
 Supplementary Table S1. Details of primers used in this study.  

Locus Primer sequence (5' to 3') Repeat 

PCR 
product 

size 
(bp) 

Chro
mo-

some 
Gene Genomic 

region  Gene function Reference 

 
BettaMS1.1 

 
F: CGTTCATTTCCACTGGATCA 
R: AAGAGCTGGGGACTTCCACT 

 
(GT)n 

 
378 

 
1 

 
bnc2 

 
intron 

 
 DNA-binding transcription factor 

activity 
 developmental pigmentation 
 pronephric nephron tubule 

development 
 regulation of transcription, DNA-

templated 

 
Gaudet et al., 2011; 
Patterson et al., 2013; 
Kolvenbach et al., 2019; 
Gaudet et al., 2011 

 
BettaMS2.1 

 
F: GGGACATCAAACGAGAAGGA 
R: CTCCCAGCTCAAACCACACT 

  
(CA)n 

 
303,305 

 
10 

 
LOC1148642021 

 
intron 

 
Unknow 

 
- 

 

BettaMS3.1 

 
F: TCGCTCTTCTTTATCGCTCA 
R: GGACGTAGCCATACCTA 

 
 (TC)n 

 
394 

 
4 

 
dab1a 

 
between intron 

and exon 

 
 lateral motor column neuron 

migration 
 ventral spinal cord development 

 
Gaudet et al., 2011 

 
BettaMS4.1 

 
F: GTGGACGAGAGTCTGACTGAAT 
R: GTGTAACGGCCCCAGGTTA 

 
(TTAA)n  

 
310 

 
19 

 
inpp4aa 

 
between intron 

and exon 

 
 phosphatidylinositol-3,4-

bisphosphate 4-phosphatase activity 
 

 
Gaudet et al., 2011 

 
BettaMS5.1 

 
F: AGAATGGGCTGCAGTAGACG 
R: TTCAGCCTGTGTTTGCTCTG 

 
(AC)n 

 
345 

 
3 

 
gse1 

 
intron 

 
 protein binding 

 
Rual et al., 2015 

 
BettaMS6.1 

 
F: TTCAGCCTGTGTTTGCTCTG 
R: AGAATGGGCTGCAGTAGACG 

 
(TG)n  

 
345 

 
3 

 
gse1 

 
intron 

 
 protein binding 

 
Rual et al., 2015 

 
BettaMS7.1 

 
F: ACATAAACCACTGTGCAAC 
R: GATGAAACAGCTTTCCAGCA 

 
(AC)n  

 
367 

 
4 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS8.1 

 
F: AATTCTGCATTTGGATGGG 
R: CATACTGTTAAGCCTTCGGT 

 
(GT)n 

 
304 

 
4 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS9.1 

 
F: GCTCGTCTTTAGGGGAGAGG 
R: ACATTCAGCCGCTAGTGAGG 

 
(CA)n 

 
345 

 
5 

 
si:dkey-49n23.1  

 
intron 

 
 chemorepellent activity 
 semaphorin receptor binding 
 axon guidance 
 negative chemotaxis 
 negative regulation of axon extension 

involved in axon guidance 
 neural crest cell migration 
 positive regulation of cell migration 
 semaphorin-plexin signaling pathway 

 

 
Gaudet et al., 2011 

 
BettaMS10.1 

 
F: TCTGAGGAAGGAGGCGATTA 
R: GCGTGCACTGAAGCATAAAG 

 
(CA)n 

 
300 

 
9 

 
slc20a2 

 
between intron 

and exon 

 
 inorganic phosphate transmembrane 

transporter activity 
 symporter activity 
 phosphate ion transmembrane 

transport 
 

 
Gaudet et al., 2011 



 

 

 

 
BettaMS11.1 

 
F: AAGACGCTCCTTCATCCTGA 
R: CGTTCTCTCGTGTGCTGT 

 
(CA)n 

 
385 

 
1 

 
LOC1148544971 

 
intron 

 
Unknow 

 
- 

 
BettaMS12.1�

 
F: GCCATCAGGCAGGAGATTAC 
R: GTTCCCTGCAGACAGAGGAG 

 
(TCAC)n  

 
383 

 
1 

 
smox 

 
between intron 

and exon 

 
 oxidoreductase activity 
 polyamine oxidase activity 
 hemopoiesis  

 
Gaudet et al., 2011; 
Tijssen et al., 2011 

 
BettaMS13.1 

 
F: GGGAGGGACGATCTCTTTTC 
R: CCCCTACTCTGCATGCTCTC 

 
(CA)n 

 
307 

 
2 

 
LOC1148705121 

 
between intron 

and exon 

 
Unknow 

 
- 

 
BettaMS14.1 

 
F: GGGCTGCACCTTAAACTCAT 
R: GTCCACTGGGCTGATGTTCT 

 
(TCCA)n  

 
356 

 
2 

 
LOC1148508321 

 
between intron 

and exon 

 
Unknow 

 
- 

 
BettaMS15.1 

 
F: GCTTTGAGTTGGGCTCAG 
R: TCCTCCGTGGACCTGACTAC 

 
(CCAGCT)n 

 
340 

 
3 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS16.1 

 
F: CACCTACAACCAGCAGCAGA 
R: CCACCCTGTTGGTAGGACAT 

 
(AC)n 

 

 
368 

 
6 

 
LOC1148567411 

 
between intron 

and exon 

 
Unknow 

 
- 

 
BettaMS17.1 

 
F: GCGGGGTTCTGTCTCTAGTGT 
R: AGTAGTGCAGAGGGAGTGAG 

 
(CA)n 

 
451 

 
14 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS18.1 

 
F: CCCCACATGATCTCACACAC 
R: CGTCCACATGAATGGAGAGA 

 
(CA)n 

 
377 

 
11 

 
myclb 

 
intron 

 
 DNA binding 
 DNA-binding transcription factor 

activity 
 protein dimerization activity 
 developmental process 

 

 
Gaudet et al., 2011 

 
BettaMS19.1 

 
F: GGCTGACCACACAAGTATGC 
R: AGGCTGTGGTTGAAGTTGCT 

 
(TAGA)n  

 
378 

 
5 

 
magi1b 

 
intron 

 
 molecular adaptor activity 
 signal transduction 

 
Gaudet et al., 2011 

 
BettaMS20.1 

 
F: AGCGGCTGATTTCAAACTA 
R: GGGACTGGGAGATGAATGAA 

 
(TCAC)n 

 

 
326 

 
21 

 
znf292b 

 
between intron 

and exon 

 
 DNA binding 
 DNA-binding transcription factor 

activity, RNA polymerase II-specific 
 regulation of transcription by RNA 

polymerase II 
 

 
Gaudet et al., 2011 

 
BettaMS1.2 

 
F: CGACGAGGCTGTGAAATACA 
R: AGCAGGTAACTGTGGCAACC 

 
(CA)n 

 
170 

 
10 

 
Non coding gene 

 
- 

 
- 

 
- 



 

 

 
BettaMS2.2 

 
F: ATTCCTTTCTGCCGCTAA 
R: AAAGAGGGCACTAAGCCA 

 
(TG)n 

 
200 

 
20 

 
meis2a 

 
intron 

 
 DNA binding 
 animal organ morphogenesis 
 brain development 
 embryonic pattern specification 
 embryonic viscerocranium 

morphogenesis 
 eye development 
 positive regulation of cell population 

proliferation 
 positive regulation of transcription by 

RNA polymerase II 
 regulation of transcription by RNA 

polymerase II 

 
Gaudet et al., 2011; 
Melvin et al., 2013 

 
BettaMS3.2 
�

 
F: CATCCGCGTTCGATTGAA 
R: GTGGAAGGCCTCTCCTTGA 

 
(TG)n 

 
171 

 
4 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS4.2 

 
F: CCCCACAAGTGAAAAAGGAT 
R: ATGCCCCTAAGTGTGTCCAG 

 
(CA)n 

 
200 

 
1 

 
prss12 

 
intron 

 
 scavenger receptor activity 
 serine-type endopeptidase activity 
 zymogen activation 

 

 
Gaudet et al., 2011 

 
BettaMS5.2 

 
F: GGACAGATTCAGGGTTTAGG 
R: ACCAGGTACCAGCACAACA 

 
(TG)n 

 
195 

 
3 

 
pde3b 

 
between intron 

and exon 

 
 3',5'-cyclic-AMP phosphodiesterase 

activity 
 3',5'-cyclic-nucleotide 

phosphodiesterase activity 
 metal ion binding 
 protein kinase B binding 
 negative regulation of cAMP-

mediated signaling 
 signal transduction 

 

 
Gaudet et al., 2011 

 
BettaMS6.2 

 
F: CTTGGAGCCGAATGATATTG 
R: TACCTCATTCTCCCTCCT 

 
(CA)n 

 
246 

 
5 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS7.2 

 
F: GCCACCTGCTTAAGATACTT 
R: TAATCACTGCAGCCCCTCAT 

 
(TG)n 

 
290 

 
4 

 
ctnnd2a 

 
intron 

 
 cadherin binding 
 cell-cell adhesion 
 cell-cell junction assembly 
 dendritic spine morphogenesis 

 

 
Gaudet et al., 2011 

 
BettaMS8.2 

 
F: ACCATAGTGTCAATCACCAG 
R: TACTGTGGCTTGTTGCCT 

 
(CA)n 

 
254 

 
5 

 
prickle2b 

 
intron 

 
 zinc ion binding 
 cilium assembly 
 Kupffer's vesicle development 
 melanosome transport 
 neural retina development 

 

 
Mei et al., 2014 



 

 

 
BettaMS9.2 

 
F: GGCAAAATGATAGTGTGTGTGC 
R: CTGACCAGCTGGGATAGAGG 

 
(TG)n 

 
248 

 
17 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS10.2�

 
F: CACAAACCCACAGACACAG 
R: GCATGGTGTGTGGAAGA 

 
(AC)n 

 
259 

 
2 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS11.2 

 
F: GAAGCCTTTTATTCTGTAGACC 
R: CGTGTGCTGTTCTTTCGT 

 
(CA)n 

 
250 

 
13 

 
ulk2 

 
intron 

 
 ATP binding 
 protein serine/threonine kinase 

activity 
 autophagosome assembly 
 autophagy of mitochondrion 
 axon extension 
 regulation of dendrite morphogenesis 
 dendrite development 

 

 
Gaudet et al., 2011; 
Lee et al., 2014;                 
Taylor et al.,2011;              
Colombo et al., 2013 

 
BettaMS12.2 

 
F: AGGAAGACAGAGGACGACGA 
R: CCCCAAGGTCCTCCTGTTAT 

 
(CA)n 

 
251 

 
10 

 
efnb1 

 
intron 

 
 ephrin receptor binding 
 axon guidance 
 embryonic liver development 
 ephrin receptor signaling pathway 
 optic vesicle morphogenesis 

 

 
Gaudet et al., 2011; 
Cayuso et al., 2016;           
Cavodeassi et al.,2013       

 
BettaMS13.2 

 
F: ATTCACCCAGCAAAGGGAAG 
R: GGGCCACGAGATACTGTGTT 

 
(CA)n 

 
238 

 
19 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS14.2 

 
F: CCCGGTTTCTTGTCATTC 
R: CGCTGATGGAAATTGAGT 

 
(TG)n 

 
224  

 
19 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS15.2 

 
F: TGGGATTCTTCGGAGTTGTC 
R: TTCTTTCCCAGCTTGCAGTT 

 
(TG)n 

 
257 

 
9 

 
exoc4 

 
intron 

 
 chemical synaptic transmission 
 exocytosis 
 Golgi to plasma membrane transport 
 protein targeting to membrane 
 vesicle docking involved in 

exocytosis 
 vesicle tethering involved in 

exocytosis 
 

 
Gaudet et al., 2011 

 
BettaMS16.2 

 
F: TGGTGCTGTGGTATTCCTGA 
R: ACTGTCAAATAGCTCATGC 

 
(TATC)n 

 
274 

 
18 

 
Non coding gene 

 
- 

 
- 

 
- 



1Uncharacterized gene. 

 

 

 

 

 

 

 

 
BettaMS17.2 

 
F: TGAACAGAACGTACCTGTCCTC 
R: ATCAGTTGCAAGGCCAGTTT 

 
(TG)n 

 
226 

 
15 

 
cdh23 

 
intron 

 
 cadherin binding 
 calcium ion binding 
 transmembrane transporter activity 
 auditory receptor cell development 
 hair cell differentiation 
 sensory perception of sound 
 protein localization to cilium 
 neuromast hair cell morphogenesis 
 locomotory behavior 
 inner ear receptor cell stereocilium 

organization 
 homophilic cell adhesion via plasma 

membrane adhesion molecules 
 equilibrioception 
 endocytosis 
 detection of mechanical stimulus 

involved in sensory perception of 
sound 

 detection of mechanical stimulus 
involved in sensory perception 

 cell projection organization 
 cell-cell adhesion via plasma 

membrane adhesion molecules 
 

 
Gaudet et al., 2011; 
Hailey et al., 2012;             
Obholzer et al.,2012;         
Sollner et al., 2004;            
Chou et al., 2017;               
Blanco-Sanchez et al., 
2014; Obholzer et al., 
2012; Maeda et al., 
2017                

 
BettaMS18.2�

 
F: CGGCCTGACAGAAAACAGA 
R: GCGGGTTTTGTGTTAGTTGG 

 
(TG)n 

 
231 

 
12 

 
LOC1148668831 

 
intron 

 
Unknow - 

 
BettaMS19.2 

 
F: TGGTGCATTGGTGCATTTAT 
R: CGGAAGAACTGGAGGAAGTG 

 
(ATT)n 

 
242 

 
18 

 
Non coding gene 

 
- 

 
- 

 
- 

 
BettaMS20.2 

 
F: ACAGAAGAGTGGATGTGTGT 
R: CGACTCCTTCACTCCTCAG 
 

 
(GT)n 

 
317 

 

 
17 

 
LOC1148443651 

 

 
between intron 

and exon 

 
Unknow - 
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Supplementary Table S2. Information on fighting fish genomes. 

Name Organism Sex Instrument Strategy Source Layout Run 

B2 Betta splendens Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4790873 

C1 Betta splendens Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4790878 

D1 Betta splendens Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4790879 

D2 Betta splendens Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4790875 

H1 Betta splendens Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4790883 

Orn4 Betta splendens Male Illumina HiSeq X WGS1 GENOMIC PAIRED SRR18231397 

Orn5 Betta splendens Male Illumina HiSeq X WGS1 GENOMIC PAIRED SRR18231396 

Orn6 Betta splendens Male Illumina HiSeq X WGS1 GENOMIC PAIRED SRR18231395 

Orn7 Betta splendens Male Illumina HiSeq X WGS1 GENOMIC PAIRED SRR18231394 

Orn8 Betta splendens Male Illumina HiSeq X WGS1 GENOMIC PAIRED SRR18231393 

Orn9 Betta splendens Male Illumina HiSeq X WGS1 GENOMIC PAIRED SRR18231392 

BBE1 Betta bellica Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904015 

BBE2 Betta bellica Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904011 

BBR1 Betta brownorum Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904028 

BBR2 Betta brownorum Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904022 

BBU1 Betta burdigala Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904017 

BBU2 Betta burdigala Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904012 

BIM1 Betta imbellis Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4766250 



BIM2 Betta imbellis Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3332318 

BLI1 Betta livida Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904016 

BLI2 Betta livida Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904013 

BMA1 Betta mahachaiensis Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4766262 

BMA2 Betta mahachaiensis Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904031 

BSM1 Betta smaragdina Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904029 

BSM2 Betta smaragdina Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904047 

BTU1 Betta tussyae Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904033 

BTU2 Betta tussyae Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904027 

BCH1 Betta channoides Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904023 

BCO1 Betta compuncta Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904018 

BHI1 Betta hipposideros Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904020 

BID1 Betta ideii Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904021 

BMAC1 Betta macrostoma Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4766265 

BMAC2 Betta macrostoma Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR4766273 

BMAN1 Betta mandor Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904026 

BPU1 Betta pulchra Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904019 

BPU2 Betta pulchra Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904014 

BRU1 Betta rubra Unknow HiSeq X Ten WGS1 GENOMIC PAIRED ERR3904024 
 

1Whole Genome Sequencing 



Supplementary Table S7. Descriptive statistics at microsatellite markers level based on 21 Siamese fighting fish (Betta splendens, 
Regan, 1910) 

Markers Na Ho He PIC Source 
BettaMS10.1 22 0.95 0.94 0.94 This study 
BettaMS14.1 13 0.24 0.88 0.87 This study 
BettaMS2.2 10 0.48 0.84 0.82 This study 
BettaMS14.2 1 0.00 0.00 0.00 This study 

BettaMS4 15 0.86 0.91 0.90 Chailertrit 
et al., 2014 

BettaMS5 14 0.52 0.91 0.90 Chailertrit 
et al., 2014 

BettaMS8 4 0.29 0.33 0.31 Chailertrit 
et al., 2014 

BettaMS15 5 0.57 0.71 0.66 Chailertrit 
et al., 2014 

BettaMS17 15 0.75 0.87 0.86 Chailertrit 
et al., 2014 

BettaMS23 12 0.95 0.87 0.85 Chailertrit 
et al., 2014 

BettaMS25 11 0.24 0.78 0.76 Chailertrit 
et al., 2014 

BettaMS40 13 0.38 0.87 0.86 Chailertrit 
et al., 2014 

Number of alleles (Na); allelic richness (Ho); expected heterozygosity (He); polymorphic information content (PIC). 
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