Genetic variability of marine shrimp in the Brazilian industry
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Abstract — The objective of this work was to estimate the genetic variability level and distribution in Brazilian
broodstocks of marine shrimp (Litopenaeus vannamei). Nine of the country’s largest hatcheries were evaluated
using codominant and highly polymorphic microsatellite markers. The results obtained from genotyping of ten
microsatellite loci are indicative of genetic variability that is compatible with that found in wild populations
of L. vannamei in Mexico and Central America. A possible explanation is the highly diversified and relatively
recent origin of the available broodstocks. Bayesian analysis detected a signal for five founding populations.
The distribution of genetic distances partially reflects geographical location, and this information will be useful
for the creation of new broodstocks. Therefore, L. vannamei genetic variability among nine of the largest
national hatcheries can be considered high.

Index terms: Litopenaeus vannamei, aquaculture, microsatellite, shrimp farming.
Variabilidade genética do camarao marinho na industria brasileira

Resumo — O objetivo deste trabalho foi estimar o nivel e a distribuicdo da variabilidade genética em
reprodutores brasileiros do camardo marinho (Lifopenaeus vannamei). Nove dos maiores laboratorios
de maturac¢do do pais foram analisados por meio de marcadores microssatélites codominantes e altamente
polimérficos. Os resultados obtidos a partir da genotipagem de dez locos de microssatélites sdo indicativos de
variabilidade genética compativel com aquela encontrada em populag¢des naturais de L. vannamei no México
e na América Central. Uma possivel explicagdo ¢ a origem altamente diversificada e relativamente recente
dos plantéis disponiveis. A analise bayesiana detectou sinal correspondente a cinco populagdes originais.
A distribuig@o das distancias genéticas reflete parcialmente a localizagdo geografica, e essa informagao sera
util na formagdo de novos plantéis. Portanto, a variabilidade genética de L. vannamei entre nove dos maiores

laboratorios de maturacdo nacionais pode ser considerada alta.

Termos para indexacdo: Litopenaeus vannamei, aquacultura, microssatélite, carcinicultura.

Introduction

The Pacific white shrimp [Litopenaeus vannamei
(Boone, 1931)] is arguably the world’s most
profitable species in marine aquaculture (Food and
Agriculture Organization of the United Nations,
2010). It is a highly adaptable farm species that has
been successfully introduced from its native Western
American coast to all South America and parts of Asia,
including Thailand and China. It is also practically the
only cultured marine shrimp species in Brazil, at the
moment, and over 95% of the national production is
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located on the Northeast coast. Litopenaeus vannamei
was introduced in Brazilian aquaculture in 1992, and
local shrimp industry has seen an exponential growth
since 1998. This growth has been favored by the global
outbreak of infectious diseases, such as the white spot
syndrome (WSS) that struck world production in 1995,
when significant losses among traditional shrimp
producers, such as Ecuador, were observed. Most of
the Brazilian production has remained free from WSS
for a number of reasons, including a strict ban on
breeder imports in 1997 and favorable environmental
conditions (Gesteira & Paiva, 2003).
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However, after more than ten years of disordered
growth, the effects of poor planning started to show
mainly through decreasing productivity and the
dissemination of infectious diseases (Gesteira & Paiva,
2003; Nunes et al., 2004), such as the newly discovered
infectious myonecrosis (Poulos et al., 2006). One of the
immediate concerns of the Brazilian shrimp industry
has been the genetic diversity of the available shrimp
broodstocks, especially since the country does not
have access to wild stocks of L. vannamei. Brazilian
L. vannamei broodstocks have multiple origins, with
recorded imports from Panama, Ecuador, and Venezuela
(Francisco & Galetti Junior, 2005; Gongalves et al.,
2005). However, no detailed information is available
about origin, management practices, and performance
results. In typical conditions, Brazilian hatcheries have
a production cycle of 3—5 months, after which breeders
are completely replaced, often with individuals from
the same broodstock. In general, hatchery managers
acknowledge occasional animal exchange with
hatcheries or farms from different parts of the country,
when signs of productivity loss are detected. Within
a hatchery, breeding usually takes place in tanks with
100 to 140 individuals in equal sex proportion.

The increasing availability of advanced molecular
tools has allowed obtaining new results on the genetics
of shrimp broodstocks and natural populations, which
have been accumulating quickly since the mid 1990’s
(Ball & Chapman, 2003; Francisco & Galetti Junior,
2005; Valles-Jimenez et al., 2005). DNA microsatellites
have been the basis of the majority of the recent
approaches. Microsatellite loci consist of motifs of
one to six base pairs repeated in tandem, which are
very common in eukaryotic genomes (Tautz & Renz,
1984). Microsatellites are inherently instable and most
mutations are believed to be caused by slip-strand
mispairing errors during DNA replication and
recombination (Hancock, 1999). These errors result in
high mutation rates, and a large number of alleles is
normally observed, resulting in high polymorphism.
Microsatellites are codominant and produce potentially
cumulative data. They are considered ideal markers for
characterizing inbreeding and for pedigree studies and,
therefore, have been widely used to monitor genetic
diversity in aquaculture species (Koljonen et al.,
2002; Skaala et al., 2004). However, penaeid shrimp
microsatellites have sometimes proven difficult to
type and validate, and null alleles are often observed
(Valles-Jimenez et al., 2005).

The objective of this work was to estimate the
genetic variability level and distribution of the
Brazilian broodstocks of marine shrimp (L. vannamei).

Materials and Methods

Actotal of 450 individuals were sampled from nine of
the main commercial hatcheries in Brazil, from 2005 to
2006. Locations and laboratories were kept anonymous
throughout this paper for confidentiality reasons. For
DNA analysis, the fifth pair of pleopods was collected
andstored in 95% ethanol. DNA was extracted following
the standard proteinase K/phenol-chloroform-isoamyl
alcohol (PCI) protocol of Sambrook et al. (1989) with
a few modifications. Pleopod muscular tissue was
digested in Tris-HCI 100 mmol L, pH 7.5, 1% SDS,
with a final concentration of 0.5 mg mL"' Proteinase K.
The mixture was initially incubated at 50°C for 2 hours,
and after that at 37°C, overnight. DNA was purified
by successive washes with phenol:chloroform:isoamyl
alcohol 25:24:1 (v/v/v) and chloroform:isoamyl alcohol
24:1 (v/v). Each purification step was followed by
centrifugation at 10,000 g for 10 min. The supernatant
was transferred to a 1.5 mL microtube, and total DNA
was precipitated by centrifugation at 10,000 g for 15
min, in cold absolute ethanol; pellets were washed with
70% ethanol, air dried, diluted in 50 pL TE (Tris-HCl
10 mmol L, pH 8.0, EDTA 1 mmol L, pH 8.0), and
stored at -20°C.

All ten microsatellite loci used in the present
study were chosen on the basis of polymorphism and
reproducibility, as reported by Cruz et al. (2002) and
Meehan et al. (2003) (Table 1). Each 10 pL singleplex
polymerase chain reaction (PCR) contained 1 U of
Platinum 7ag DNA polymerase (Life Technologies
do Brasil, Ltda., Sao Paulo, SP, Brazil), 200 umol L
of each dNTP, 10 mmol L' Tris-HCl (pH 8.3),
50 mmol L' KCl, 1.5 mmol L' MgCl,, 0.5 umol L' of
each primer, and 10-50 ng of DNA. When automated
genotyping was involved, one of the primers was
substituted for a fluorophore labeled primer in the
same concentration (Table 1). PCR cycling conditions
included an initial denaturing step of 94°C for 4 min,
followed by 35 cycles of 94°C for 30 s, 50°C for 45 s,
72°C for 1 min, and final extension of 72°C for 1 hour,
to ensure homogeneous A-tailing.

All samples were typed in four different research
institutions from Northeast Brazil. Both silver staining
and fluorescent capillary protocols were used. For
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the silver staining protocol, PCR products were
separated by singleplex electrophoresis in vertical 4
or 5% polyacrylamide gels, depending on the size of
the fragments. Electrophoresis was conducted for 1
hour and 30 min at 2,000 V, 60 MA, and 55 W. After
electrophoresis, gels were fixed in acetic acid at 10%,
dyed with silver nitrate at 0.1%, and developed with
sodium carbonate at 3%. Gel images were recorded with
a conventional scanner. For the fluorescent capillary
protocol, multiplex electrophoresis was conducted on
an Applied Biosystems ABI 3100 automated sequencer
(Life Technologies do Brasil, Ltda., Sao Paulo, SP,
Brazil) following manufacturer recommendations.
Allele sizes were standardized between capillary and
gel electrophoresis through screening of a subset of
representative samples on the automated sequencer.
Basic statistics and exact tests for Hardy-Weinberg
equilibrium and linkage among loci were performed
through Fisher’s exact tests, using Genepop 4.0
(Rousset, 2008), on 100,000 dememorization steps,
1,000 batches, and 10,000 iterations per batch.
Significance of multiple tests was adjusted by
Bonferroni correction (Rice, 1989). The presence of

Table 1. Primer sets used. 6-FAM, HEX, and NED
indicate the flourophore labels used in the case of capillary
electrophoresis®’.

Locus Primer (forward/reverse 5°-3’ sequence) Marcagdo ~ bp bpo Ao

Meehan et al. (2003)

TUMXL CAGACCCTAAATCTCCGTGC/ NED 175 160-184 12

v5.27 TGGAAAGGTCAGAGGTCACG

TUMXL CCTTTATGACTTCCCCCGAC/ 6-FAM 215 200-228 13

v5.38 CCGTACAGAAACGGAACGTC

TUMXL CCTCCTGTCCATTCAGCAG/ HEX 244 230-250 5

v8.2 GGTCAGATATGTATTCGAGTRCGG

TUMXL TTACCGCCTAAGAGCGAATG/ NED 220 216-228 17

v8.32 TGTCCTTTCGTACCAGTCAAG

TUMXL GATGTACACAACTGTACTTCG/  6-FAM 169 174-180 4

v8.193 GAGATGATAAGAGAACGAAAG

TUMXL GGACTCACACTTCTGGTTC/ HEX 166 134-166 12

v8.256 GGCTGCACCTTGTAAGTC

Cruz et al. (2002)

Pvan0013 TGCTCTGGTAACGACAAACG/ HEX  282-284 271-289 14
AGACCTGTGGCGAAGTGC

Pvan1003 ATATTTCATGCGTTCCGAGG/ NED  145-149 147-151 3
GACTATCTCACGCGCCTCTC

Pvanl758 TATGCTCGTTCCCTTTGCTT/ NED 163-189 172-195 15
TTGAAGGAAAAGTGTTGGGG

Pvanl815 GATCATTCGCCCCTCTTTTT/ HEX 126-141 110-138 18

ATCTACGGTTCGAGAGCAGA

(Mbp, size range in base pairs, according to the original reference; bpo,
observed size range, in base pairs; Ao, number of alleles observed in the
present study.
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null alleles was estimated through Micro-Checker
v2.2.3 (Oosterhout et al., 2006). To check for a
signal of population structuring, present or past,
among different broodstocks, ten replicate runs were
conducted with the model-based clustering software
Structure 2.2 (Pritchard et al., 2000), with 500,000
steps burn-in period and 100,000 replicates, with the
parameter k varying from 1 to 12. For these runs, only
four loci, with data available for all nine hatcheries,
were used. Results from population structure analysis
were adjusted through the analysis of Ak (Evanno et al.,
2005). Membership coefficients among clusters from
different runs were averaged with the use of CLUMPP
1.1.2 (Jakobsson & Rosenberg, 2007) and visualized
with the Distruct software (Rosenberg, 2004). Wright’s
F-statistic was estimated through Fstat 2.9.3 (Goudet,
1995). Genetic distance among hatcheries was
estimated through D, (Nei et al., 1983) using DISPAN
(Ota, 1993). From pairwise D4, a neighbour-joining
tree was built through PHYLIP (Felsenstein,
1989). Finally, in order to evaluate how broodstock
management affects genetic variability within
hatcheries, the relatedness (r) among individuals of
each broodstock was estimated through MER v3
(Wang, 2002).

Results and Discussion

Analyses of genetic variability in shrimp farming
are decisive for efficient germoplasm management
and genetic improvement programs. In general, some
genetic erosion is expected due to founding effects and
inbreeding (Benzie, 2009). In the present study, nine
hatcheries were evaluated, which are responsible for at
least 50% of the total Brazilian postlarvae production,
according to the 2003 census (Rocha et al., 2004).
Genotypes were produced for five to ten loci per
hatchery (Table 2). Complete genotype tables for all
nine hatcheries were produced for loci TUMXLv5.27,
TUMXLv5.38, TUMXLv8.32, and Pvan0013. Many
departures from Hardy-Weinberg expected proportions
were observed in the produced data. Before Bonferroni
correction, 40 out of 58 tests (69%) showed significant
departure from Hardy-Weinberg proportions, at a
confidence level of 0.05. After Bonferroni correction
was applied, 38% of the tests still showed significant
Hardy-Weinberg disequilibrium. Most of the time,
disequilibrium was caused by homozygote excess,
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as indicated by average FIS values above 0.20 for
all hatcheries (Table 2). No significant linkage
disequilibrium was found at the 0.05 level, after
Bonferroni correction, when comparing all loci in each
population as well as across all populations.

The presence of null alleles was indicated by
homozygote excess in many instances, but no consistent
pattern was observed for any particular locus. Null
alleles have been reported for penaeid microsatellite
loci (Ball & Chapman, 2003) and may be common for
the studied markers (Cruz et al., 2002; Mechan et al.,
2003). However, previous analysis performed on wild
population samples indicates that the effects of null
alleles for some of these markers could be negligible
(Valles-Jimenez et al., 2005). In addition to that, the
estimates of null alleles by Micro-Checker v2.2.3 are
mostly based on the assumption of Hardy-Weinberg
equilibrium (Oosterhout et al., 2006), which cannot be
immediately assumed for commercial breeding stocks.
Considering the number of assumptions involved in
adjusting the allele frequencies to account for null
alleles, the following analysis used the observed allele
frequencies as basic data.

Average observed and estimated heterozygosities
among the surveyed hatcheries were, respectively,
49 and 69% (Table 2). Inbreeding, estimated through
Wright’s FIS, ranged from 0.204 to 0.440. These
values indicate that even with a considerable amount
of inbreeding, a high genetic variability remains among
the studied broodstocks. The relatedness estimate
among the sampled hatcheries suggests that more than
50% of the sampled individuals may be half-siblings
or closer. This observation seems to agree with the
limited inbreeding scenario indicated by the inbreeding
coefficient FIS. Variation among cultured stocks is, in
general, reported to be reduced in comparison to that
of wild populations (Benzie, 2009). For commercial
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penaeid species other than L. vannamei, reported
heterozygosities among natural populations, estimated
through microsatellite loci, usually reach over
90% (Tsoi et al., 2007; You et al., 2008). However,
average values reported for four populations of native
L. vannamei from Mexico to Panama were 32 and
68%, for observed and expected heterozygosities,
respectively (Valles-Jimenez et al., 2005). The genetic
variability reported here for the group of hatcheries
surveyed, at this specific point in time, considering the
same class of molecular markers, seems to be at a level
compatible with that of L. vannamei wild populations.

In the Bayesian search for genetic signal of the
original founder stocks, on all ten replicates, the highest
posterior probabilities (p=0.998 to p=1.000) were
consistently associated with an assumed structure of five
original populations (Table 3). However, analysis of Ak
(Evanno et al., 2005) suggests that the true value may be
lower (Figure 1). Individual membership coefficients for
a five cluster scenario indicate that broodstocks in each
laboratory are of highly mixed origin (Figure 2). There
are no formal, public access records about L. vannamei
introduction in Brazil; however, the first animals may
have been brought from Ecuador as early as 1981 and
1983. Between 1991 and 1997, a number of introductions
originated from Ecuador, Panama, Venezuela, El
Salvador, and Mexico, all of them countries with access
to natural populations of L. vannamei. The results found
in the present study seem to detect the genetic signal of
these founder stocks. However, the assignment power
to any specific hatchery remains poor, which may
indicate a process of intense genetic exchange among
hatcheries. The formation of new stocks from a mixture
of previously extant ones has already been reported
(Francisco & Galleti Junior, 2005). Notwithstanding
localized inbreeding, the nine broodstocks surveyed
seem to have reached a state of high admixture, possibly

Table 2. Average heterozygosis and inbreeding coefficients among nine commercial Litopenaeus vannamei hatcheries

estimated from a panel of microsatellite locit).

Coefficients Given population Average
A B C D E F G H 1

NL 10 5 5 5 5 10 6 6 6 -

Ho 0.551 0.505 0.541 0.464 0.498 0.538 0.434 0.382 0.495 0.490

He 0.708 0.669 0.669 0.709 0.636 0.693 0.730 0.683 0.687 0.687

FIS 0.233 0.274 0.204 0.381 0.249 0.240 0.440 0.408 0.312 0.305

pr 0.396 0.646 0.659 0.432 0.636 0.420 0.417 0.458 0.583 0.516

(NL, number of loci screened; Ho, observed heterozygosis; He, expected heterozygosis; FIS, estimate of inbreeding coefficient through Fstat 2.9.3 (Goudet,

1995); p,, proportion of half siblings as estimated by r (Wang, 2002).
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through frequent animal exchange among hatcheries.
Even though the signal for the original populations
remains detectable, it is very unlikely that the available
Brazilian broodstocks maintain any features of these
populations. That hypothesis, however, remains to be
tested.

The study of genetic differentiation among breeding
stocks is highly useful in guiding the formation of
new ones. This is particularly important in a situation

Table 3. Posterior probabilities for four of the ten replicates
of the Bayesian analysis performed using the model-based
clustering program Structure 2.2,

Number of Rep 1 Rep 2 Rep 3 Rep 4
populations (k)

1 -5,525.2 -5,525.5 -5,525.3 -5,524.5
2 -5,250.1 -5,250.0 -5,252.0 -5,247.2
3 -5,233.8 -5,229.6 -5,236.8 -5,231.1
4 -5,181.6 -5,186.9 -5,166.7 -5,174.4
5 -5,170.4® -5,169.4® -5,160.6® -5,151.5@
6 -5,184.7 -5,178.4 -5,249.0 -5,195.5
7 -5,227.0 -5,198.9 -5,184.1 -5,216.2
8 -5,282.2 -5,288.8 -5,216.8 -5,213.7
9 -5,303.3 -5,277.5 -5,346.1 -5,324.3
10 -5,341.2 -5,329.2 -5,424.7 -5,302.2
11 -5,356.0 -5,364.5 -5,340.6 -5,336.5
12 -5,444.2 -5,429.6 -5,434.2 -5,491.5

(URep 1-4, likelihood estimates for replicates 1 to 4. @Posterior probability
=1.000. ®Posterior probability = 0.998.

when no free access to wild populations is available.
In Brazil, the reduction in genetic variability and
significant differentiation among specific lines has
already been reported (Freitas & Galetti Junior, 2002;
Francisco & Galetti Junior, 2005; Gongalves et al.,
2005; Magalhaes et al., 2007). In the present study,
the observed genetic differentiation among hatcheries
was reflected by FST values ranging from 0.006 to
0.175 (Table 4). The lowest genetic distances were

-5,150 r 160

-5,200 - - 140

-5,250 1 - 120
85300 4 - 100
=-5,350 1 F80 3
= 5,400 1 60

-5,450 - L 40

-5,500 - - 20

; 0

Number of clusters (k)

Figure 1. Results from Ak analysis. Likelihood values on the
left axis, and Ak values on the right axis. Diamonds represent
average (£SD) likelihoods over ten replicates; open circles
represent resulting Ak values; and k represents the number
of clusters.

[ H G F

A B C D E

Figure 2. Average membership coefficients for a total of 428 individuals, from nine laboratories (A to I), considering five

inferred clusters and ten independent runs.

Table 4. Pairwise FST values (below diagonal) and DA genetic distances (above diagonal) among the surveyed hatcheries.

A B C D E F G H 1
A - 0.041 0.080 0.076 0.125 0.063 0.109 0.085 0.105
B 0.030 - 0.066 0.091 0.090 0.076 0.175 0.160 0.186
C 0.042 0.015 - 0.088 0.102 0.070 0.170 0.149 0.188
D 0.033 0.020 0.023 - 0.063 0.103 0.164 0.165 0.193
E 0.085 0.017 0.024 0.022 - 0.144 0.204 0.212 0.245
F 0.011 0.049 0.040 0.048 0.087 - 0.076 0.065 0.084
G 0.042 0.102 0.097 0.070 0.118 0.044 - 0.079 0.103
H 0.034 0.109 0.094 0.094 0.143 0.028 0.024 - 0.047
1 0.044 0.131 0.123 0.118 0.175 0.032 0.051 0.006 -
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observed among hatcheries A—B and H-I. The general
distribution of genetic distances surprisingly reflects
geographical location to some extent (Figure 3), and
seems to agree with the broodstock composition
indicated by the membership coefficients (Figure 2).
However, further considerations in that direction
would require more historical detail than was available
at the moment of this study.

The Brazilian commercial broodstocks of L.
vannamei shows clear signals of limited inbreeding.
However, the overall L. vannamei genetic variability
found among nine of the largest national hatcheries
can be considered high. These findings stress the
necessity of adequate management of this valuable
genetic resource. Moreover, the results suggest
that a genetic improvement program based on the
available germoplasm is feasible. Finally, the recent
level of global interest in L. vannamei aquaculture
indicates that the creation of a standardized database
of molecular markers would be highly useful for the
shrimp industry, providing information for localized
management, higher level of breeding control and
traceability. There are currently no molecular marker
standards for the shrimp industry. The creation of such
a database would also be relevant for conservation
purposes, since L. vannamei has been introduced in
many different ecosystems and seems likely to have an
impact on natural populations of marine shrimp in the
near future.

G-PI
071 [ H-PI
1-PI
—— F-CE
0.91
— A-CE
0.93
B-RN
0.74
C-RN
0.56 0.87 D-PE

E-PE
Figure 3. Neighbor-joining tree based on DA distances
among hatcheries. Numbers correspond to relative support,
after 1,000 bootstrap replicates. Laboratory locations are
indicated by state abbreviation. PI, Piaui; CE, Ceard; RN,
Rio Grande do Norte; PE, Pernambuco.

Conclusions

1. The population genetic analysis based on
microsatellite loci is able to detect the genetic signal
for a small number of founding populations, consistent
with the informal history of the Brazilian broodstocks.

2.The Brazilian commercial broodstocks of
Litopenaeus vannamei shows clear signals of limited
inbreeding.

3. The overall L. vannamei genetic variability found
among nine of the largest national hatcheries can be
considered high.
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