 00814_163533_F  gccccatggttgatgtattagt 60.0 00814_163533_R  acagtgggtggtagaggaggta 59.9 260 2 perfect (AC)17
B Ba00815 00815_144058 F  tagctgatgtttactgcctgga 59.9 00815_144058_R  acaccgtctggatgagagtttt 60.0 298 2 perfect (CA)17
B Ba00816 00816_37075_F  actgcactatcacaacaatggc 60.1 00816_37075_R agtggctatggtcagggttaga 60.0 287 2 perfect (AC)29
B Ba00817 00817_131946_F tctctgccggattcttctagtc 60.0 00817_131946_R  caccacacactcctcttgacat 60.1 264 2 perfect (CA)23
B Ba00819 00819_168963_F gatattctaagggtgtcggctg 60.0 00819_168963_R  tgtaaataccccaaagtgaccc 60.0 363 2 perfect (AC)22
B Ba00820 00820_135582_F ttggaagtgcagtagaggacaa 59.9 00820_135582_R  taacctgcatctgtggaaacac 60.0 194 2 perfect (TG)18
B Ba00821 00821_176782_F cttactactacctaccctaccccte 57.2 00821_176782_R ttgtgttaatttgtggcaaagy 59.9 180 2 perfect (CA)17
B Ba00826 00826_12131_F  ggtgggctgtaggtcttagatg 60.0 00826_12131_R  atcatcacagcgtgagaagaac 59.4 335 2 perfect (TG)20
B Ba00828 00828_109198_F ttggtttcaagatgaactgtgg 60.0 00828_109198 R  gtgaagaacatcctcatcacca 60.0 272 2 perfect (AC)18
B Ba00833 00833_77351_F  ggcagttcaaggtgcttaacat 60.5 00833_77351_R cagctgtgtgtatttttgagctt 58.7 150 2 perfect (AC)21
B Ba00835 00835 35085 F acgaggcagatgagagasagtc ~ 60.0 00835 35085 R acactgtcactcaaacaccacc  60.0 127 Wiimp:(;fggés (TG)20
B Ba00836 00836_149429 F atcatggaacatcacattagcg 59.9 00836_149429 R teatgttttgttgttccctetg 60.0 100 2 perfect (GT)13
B Ba00837 00837_71847_F tcattttcaattctgttcgetg 60.2 00837_71847_R  taaacatagcaatgcaaatgcc 60.0 332 2 perfect (AT)15
B Ba00839 00839_21044_F aaagcaggaaacacggattaaa 60.0 00839_21044_R tcagcgtttgtctctttgtgtt 60.0 198 2 perfect (AC)17
B Ba00841 00841 157365 F  aaacgacatgctticctcatit 60.0 00841 157365 R ttatgacaacattcaagggcag  60.0 133 Wzmprfgfgggs (GT)17
B Ba00843 00843_27849 F  ccttgaaatacagctcaggtce 60.1 00843_27849_R gtttatctttccaagtcegtge 60.0 252 2 perfect (TG)16
B Ba00845 00845 96881_F  gcacatgtcacacacataccag 60.0 00845_96881_R ttggctcattagetgcetttaca 60.0 209 2 perfect (AC)16
B Ba00846 00846_50838_F aacaagataaagcagacggctc 59.9 00846_50838_ R  agtgctgggtaggatcaacagt 60.1 281 2 perfect (TG)16
B Ba00847 00847_127421 F tacatgtgtgtctgaggggtgt 60.3 00847_127421_R  tgcttgagaactggagatgaaa 60.0 124 2 perfect (TG)19
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B Ba00854 00854_147469_F  actgtgctgtaccactctgcac 60.4 00854_147469_R  ccaaggtacaacagcactgaaa 60.2 140 5 perfect (TA/;TC)
B Ba00856 00856_1876_F ttcatcaccaaccaccaaaata 60.1 00856_1876_R aatgtcagccctcactctgtct 60.3 315 2 perfect (AC)16
B Ba00857 00857_38754_F  atgattgccctaagtacagcgt 60.1 00857_38754_R atatttcatccacgacacctcc 60.1 203 2 perfect (TG)15
B Ba00858 00858_125335_F  caaagtactgctctgcctctga 59.8 00858_125335_R tgtcatgtgtcctgttgtgaaa 60.1 342 2 perfect (TG)16
B Ba00859 00859_104637_F  cctgcatgcatcacagtttaat 60.0 00859_104637_R atgttactgagcatgttggtgc 60.1 224 2 perfect (CA)18
B Ba00862 00862_125083_F ctcttctctgcteectcttcac 59.8 00862_125083_R  tgaggtaacgacacaaaaatgc 60.0 130 2 perfect (TC)14
B Ba00864 00864 _54093_F agctgaagaaggagaggaaggt 60.0 00864_54093_R  acagtgtagctggatgctgaga 60.1 120 2 perfect (CA)19
B Ba00866 00866_166922_F gagacgtcaacaggtgaagaaa 59.4 00866_166922_R  gtacacacccatgtgcttcagt 60.0 117 2 perfect (TG)15
B Ba00868 00868_187920_F aggcccaaaaataaaggaagag 60.0 00868_187920_R agtgtgttgtgtttctgatggg 59.9 250 2 perfect (AC)23
B Ba00872 00872_135029_F tacagctggcctgtcagataaa 59.9 00872_135029_R  aagcaaaatgggaccaaatcta 59.8 295 2 perfect (AC)18
B Ba00873 00873_188013_F tgcataggattgtatctgcgtc 60.1 00873_188013_R ttccagtttttctccaccatct 60.0 300 2 perfect (GM)12
B Ba00875 00875_106151 F agctgtgaggggaaatatgaaa 60.0 00875_106151_R  aaataaagccatcagctgtcgt 60.2 276 2 perfect (TG)19
B Ba00878 00878_146379_F gctagctcagagttgagtgggt 60.1 00878_146379_R  tgggcccagtttgttagtctac 60.4 140 2 perfect (TC)16
B Ba00882 00882_77228_F  caccagttcagctctgcttatg 60.1 00882_77228_R  aacaatcaaggactctgggaaa 60.0 394 2 perfect (AC)16
B Ba00883 00883_134414 F nggtgcctacatactgtagatttc 57.6 00883_134414 R cactcaaactgatttttgcagc 59.9 274 2 perfect (GT)26
B Ba00885 00885_143593 F  aagtgacattgcctggtctttt 60.0 00885_143593_R  catgtgcaggtgtaattgtgtg 60.0 211 2 perfect (AC)15
B Ba00889 00889_109127_F tttttcacgtaaaatcctgect 60.0 00889_109127_R actggtaccgcttgaatgttct 60.1 287 2 perfect (AC)20
B Ba00892 00892_38605_F  caaactaacatcttggcaacca 60.0 00892_38605_R caccaaactgtgcaaaaacatt 59.9 364 2 perfect (CA)20
B Ba00894 00894_115217 F tgaggcagggatatttactcgt 60.0 00894_115217_R  ctccttactgagacgagcctgt 60.1 272 2 perfect (TG)26
B Ba00895 00895_124894 F acaaatgaatgatgctgattgg 59.8 00895_124894_R agattccattttcaccactgct 60.0 315 2 perfect (AC)21
B Ba00899 00899_61488_F ttaaaatgaggcttcagtgggt 60.0 00899_61488_R caggttgtaccccactgatttt 60.1 304 2 perfect (AC)22
B Ba00902 00902_75955_F gcaggagtagacagacatgcac 59.9 00902_75955_R aagcactttcgttaaaaggcag 60.0 186 2 perfect (TA)16
B Ba00903 00903_63693_F ctattttgtcgtcggtttgtga 60.0 00903 _63693_R  agcttttggaaaacaacagagc 59.9 163 2 perfect (TG)15
B Ba00905 00905_129588 F gagaccatactacgatggcaca 60.0 00905_129588_R  ctctgcaaacaacaacacatca 59.8 304 2 perfect (TG)25
B Ba00906 00906_34904_F  tgtaaggaagatgcatttgtgg 60.0 00906_34904_R  agcaacatcaggaagaaggaaa 60.2 389 2 perfect (AT)16
B Ba00909 00909 _89223_F  gtaacagccgacagactctcct 59.9 00909_89223_R cctaaccaggatattgctgcat 60.4 202 2 perfect (TG)13
B Ba00910 00910_65961_F tttataagaccatggggattgc 60.0 00910_65961_R  gaaggaaagctgtgagtgtgtg 60.0 200 2 perfect (TG)15
B Ba00911 00911_167209_F ngtgtgtagtgaaaagtaattctgc 57.9 00911_167209_R  gtaagctgaatatctgtggggg 59.9 199 2 perfect (TG)17
B Ba00913 00913_106376_F ttctttcatgecttttgttgaa 59.7 00913_106376_R tectacattggtctegcectatt 60.0 384 2 perfect (CT)13
B Ba00915 00915_183244 F gaccttgagagtcacatgacca 60.2 00915_183244_R  agggttagagtctgtctggcetg 59.9 364 2 perfect (AC)28
B Ba00916 00916_67468_F tctgaccaaaagtggactgaga 59.9 00916_67468_R  ctgtgctaggaagtagectggt 60.0 280 2 perfect (AC)13
B Ba00917 00917_2632_F accctaggtgggattttgtttt 60.0 00917_2632_R gcatcggattaaagtgatagge 60.0 389 2 perfect (AT)40
B Ba00918 00918 35163 F agggataagaggggtcattcat ~ 60.0 00918 35163 R cictigagcgagactgacagaa 5.9 143 \'l;'l‘gfg:;; (CA)24
B Ba00920 00920_111110_F  ttgcagcttcacatgctagttt 60.1 00920_111110_R actgtgtgtggtttctgaatgg 59.9 259 2 perfect (GT)13
B Ba00921 00921 56424_F tgacttttcctggatcaggttt 60.0 00921_56424_R cttttcatcaatttccagcaca 60.1 297 2 perfect (AC)13
B Ba00926 00926_178429 F  cttcctcaattgatatggagec 59.9 00926_178429_R  tgtaacagtggaggttgaatgc 60.0 206 2 perfect (GT)14
B Ba00927 00927 74939 F  ftcaagctictccagacatttca  60.0 00927 74939 R gtacatggggaaatcaaccagt  60.0 331 2 Wm’fgfggés (CA)18
B Ba00930 00930_14611_F atgggaactgctgctaagtagg 59.8 00930_14611 R aacaacttgacgttttcaggct 60.2 198 2 perfect (GM)19
B Ba00931 00931 32550 _F tctcattaagccagccaaaaat 60.1 00931_32550_R ggtaaagccttcatttcetgty 60.0 260 2 perfect (CA)21
B Ba00932 00932_179206_F aggacagttccaacattcctgt 59.9 00932_179206_R tgaatgtgtgtgtgtgtgtgtg 60.0 280 2 perfect (GT)18
B Ba00933 00933_85820_F ttcaagctttgtttgtctccaa 59.9 00933_85820_R gotgtgtgtgtttatgtattgctc 58.5 123 2 perfect (CA)20

B Ba00934 00934_70815_F  atgtgagtgtcattatgcggag 60.0 00934_70815_R cctetcccatectgtttatctg 60.0 176 2 perfect (AC)14
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B Ba00935 00935_155990_F tccatttgtaatcaccctgtca 60.2 00935_155990_R attccttcacgacatgtaggct 60.0 132 perfect (TG)22
B Ba00936 00936_23116_F acgtaaaccaataaaactgcaan 57.5 00936_23116_R tttgcagaatatgatcaatggc 59.9 270 perfect (CA)26
B Ba00937 00937_53528_F  aatgttgctgttgaaaacgatg 60.0 00937_53528_R ctgggctetctetegtgtgat 61.9 137 perfect (AC)20
B Ba00938 00938_145208_F ggagataaggggaactaaacgg 60.2 00938_145208_R gaaaggaacatggaaaggagtg 60.0 179 perfect (TA)29
B Ba00940 00940_5717_F acaagtctccagtggctctttc 59.9 00940_5717_R caaactggtatttgaagtggca 60.0 203 perfect (AG)14
B Ba00944 00944 65308 F cicatgaagccaticacacaat 600 00944 65398 R gagccasaccictatgagcagt  59.9 116 vl?:rfigzc;ps (AC)24
B Ba00953 00953_123140_F acactcagctggcagacattta 59.9 00953_123140_R  gtgactgctaacatgaagtcgc 60.0 108 perfect (GM)12
B Ba00955 00955_124695_F agcagtttaactaagacaaggatty  57.5 00955_124695_R  ggataacgagaagagctaccga 59.9 235 perfect (TG)20
B Ba00956 00956_154565_F ctcattcaaggtaatgggaagg 59.8 00956_154565_R  tagagtcgccgtcatgctaata 59.9 268 perfect (GM17
B Ba00957 00957_84992_F  cttgctgcccaatatgtatcaa 60.0 00957_84992_R gttgccaaagcatcaaaataca 60.0 255 perfect (AC)16
B Ba00958 00958_133110_F ttgtcacttgtccatcctcaac 60.0 00958_133110_R atcagtttgaatgagctggctt 60.3 284 perfect (TG)21
B Ba00962 00962 9072 F  ctageccticgtttccctitat 60.0 00962 9072 R tigtgtagcetettgettgtgt 60.0 285 W'imprfgf;gt)s (CA)26
B Ba00963 00963 169877_F tefttgcactcctgttgtgact ~ 60.0 00963 169877 R ctagcegaatgttacctgctet  59.9 139 wlimp:gf;?ps (TG)15
B Ba00966 00966_43581_F  aggtgctgtcactacccaaact 60.1 00966_43581_R  cacaaccatacagaaaagccaa 60.0 216 perfect (TG)18
B Ba00967 00967_158089_F  ctcagtctattcccaccacaca 60.0 00967_158089_R  ccacccagcagtaatactctce 60.0 118 wlimp:;f;;tps (cmniz
B Ba00970 00970_154333_F aaaaacaagcctcatcttgage 59.9 00970_154333_R tgtttttaaggctttatgggga 59.9 198 perfect (TG)15
B Ba00971 00971_110457_F tgtgattaattaagccgtgtgg 59.9 00971_110457_R  acggatcacaaaaagaatttcc 59.4 192 perfect (AC)15
B Ba00973 00973_74660_F ttacaccggttaaggagttgct 60.1 00973_74660_R aaaacttgaaatgcgtcaaatg 59.2 192 perfect (AC)16
B Ba00974 00974 18978 F  ccaatcasagcttatgacccte ~ 60.0 00974 18978 R tagatgectctegtetgasaca  60.0 113 wli?;]pﬁgfgg:;s (TG)21
B Ba00979 00979_44555_F  gagatttgcaggtgggtttaag 60.0 00979_44555 R cattgcttatgcaggtgagaac 59.8 121 perfect (TG)12
B Ba00981 00981_113310_F agttgagactgagcaaaggagc 60.2 00981_113310_R tgatagactgcaggcagaaaaa 60.0 147 perfect (CA)17
B Ba00982 00982_115106_F  gtcatcactgtgctgtctggtt 60.2 00982_115106_R  tgtgaatgtgtgtcaccagtgt 60.0 351 perfect (TC)16
B Ba00984 00984_169741 F agtgcagtcaaatgtcaagcat 59.8 00984_169741_R  cattgaactctgaacatgcctc 59.7 378 perfect (TG)18
B Ba00988 00988_100199_F gtcagaggacagcatcaacact 59.4 00988_100199_R ctggtttccttctetttcectt 60.1 127 perfect (AG)12
B Ba00989 00989_7275_F tceecttaggtctctgtaacca 60.0 00989_7275_R caccagcacagctaaacaagag 60.1 237 perfect (AC)14
B Ba00992 00992_130518_F  agtggtggagacaggatgtttt 59.9 00992_130518 R tcatcccaaaatttacatgcag 59.8 266 perfect (TG)21
B Ba00993 00993 79659 F agagtcgtggagatgaaccatt ~ 60.0 00993 79659 R ctgtcctaccattcctactgge  60.0 261 W'impﬁgfggt)s (cA)32
B Ba00994 00994 _81046_F ttcctctgaatacatgegtttg 60.1 00994 _81046_R  gaagatggagagagagggtgaa  59.8 382 perfect (TG)14
B Ba00997  00997_851_F atgcctctctaacctaatgeca 60.1 00997_851_R aggagagaggaggagagacgn 60.3 241 perfect (TG)34
B Ba01000 01000_1001 F tcagtagttgctgatgatgect 59.9 01000_1001_R cttgtactcaaggggtttggag 60.0 278 perfect (CA)14
B Ba01045 01045_146520_F atttttgtgtgtatttgcgtge 59.9 01045_146520_R  gggagttttaattaagggtcgg 60.1 120 perfect (GT)12
B Ba01054 01054_116762_F tactgctgaggcaacacagtct 60.1 01054_116762_R  tgtgagtgcatacaaacagtgc 59.8 148 perfect (TG)14
B Ba01063 01063_150945 F tgatttaggggactaagaggca 60.1 01063_150945_R gcttctecttatcteteeccat 60.1 136 w;&e;fae;; (AG)24
B Ba01098 01098_106052_F gtatgacaagccaagcagagtg 59.9 01098_106052_R  ctgattaggtggaggatgaagg 60.0 129 perfect (AC)13
B Ba01217 01217_118109_F tccctctcttctctcacacaca 60.0 01217_118109_R actccaagttcatcctctgcte 59.9 114 perfect (AC)16
B Ba01223 01223_104303_F aatgacacatgcaggaacagag 60.2 01223 _104303_R ctttcctgttttecttcteect 60.1 141 perfect (GT)19
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Continued
B Ba0l263 01263 44111 F  tcccigittaacattcaccaaa ~ 59.4 01263 44111 R taaggcagegctitagttcttt  59.7 143 W:EP;gf;;:as (CA)22
B Ba0l267 01267 129645 F tgtggtgtcagagtaatttggg ~ 59.9 01267 129645 R agggagtggtacatctgctcat  60.0 142 W'.'tﬂ"ﬁféﬁés (cA)3L
B Ba01354 01354_47986_F gacgaacctgtgagataggtga 59.2 01354_47986_R  agcaaagagctggagagagaga  60.0 116 2 perfect (TG)18
B Ba0l561 01561 90042 F  acaacatgtccctgcagete 613 01561 90042 R tttacagtgtgtgcatccatcc  60.8 139 2 W'.?ﬁpﬁgfggﬁs (cA)23
B Ba01564 01564_12423_F aagcagtgtatgggtcaaaggt 59.9 01564_12423_R tgtgaatgtgcatcagtgtgtt 60.1 319 2 perfect (AC)20
B Ba01632 01632_2485 F  accctctctccaagaagactce 60.2 01632_2485_R agaggagctgagtagcacatcc 60.1 149 2 perfect (TG)13
A Ba01645 01493_2405_F tagtgaaggaggcgtagagagg 60.0 01493_2405_R gagctcatgagtgtgactgctt 59.7 281 2 perfect (AC)13
B Ba01757 01757_83020_F gccgctaatgaaaagaataagc 59.4 01757_83020_R ctttcgtccctaaccagcatac 60.0 122 2 perfect (GT)19
B Ba01850 01850_84397_F tgggcttcagtttttcttgttt 60.1 01850_84397_R ctccgaatctcgttttaaatge 60.1 140 2 perfect (TG)15
B Ba01894 01894 59038 F  ciitccotgaaccaatgtictc 600 01894 59038 R gaaaatcacgctgtgtaatcca 600 188 W'imp:;f;;;S (AC)18
A Ba02786 04610_3871 F  agtgaaagaggtggatgcattt 60.0 04610_3871_R gatcgacgtgtttcagcttatg 59.8 289 3 perfect (CAT)17
A Ba03183 04429 2197 F  actctggtgcagtgcatcttta  59.9 04429 2197 R aggatgcttggagtggtaagaa  60.1 188 L’V‘:&eg:;; (TAT)12
A Ba03465 00485 3129 F  attttgigactgcaatggactg ~ 60.0 004853129 R gtggtggiitasaaggcaatic 5.8 397 imperfect  (AATTC)
with no gaps 19
A Ba04221 00190_1837_F  gtcagacgtgaattagtgctgc 60.0 00190_1837_R tgaatagacaccgtctcacctg 60.2 240 3 perfect (CAA)14
A Ba06853 02017 617 F  tgaactaacagcggatgattty  60.1 02017 617 R tggacatcaagacaacatgaca  60.0 259 2 w:rtrr:pr?:;;s (GT)18
A Bal38lé 03504 798 F  ataactgccciggagatgtgat  59.9 03504 798 R tttaagtgasacggtagcagca  60.0 391 w:?plp:c:f;:a . (TGANL
A - 00100 460 F ttigtgataacactgctgacce  60.0 00190_460_R gtggtetttgccagtettttct 59.8 107 w?&eg:g; (cA)22
A - 03929_814_F agagcagcctgacagttagacc 60.1 03929 _814_R taatggcaccaacatctacagg 59.9 381 2 perfect (TG)12
Table S2. Result of parentage test.
The number of offspring 23 27 138 43 194 26 2 1 46
Group number of estimated full-sib population No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 ND
Male Parent No. dNo.1  JdNo.2 J&dNo.3 JENo.4 JdNo.5 JdNo.6 J3No.7 AENo.8 -
Female Parent No. @No. 1 @No. 2 @No. 3 PNo. 4 -

200
180
160
140

120
100
80 -
60 -
40 -
41 I
0- ‘ ‘ ‘ ‘ ‘

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 ND
Group number of estimated full-sib progenies

The number of offspring

Figure S1. Composition of the full-sib population estimated from about 500 Pacific bluefin tuna progeny.
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Figure S2. The intervals of between contiguous common marker in male linkage map and female linkage map. Contiguous

common markers between both linkage group were plotted by dot. X axis and Y axis show cumulative genetic distance of
linkage group of male and female, respectively. (a) LG 1-LG6; (b) LG7-LG12; (c) LG13-LG18; (d) LG19-LG24.
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Figure S3. Comparison of chromosome structure between bluefin tuna and medaka. Red number indicates MS marker name, orange
square indicates homologous region between tuna and medaka. Boxes with dotted lines indicate areas in which marker order is un-
certain.
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