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Text S1. Genome assembling and annotation

Before assembly, the genome size of Siamese fighting fish was estimated to be 487.89 Mb
using Jellyfish (v2.0) (79) with a heterozygosity of 0.27% determined by k-mer (k=17)
frequency analysis using 43.51 Gb Illumina sequencing data. The genome was assembled
using 53.27Gb (~110x) PacBio Sequel SMRTbell data, augmented with 10X genomics,
BioNano optimal map and Hi-C data for scaffolding and anchoring to chromosomes.

Genome assembling

The Falcon (v0.3.0) (https://github.com/PacificBiosciences/FALCON/) (80) was used to

preliminary assemble the PacBio reads using parameters “--max_diff 100 --max_cov 100 --
min_cov 2 --bestn 10 --min_len 6000”. The Falcon assembly was polished with Quiver5 (81),
and error-corrected with 53.05 Gb Illumina HiSeq X Ten data from the same individual using
Pilon (v1.18) (82) with default parameters. Then, purge_haplotigs (83) was applied to remove
the heterozygous contigs under parameters “-l1 25 -m 70 -h 125 -a 75”. Pre-scaffolding of the
contigs were performed using fragScaff (version2.1) (84) with parameters “-m 3000 -q 30 -E
30000 -0 60000 -C 5 -j 1.5 to associate contigs into scaffolds based on 114.98 Gb data of
linked reads generated with 10X Genomics technology. Contigs scaffolding with optical
mapping was performed with the BioNano Saphyr system (BioNano Inc.). To construct the
optimal map, DNA extraction and labeling were conducted with standard protocols from
BioNano Genomics. Single molecules with length exceeding 100 Kb were used for assembly
with RefAligner and Assembler from BioNano Solve (version 3.1) (85) software package.
The assembled optical map was aligned to the sequence assembly with RefAligner using
default parameters. Assembly into the chromosome level was performed with Lachesis (v-
201701) (86) software with the 52.58 G Hi-C data.

Genome annotation

We first annotated the tandem repeats with Tandem Repeats Finder (TRF, v4.09) (87) by ab
initio prediction. For other repeats, RepeatModeler (v2.0.1) (88) , LTR_FINDER (v1.07) (89)
and RepeatScout (v1.0.5) (90) were used for de novo repeat detection. And RepeatMasker
(4.1.0) (91) against the Repbase TE library (92) and RepeatProtein Mask (4.1.0) (93) against
the TE protein database (91) were used for homology-based repeat detection. To annotate
non-coding RNA including tRNA, rRNA, miRNA and snRNA, tRNAscan-SE (v1.4) (94)
(http://lowelab.ucsc.edu/tRNAscan-SE/, default options) was used to find the tRNA
sequences according to their structural features. We use the rRNA sequences of related
species as the references and find the highly conserved rRNA sequences in our genome

assembly through Blast (v2.2.26). The sequences of miRNAs and snRNAs were predicted



with the Infernal ("INFERence of RNA ALignment") (http://infernal.janelia.org/) software
(v14.1) (95) using the covariance model of the Rfam family.

To annotate the protein-coding genes, we combined de novo predictions, homolog-based
predictions and RNA-Seq based predictions approaches. Five ab initio gene prediction
programs were used to predict genes, including Augustus (v3.0.2) (96), Genescan (v1.0) (97),
Geneid (v1.4) (98), GlimmerHMM (v3.0.2) (99), and SNAP (v2006-07-28) (100). For
homolog-based predictions, protein sequences of related species were downloaded from
Ensembl or NCBI. Homologous sequences were aligned against the repeat-marked Betta
splendens genome using TBLASTN (v2.2.26, e-value < le-05). Genewise (v2.4.1, “~tfor-
genesf”) (101) was employed to predict gene models based on the alignment sequences. For
RNA-Seq based predictions, Trinity (v2.1.1, “--normalize_reads --full_cleanup --min_glue 2 -
-min_kmer_cov 2 --KMER_SIZE 25 --no_distributed_trinity exec”) (102) and SMRTLink
(v6.0, https://www.pach.com/support/software-downloads/, default parameters) were used to
assemble the RNA-Seq data, and then PASA software (http://pasapipeline.github.io/) (103)
was used to improve the gene structures. A weighted and non-redundant gene set was
generated by EVidenceModeler (v1.1.1) (104), which merged all gene models predicted by
the above three approaches. To annotate the gene functions, we extracted the longest
transcript of each gene. The translated protein sequence of the transcript was used to ‘blastp’
search the Swissprot database (http://www.uniprot.org) (105) with the cutoff “E-value <10-
5”, then the gene annotations and gene ontology terms from the closest hit were extracted for
gene prediction. The conserved protein domains and functional motifs of the transcripts were
identified with InterproScan (106) with default settings. The gene pathway annotation was
obtained by mapping to the KEGG database (http://www.genome.jp/kegg/) (107).

To evaluate the quality of our assembly, we mapped the Illumina short reads to the
assembled genome using BWA (64), and 97.51% of reads were successfully mapped. 99.87%
of the assembly was covered, indicating the near-completion of the genome. Filtered variants
called from Illumina data yielded 198,849 heterozygous SNPs (0.0936%) and 532
homozygous SNPs (0.0003%), supporting high base level accuracy of the genome assembly.



Text S2. Background on the Betta fish and the samples

The common name Betta fish, refers to the wild and domesticated fish in the genus Betta
distributed in Southeast Asia, especially in Thailand, Cambodia, Vietham, Malaysia and
Indonesia. The Siamese fighting fish, Betta splendens, primarily originated from Central
Thailand and the lower Mekong, is well-known for its aggressive behavior and various
domesticated forms (2). This fish was traditionally used in gambling matches and has been
domesticated for at least 300 years (2). Today, multiple varieties have been raised differing in
aggressiveness, fin shape, color morphology and body size. The inheritance of several traits
such as sex-determination, long-fin vs short-fin, and coloration of Turquoise-green, Royal-
blue and Steel-blue colors, were explored since the 1930s and 1940s (3-5, 7, 8). However,
there have been relatively few molecular studies on the genetics of B. splendens
domestication traits, until a recent study of the double tail, elephant ear, albino and fin spot
and sex determination phenotypes (10-12). In addition to the interest in its phenotypic
diversity, the Siamese fighting fish is also considered as a popular model for toxicological and
behavioral research.

Although initially domesticated for its aggressive behavior, numerous other breeds have
been selected for ornamental purposes. In total, we have sampled five major caudal fin
morphological types: The Fighter and four types of non-Fighters, namely Crowntail, Veiltail,
Halfmoon and Halfmoon Plakat (HMPK). The Crowntail, Veiltail and Halfmoon all have
distinctive long fins, and therefore considered as long-fin morphotypes. The Halfmoon has a
“D” shaped caudal fin which forms a 180-degree angle, and HMPK are short-tailed
Halfmoon. The Fighters have short tail, and their tail spread is usually less than 180 degrees.
Within HMPK, breeds were further classified based on body color (such as Red, Yellow etc.),
body size (e.g., Giant), and pectoral fin morphology (e.g., Dumbo breed with enlarged
pectoral fins) (fig. S4). We collected 13 breeds with HMPK tail in total.

We note here that although we are using the term “breed” in this section and throughout
the paper, these are not breeds in the traditional sense of inbred lines, since these morphotypes
are often interbred. One example is the Royal-blue phenotype, which produces Royal-blue,
Turquoise and Steel-blue offspring when selfed (5), showing that a segregating locus
underlies all those phenotypes. Another example is the Dumbo phenotype, which exists in
both Betta fish with HMPK and Halfmoon tail types. Being aware that what we are calling
“breeds” are akin to morphotypes, we have sought to assign individuals to breeds not only
based on phenotypic similarity, but also considering the potential for a shared genetic basis
for the phenotype based on past breeding experiments.

We also note that the ‘wild” individuals we sampled here are actually brought from the

fish farms, not collected from their natural habitats. These phenotypically ‘wild’ individuals



have been raised in fish farms for many generations. They are frequently used as donors of
traits for improving domesticated B. splendens, and at the same time, they themselves are
frequently improved by hybridizing with domesticated B. splendens.



Text S3. Population genetics of the Betta fish

The phylogeny of the Betta species

To infer the phylogeny of the Betta species, we constructed a maximum-likelihood (ML) tree
using concatenated sequences at genome-wide SNP sites (fig. S5). We note that, due to
recombination and independent assortment, different regions of a genome will have different
trees. The ML tree can be considered an estimate of the average tree across the genome.
While it is important to avoid confusion of the interpretation of the branch lengths in such a
tree, it is useful for elucidating individuals, and groups, that in average are more closely
related to each other genetically than other such groups. In the estimated tree, all individuals
from Betta splendens species form a clade relative to other wild species, providing genetic
evidence for a single origin of all domesticated Siamese fighting fish from the wild B.
splendens, despite their extraordinarily high phenotypic diversity. This result is also
compatible with the PCA in which all B. splendens individuals form a cluster (Fig. 1C).

The wild species on the most basal position of the tree, the B. smaragdina and B.
smaragdina guitar individuals are interspersed with each other, showing that these two
groups are not genomically differentiated (fig. S5). All the B. stiktos individuals form a
monophyletic clade which is positioned as a sub-clade in the B. smaragdina (fig. S5). These
observations suggest that all the three nominal species should be considered as one species
group even if they are phenotypically distinct. B. imbellis and B. siamorientalis are the wild
species that are most closely related to the B. splendens. Individuals of the two species form a
cluster, and B. siamorientalis individuals form a monophyletic clade which is a subclade
within the B. imbellis cluster, suggesting that these two species should also be considered as
one species group. All the B. mahachaiensis individuals form a monophyletic clade (fig. S5).
The relationships of different species are also recapitulated by the first principal component
(PC) which divided the samples into four clusters corresponding to the B. splendens group,
the B. imbellis and B. siamorientalis group, the B. mahachaiensis group, the group consisting
of B. smaragdina, B. smaragdina guitar and B. stiktos (Figs. 1C and S7). We note that all our
domesticated samples are purchased from commercial vendors in China and local farmers in
Thailand. It is, therefore, possible that some of the evidence for admixture between nominal

species could be a consequence of captive breeding.

Population structure of the B. splendens

Within the population of B. splendens, individuals of the same breed tend to cluster together
in the genome-wide tree, showing that individuals of the same phenotype are also

genomically similar. Individuals of the Steel-blue, Turquoise-green and Royal-blue are



interspersed with each other, which is consistent with the fact that the Royal-blue individuals
are offspring of the hybridization between Turquoise-green and Steel-blue breeds (Fig. 1B).
Genetically, the Red phenotype is dominant over the Yellow phenotype, and they form
independent clusters on the ML tree (Fig. 1B). The Orange phenotype is considered an
intermediate phenotype between Red and Yellow, but all Orange individuals cluster with
Yellow individuals. This observation is also confirmed by admixture and PCA showing
Orange and Yellow are more closely related and genetically differentiated from the Red breed
(Figs. 1C and S8). The Halfmoon individuals are divided into two clusters, which is also
consistent with the admixture analysis in which two subgroups show different component
profiles (fig. S6). The Dumbo-Halfmoon breed is featured for both its distinctively enlarged
pectoral fin (the Dumbo phenotype) and its semicircular tail that is similar to the Halfmoon
breed, but its genetic origin remains elusive. In the genome-wide average phylogeny (Fig.
1B), the Dumbo-Halfmoon clusters with Dumbo-HMPK rather than Halfmoon, which is also
supported by the admixture result as the two Dumbo breeds share the similar genetic
components that is distinctive from the Halfmoon breed (fig. S6). These results suggest that
the Dumbo-Halfmoon was bred by introducing the long-fin phenotype into the genomic
background of Dumbo.

The population structure of the domesticated B. splendens is largely driven by several
breeds that carry substantial breed-specific genetic drift, including the Black, Orange and
Yellow, the clade consisting of Steel-blue, Royal-blue and Turquoise-green, and Opaque
(Figs. 1B-D). These breeds have long breed-specific branch lengths on the genome-wide tree
(Fig. 1B) and show distinctive components in the admixture analysis (Fig. 1D). The most
noticeable is the group consisting of Steel-blue, Royal-blue and Turguoise-green, as they
form an independent cluster in the PCA (Fig. 1C). The breed-specific genetic drift is likely

due to the strong bottleneck effect imposed by local breeders to maintain pure lines.

Admixture and gene flow among the Betta species

Interspecies hybridization can be viable in Betta fish and it is a common practice to capture
wild Betta species to hybridize with domesticated fish to produce new phenotypes.
Hybridization among different breeds of domesticated B. splendens is also a common practice
for producing new variates. Moreover, the domesticated B. splendens can easily survive in
nature when they escape or are released by humans (108). Release or escape of domesticated
B. splendens in Thailand may possibly facilitate hybridization in the wild between wild and
domesticated breeds of B. splendens.

To explore the gene flow among different Betta species, we performed D-statistics
analyses in the form of D(P1, P2; P3, P4), which tests whether the four populations
(individuals) are compatible with the unrooted phylogeny ((P1, P2), (P3, P4)). When setting



P4 as the outgroup, then D(P1, P2; P3, Outgroup) < 0 provides evidence of gene flow
between P2 and P3 (or external gene-flow into P1). We randomly picked three individuals
from each of the species or breeds, and iteratively tested all non-redundant combinations of
D(P1, P2; P3, Outgroup) where P1 and P2 are B. splendens individuals, P3 are individuals of
B. mahachaiensis, B. imbellis or B. siamorientalis, and Outgroups are B. smaragdina
individuals (fig. S11). For each of the P3 species, the Z score distribution of D(P1, P2; P3,
Outgroup) greatly deviates from the null expectation, which shows pervasive rejection of
D(P1, P2; P3, Outgroup) ~ 0, suggesting ubiquitous gene flow between the domesticated
Betta fish and all three wild Betta species. When testing D(P1, P2; P3 = B. mahachaiensis,
Outgroup) with B. splendens as P1 and P2 (fig. S12A), we found mostly negative D values
when P2 is represented by either Royal-blue, Steel-blue, Turquoise-green, Dragon and
Copper individuals, and mostly positive D values when using Veiltail, Crowntail, Fighter or
Black individuals as P2 (fig. S12A). While these results are not necessarily driven by gene
flow specifically from or into B. mahachaiensis, they do provide strong evidence that
different breeds have different levels of gene flow with B. mahachaiensis related individuals.
Moreover, individuals of the same breed also show different patterns of gene-flow: among the
three wild B. splendens individuals, two of which (BSP1 and BSP2) show largely positive
scores in the D test (P, wild B. splendens; B. mahachaiensis, Outgroup) (fig. S12A), but one
of them (BSP9) shows largely negative scores. When switching P3 with B. imbellis or B.
siamorientalis, we observe similar patterns which collectively suggest extensive
heterogeneity in the gene flow between different breeds and wild species, or even between
different individuals of the same breed and wild species (fig. S12). This level of heterogeneity
is only compatible with a scenario in which gene flow between domesticated and wild species
is common and recent.

To capture the major patterns of gene-flow within the Betta species, we performed
TreeMix analyses by grouping individuals of the same species or breeds as one population,
allowing migration edges to vary from 0 to 7 (Figs. S9-S10). As discussed above, there is
extensive and frequent gene-flow between Betta species, especially between the domesticated
and wild Betta fish. In this case, TreeMix may actually be unable to resolve the true scenario
by falling into local optima (109). We also note that, when too many populations are
admixed, and each population has undergone multiple waves of admixture, the gene flow
signals captured can actually be represented by different TreeMix models. In this case, the
migration edges on the TreeMix graph cannot simply be interpreted as gene-flow between the
two populations. With this information in mind, we attempt to highlight the most prominent
and consistent patterns in the TreeMix graphs.

Most notably, when allowing migrations, the wild B. splendens group is best described as

a mixture between domesticated breeds and wild populations that is basal to the clade



consisting of B. imbellis group and B. splendens group. This model is also consistent with the
PCA (Fig. 1C) where the wild B. splendens individuals fall within the cline consisting of B.
splendens group individuals on the y-axis, but shift towards other wild species on the x-axis.
In the model with 4 and 5 migration edges, Mosaic and Giant breeds can be described as
having received gene flow from the B. imbellis related branch. This hypothesis is also
supported by D-statistics testing D(P, Giant/Mosaic; Imbellis/Siamorientalis, Outgroup) in
which the D statistics tend to be negative (Figs. S12B-C).

Another prominent observation from the D(P1, P2; Mahachaiensis, Outgroup) tests (Fig.
S12A) is that when setting P2 as Royal-blue, Turquoise-green or Steel-blue, the D values tend
to be negative, suggesting gene flow between B. mahachaiensis and these breeds. In TreeMix,
we observe consistent results when assuming 4 migration edges indicating gene-flow from B.
mahachaiensis into the clade consisting of Steel-blue, Royal-blue and Turquoise-green breeds
(fig. S10).
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Figure S1. Genomic landscape of repeat sequences in the Siamese fighting fish genome.

The color of the chromosome fragments corresponds to the repeat sequence density (shades of
red represent higher density and shades of blue, lower density), and the DNA transposons,
SINEs and LINEs are denoted as solid rectangles, circles and triangles, respectively. All the
unplaced scaffolds are stacked together on the left “Unplaced” block. All the elements are
anchored into the genome using the “Rldeogram” package (110) in R.
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Figure S2. Genomic landscape of annotated protein-coding genes and non-coding RNA
elements in the Siamese fighting fish genome.

The color of the chromosome fragments corresponds to the gene density (shades of red
represent higher density and shades of blue as lower density), and the miRNA, tRNA and
rRNA are denoted as solid rectangles, circles and triangles, respectively. All the unplaced
scaffolds are stacked together on the left “Unplaced” block. Note the gene hotspot close to the
beginning of chromosome 8. All the elements are anchored into the genome using
“Rldeogram” package (110) in R.
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teleost species including the Siamese fighting fish (Betta splendens). The numbers close to

the nodes of the tree are the estimated divergence times (in units of millions of years ago).



Figure S4. lllustration of samples used in this study.

Images (A-R) are different domesticated breeds of the Siamese fighting fish and (S-Y) are
different wild Betta species. (A) Solid Red Halfmoon Plakat (HMPK); (B) Solid Yellow
HMPK; (C) Solid Orange HMPK; (D) Turquoise-green HMPK; (E) Royal-blue HMPK; (F)
Steel-blue HMPK; (G) Solid Black HMPK; (H) Solid Opaque HMPK; (1) Copper HMPK; (J)
Dragon HMPK; (K) Giant HMPK; (L) Mosaic HMPK; (M) Dumbo HMPK; (N) Dumbo
Halfmoon; (O) Halfmoon; (P) Crowntail; (Q) Veiltail; (R) Fighter; (S) wild Betta splendens;
(T) Betta imbellis; (U) Betta siamorientalis; (V) Betta mahachaiensis; (W) Betta smaragdina;

(X) Betta smaragdina guitar; (Y) Betta stiktos.
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Figure S5. Maximume-likelihood phylogeny of the Betta fish constructed with genome-

wide markers.

This is related to Fig. 1B. The black triangle contains both wild and domesticated B.
splendens.
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Figure S9. TreeMix analysis of Betta species populations with 0 to 3 migration edges.
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Figure S13. QQ plot of GWAS of sex in the Siamese fighting fish.

The inflation factor is 0.785.
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The bootstrap values are based on 1,000 replicates.
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The analyses were based on 29 wild individuals of B. imbellis, B. siamorientalis, B.

mahachaiensis, B. smaragdina, B. smaragdina guitar and B. stiktos, which were phenotyped
for sex.
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Figure S17. Manhattan and QQ plots of GWAS for the Turquoise-green, Royal-blue and
Steel-blue breeds.

(A) Quantitative GWAS with coding Turquoise-green as 1, Royal-blue as 2 and Steel-blue as
3. (B) Case-control GWAS of Royal-blue vs. Steel-blue. (C) Case-control of Royal-blue vs.
(Turquoise-green+Steel-blue). (D) Case-control GWAS of Turquoise-green vs. (Steel-

blue+Royal-blue). (E) Turquoise-green vs. Steel-blue.
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Figure S18. LocusZoom plot for locus on chromosome 24 associated with the Royal-blue,

Turquoise-green and Steel-blue variation.

The solid and dashed lines in the Manhattan plots represent genome-wide (5>10*) and
suggestive (110 °) significance thresholds, respectively. Colors of dots represent linkage

disequilibrium with the lead variant, indicated by a diamond symbol. Bottom box shows the
location of annotated genes in this region.
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Figure S19. Breeding of Copper from Steel-blue.

The Copper phenotype is derived from two copies of presumed “metallic” genes on a Steel-

blue genetic background (24).
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Figure S21. LocusZoom plot for the locus on chromosome 5 in case-control GWAS of

Steel-blue vs. Copper.
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Figure S25. Manhattan and QQ plots of GWAS of eye colors.

The GWAS was performed by setting individuals of each color category as cases iteratively
and all individuals with other colors as controls. (A) white eye color (n = 196); (B) brown eye
color (n = 104); (C) black eye color (n = 102); (D) yellow eye color (n = 112); (E) light blue

eye color (n = 15) and (F) yellow brown eye color (n =77).
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Figure S26. Caudal fin length in five breeds of the Siamese fighting fish.

Caudal fins of the long-finned breeds (Crowntail, Veiltail and Halfmoon) are significantly
longer than those of Fighter and HMPK breeds. Different letters indicate significant
differences (P.adj < 0.003 for all comparisons, one-way ANOVA, Tukey’s HSD test).
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Figure S27. QQ plot for the case-control GWAS of short and long fin.

This is based on the results of Fig. 3A. The inflation factor is 0.853.
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Figure S28. RNA-Seq reads mapped to the kcnj15 gene region.

(A) comparison in short-fin (HMPK) and long-fin (Halfmoon) fishes, the red vertical line
indicates the position of the GWAS lead SNP. (B) normalized depth of RNA-Seq reads
mapped to the kcnj15 gene region in Crowntail, Veiltail and wild Betta splendens complex.
All the depths are normalized by a coefficient that accounts for the number of reads
sequenced for each library. Horizontal black line shows the coding sequence of kcnj15 in the

draft genome annotation.
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Figure S29. LocusZoom plot of the locus in GWAS between Halfmoon and Veiltail.
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Figure S30. LocusZoom plot of the locus in GWAS between Crowntail and Halfmoon.
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Figure S31. LocusZoom plot of the locus in GWAS between Crowntail and Veiltail.
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Figure S32. LocusZoom plots of the Dumbo loci on chromosome 11.

(A) 800 kb region containing associated SNPs. (B) Zoom into the first half of plot A. (C)
Zoom into the second part of plot A, containing the hoxa gene cluster.
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Gene_name | FPKM_Pectoral_fins_Dumbo_HMPK FPKM_Pectoral_fins HMPK | log2FoldChange Pad)
Kenh8 1 0.991664409 0 2.243785332 1
Kenh8 2 0.422032668 0 0.980482564 1

Exl 58.49828164 60.96740196 -0.064559954 | 0.887202391
 Colt6al | SS S0 500.4649942 0.923114638 | 0.214906958
Hoxa3a 18.07948281 10.59606287 0.7615032 | 0.681277353
Hoxad 24.24635614 31.25977298 | 0371613547 | 0.801821016 |
Hoxab 0.594998645 0.604161546 -0.098310127 1
Hoxa? 5.902276205 3.480277658 0.736768436 | 0.698367986
Hoxa9 29.63767345 32.10366475 -0.118055324 | 0.931610201
Hoxal0 48.29335684 66.45856483 0.561503533
Hoxalla 44.97582757 31.60816499 0.524278058 | 0495570478
Hoxal3a 0.325523846 | 0.345766168
Fbxl15 42.2225873 20.95027251 1.024741706 | 0156198473

Figure S34. Expression profile of genes in the locus associated with the Dumbo phenotype
in the pectoral fins of Dumbo and non-Dumbo phenotypes.

The numbers are shaded in blue-to-red color gradients corresponding to large-to-small

numbers to facilitate visualization.
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Figure S35. LocusZoom plot for the chromosome 8 peak in the (A) GWAS of standard-

length and (B) Giant case-control GWAS.
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Figure S37. LocusZoom plot for peaks on chromosome 1 to 4 significantly associated with

the Fighter breed.



i B y chr;10380203
] chr:10257908 8- Chr§:5428650 4%
% oo08 | o _om F¥ S 5 P
N c08
H o8 - .
- e =02
- e <0z ~
g . g T e
o o 2
g g 4 . & ) 8 4 . .
, . ! .
. .
Lo 2] . s oy e v, v
.
vibid - : IR TSI
1 N .t .
o o
T — = —
22wk ke somadab
10220000 10240000 10260000 10280000 10300000 5410000 5415000 5420000 5425000 5430000 5435000 0040000 10300000 10360000 10400000 10420000
15
chrB:16076506 chi7:6182935 ChrB:4905640
e 155 . ; ¥
2 * 208
. Zos
. 10 . =04 *e
o202 10d
—~ o — & s <oz — -
& L )
H H H
T 0 T o : ]
& W :
a 59 . .
.
. ° . a
- 24 - -
. RYTI A
TR N L T S m P o i.
¢ 04 0 dp
g EZRen AR G
ate iggneryiso
. | | | | | | . ; -
16040000 16060000 16080000 16100000 16120000 6160000 6180000 6200000 6220000 6240000 4860000 4880000 4900000 4920000 4940000
o9:22230530 154
87 ee o 15 C'Iﬂﬂﬂgm]ﬁ‘ﬂ chr10: |i7l7mﬂ P
_ B
. *>08
. . . . =06
. " S04
T _ 104 _ "M ° =02
= = z ® <02
# 3 3
T El ° .
i ;
5 5 -
. - . .- e
. ooy " .. . ., o, ve e
. : .. ot % . ) A s
LY . o . e Nape "o n
ane At drunslr.’s [ S E - o < I & 3 ﬂ .m
o] sen ARG, b Y. L o] &% G "
Ed o
G e s I mE EE i g
. ; ; — = ; gt mnte ey unk spatas
22100000 22200000 2220000  222d0000 22260000 22280000 ; ; v : : - : . . ; Y
5280000 50000 5920000 5340000 9060000 5380000 18580000 10700000 16720000 10740000 16760000

Figure S38. LocusZoom plot for peaks on chromosome 5 to

with the Fighter breed.
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Figure S39. LocusZoom plot for peaks on chromosome 12 to 16 significantly associated

with the Fighter breed.
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Figure S40. LocusZoom plot for peaks on chromosome 17 to 24 significantly associated

with the Fighter breed.
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Figure S41. Boxplot for aggression related phenotypes composing the aggression index,
showing their distributions in Fighter and non-Fighter breeds.

Other indices of aggression are shown in Fig. 5.
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Figure S42. Manhattan and QQ plots for the Aggression index and aggression behaviors

in simulative fighting.
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(B).



Supplementary Tables

Table S1. Sequencing platforms and data output

Platform System Insertion (bp) Read length (bp)  Data (Gb) Depth

PacBio SMRThell 20 kb NA 53.27 109.18x
Illumina HiSeq X Ten 350 150 53.55 109.76x
10X genomics HiSeq X Ten 350 150 114.98 235.68x
BioNano NA NA NA 155.66 319.05%
Hi-C HiSeq X Ten 350 150 52.58 107.77x




Table S2. Repeat annotation of the Siamese fighting fish genome

Type Repeat Size (bp) % of genome
Trf 34,495,406 7.64
Repeatmasker 111,386,726 24.68
Proteinmask 21,751,452 4.82

Total* 119,389,200 26.45

* There are overlaps in annotated sequence by different tools.



Table S3. Transposable element annotation of the Siamese fighting fish genome

Combined

. . o
Category E: r?g(])t\;&;;epbase g/gr:r(])me IeEnZ;ﬁt(%'S)s g/grzgme -I[Er?g th(bp) g/(;l:?)me
DNA 26,631,246 5.9 1739,683  0.39 27825348 6.7
LINE 36,099,475 8 14184228  3.14 39,030260  8.85
SINE 3,488,471 077 0 0 3488471  0.77
LTR 34,288,688 7.6 5868,612 13 35,407,679  7.85
rség‘;'te 19,853,701 4.4 0 0 19853701 4.4
Unknown 2,152,019 048 0 0 2152019  0.48

Total 111,386,726 24.68 21,751,452 4.82 113,804,129  25.22




Table S4. Gene annotation of the Siamese fighting fish genome

Average
Average DS Average Average Average
Gene set Number transcript lenath exons exon intron
en
length (bp) (b? per gene length (bp) length (bp)
Y

Augustus 24,391  6,165.89  1,448.60 8.23 176.11  652.86
GlimmerHMM 116,146  3,153.40  606.86  3.27 185.51 1,121.14

SNAP 45506  4,805.18 91446 5.73 159.54  822.22
Geneid 25,185  11,27355 1,357.08 8.36 162.41  1,348.09
Genscan 25,854  12,073.09 1,744.03 9.65 180.82  1,194.78
Cca 22,661 527145 1,300.62 6.83 190.44  681.14
De novo Cse 20,221  7,410.23 1,633.96 8.82 185.36  739.10
Dre 20,403  6,869.51 1,560.61 8.30 187.99  727.10
Gac 23,876 572322 1,329.39 7.41 179.29  684.96
Ipu 22,203  6,522.39  1,465.08 7.79 188.15  745.17
Loc 20,327  6,875.17 1,474.38 8.02 183.88  769.55
Ola 21,838 691509 1,641.71 851 19291  702.16
Oni 21,398  7,21429 1,656.79 8.81 188.14  711.93
PKi 21,771  6,590.64 1,478.89 7.92 186.79  738.98
Homolog Srh 21,101  6,682.92 1,513.33 8.03 188.55  735.77
Ssa 24,121 597732  1,427.03 7.40 192.74  710.57
Tru 20,568  7,037.84 1,582.11 8.73 181.13  705.36
Xma 21,285  7,431.05 1,689.68 8.91 189.67  725.98
PASA 183,242 5,808.30 1,149.68 7.11 161.63  762.08
RINASeq Cufflinks 70,695  13,208.26 3,448.98 10.88 317.01  987.81
EVM 28,224  7,098.17  1,403.07 8.15 172.09  796.16
Pasa-update 28,064 7,146.26 1,414.99 8.23 17192  792.65

Final set 25,104  7,695.22 1,500.39 8.90 168.67  784.59




Table S5. Non-coding RNA annotation of the Siamese fighting fish genome

Type Copy(w¥*) Average Toral % of genome
length(bp) length(bp)
miRNA 1,818 88.74 161,327 0.035748
tRNA 6,214 75.02 466,163 0.10
rRNA 1,439 129.18 185,888 0.041190
18S 21 537.81 11,294 0.002503
rRNA 28S 110 237.87 26,166 0.005798
5.8S 7 157 1,099 0.000244
5S 1,301 113.24 147,329 0.032646
snRNA 498 127.66 63,573 0.014087
CD-box 87 92.36 8,035 0.001780
SNRNAHACA-
box 76 156.71 11,910 0.002639
splicing 319 126.80 40,449 0.008963




Table S6. Statistics of functional annotation of structural genes in the Siamese fighting

fish genome
Number Percent (%)

Total 25,104 -

Swissprot 21,132 84.20
Nr 13,459 53.60
KEGG 19,127 76.20
InterPro 21,506 85.70
GO 16,079 64.00
Pfam 19,521 77.80
Annotated 22,788 90.80

Unannotated 2,316 9.20




Table S7. Statistics of three Siamese fighting fish genome assemblies

ASM365015v1!  fBetSpl5.32 Bspl.v1.2018° BettaSRF1.0*
(male: XY) (male: XY) (female: XX) (female: XX)
Assembly Statistics
Sequencing platforms Illumina (114  PacBio (48X ONT (50%) PacBio (109>
(Depth) Hi-C (75%) lllumina (83%) lllumina (1145  Illumina (10959
10X Genomics Hi-C (75%) 10X Genomics
(183% (235%
BioNano BioNano (319%)
Hi-C (107%)
Total sequence length (Mb)  456.232 441.388 440.784 451.294
Total ungapped length (Mb)  412.702 441.359 440.71 448.889
Total Gap length (Mb) 43.53 (9.54%) 0.029 (0.0065%) - 2.405 (0.53%)
Number of scaffolds 12,333 70 109 318
Scaffold N50 (Mb) 19.754 20.129 20.67 19.63
Scaffold L50 10 9 9 9
Number of contigs 35,779 398 857 526
Contig N50 (bp) 38,053 2,497,747 2,171,468 4,077,672
Contig L50 3,417 48 62 -
GC content 40.04% 45.10% 45.10% 45.08%
Assembled 21 21 21 21
pseudochromosomes
Genome annotation
Gene number 23,981 - 21,535 25,104
Average transcript length 6,421.71 - - 7,695.22
(bp)
Average CDS length (bp) 1,626.98 - - 1,500.39
Average exon per gene 8.9 - - 8.9
Average exon length (bp) 182.65 - - 168.67
Average intron length (bp) 606.37 - - 784.59
BUSCO genome
assessment
Complete 95.4% - 96.9% 97.5%
(4,375/4,584) (3,528/3,640) (2,522/2,586)
Single-copy complete 92.3% - 96.1% 96.1 (2,486/2,586)
(4,232/4,584) (3,499/3,640)
Duplicated complete 3.1% - 0.8% (29/3,640)  1.4% (36/2,586)
(142/4,584)
Fragmented 2.8% - 0.3% (11/3,640)  1.4% (36/2,586)
(128/4,584)
Missing 1.8% (82/4,584) - 2.8% 1.1% (28/2,586)
(101/3,640)

Reference 1, 2 and 3 are assemblies generated by Fan et al (111), Rhie et al (112) and Prost et
al (113). Reference 4 is the assembly built by this study. BUSCO for ASM365015v1 used
Actinopterygii_odb9 as the reference lineage. BUSCO in this study used vertebrata_odb9 as
the reference lineage. CEGMA assessment assembled 239 (238 complete and 1 partial) out of

248 CEGs (core eukaryotic genes) in the Siamese fighting fish lineage.



Table S8. Description of all samples used in this study

Breed Abbreviation Brief description Num. Illustration
Wild Siamese fighting fish Wild Betta splendens 11 Fig. S4S
Betta imbellis Wild Betta imbellis 10 Fig. S4T
Betta siamorientalis Wild Betta siamorientalis 9 Fig. S4U
Betta mahachaiensis Wild Betta mahachaiensis 10 Fig. S4Vv
Betta smaragdina Wild Betta smaragdina 11 Fig. S4W
Betta smaragdina guitar Wild Betta smaragdina guitar 4 Fig. S4X
Betta stiktos Wild Betta stiktos 4 Fig. S4Y
Fighter Siamese fighting Fighter Short fin, selected for more 101 Fig. S4R
fish aggressive performances over

centuries
Veiltail Siamese fighting Veiltail Long fin, Veil-shaped caudal fin 61 Fig. S4Q
fish
Crowntail Siamese Crowntail Long fin, Crown-like appearance of 55 Fig. S4P
fighting fish the caudal fin, reduction in

webbing/tissue between all fin rays
Halfmoon Siamese Halfmoon Long fin, symmetrical D-shaped 85 Fig. S40
fighting fish caudal fin
Dumbo Halfmoon Dumbo_Halfmoon  Long fin, symmetrical D-shaped 38 Fig. S4N
Siamese fighting fish caudal fin and enlarged pectoral fins
Halfmoon Plakat Siamese ~ HMPK Short fin, symmetrical D-shaped 424 Fig. S4A-
fighting fish caudal fin M
Solid Red Siamese Red Solid red on the fish appearance 26 Fig. S4A
fighting fish
Solid Yellow Siamese Yellow Solid yellow on the fish appearance 29 Fig. S4B
fighting fish
Solid Orange Siamese Orange Solid orange on the fish appearance 28 Fig. S4C
fighting fish
Solid Turquoise green Turquoise-green Solid Turquoise-green on the fish 26 Fig. S4D
Siamese fighting fish appearance
Solid Royal Blue Siamese  Royal-blue Solid Royal-blue on the fish 28 Fig. S4E
fighting fish appearance
Solid Steel Blue Siamese Steel-blue Solid Steel-blue on the fish 35 Fig. S4F
fighting fish appearance
Solid Black Siamese Black Solid Black on the fish appearance 20 Fig. S4G
fighting fish
Solid Opaque Siamese Opaque Solid Opaque on the fish appearance 17 Fig. S4H
fighting fish
Copper Siamese fighting Copper Solid Copper (homozygous metallic 43 Fig. S41
fish steel blue) on the fish appearance
Dragon Siamese fighting Dragon Solid Dragon (black, red, orange) on 28 Fig. S4J
fish the fish appearance
Giant Siamese fighting Giant Variation with a larger body size than 102 Fig. S4K
fish normal ones; SL: male > 4.5 cm,

female > 4 cm
Mosaic color Siamese Mosaic Different color exhibits a mosaic 55 Fig. S4L
fighting fish pattern on the fish appearance like

koi
Dumbo HMPK Siamese Dumbo_HMPK Enlarged and extended paired 64 Fig. S4M

fighting fish

pectoral fins




Table S9. Genotype distribution of the top SNP in Sex GWAS in all Betta fishes

Domesticated Wwild
Male Female BSP BIM BSS BMA BSM BST BSG
Genotype 11 10 9 10 11 4 4
s0 1 |80 @ w6l ed @ @
Npy B9 59 59 59) 29)  29)
GG 8 0 0 9 9 11 11 4 4
GA 530 7 3 0 0 0 0 0 0
AA 52 130 8 0 0 0 0 0 0

BSP: B. splendens, BIM: B. imbellis, BSS: B. siamorientalis, BMA: B. mahachaiensis, BSM:

B. smaragdina, BST: B. stiktos, BSG: B. smaragdina guitar.




Table S10. Genotype distribution of the top SNP (chr24:9,191,247) in GWAS of

Turquoise-green, Royal-blue and Steel-blue

Group Royal-blue  Steel-blue  Turquoise-blue  Other
AA 1 35 0 291
GA 27 0 0 184
GG 0 0 26 163




Table S11. Genotype at the peak SNP on chromosome 5 of the case-control GWAS of

Copper vs. Steel in different fish groups

Group Copper Steel Other
cC 40 0 324
TC 3 0 210

TT 0 35 115




Table S12. Genotype distribution of the top SNP in the case-control GWAS of Orange vs.

Red and Yellow.

Group Orange Red yellow Other
TA/T- 6 0 0 79
TAITA 20 0 0 55

T-/T- 2 26 29 510




Table S13. Genotype frequency of the lead SNP (chr14:9,596,738) in GWAS of long fin in

wild individuals of B. splendens complex

BSP BIM BSI BMA BSM BSG BST
Total 11 10 9 10 11 4 4
GG 11 10 9 10 4 0 4
GA 0 0 0 0 5 3 0
AA 0 0 0 0 2 1 0

BSP: Betta splendens, BIM: Betta imbellis, BSI: Betta siamorientalis, BMA: Betta
mahachaiensis, BSM: Betta smaragdina, BSG: Betta smaragdina guitar, BST: Betta stiktos.



Table S14. Annotated genes in the locus of GWAS of body size on chromosome 8

Gene Annotation
imemLl transmembrane protein 11--play a role in mitochondrial
morphogenesis
dhrs7h Dehydrogenase/Reductase 7B—function in steroid hormone
regulation
crampll Cramped chromatin regulator homolog 1 like— body height
hnll Hematological and Neurological Expressed 1-like
Mitogen-activated protein kinase 8 interacting protein—function
mapk8ip3 as a regulator of vesicle transport, through interactions with the
JNK-signaling components and motor proteins
Nucleoside Diphosphate kinase--Major role in the synthesis of
nme3 nucleoside triphosphates other than ATP
Mitochondrial Ribosomal Protein S34--plays a role in maintaining
mrps34 the stability of the small ribosomal subunit for mitoribosome
formation.
spsh3 Spla/Ryanodine Receptor Domain and SOCS Box Containing 3
encodes a component of vacuolar ATPase (V-ATPase), a
atp6v0c multisubunit enzyme that mediates acidification of eukaryotic
intracellular organelles.
Yippee Like 3, involved in proliferation and apoptosis in myeloid
ypel3 precursor cells.
gdpd3 Glycerophosphodiester Phosphodiesterase Domain Containing 3
a group of mitogen-activated protein kinases (MAPK) that
mapk3 mediate intracellular signaling, transduce signals from growth
factors and phorbol esters.
The protein encoded by this gene is thought to play a role in the
ehdl endocytosis of IGF1 receptors.
Plays a role in membrane trafficking and in homotypic early
rabep2 )
endosome fusion
encodes one of the SERCA Ca(2+)-ATPases, which are
atp2al intracellular pumps located in the sarcoplasmic or endoplasmic
reticula of muscle cells.
slc9a3rl encodes a sodium/hydrogen exchanger regulatory cofactor.




Table S15. GWAS statistics for the lead SNPs of the 36 peaks associated with the Fighter

breed

Chr  Position MAF  Beta Beta SE P_wald Annotation

5389315 0.021 1.26E-01 1.36E-02 2.47E-19 tmem192

11041854 0.024 1.03E-01 1.23E-02 4.08E-16 apbb2

16287520 0.05  6.21E-02 9.70E-03 2.74E-10 pkdl

11481489 0.05 5.23E-02 8.63E-03 2.26E-09 intergenic

15651088 0.021 9.57E-02 1.38E-02 7.89E-12 adarbl; another closest gene, surpinel
20508153 0.022 6.85E-02 1.05E-02 1.05E-10 intergenic

11986633 0.028 9.36E-02 1.26E-02 3.20E-13 pdcd2

5190308 0.026 1.02E-01 1.28E-02 5.07E-15 mlltl/acerl

14241211 0.028 9.54E-02 1.35E-02 3.75E-12 palmd

19187735 0.028 1.95E-01 1.25E-02 1.83E-47 intergenic; closest gene, two copies of esyt2
10257908 0.021 5.84E-02 1.04E-02 3.12E-08 intergenic; closet gene, grm3
5416281  0.022 7.59E-02 1.35E-02 2.68E-08 intergenic

10376891 0.043 5.90E-02 1.01E-02 7.30E-09 intergenic

16076506 0.032 6.63E-02 1.12E-02 4.62E-09 intergenic

6196086  0.03  7.17E-02 1.10E-02 1.52E-10 intergenic

4905640 0.026 9.59E-02 1.23E-02 1.86E-14 gprl39

22233530 0.337 2.82E-02 4.86E-03 9.23E-09 intergenic

9330810 0.023 1.05E-01 1.31E-02 4.43E-15 intergenic

10 18717001 0.026 9.45E-02 1.21E-02 2.44E-14 intergenic

11 7182252  0.051 9.27E-02 1.47E-02 5.55E-10 adgrb2

12 2747159 0.092 1.02E-01 1.28E-02 5.80E-15 tnks

13 7817156  0.026 7.99E-02 1.20E-02 5.33E-11 dockl10

13 17319764 0.07 6.88E-02 1.10E-02 6.25E-10 Ihfp

14 3504041 0.03 8.97E-02 1.22E-02 6.30E-13 intergenic

14 4770279  0.067 5.28E-02 8.83E-03 3.47E-09 intergenic

14 8699887  0.033 9.80E-02 1.08E-02 1.05E-18 Itnl

15 7446662 0.026 1.03E-01 1.23E-02 3.20E-16 intergenic

15 12426111 0.159 7.92E-02 9.69E-03 1.36E-15 bfspl

16 4661706  0.021 8.58E-02 1.19E-02 1.28E-12 rspol

17 8494762  0.037 5.94E-02 9.64E-03 1.20E-09 intergenic; closest gene, ece2
17 11651678 0.025 9.05E-02 1.29E-02 4.79E-12 intergenic; closet gene, crhr2
19 6538842  0.021 1.15E-01 1.50E-02 4.11E-14 intergenic

21 9597510 0.209 3.72E-02 6.39E-03 8.74E-09 intergenic

22 10026514 0.052 6.69E-02 8.80E-03 9.69E-14 pank2

24 738503 0.025 8.48E-02 1.32E-02 2.43E-10 intergenic

24 10131779 0.028 9.21E-02 1.13E-02 1.92E-15 intergenic
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Table S16. Statistics of lead SNPs in GWAS of aggression behavior

Phenotype Chr  Position MAF Beta Beta_SE P_wald

Aggression Index 8 9323926 0.12 1.04E+01 1.83E+00 2.36E-08
Aggression Index 9 28220286 0.464 7.80E+00 1.38E+00 2.69E-08
Air Breathing 2 12210826 0.068  -1.62E+00 2.89E-01 3.36E-08
Air Breathing 4 4671604 0.05 -1.72E+00 3.10E-01 4.95E-08
Air Breathing 5 5240300 0.035  2.00E+00 3.05E-01 1.50E-10
Air Breathing 5 15699411 0.069 1.71E+00 2.82E-01 2.56E-09
Air Breathing 9 21760819 0.102 1.46E+00 2.57E-01 2.21E-08
Air Breathing 10 16969635 0.117 1.27E+00 2.28E-01 4.41E-08
Air Breathing 14 3057582 0.111 -9.76E-01 1.71E-01 2.16E-08
Air Breathing 15 14278551 0.028 1.92E+00 3.40E-01 3.13E-08
Air Breathing 21 13514679 0.053 -1.52E+00 2.72E-01 4.11E-08
Air Breathing 24 8388991 0.054  1.57E+00 2.69E-01 9.71E-09
Approach 2 7366880 0.112 -6.22E-01 1.04E-01 4.31E-09
Approach 12 8720757 0.029  7.92E-01 1.35E-01 8.97E-09
Approach 16 1891638 0.026  1.01E+00 1.70E-01 6.09E-09
Charge 2 888879 0.021  6.86E-01 1.15E-01 5.37E-09
Charge 2 1266786 0.025  4.86E-01 8.16E-02 5.22E-09
Charge 2 6021620 0.039 4.64E-01 8.20E-02 2.77E-08
Charge 2 10463284 0.122  3.43E-01 5.24E-02 1.68E-10
Charge 2 15761083 0.035  6.53E-01 1.05E-01 1.26E-09
Charge 3 3165876 0.031  7.99E-01 1.05E-01 1.47E-13
Charge 4 3286888 0.043  -7.66E-01 1.04E-01 8.51E-13
Charge 7 12483332 0.023  8.68E-01 1.16E-01 4.66E-13
Charge 7 15324331 0.029  -7.13E-01 1.28E-01 4.39E-08
Charge 8 1991002 0.043  4.84E-01 8.37E-02 1.37E-08
Charge 8 2165505 0.123  2.94E-01 5.01E-02 8.61E-09
Charge 9 18392726 0.043  7.50E-01 8.92E-02 5.36E-16
Charge 9 19653104 0.029  5.83E-01 1.05E-01 4.22E-08
Charge 10 8851073 0.106  3.74E-01 6.14E-02 2.22E-09
Charge 11 6029533 0.149  2.75E-01 4.48E-02 1.95E-09
Charge 15 5903530 0.049  5.27E-01 8.65E-02 2.41E-09
Charge 15 7760308 0.027  6.29E-01 1.11E-01 2.39E-08
Charge 21 5765521 0.046  5.78E-01 9.17E-02 6.60E-10
Charge 22 2276262 0.03 6.74E-01 1.10E-01 2.08E-09
Charge 24 9212039 0.068  5.05E-01 7.74E-02 1.82E-10
Jerk 6 14544405 0.039  7.68E-01 1.35E-01 2.38E-08
Jerk 19 12771854 0.023 9.97E-01 1.58E-01 7.05E-10
Jerk 19 14663789 0.029  8.88E-01 1.43E-01 1.12E-09
Mouth_open 1 8946456 0.256  -2.93E-01 5.00E-02 8.94E-09

Mouth_open 1 11152960 0.031 4.88E-01 8.63E-02 2.68E-08
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688638
6040705
10095538
12503755
18173080
3165876
7287377
9599591
11972749
13292692
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13155139
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13338703
14351227
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7463244
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9323926
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15251036
17359196
18356843
28162819
2882719
6708619
16384692
18005353
20199582
8305920
11501465
13504051
2430401
16707525
8133765

0.024
0.032
0.069
0.032
0.476
0.031
0.026
0.04

0.05

0.04

0.031
0.077
0.033
0.046
0.056
0.055
0.028
0.06

0.031
0.039
0.08

0.094
0.034
0.06

0.12

0.039
0.087
0.031
0.043
0.031
0.056
0.07

0.108
0.034
0.074
0.028
0.027
0.021
0.038
0.029
0.09

0.028
0.029

9.10E-01
6.08E-01
4.73E-01
-8.30E-01
-2.93E-01
6.43E-01
9.15E-01
6.86E-01
-6.01E-01
-6.04E-01
-9.22E-01
-4.94E-01
6.68E-01
5.36E-01
4.31E-01
6.79E-01
-5.65E-01
6.48E-01
7.72E-01
6.71E-01
-4.88E-01
-4.31E-01
6.24E-01
5.12E-01
4.44E-01
8.47E-01
4.19E-01
6.75E-01
6.40E-01
1.02E+00
7.06E-01
6.79E-01
-4.11E-01
6.23E-01
-6.29E-01
7.96E-01
-5.76E-01
-7.59E-01
6.05E-01
-6.69E-01
4.83E-01
7.41E-01
6.80E-01

1.32E-01
1.09E-01
8.02E-02
1.21E-01
5.24E-02
1.10E-01
1.19E-01
9.42E-02
9.63E-02
1.07E-01
1.27E-01
8.29E-02
9.84E-02
9.28E-02
7.48E-02
9.58E-02
9.77E-02
9.71E-02
1.23E-01
1.09E-01
7.00E-02
6.62E-02
1.08E-01
8.79E-02
6.99E-02
9.49E-02
7.52E-02
1.14E-01
1.03E-01
1.18E-01
8.81E-02
1.05E-01
7.16E-02
1.04E-01
9.12E-02
1.12E-01
1.02E-01
1.33E-01
1.00E-01
1.16E-01
8.48E-02
1.23E-01
1.18E-01

1.82E-11
4.09E-08
7.28E-09
2.57E-11
3.77E-08
8.90E-09
8.43E-14
1.42E-12
9.44E-10
3.04E-08
1.82E-12
4.88E-09
3.65E-11
1.44E-08
1.54E-08
5.07E-12
1.38E-08
7.30E-11
8.54E-10
1.42E-09
1.11E-11
2.03E-10
1.47E-08
1.07E-08
5.18E-10
1.04E-17
4.24E-08
5.60E-09
1.20E-09
9.11E-17
9.26E-15
3.11E-10
1.81E-08
4.48E-09
1.81E-11
5.10E-12
3.10E-08
2.29E-08
3.00E-09
1.55E-08
2.13E-08
3.31E-09
1.64E-08
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0.027
0.077
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0.029
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0.077
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0.041
0.057
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0.031
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2.66E-01
3.30E-01
2.52E-01
1.65E-01
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-7.05E-01
3.29E-01
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