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Abstract: Prochilodus lineatus is a species with high economic value that easily adapts to captive breeding.
Hence it became a great interest for the development of fish breeding programs. Regular monitoring of
genetic variation in natural fish stocks, especially in species of interest in conservation programs, is
necessary to avoid a decline of genetic variability, which is of utmost importance for species conservation. In
this sense, the objective of this study was to estimate the different genetic structures of P. lineatus and
features of phylogeographic structures using mtDNA sequences of ATP synthase subunits 6 and 8 gene. The
Neighbor-Joining analysis presented all kinds of population grouped in one clade. We detected low genetic
distance values among the population (0, 5%), and 27, 4% for comparisons with the outer group. The low
genetic distance and low AMOVA FST values suggest that, the population of the Mato Grosso Pantanal is
panmictic.
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1. INTRODUCTION

The Prochilodontidae family is an important group for commercial and subsistence fishing in the
Neotropical region of South America [1]. It is composed of three genera and 21 species with the
geographic distribution restricted to South America [2]. These fish perform great migrations during
their reproductive cycle, resulting in a wide distribution in watersheds and homogeneity of
morphological characters [2, 3]. Prochilodus is the most important genus of the family, comprising of
13 of the 21 species described in the family, and Prochilodus lineatus is highly exploited for
economic and scientific purposes.

P. lineatus has high economic value due to its easy adaptation to captive breeding [4] and its great
nutritional value, including high protein content and essential amino acids [5]. Several studies related
to induced reproduction, management, cultivation techniques, nutrition, growth, and other properties
were conducted [6, 7]. However, natural population of P. lineatus have shown a decline in the last few
years, owing primarily to overfishing, construction of hydroelectric plants and poorly planned
ecotourism [8, 9]. Studies related to the population and genetic structure of P. lineatus fish stocks is
urgently needed. Therefore, we investigated the phylogeographic patterns and genetic variability
among fish stocks of these species by analyzing the sequences of mitochondrial DNA. These results
further our understanding some migrations patterns of these species.

2. MATERIALS AND METHODS

Twenty-Nine Prochilodus lineatus specimens from seven locations along the basins of the Paraguay
and Parana Rivers (Table 1 appendices) were examined. Sixteen specimens, including thirteen P.
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lineatus and three Prochilodus nigricans (Spix & Agassiz 1829) (Amazon basin), from Genbank were
also examined. Salminus brasiliensis (Cuvier, 1816) (1) and Semaprochilodus sp. (1) (Genbank) were
used as out-group taxa. Specimens were deposited in the collections of the Laboratério de
Citogenética of Universidade Estadual Paulista (Rio Claro, Brazil).

Tablel: Identification numbers and location of the collected individuals of the species Prochilodus lineatus
along with Prochilodus nigricans (*) and accession number of NCBI (#).

Identification River/City/Country Basin
DPY 02 Paraguay/Barra do Bugres/Brazil Rio Paraguay
DPY 03 Paraguay/Barra do Bugres/Brazil Rio Paraguay
DPY 04 Paraguay/Barra do Bugres/Brazil Rio Paraguay
DPY 05 Paraguay/Barra do Bugres/Brazil Rio Paraguay
DCC 04 Paraguay/Céceres/Brazil Rio Paraguay
DCC 05 Paraguay/Céceres/Brazil Rio Paraguay
DGZ 01 Cuiabazinho/Cuiabé/Brazil Rio Paraguay
DGZ 02 Cuiabazinho/Cuiabé/Brazil Rio Paraguay
DGZ 03 Cuiabazinho/Cuiabé/Brazil Rio Paraguay
DAS 01 Cuiabd/Santo Antonio do Leverger/Brazil Rio Paraguay
DAS 02 Cuiabd/Santo Antonio do Leverger/Brazil Rio Paraguay
DAS 03 Cuiabéd/Santo Antonio do Leverger/Brazil Rio Paraguay
DAS 04 Cuiabéd/Santo Antonio do Leverger/Brazil Rio Paraguay
DAS 05 Cuiabd/Santo Antonio do Leverger/Brazil Rio Paraguay
DCBA 01 Cuiaba/Séo Gongalo/Brazil Rio Paraguay
DCBA 02 Cuiaba/Séo Gongalo/Brazil Rio Paraguay
DCBA 03 Cuiaba/Sao Gongalo/Brazil Rio Paraguay
DCBA 04 Cuiabéa/Sao Gongalo/Brazil Rio Paraguay
DCBA 05 Cuiaba/Séo Gongalo/Brazil Rio Paraguay
DCBA SG 01 Cuiaba/Séo Gongalo/Brazil Rio Paraguay
DCBA SG 02 Cuiaba/Sao Gongalo/Brazil Rio Paraguay
DCBA SG 03 Cuiabéa/Sao Gongalo/Brazil Rio Paraguay
DCBA SG 04 Cuiabéa/Sao Gongalo/Brazil Rio Paraguay
DCBA SG 05 Cuiaba/Séo Gongalo/Brazil Rio Paraguay
AF2818323# Rio Paraguay/Corumbéd/Brazil Rio Paraguay
AF281836# Rio Paraguay/Corumbé/Brazil Rio Paraguay
AF281829# Rio Paraguay/Riacho Mercedes/Argentina Rio Paraguay
AF281838# Rio Paraguay/Riacho Mercedes/Argentina Rio Paraguay
AF281833 Rio Paraguay/Assuncidn/Paraguay Rio Paraguay
DCON 01 Mojiguacu/Pirassunga/Brazil Parana
DCON 02 Mojiguagu/Pirassunga/Brazil Parana
DCON 03 Mojiguagu/Pirassunga/Brazil Parana
DCON 04 Mojiguagu/Pirassunga/Brazil Parana
DCON 05 Mojiguacu/Pirassunga/Brazil Parana
AF281828# Rio Parana/ Bela Vista/ Argentina Parana
AF281830# Rio Parana/Bela Vista/Argentina Parana
AF281831# Rio Parana/ Bela Vista/Argentina Parana
AF281835# Rio Parana/ Bela Vista/Argentina Parana
AF281827# Rio da Prata/Buenos Aires/Argentina Prata
AF281834# Rio Bermejo/ Embarcacion/ Argentina Bermejo
AF281837# Rio Uruguai/Gualeguaychu/Argentina Uruguay
AF281840*# Rio Amazonas/Manaus/Brazil Amazon
AF281841*# Rio Madeira/Manu/Peru Amazon
AF281842*# Rio Madeira/Manu/Peru Amazon
Sbrasilienses Out-group -
13661643 Semaprchilodus Out-group -

DNA was extracted with the technique described by [10]. The ATPase 6/8 gene was amplified using
PCR Mix (Qiagen, Hilden, Germany). PCR was performed in a thermo cycler (Eppendorf Master
Cycler), the following set of primers was used: L8331 (5'-AA GCR TYR GCC TTT TAA GC-3') and
H9236 (5'-GTT AGT GGT CAK GGG CTT GGR TC-3') [11]. The amplified DNA was purified with
the EXOSAP enzyme and subsequently sequenced (MacroGen, Seoul, Korea).

Multiple sequence alignments to check indels or stop codons in sequences were analysed in BIOEDIT
SEQUENCE ALIGNMENT EDITOR V7.0.5.3 [12]. Genetic distances among and within species
were calculated using the Kimura 2-parameter (K2P) substitution model [13] and the divergence
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patterns suggested by those distances were graphically represented using a Neighbor-Joining (NJ)
1000 replicates bootstrap tree using MEGA v6.0 [14], this program was used too for the average base
composition of sequences. Sequence alignments were carried out using the Clustal W algorithm [15].

A haplotype network (nested clades) was used to evaluate the association between haplotypes and
their geographical distributions and was generated using the Network v. 4.6.1.2 program (Fluxus
Technology). The population structure analyses were performed with the program ARLEQUIN ver.
2.0 [16]. Analysis of molecular variance (AMOVA) was used to assess the population structure and

the geographical pattern of population subdivision

3. RESULTS

The tree topology generated by NJ method presented a large group, composed of all the analyzed

samples (Figure 1).
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Figuel: a) Phylogenetic tree based on the ATPase 6/8 mitochondrial gene using NJ methods. Values on

branches, present bootstrap values for BI.
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Figuel: b) (supplementary file): Original phylogenetic tree based on the ATPase 6/8 mitochondrial gene using
NJ methods. Values on branches present bootstrap values for BI.

The genetic distance calculated within that group presented a relatively low value (0, 5%), even
among populations of different basins (Amazon, Paraguay and Parana basins). We detected high
support for this lineage based on bootstrap value (>80%). The FST value calculated among
Prochilodus lineatus populations were also low (0, 00592).

We identified 30 haplotypes divided into two groups with representatives of the Brazilian Paraguay
and Parand Rivers and the Argentine Paraguay River, Uruguay, and Amazon rivers. Among these,
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only six haplo types were shared between the populations from Paraguai/Cuiaba,
Paraguai/Cuiaba/Parand, and Bermejo/Paraguai/Parana rivers (Figure 2).

1
@ ® o
2
L ®
1
. @ b
'Y @
# [ ] ®
1 3 : ° .
p b o ®

Figure2: Network of haplotypes generated by the Network program
4. DISCUSSION

The analyzed population of Prochilodus lineatus had low sequence variation and low AMOVA FST
values (0, 00592). The low genetic variability in the studied populations may reflect the migratory
characteristics of the species; the timing of their migratory behavior corresponds with their
reproductive period [17]. Another factor that could explain these genetic characteristics is the flood
pulse in the Paraguay River region [18, 19]. This event influences biodiversity in the region [20]
(Calheiros & Ferreira 1997) and was already shown to influence the genetic structure of fish species
such as Piabucus melanostomus (Holmberg, 1891) [21].

Other studies indicated that P. lineatus has a panmictic population structure [22] based on the low
genetic distance and low FST values. These observations suggest that the analyzed population is not
genetically structured and have no reproductive or migration barriers. Our results reinforce the
hypothesis of a panmictic structure in population of P. lineatus in this region.

Based on the two haplotype groups, it is possible to infer the migration route of P. lineatus
population. The route consistent with the data begins in the upper Paraguay River, moving to the
middle and lower portions of the river. Later, there was colonization of the Parana basin (upper
Parana: Mogi), the Uruguay River from the lower Parana and Paraguay Rivers.

5. CONCLUSION

Our results show the influence of migratory behavior on the genetic structure of population of P.
lineatus. These biological characteristics resulted in a low genetic distance among individuals from
different populations. Our study also reinforces the utility of genetic markers to reveal the
demographic history of species of freshwater fish and may help in future conservation plans and
management of fishery resources.
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