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Abstract. Microsatellite lociwereused forparentage identificationofOdontobutis potamophila in five full-sib families.The combined
exclusion probability of the first (E-1P) and the second parent (E-2P) revealed an obvious increase with the increase of number of
microsatellite loci. The combined exclusion probability based on allele frequency suggested that at least eight microsatellite loci were
needed for the identification of the 150 individuals from five families supported by the genetic distance analysis of individuals of these
families. The double-blind test results indicated that the candidate individuals could find their correct parents through these loci thus
eight microsatellite markers can be used for pedigree analysis of O. potamophlia in breeding industry as well as for future selection
studies.
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Introduction

Odontobutis potamophila belongs to the family
Odontobutidae, an important commercial fish species
widely distributed in southeast China deeply favoured by
people for its delicious taste, rich nutrition and there-
fore, has high economic value (Li and Liu 2014). How-
ever, because of environmental pollution, overfishing, and
growing market demand,O. potamophila has undergone a
severe reduction in population size and distribution (Zhu
et al. 2014). Therefore, it is urgent to conduct genetic-
based selective breeding of O. potamophila. The selective
breeding is an effective strategy to improve variety selec-
tion in aquaculture. In breeding practices, to save space
and capital, different lineages have frequently been bred
together. As a consequence, it may result in inbreeding,
thus reducing genetic diversity of offspring, therefore, lim-
iting the potential for genetic gain from artificial selection
and ultimately reduce the production performance. For
the sake of avoiding the phenomenon of inbreeding and
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improving variety selection, it is extremely important to
establish reliable pedigree information and identify the
genetic relationship of different lineages to design breeding
programmes to enhance desirable traits.
In thefieldof ecology,microsatellite lociwere commonly

used for the measurement of genetic variability within and
between populations (Hartl andClark 1989; Slatkin 1995).
The relative ease of development and high allelic diver-
sity make it ideal for individual genotyping in assisting
pedigree identification (Guichoux et al. 2011), identi-
fying unique individuals (Lukacs and Burnham 2005),
and inferring phylogenetic or genealogical relationships in
different groups of species (Blouin 2003). Microsatellite-
based parentage identification technology has been widely
used in determining genetic relationships in aquaculture,
such as yellow catfish (Pelteobagrus fulvidraco) (Zhang
et al. 2015), large yellow croaker (Larimichthys crocea)
(Liu et al. 2013) and coral reef fish (Lutjanus carponotatus)
(Hugo et al. 2014). All the offspring from different groups
and families can be stocked together and assigned to their
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original families and their potential parental genotypes
retrospectively by using DNA markers such as micro-
satellites. In this way, there is no need to mark the progeny
before stocking into ponds, known and unknown parent
progeny relationships can be used to evaluate the identifi-
cation capability of microsatellite DNA markers.

Materials and methods

Sample collection and pedigree establishment

The broodstock (1 year old) collected randomly from
Xinan river in Dangtu of Anhui province, Jiande of Zhe-
jiang province and Taihu of Suzhou of Jiangsu province
were well developed, healthy and free from injury. The
mean length and body weight of each individual was
12.79± 0.33 cm, and 32.25± 2.48 g, respectively. Twenty-
seven full-sib families (three replicates of each combina-
tion) were established and offspring from each family was
recorded. Five full-sib families were selected randomly
and denoted as the undetermined family. Progenies from
each of these families were grown separately until they
reached 5 cm in length. From each family, 30 individu-
als were selected and the tail fin was collected and stored
in ethanol for subsequent experiments. Forty individuals
from the rest of the offspring of five selected families (eight
samples of each family) were selected, and their tail fin tis-
sues were collected and stored in ethanol. All experiments
were performed according to the guidelines for the Care
and Use of Laboratory Animals in China. This study was
also approved by the Ethics Committee of Experimental
Animals at Nanjing Normal University.

DNA extraction and genotyping of microsatellite DNA markers

Genomic DNA was extracted from tail fin tissue using
cell/tissue genomic DNA extraction kit (centrifugal col-
umn type, Generay Biotech, Shanghai). Fifty-six markers
of O. potamophila have been developed in our laboratory
(Wang et al. 2017). We selected eight SSRs among these
56 developed microsatellite loci, which show relatively
higher polymorphism (OPRM 87, OPRM 114, OPRM
115, OPRM 117, OPRM 123, OPRM 125, OPRM 197
and OPRM 200) to genotype the offspring from five fami-
lies and their original parents (table 1). A total of 10µL of
PCR mixture was prepared by 50 ng template DNA, 0.2
mM dNTPs, 1.5 mM MgCl2, 10× PCR buffer, 1 U Taq
DNA polymerase, 0.04µM M13-tailed forward primer,
0.16µMreverse primer and 0.16µMfluorescence-labelled
M13 primer. PCR was conducted under following con-
ditions: initial denaturation at 95◦C for 5 min, 30 cycles
with the denaturation at 94◦C for 30 s, annealing at vari-
ous temperatures (table 1) for 30 s and extension at 72◦C
for 45 s, followed by eight cycles with the denaturation at
94◦C for 30 s, annealing at 53◦C for 45 s and extension at

72◦C for 45 s, and a final extension at 72◦C for 10 min.
Subsequently, ABI 3500xl sequencer was used to analyse
the PCR products and sizes were determined with Gen-
eMapper ver. 4.1.

Statistical analysis

The genetic diversity parameters of eight SSR loci includ-
ing the number of alleles (Na), observed heterozygosity
(Ho), expected heterozygosity (He), polymorphism infor-
mation content (PIC), frequency of null alleles (Null
freq) and the exclusion probability without known par-
ents (E-1P), and the exclusion probability with genotype
of one parent known (E-2P) were estimated by Cervus
3.0 (Kalinowski et al. 2007). According to the genetic dis-
tance between each individual in the family, the NTSYS
software was used for clustering analysis, which was
used for analysing the relationship of different pedigrees.
The selected five families were denoted as A, B, C, D
and E, respectively. Transforming genotype data of each
family into PopGene format through PopGene1.32 soft-
ware is required, and the genetic distance analysis with
PopGene1.32 software for the selected individuals was
conducted for the evaluation of genetic consistency. The
Excel software (2013) was used to transpose the genetic
consistency tables into the TXT format through NTSYS
software, and then used for clustering analysis for individ-
uals by using NTSYS software according to the degree of
genetic consistency.

Results

Genetic diversity of microsatellite DNA markers

Hundred and ninety individuals in total from five full-
sib families of O. potamophlia were genotyped by eight
SSR markers for genetic diversity parameters. The geno-
type of individuals, allele range, and null allele frequency
(Null freq) are provided in table 2. The number of alleles
(Na), observed heterozygosity (Ho), expected heterozygos-
ity (He) and the polymorphism information content (PIC)
ranged from4 to 9, 1.000 to 1.000, 0.602 to 0.833 and 0.521
to 0.824, respectively (table 3). All eight loci were highly
polymorphic, with the PIC larger than 0.50 (Botstein et al.
1980).

Computed simulation

The E-1P and E-2P of each locus ranged from 0.187
to 0.554 and from 0.320 to 0.716, respectively (table 4).
The locus OPRM 87 exhibited the highest value of PIC,
E-1P and E-2P (0.824, 0.554 and 0.716, respectively), and
revealed the lowest value of PIC, E-1P and E-2P (0.85,
0.575 and 0.732, respectively). As shown in figure 1, the
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Table 1. Characteristics of eight polymorphic microsatellite DNA markers in O. potamophlia.

Locus GenBank Primer sequences (5′–3′) Repeat motif Tm(◦C)

OPRM 87 KR861493 F: GACGTCACGGTCAATCAATG (ATA)5 50
R: CGACACCTGGACAAACAATG

OPRM 114 KR861497 F: ATCCCGTGTAACTGTACGGC (GAA)6 50
R: GTGAGACCACGAGCACTTCA

OPRM 115 KR861498 F:CTGACAAAAGGCACCAGACA (TTG)6 50
R: AGGCTGGCCTTGTGACTAAA

OPRM 117 KR861499 F: CACAACGCAACCAAAACATC (GAA)6 50
R: GAGACGCTCCGCATAAACTC

OPRM 123 KR861501 F: ACGACAGGCAGCAGAGAAGT (CAG)6 50
R: ATGGGCTTTGGTGTTGTTTC

OPRM 125 KR861503 F: TTGGGAATACGTCAGGCTTC (TCT)6 50
R: CACGAGGAGCAAGTGAATGA

OPRM 197 KT805147 F: TCTAGCAACATTGTGTGCCC (CA)9 50
R: CCCCTGACCTTTGATATGGA

OPRM 200 KT805148 F: GTGTGTGGAGACAGGACACG (TG)9 50
R: AAAAGTATGCACCAGGGACG

Table 2. The genotype of partial individuals
in eight microsatellite loci.

Loci

Families S87 S114 S115

ParentA1 277 277 234 234 201 204
ParentA2 280 280 240 240 204 204
A1 277 280 234 240 204 204
A2 277 280 234 240 201 204
A3 277 280 234 240 204 204
A4 277 280 234 240 201 204
A5 277 280 234 240 201 204
A6 277 280 234 240 201 204
A7 277 280 234 240 201 204
A8 277 280 234 240 204 204
A9 277 280 234 240 204 204
A10 277 280 234 240 201 204
ParentB1 266 266 234 234 201 201
ParentB2 277 277 240 240 201 201
B1 266 277 234 240 201 201
B2 266 277 234 240 201 201
B3 266 277 234 240 201 201
B4 266 277 234 240 201 201
B5 266 277 234 240 201 201
B6 266 277 234 240 201 201
B7 266 277 234 240 201 201
B8 266 277 234 240 201 201
B9 266 277 234 240 201 201
B10 266 277 234 240 201 201

combined exclusion probability values, the E-1P was 97%
and the E-2P was higher than 99%, when eight SSRs were
selected and used. All results suggested that the eight SSRs
we selected were sufficient for parentage analysis. What is
more, if we use more microsatellite loci to perform parent-
age analysis, the higher accuracy of the analysis can be
acquired.

Table 3. Genetic diversity of eight microsatellite
DNA markers in 150 O. potamophlia individuals.

Locus Na Ho He PIC Null freq

OPRM 87 9 1.000 0.833 0.824 −0.1328
OPRM 114 7 1.000 0.722 0.687 −0.2128
OPRM 115 5 1.000 0.644 0.574 −0.2453
OPRM 117 4 1.000 0.602 0.521 −0.2822
OPRM 123 5 1.000 0.752 0.703 −0.1485
OPRM 125 8 1.000 0.823 0.795 −0.1076
OPRM 197 5 1.000 0.724 0.676 −0.1819
OPRM 200 6 1.000 0.763 0.718 −0.1437
Mean 6 1.000 0.733 0.687 -

Na, thenumberof allele;Ho, observedheterozygosity;
He, expected heterozygosity; null freq, frequency of
null allele; PIC, polymorphic information content.

Table 4. The exclusion probability of microsatellite
DNA markers from computed simulation.

Locus E-1P E-2P

OPRM 87 0.554 0.716
OPRM 114 0.325 0.510
OPRM 115 0.224 0.375
OPRM 117 0.187 0.320
OPRM 123 0.332 0.509
OPRM 125 0.472 0.646
OPRM 197 0.311 0.486
OPRM 200 0.355 0.533

E-1P, exclusion probability without known parents;
E-2P, exclusion probability with genotype of one parent
known.

Pedigree identification and double blind test

All experimental samples were clustered into the same
branch, when parents and offspring belonged to the
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same family. Our study indicated that all parents and
offspring from five families could distribute into the same
branch appropriately (figure 2). As a result, the selected
microsatellite DNA markers can distinguish the different
families. For the double-blind test, a total of 40 offspring
from five families (eight individuals of each family) were
randomly selected. All progenies were allocated to five
branches separately which is indicated by UPAGE den-
drogram (figure 3). The accuracy of clustering reached up

Figure 1. Combined exclusion probability of the eight polymor-
phic loci analysed for no parent known (E-1P) and one parent
known (E-2P). The 1–8 loci were the most PIC to the least PIC.

to 100% and all individuals from the same family were
clustered together.

Discussion

In aquaculture, selective breeding programme is important
and it is necessary to select suitable markers for main-
taining correct pedigree relationships. Many conventional
methods, such as, physical tags and electronic tags have
several shortcomings in breeding programme (Jerry et al.
2004). Biological tags have a potential power to resolve
the limitations of conventional methods. In present study,
we demonstrated that both parents and offspring could
be determined in the absence of physical tags and pedi-
gree information in amixedpopulation.The applicationof
microsatellite DNAmarkers to identify and determine the
genetic relationship has gained recognition and attention
in aquaculture because microsatellite DNA marker with
rich polymorphism is a simple way to determine the hered-
ity. For example, four microsatellite DNA markers were
used for parentage analysis in the 100 breeding individuals
of rainbow trout, and91%of the offspringwere assigned to
their true parents (Herbinger et al. 1995). Inmandarin fish,
10 microsatellite DNAmarkers have been used for parent-
age determination (Yang et al. 2014), and a total of 180
individuals of yellow catfish in eight full-sib families have
also been successfully identified with nine microsatellite
DNA markers (Zhang et al. 2015). The study of parent-
age identification inO. potamophlia has not been reported
yet. Therefore, we identified and analysed the genetic rela-
tionship of five O. potamophlia families through eight
microsatellite DNA markers. The development of parent-
age identification through microsatellite loci depends on

Figure 2. The clustering analysis of the parents and offspring from five families.
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Figure 3. The clustering analysis of five polyculture offspring and parents.

the microsatellite polymorphism information, the ability
of exclusion and the size of the candidate parents and
offspring (Norris et al. 2000). A large number of candi-
date parents and offspring need more microsatellite loci to
evaluate the parentage relationship between them (Van-
deputte et al. 2011). As the result, before the markers were
employed, it is essential to conduct simulation evaluation,
which will benefit for estimating the actual number of loci
and the potential performance of these markers. In the
present study, all results showed that the increasingnumber
of the selected microsatellite DNA markers and the poly-
morphism could result in the higher cumulative exclusion
rate. When the selected markers reached up to eight, each
of progeny was assigned to their correct parents (figures 2
and 3), and the exclusion probability was also increased
to 99.8%. In this study, the observed heterozygosity was
higher than expected heterozygosity in five families. This
might be caused by the following reasons: (i) the popu-
lation of O. potamophila has a number of homozygous
individuals; (ii) the families were not mating randomly,
which result in excess of heterozygotes and deviate from
theHardy–Weinberg equilibrium; (iii) the loci in this study
have a high mutation rate, which produced many different
alleles; and (iv) errors might cause due to inadequate sam-
pling individuals (Dakin and Avise 2004; Ellegren 2004;
Jerry et al. 2004). The null alleles had slight impact on

the accuracy of assignment owing to the fact that the
frequencyof null alleleswas relatively low. If enoughmark-
ers were selected, all offspring can be explicitly allocated
to their own parents in practical study. What is more, the
assignment success rate was high in our study, which also
indicates the validation of our selected microsatellite loci.
These eight microsatellite markers in this study will facili-
tate maintaining pedigree information and family-selected
breeding of O. potamophlia in the future.
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