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Abstract

Analysis of cultured catfish from six farms in Tamaulipas, Mexico was achieved using a combination of microsatellite
PCR analysis and semiautomatic fluoresce-based detection, in order to provide a first assessment of the genetic
variability on cultured catfish in Mexico. Five microsatellites showed extensive polymorphism with allele numbers
ranging from 10 and 20. Overall observed heterozygosity at each locus ranged between 0.76 and 0.91 and the aver-
age polymorphic information content (PIC) for the five loci was 0.811, indicating that these loci can be used for stud-
ies of paternity identification, linkage and population genetics. On the basis of the FST values (FST = 0.03829;
p = 0.00000) it appears that there was a small amount of genetic differentiation between the channel catfish stocks.
The high intrapopulation allelic diversity was the most remarkable parameter.
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Genetic markers development have been impacting
research in almost every biological area, including aqua-
culture where they have become an important tool for pro-
viding information regarding genetic variability, parentage
relationships and the performance of lines in breeding pro-
grams (García de León et al., 1998; Spidle et al., 2004;
Vandeputte et al., 2004; Rowena et al., 2004; Liu and
Cordes, 2004). Currently a wide variety of markers have
been developed for different aquaculture species, such mar-
kers include allozymes, amplified fragment length poly-
morphisms (AFLPs), expressed sequence tags (ESTs),
microsatellites, mtDNA, random amplified polymorphic
DNAs (RAPDs), restriction fragment length polymor-
phisms (RFLPs) and single nucleotide polymorphisms
(SNPs) (Liu and Cordes, 2004). Microsatellites are repeti-
tive elements characterized by mono, di, tri and tetra nucle-
otide arrays and have become one of the most important
tools in genetic studies due to their high degree of polymor-
phism and conservation between species and families
(FitzSimmons et al., 1995; Pépin et al., 1995; Goldstein
and Schlotterer, 1999; Liu et al., 1999d; Waldbieser et al.,
2001; Cunningham and Meghen, 2001).

The channel catfish (Ictalurus punctatus) is one of the
world-wide highlight species in aquaculture and has been
subject of several genomic studies which have led to the de-
velopment of different molecular markers (Carmichael et

al, 1992; Waldbieser and Bosworth, 1997; Liu et al.,
1998a; 1998b; 1999a; 1999b; 1999c, 1999d); Tan et al.,
1999; Waldbieser et al., 2001). Mickett et al. (2003), pro-
posed that understanding the genetic variation within do-
mestic catfish populations is a main requirement for
maximizing the selective breeding of this species. More-
over, analysis of catfish genetic resources is also important
for establish a baseline date for both genetic enhancement
programs and genetic conservation programs.

In the Mexican state of Tamaulipas the most impor-
tant aquaculture species apart from shrimp is I. punctatus,
with the production from this state accounting 53% of the
national catfish crop, some blue catfish (Ictalurus furcatus)
are also produced (Tamaulipas-Sedem-Agropesca, 2000).
Although several genetic aspects of I. punctatus and I.

furcatus are well know from gene mapping, marker-
assisted selection, gene cloning, engineering and integrated
genetic improvement studies (Liu, 2001), in Mexico the ge-
netic variation, breeder fitness and genetic structure of both
domestic and native populations of this specie is practically
unknown. In fact there is no firm data even on the origin of
current cultured I. punctatus, although it is thought they
probably originated in the USA (Rosas, 1981).
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Tan et al. (1999) reported a group of microsatellites
markers, which were described as effective in analysis of
the Ictaluridae genome, especially in studies of genetic re-
source analysis, stocking success evaluation, population
structure, paternity identification and molecular systemat-
ics.

The study described in this paper used microsatellite
markers to evaluate the genetic variability of cultured-
catfish from Tamaulipas Mexico. Since the Mexican cat-
fish industry has been developed with little knowledge on
the genetic background of breeder-fish the data produced in
this study could help to define more focused management
strategies to improve the Mexican catfish industry.

Tissue samples were obtained from six of the most
productive catfish farms located in the center of the Mexi-
can state of Tamaulipas, the farms being: Las Delicias
(LA), Acuamex (A), Prodatec (P), El Paraìso (EP), El
Tomaseño (ET) and La Lajilla (LL). Sample size varied
from 23 to 30 fish per farm and DNA was extracted from
muscle tissue by a standard method (Sambrook et al.,
1989). The total sample number was n = 158.

Genetic diversity at five microsatellite loci was deter-
minate using primers Ip077, Ip591, Ip265, Ip427 and Ip607
reported as useful for amplification studies in several
ictalurid catfish (Tan et al., 1999). The PCR conditions for
each loci were individually optimized. Each PCR reaction
was used 50 ng of total DNA, 1.25 U of Taq DNA polymer-
ase (Promega Co, Madison, Wi. USA), 0.2 M of unla-
beled primer and 0.5 mM dNTP’s per 10 L-reaction
volume. The concentrations of MgCl2 were 2 mM for
Ip265, Ip427 and Ip607 loci and 1.75 mM for Ip077 and
Ip591. The PCR products were analyzed in a LI-COR se-
quencer (LI-COR, Inc. Lincoln, Nebraska USA),
5’-primers being labeled with IRD800 and used at a final
concentration of 0.025 M for the Ip265, Ip427 and Ip607
loci and 0.025 M for the Ip077 and Ip591 loci. Amplifica-
tion temperature profiles were 94 °C for 30 s, 60 °C for
1 min and 72 °C for 2 min, for 30 cycles. The PCR products
were denatured at 95 °C for 5 min and separated by electro-
phoresis on 6.5% (w/v) denaturing polyacrylamide-
bisacrylamide gel for 2 h.

Allele size data for each locus were obtained using
the SAGA GT software (LI-COR,Lincoln, NE). Numbers
of alleles (k), observed (Ho) and expected (He) hetero-
zygosity, allelic frequencies, and the polymorphic informa-
tion content (PIC, Boststein et al., 1980) for each locus and
combinations of loci were estimated using the CERVUS
2.0 software (Marshall et al., 1998). The effective number
of alleles was estimated based on the formula: ae = 1/�xi

2,
where xi is the frequency of the ith allele for each locus (Li
et al., 2004). Heterogeneity in allele frequencies among
pair-wise comparisons and exact tests for conformance to
Hardy-Weinberg equilibrium (HW) at each locus within
samples were performed using the GENEPOP 3.1b pro-

gram (Markov chain method; Raymond and Rousset,
1995).

The genetic structure of the populations was deter-
mined by analysis of molecular variance (AMOVA) using
the Arlequin software (Schneider et al., 2000), under a hier-
archical design that considered variations among popula-
tions and within individuals.

The panel of five microsatellites used in this study ex-
hibited high polymorphism in the total studied population
(n = 158), with the total number of alleles per locus varying
between 10 and 20. The highest number of effective alleles
was 8.4 for locus Ip607 and the lowest was 3.1 for locus
Ip427 (Table 1). Although the number of detected alleles
ranged from 4 for the Ip591 locus in the LD population to
15 for the Ip607 locus in the ET population there were con-
siderable differences in the number of alleles per loci be-
tween the farms. Private alleles were also present in the six
farms (data not shown).

Average observed heterozygosity by loci for the six
cultivated catfish populations ranged between 0.57 for the
LL population and 0.77 for the ET population, with an aver-
age of 0.63 (Table 1). These values are similar to those de-
scribed for a research catfish line (I. punctatus) line in
Auburn USA using a microsatellite panel which including
the five used in our study (Tan et al., 1999) and for selected
strains and farmed wild catfish (I. punctatus) populations
(Waldbieser et al., 2001). The Prodatec farm (P) showed
the highest difference between observed and expected
heterozygosity.

Genotype frequencies at all five loci revealed an over-
all departure from Hardy-Weinberg expectations in three or
more loci per farm, this departure being due to a
heterozygote deficit strongly influenced by loci Ip265 and
Ip427, which, with the exception of locus Ip427 in the LD
population, showed significant HW values in all the popu-
lations. The Prodatec farm was the only farm that showed a
departure from H-W disequilibrium for all loci, suggesting
a high rate of inbreeding in this farm (Table 1). Although
the small sample-size could be the main explanation for the
HW deviation observed in most of the markers and the six
farms, other causes have to be considered in to determined
the influence of this deviation, these include null alleles
(mainly for loci Ip265 and Ip427) and management prac-
tices such as the use of a small number of effective breeders
which could lead to endogamy.

The loci used in this study are known to be independ-
ent (Liu ZJ, Personal Communication). The polymorphism
information content (PIC) is an indicator of how many al-
leles a marker has, and how evenly the frequencies of these
alleles are distributed (Boststein et al., 1980) and if a
marker has few alleles, or many alleles but with only one
being frequent, the PIC will be low. In our study, locus
Ip607 had a PIC value of 0.91 and a high effective number
of alleles ae = 8.4 while the Ip077 locus had a moderate PIC
value of 0.64 with a low effective number of alleles
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(ae = 3.8). The fact that all the loci in our study had PIC val-
ues higher than 70% (Table 1) could be considered as good
for the selection of polymorphic markers in the study of pa-
rental relationships, paternity, and genetic mapping (Blouin
et al. 1996; Borrell et al. 2002; Chistiacov et al., 2005) but
further studies should be conducted to establish the real dis-

crimination power of these markers and to assess their use
in identification and pedigree analysis during selection and
management of farmed I. punctatus in Tamaulipas.

Based on the analysis of molecular variance summa-
rized in Table 2, global comparisons show that there was
little genetic differentiation among farms (FST = 0.03829;
p = 0.00000). Genetic variation in the studied populations
was mainly attributable to individual-level variation, with a
percentage of variance of 79.6%. Variation between fish
within populations represented 16.56% of the variation
while between populations variation was 3.83%. The cat-
fish origins and also the cultivation practices could have
been responsible for the low level of genetic differentiation
observed between the farms in the FST analysis. According
to the catfish producers, the first and unique introduction of
a commercial catfish strain into Tamaulipas occurred 25
years ago. There are no reports suggesting recent catfish in-
troductions into the Tamaulipas area so it is probable that
the stocks studied have the same origin. In addition a com-
mon practice among farmers is to share stock between
neighboring-farms (i.e. between P, A and EP), the individ-
ual catfish being selected on the basis of their observed
phenotypic performance and not their location (i.e. other
locations even within the same state).

Even though we do not know the exact number of
breeder-fish in different farms in Tamaulipas the high
within individual genetic variance (79.61%) and between
individual within populations (16.56%) and the high hete-
rozygosity deficit in all the farms could suggest the exis-
tence of high temporal variance in allele frequencies due to
variation in reproductive success caused by a small number
of effective breeders (Hedgecock et al., 1992). There are
numerous studies that clearly demonstrate a loss of genetic
diversity following hatchery culture in aquatic organisms
(Beaumont, 1994) and an important conclusion drawn in
several studies (Sbordoni et al., 1986; Gile and Ferguson,
1990) is that the effective population size (Ne) involved in
hatchery “mass spawnings” can be much smaller than the
apparent number of progenitors used. Moreover, effective
population size is strongly affected by the sex ratio of the
progenitors (Allendorf and Ryman 1987) and according to
the catfish producers this is indeed the case for the Tamau-
lipas farms.

Micket et al., (2003) carried out a genetic diversity
study using AFLP markers and found that there are differ-
ences between I. punctatus farms in Alabama USA, these
authors emphasizing the importance of this information for
the management, conservation and selection of catfish
brood-stocks. In Tamaulipas, apparently, the management
practices for cultivated catfish are a principal cause of
heterozygosity deficit because rather than carrying out a
single spawning involving many ripe adults from neighbor-
ing farms multiple small spawning with the subsequent
pooling of larvae should be attempted. Unfortunately we
were unable to obtain any records about the real manage-
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Table 1 - Effective number of alleles (ae), expected and observed hetero-
zygosity (He and Ho respectively), polymorphic information content
(PIC) and Hardy-Weinberg values (HW) of five microsatellite markers
used in six catfish farms in the Mexican state of Tamaulipas, the farms be-
ing: Las Delicias (LA), Acuamex (A), Prodatec (P), El Paraìso (EP), El
Tomaseño (ET) and La Lajilla (LL).

Locus and diver-
sity measure

Farm

LD A P EP ET LL OP

Ip077 3.7 2.5 4.7 3.9 5.4 3.1 3.8

ae

Ho 0.76 0.56 0.68 0.80 0.8 0.3 0.77

He 0.74 0.62 0.80 0.76 0.83 0.69 0.64

PIC 0.68 0.57 0.75 0.70 0.79 0.63 0.74

H-W* 0.028 ns 0.008 ns ns 0.008

Ip591

ae 2 5.7 5.5 4.1 3.7 2.6 3.9

Ho 0.44 0.69 0.56 0.56 0.87 0.73 0.76

He 0.52 0.34 0.83 0.77 0.79 0.63 0.60

PIC 0.47 0.80 0.79 0.72 0.68 0.58 0.74

H-W* 0.031 ns 0.011 0.02 ns ns

Ip265

ae 5.2 5.6 7.1 7.4 8.3 6.0 6.6

Ho 0.72 0.34 0.54 0.56 0.72 0.71 0.89

He 0.82 0.84 0.87 0.88 0.89 0.86 0.59

PIC 0.78 0.80 0.84 0.85 0.86 0.81 0.88

H-W* 0.011 0.008 0.000 0.000 0.000 0.018

Ip427

ae 2.6 4.4 2.5 1.7 4.3 3.5 3.1

Ho 0.56 0.65 0.36 0.28 0.50 0.30 0.80

He 0.62 0.79 0.62 0.44 0.78 0.72 0.43

PIC 0.6 0.76 0.58 0.41 0.74 0.69 0.77

H-W* ns 0.009 0.000 0.015 0.000 0.000

Ip607

ae 9.8 7.3 8.4 6.9 9.4 8.9 8.4

Ho 0.92 0.82 0.76 0.76 0.967 0.80 0.91

He 0.91 0.88 0.90 0.87 0.91 0.90 0.84

PIC 0.89 0.85 0.87 0.84 0.885 0.87 0.91

H-W* ns 0.064 0.057 0.006 ns 0.000

Average

Ho 0.68 0.61 0.58 0.59 0.77 0.57 0.63

He 0.72 0.69 0.80 0.74 0.84 0.76 0.75

*Significant a p < 0.05 by the Fisher’s exact test. ns = not significant.



ment practices in the farms studied and therefore we cannot
determine with certainty the causes of the low genetic di-
versity observed in farmed fish. However, channel catfish
producers are now very interested in the design of genetic
improvement regimes and our study represents the first step
in defining the genetic variation in the actual commercial
catfish stocks of this region.

From a conservation point of view, the native cat-
fishes of Northeastern México (Tamaulipas included) are
generally poorly known and although several Ictalurus spe-
cies (furcatus, lupus and punctatus) are recognized various
species have not yet been described (Miller, 2005). There
has not been an initial baseline evaluation of the native pop-
ulations of I. furcatus and I. punctatus or any other catfish
wild populations in order to start the aquaculture practices
in the region, but it has been presumed that domestic and
native populations have hybridized (García de León et al.,
2005). The consequence of this hybridization is that co-
adapted gene complexes may have broken down and uni-
que alleles could have been lost in wild fish populations fol-
lowing extensive hybridization and introgression of genes
from cultivated fish (Beaumont, 1994). The genetic impact
of such hybridization and introgression of genes on native
populations requires further attention and the genetic mark-
ers tested in our study will find immediate application not
only in tracking pedigrees and establishing breeding pro-
grams but also in the analyses of local wild-type catfish
populations.
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