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Forty-six DNA barcodes of 

using the Barcode Index Number (BIN) System [24], i.e. the algorithm for 

Operational Taxonomic Unit (OTU) delimitation currently implemented on the Barcoding of 

Life Data System (www.boldsystems.org). The BIN systems aims at providing 

. 
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The preliminary  screening of the Barcode Index Numbers (BINs) available for the 46 

public DNA barcodes of C. geertsii revealed that all COX1 sequences of this species cluster 

together in a single Barcode Index Number (BIN ID = BOLD:AEB2844), whose nearest 

neighbor (BIN ID = BOLD:ACV4576) includes representatives of genus Enteromius (average 

p-distance within the Caecobarbus BIN BOLD:AEB2844 = 0.44, distance to the Enteromius 

BIN BOLD:ACV4576 = 4.49%). The Bayesian and ML tree reconstructions (Fig. 3, SM 2, 

SM 3) recovered C. geertsii within the genus Enteromius, in a clade composed of four groups: 

two sister groups, one including C. geertsii and E. camptacanthus and the other E. callipterus, 

E. eburneensis and E. guirali. The two remaining groups were recovered in basal positions; 
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one including E. trimaculatus, E. fasciolatus and E. pobeguini, and the other being composed 

of E. jae and E. hulstaerti. The genus Systomus, represented by S. orphoides and S. sarana, 

was recovered as a well-supported sister group to Caecobarbus/Enteromius.  
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Supplementary Material SM 1.  

Mitochondrial genome of Caecobarbus geertsii. Start, stop and size of each gene (bp), inter-
genic region (number of bp between two different genes, negative numbers indicate genes 
overlaps in bp). 

Caecobarbus geertsii   

Gene Start End Size Direction Inter-genic Start/Stop 
tRNA-Phe (trnF) 1 69 69 forward / 
12S rRNA 70 1024 955 forward / 
tRNA-Val (trnV) 1027 1098 72 forward 2 
16S rRNA 1099 2784 1686 forward / 
tRNA-Leu (trnL) 2785 2862 78 forward / 
NAD1 2863 3837 975 forward / ATG/TAG 
tRNA-Ile (trnI) 3842 3915 74 forward 4  
tRNA-Gln (trnQ) 3913 3984 72 reverse -3  
tRNA-Met (trnM) 3985 4053 69 forward / 
NAD2 4054 5098 1045 forward / ATG/T(AA) 
tRNA-Trp (trnW) 5099 5168 70 forward /  
tRNA-Ala (trnA) 5170 5240 71 reverse 1  
tRNA-Asn (trnN) 5241 5313 73 reverse / 
rep_region 5314 5346 33 / 
tRNA-Cys (trnC) 5347 5415 69 reverse / 
tRNA-Tyr (trnY) 5415 5484 70 reverse -1  
COX1 5486 7036 1551 forward 1 GTG/TAA 
tRNA-Ser (trnS) 7037 7107 71 reverse /  
tRNA-Asp (trnD) 7110 7181 72 forward 2  
COX2 7192 7882 691 forward 10 ATG/T(AA) 
tRNA-Lys (trnK) 7883 7959 77 forward /  
atp8 7961 8125 165 forward 1 ATG/TAA 
atp6 8119 8802 684 forward -7 ATG/TAA 
COX3 8802 9585 784 forward -1 ATG/T(AA) 
tRNA-Gly (trnG) 9586 9658 73 forward / 
NAD3 9659 10007 349 forward / ATG/T(AA) 
tRNA-Arg (trnR) 10008 10077 70 forward /  
NAD4L 10078 10374 297 forward / ATG/TAA 
NAD4 10368 11748 1381 forward -7 ATG/T(AA) 
tRNA-His (trnH) 11749 11817 69 forward /  
tRNA-Ser (trnS) 11818 11886 69 forward /  
tRNA-Leu (trnL) 11888 11960 73 forward 1  
NAD5 11964 13787 1824 forward 3 ATG/TAA 
NAD6 13784 14305 522 reverse -4 ATG/TAG 
tRNA-Glu (trnE) 14306 14374 69 reverse /  
CytB 14380 15520 1141 forward 5 ATG/T(AA) 
tRNA-Thr (trnT) 15521 15592 72 forward /  
tRN-Pro (trnP) 15590 15662 73 reverse -3  
Control region 15663 16565 903 forward / 
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Supplementary Material SM 2 

Bayesian tree obtained from the analysis of 13 concatenated mitochondrial PCGs and 2 rRNA 

of 28 representatives of the subfamily Smiliogastrinae (including C. geertsi), and Garra 

orientalis (subfamily Labeoninae) Neolissochilus hexagonolepis and Hypselobarbus 

pulchellus (subfamily Torinae) as outgroup for tree reconstruction. Bayesian posterior 

probability (PP) is indicated at each node. 
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Supplementary Material SM 3 

Maximum Likelihood (ML) tree obtained from the analysis of 13 concatenated mitochondrial 

PCGs and 2 rRNA of 28 representatives of the subfamily Smiliogastrinae (including C. 

geertsi), and Garra orientalis (subfamily Labeoninae) Neolissochilus hexagonolepis and 

Hypselobarbus pulchellus (subfamily Torinae) as outgroup for tree reconstruction. Bootstrap 

support is indicated at each node. 
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Table 1: Genome size (bp), base composition (%) and GC content (%) for the mitochondrial 
genome of Caecobarbus geertsii and of 15 publicly available mitochondrial genomes used 
during reference alignment. Family and subfamily are indicated following Tan and 
Armbruster [3]. 
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Species species author length GC% 
Genbank 
accession 

Reference 

Caecobarbus geertsii (Boulenger, 1921) 16,565 39.6 MK457704 this study 
Barbodes aurotaeniatus (Tirant, 1885) 16,562 42.2 AP011381 Miya M. (2009) 

Barbodes binotatus 
(Valenciennes, 
1842) 

16,573 43 KY305681 Wu C.L. et al. (2017) 

Barbodes lateristriga 
(Valenciennes, 
1842) 

16,586 41.6 AP011318 Miya M. (2009) 

Barbodes semifasciolatus (Günther, 1868) 16,594 41.7 KC113209 
Jang-Liaw N.H. et al. 
(2013) 

Chagunius chagunio (Hamilton, 1822) 17,017 42.2 AP011373 Miya M. (2009) 
Enteromius callipterus (Boulenger, 1907) 16,859 38.4 AP009313 Saitoh K. et al. (2006) 
Enteromius camptacanthus (Bleeker, 1863) 15,665* 40.0 AP011378 Miya M. (2009) 
Enteromius eburneensis (Poll, 1941) 16,678 38.3 AP011379 Miya M. (2009) 
Enteromius fasciolatus (Günter, 1868) 16,566 29.4 AP011377 Miya M. (2009) 
Enteromius guirali (Thominot, 1886) 16,793 39.1 AP009314 Saitoh K. et al. (2006) 
Enteromius hulsaerti (Poll, 1945) 16,775 37.5 AP011194 Miya M. (2009) 
Enteromius jae (Boulenger, 1903) 15,660* 38.9 AP011407  Miya M. (2009) 
Enteromius pobeguini (Pellegrin, 1911) 16,993 42.0 AP012061  Miya M. (2009) 
Enteromius trimaculatus (Peters, 1852) 16,417 39.3 NC_008666 Saitoh K. et al. (2006) 
Garra orientalis (Nichols, 1925) 17,288 41.7 JX290078 Su et al. (2013) 

Hampala macrolepidota 
(Kuhl & van Hasselt, 
1823) 

16,766 41.8 KF670818 Liu M. and Liu S. (2013) 

Hypselobarbus pulchellus (Day, 1870) 16,588 43.7 KX177967 Sahoo et al. (2016) 
Neolissochilus 
hexagonolepis 

(McClelland, 1839) 16,563 43.1 KM668070 Goel et al. (2014) 

Osteobrama cotio (Hamilton 1822) 16,584 41.6 AP011260 Miya M. (2009) 
Osteobrama cunma (Day, 1888) 16,650 41.1 AP011261 Miya M. (2009) 
Osteobrama feae (Vinciguerra, 1890) 16,578 44.4 AP011262 Miya M. (2009) 
Pethia ticto (Hamilton, 1822) 17,302 40 AB238969 Saitoh K. et al. (2006) 
Puntigrus tetrazona (Bleeker, 1855) 16,550 40.2 EU287909 Nguyen J.V. et al. (2007) 
Puntius titteya (Deraniyagala 1929) 15,776* 40.1 AP011448 Miya M. (2009) 

Rohtee belangeri 
(Valenciennes, 
1844) 

16,602 39.3 KY887473 Barman A.S. et al. (2017) 

Rohtee ogilbii (Sykes, 1839) 15,682* 41.7 AP011362 Miya M. (2009) 

Sahyadria chalakkudiensis 
(Menon, Rema Devi 
& Thobias, 1999) 

16,989 40.1 JX311437 Joseph T.C. et al. (2012) 

Sahyadria denisonii (Day, 1865) 16,899 41.4 KF019637 
Gopalakrishnan A. et al. 
(2013) 

Systomus orphoides 
(Valenciennes, 
1842) 

16,593 41.1 AP011189 Miya M. (2009) 

Systomus sarana (Hamilton, 1822) 16,590 41.4 KU886061 Biswal J.R. et al. (2016) 
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