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Development and characterization of 24 polymorphic
microsatellites loci for the freshwater fish Ichthyoelephas
longirostris (Pisces: Characiformes)

Ricardo M Landinez-Garcia, Edna ) Marquez

Ichthyoelephas longirostris (Characiformes: Prochilodontidae) is a Colombian endemic
freshwater fish commercially exploited, whose genetics is unknown. This study developed
by lllumina sequencing, a set of 24 highly polymorphic microsatellite loci for I. longirostris
(number of alleles per locus: 4 - 18, observed heterozygosity: 0.250 - 0.857, expected
heterozygosity: 0.401 - 0.935). This is the first report of highly polymorphic molecular
markers for analysis of population genetics necessary in the management and
conservation of this species.
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1 Development and characterization of 24 polymorphic microsatellites loci for the freshwater
delete Pisces, since fish is already in the title

2 fish Ichthyoelephas longirostris (Pisces: Characiformes)

4 Ricardo M. Landinez-Garcia' and Edna. J. Marquez!
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11

12 Abstract

13

14 Ichthyoelephas longirostris (Characiformes: Prochilodontidae) is a Colombian endemic

rewrite sentence
15 freshwater fish commercially exploited, whose genetics is unknown. This study developed by

change this (lllumina is a name linked to a brand, not proper here)
16 Illumina sequencing, a set of 24 highly polymorphic microsatellite loci for 1. longirostris

17 (number of alleles per locus: 4 - 18, observed heterozygosity: 0.250 - 0.857, expected
18 heterozygosity: 0.401 - 0.935). This is the first report of highly polymorphic molecular markers

19 for analysis of population genetics necessary in the management and conservation of this species.

20 Subjects: Biodiversity, Conservation Biology, Genetics, Molecular Biology

changed it by large-scale sequencing or next-gen
21 Keywords; Connectivity, [llumina sequencing, molecular marker, Prochilodontidae
Change this, connectivity is not matter of this paper
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Introduction

Ichthyoelephas longirostris (Steindachner 1879), is a Colombian endemic fish of importance in
the commercial and subsistence fisheries. However, the population genetics of /. longirostris
remain unknown, althought this information is necessary to develop management and

delete The microsatellites ~ have been
conservation policies for this species. The polymorphic misrosatellites has been developed in
members of Prochilodontidae family belonging to genera Prochilodus (Carvalho-Costa,
Hatanaka & Galetti Jr., 2006; Barbosa et al., 2008; Rueda et al., 2011) and Semaprochilodus
(Passos et al., 2010). Nevertheless, this information is complete absent for congeners of 1.

longirostris limiting our ability to resolve fine-scale differentiation and subdivision patterns

among populations.

Although the implementation of heterologous /oci (cross-amplification) is commonly used to

) ) ) presents aII'eIe size )
study non-model species, this practice present problems such as size homoplasy, negative

association with source-target species genetic distance, lowest level of polymorphism, null

alleles, broken repeat motifs and amplification of non-orthologous /oci (Primmer et al., 2005;

recommended

Barbara et al., 2007; Yue, Balazs & Laszlo, 2010). Consequently, it is highly recommend to

develop species-specific molecular markers, which are currently facilitated by next generation
technologies

sequencing techologies (Castoe et al., 2010; Ekblom & Galindo, 2011). Thus, this study

delete s, population )
developed de novo molecular markers for future populations genetics studies of 1. longirostris.
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45 Materials & Methods
change it by Iow-Zoverage genome sequencing
46  In this work, superficial genome sequencing was carried out with the Illumina MiSeq v2
47 instrument using the Nextera library preparation kits. This sequencing process generated paired-
48 end reads of 250 bases that were cleaned using Prinseq-lite v0.20.4 (Schmieder & Edwards,
49 2011) to eliminate low quality regions at both ends and remove the reads lesser than 50 bases or
50 duplicated. The genome assembly of reads was performed with Abyss v1.3.5 (Simpson et al.,
51 2009) using a kmer 64 and the contigs were analysed with the pfégiam PAL FINDER v.0.02.03 software
52 (Castoe et al., 2010) to extract those that contained perfect tri-, tetra- and pentanucleotide
53 microsatellites. The primer-pairs for microsatellite /oci amplification were designed from their

software

54 flanking sequences by using the ptegram Primer3 v.2.0 (Rozen & Skaletsky, 2000).
. change it by all obtained primer pairs were first submitted . .
55 Additionally, the potential amplifiable /oci were submitted to electronic PCRs (Rotmistrovsky,

56 Jang & Schuler, 2004) for verifying in silico the correct primer alignment.
57

58 A total of 40 microsatellites 1667 were selected for optimization and polymorphism analysis in 15
59 preserved tissues of 1. longirostris. For this goal, DNA extraction from samples was performed
60 with the commercial kit GeneJET DNA purification (Thermo Scientific), standard conditions

61 were used for PCRs and the amplicons were electrophoresed and visualized on silver-stained

62 10% polyacrylamide gel. Polymorphic loci were selected based on criteria of amplification in all
63 samples, band resolution, specificity, size (from 100 to 400 pb) and ability to detect

64 heterozygotes in the different samples analysed. Then, a set of 24 polymorphic microsatellite loci

65 amplified consistently were selected for further genotyping of 28 preserved tissues of /1.
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longirostris provided by Integral S.A. (Scientific cooperation agreement between Universidad

Nacional de Colombia and Integral S.A., on 19" September 2013).

PCR reactions containing 1xbuffer (Invitrogen), 2-4 ng/ul of template DNA, 2.5% formamide
(Sigma) 0.35 pmoles/ul labelled forward primer (either FAM6, VIC, NED or PET, Applied
Biosystems), 0.5 pmoles/ul reverse primer (Macrogen), 0.2 mM dNTPs (Thermo Scientific),
0.05 U/ul Platinum™ Taq DNA Polymerase (Invitrogen) and 2.3 mM MgCl,. The PCR
amplifications were performed on a thermocycler T100 (BioRad) with an initial denaturation
step of 95 °C for 3 min, followed by 32 cycles consisting of a denaturation step of 90 °C for 22 s
and an annealing step of 59 °C for 16 s. The extension step and a final elongation were absent in
this thermal profile. Finally, the PCR products were submitted to electrophoresis on an
automated sequencer ABI 3730 XL (Applied Biosystems) using LIZ500 (Applied Biosystems)
as internal molecular size. Allelic fragments were denoted according their molecular size and

scored using GeneMapper 4.0 (Applied Biosystems).

Tests for Hardy—Weinberg and linkage equilibria and the estimation of the observed (Hp) and
expected (Hg) heterozygosities were performed using Arlequin v.3.5.1.3 (Excoffier, Laval &
Schneider, 2005). Statistical significance in multiple comparison was adjusted applying the
sequential Bonferroni correction (Rice, 1989). The software GenAlEx v.6.501 (Peakall &
Smouse, 2006) was used to estimate the average number of alleles per locus. Potential

genotyping errors were evaluated by using Micro-Checker v.2.2.3 software (Van Oosterhout et

Peer] reviewing PDF | (2016:02:9242:0:0:NEW 23 Feb 2016)



Peer] Manuscript to be reviewed

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

al., 2004). The polymorphism information content (PIC) for each marker was determined using

the program PICcalc (Nagy et al., 2012) .

Results and Discussion

All 24 polymorphic microsatellite loci selected showed clearly defined peaks and the absence of

stutter bands in the electropherogram (Table I). The number of alleles across these /oci ranged
8.5

from 4 to 18, with an average number of 8,5 a s —
These It does not need to be concordant, although it could be in similar Ie\ﬂ‘

(Ho) de 0.669. This results are concordant with those found in Prochilodus argenteus collected
Brazil
in reproductive and non-reproductive periods in the river Sao Francisco in Brasil (Hatanaka,

Henrique-Silva & Galetti, 2006; Sanches et al., 2012). However, the level of observed

higher ?

heterozygosity was upper than that observed in P. argenteus in both reproductive periods (Ho:
it does not appear higher

0.100-0.351, Hatanaka ef al., 2006; Ho: 0.630-0.659, Sanches et al., 2012).

Additionally, allelic frequencies of 20 /oci were concordant with Hardy-Weinberg and linkage
equilibria after sequential Bonferroni correction and no evidence of null alleles or scoring errors
were detected by Micro-checker. Moreover, the PIC values ranged from 0.375 to 0.871 (average:
(;),;gg) indicating that these markers are highly informative (Botstein et al., 1980). Thus, these

microsatellite /oci are strongly recommended for future studies of diversity and population

genetics of 1. longirostris.
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Table 1(on next page)

Table 1
Primer sequences and characteristics of 24 polymorphic microsatellite loci identified in

Ichthyoelephas longirostris. H, and H.: observed and expected heterozygosity estimated

from 28 individuals, respectively; PIC: polymorphic information content; P,,,: statistical

significance of Hardy-Weinberg equilibrium.
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Name locus Primer sequence for forward (F) Repeat motif Number of alelles Ho Hg PIC Pyw
and reverse (R) (5'-3") [size range (bp.)]

o0l  F: TGCATCTGAGCTGATGGAGG (AAAAC)n  8(205-240)  0.857 0.828 0.789 0.326
R: AGTCTCTCTGCAGGTTGGGG

003 F: CAGATGCAGCTGAACACGG (AAAC)n 5(170-190)  0.571 0.509 0.411 0.968
R: TTGTAAACTGGCAGTGTGTTAAACC

004  F: GAAGCTGGCGAATAGAAGGC (AAAC)n 7(170-202)  0.526 0.605 0.555 0.125
R: TGACCTACTGTGAAACTGGGG

1005 F:GAAGGAACTGAGGTGCAGGG (AAAQG), 9 (149-189) 0.773 0.791 0.773 0.886
R:CACATCTCCCTCTGTATCCCC

11006 F:TCCGTTGATGTAACAACATTAGCC (AAAG), 10 (204-252)  0.741 0.848 0.832 0.420
R:GCTCCCTGTGCTCTTCTGC

11008 F: GGTTGGGAGTGCCAGATAGG (AAAG)n 8 (190-226) 0.679 0.742 0.702 0.218
R: AGTGCAGTGCTCAGTCCAGC

11009 F: ATGTTTGTGGCATCACCAGG (AAATC)n 9 (256-301) 0.821 0.799 0.755 0.022
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Ilo10

Ilol1

Ilo12

Ilo15

Ilo16

Ilo17

Ilo18

1020

PeerJ

R: CTGGCAGTGCTACCTCAACC

F: TACGACAGCTGACTGACCCG
R: CCCCTAAGAGACAACCGACC
F: TGTCGTGTCATGTTGTGTCG

R: CCCTGTACATGTCCTTCAGAGC
F: TTGGACCAGATGTGTTTGCC
R:TCCTCAGGCATCCTACTGCC

F: CATAGTAGTGTCATACAACACCTGTGC
R: TCATTAACCCGTTTGGTGAGG
F: AGTGTGCGGGGTTAAACTGC
R: CCTGCGGTAGACTGGTAATCC
F: GCAGATGCTTTGGAGTTCCC

R: TGGCATGATTATCAATGGGC

F: ATAACTCTGCACTTCGGGGC

R: ATCTAAACCGCATGTGAGCC

F-ATTTTCACTCGTCGAAGCCC
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(AAC)n

(AACAT)n

(AACG),

(AATG)n

(AATG)n

(AATG)n

(AATG)n

(AGGCT)

8 (201-225)

5 (243-268)

4 (170-186)

8 (164-200)

8 (172-200)

10 (256-304)

5(261-277)

8 (168-203)

0.714

0.308

0.571

0.714

0.630

0.857

0.393

0.714

0.808 0.763

0.609 0.548

0.689 0.677

0.838 0.799

0.661 0.602

0.866 0.835

0.401 0.375

0.762 0.749

0.693

0.002

0.455

0.013

0.861

0.051

0.561

0.210
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1022

1023

1024

1026

1029

1035

1037

PeerJ

R:TGATGTAAACCACAGGCACG

F: TCCATAACTTGTTTTGCTGCG
R:AATCTATAGTCTGAGAGCAACGGC
F:AAAACAATGCGCTGAATGC
R:ATGTGTACGTGTATATATGCTGGC
F:CCAAACTGCTCATTCTGGAGG
R:TGGGACGCTTCTTTAGCTCC
F:ACTGCACACTTGAGATCTGGG
R:GGTACGTTAGCCAAACAGACTGG

F: TTAAGAGCTCAGAGCGTGCG
R:TGTTTAGCAACTTATTTATGACCTATGACC
F:ATCTATCTGACAGACTATCTGTTTATTCC
R:GAAGCACTCAGAGACAGACAGG

F: GGATACCCTAAATTTCCTTTGGG

R: GCATCACAGCGTCAAGAACC

F: CACACAAACACTCATCTTAAAAGTCTCC
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(AGT) s

(ATAC),

(ATAC),

(ATCT),

(ATCT).,

(ATCT),

(TCCG)n

(TCTG)n

18 (210-276)

4 (266-286)

10 (223-259)

10 (166-214)

11 (109-149)

8 (243-271)

11 (268-352)

12 (99-151)

0.75

0.536

0.857

0.75

0.815

0.667

0.250

0.821

0.886

0.647

0.881

0.86

0.853

0.861

0.935

0.885

0.871

0.636

0.865

0.844

0.837

0.845

0.871

0.856

0.232

0.227

0.680

0.311

0.137

0.071

0.000

0.241
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R: GACCTGCGGAAAGAGAATGG
11040 F: CAGAGTTTTGGCCGTGAGG (TTC)n 8 (137-161) 0.750 0.833 0.795 0.218

R: CAGGGAGGAGTAGTGTCGGG
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