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ABSTRACT 
The cultivation of the marine species of shrimp Lito-
penaeus vannamei has emerged as one of the segments 
that best develop in the Brazilian aquaculture, re- 
presenting the agribusiness that grew the most in re-
cent years. Regarding the economic importance of the 
farming of this species in Brazil, further studies on ge-
netic improvement were conducted. A F2 segregating 
population consisting of 192 samples for each G1 and 
G2 families, from crossing inbred lines was used for 
the studies performed in the present work. The ge-
netic linkage analysis was based on polymorphic 
markers derived from nine AFLP (Amplified Frag-
ment Length Polymorphism) primers. Fourteen ge-
netic linkage groups including 103 segregating poly-
morphic markers were constructed covering 350 cM 
for G1 and four genetic linkage groups including 59 
markers were constructed covering 300 cM for G2. 
Simple marker analyses were performed among indi-
viduals evaluated phenotypically, finding markers 
linked to genes that may be potentially important and 
useful to assess characteristics of economic impor-
tance for traits related to weight and the disease IMN 
(idiopathic muscle necrosis). The statistical model 
including markers explained major proportion of 
phenotypic characteristic weight in relation to disease 
incidence IMN. 
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1. INTRODUCTION 
Litopenaeus vannamei is an important marine shrimp 
species cultivated in aquaculture systems in Brazil and 
throughout the world. It is native to the Pacific Ocean, 
where its natural distribution ranges from the Sonora 
Province in Mexico to the south of Tumbes, in Peru [1]. 
Many countries have been cultivating this species due to 
its excellent adaptability to adverse rearing conditions, 
ease of nutritional and reproductive management, and 
high profitability and productivity rates [2]. Genetics 
applied to aquaculture has been claimed as a powerful 
tool to improve production and disease resistance [3]. 

In shrimp, many efforts have been made towards the 
construction of genetic linkage maps in a few commer-
cially exploited species, such as Penaeus (Marsupenaeus) 
japonicus [4,5], Penaeus monodon [7,8], Penaeus (Fen-
neropenaeus) chinensis [8] and L. vannamei [9-11]. Such 
studies have for the most part relied on the use of domi-
nant AFLP (Amplified Fragment Length Polymorphism) 
markers, but also microsatellites in a few cases.  

The mapping of genes that control economically im-
portant features has been proven to be efficient for ge-
netic studies in diverse aquatic organisms. Before, early 
works with the association of loci with QTLs (Quantita-*Corresponding author. 
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tive Trait Locus) showed that these markers could be 
mapped with some precision, which maybe allow the 
characterization of causal mutation, since the population 
was unbalanced with a sufficient number of markers [12].  

The fluorescence amplified fragment length polymor-
phism (fAFLP) assay is based on the amplification of 
restriction fragments from genomic DNA and the analy-
sis of the amplified products using polyacrylamide gel 
electrophoresis, differing from conventional AFLP only 
by the use of primers labeled with a fluorochrome in-
stead of the radioactive phosphorus [γ32 P] used in the 
standard method. Conventional AFLP is particularly 
useful for genomic mapping and genetic fingerprinting 
and may be used to calculate genetic distances between 
individual members of a population [13,14]. AFLP has 
successfully been used in the identification of loci linked 
to important quantitative traits in penaeid marine shrimps 
[8]. They do not require a previous knowledge of the 
genome of the studied organism, and produce a large 
number of polymorphic loci with highly reproducible 
band patterns, and high pairing specificity between the 
used primers and the complementary adaptor nucleotides, 
which correspond to the original positions in the genome 
of the species and, consequently, may be explored as 
marks in the physical and/or genetic map [13]. 

The aim of the present study was to determine the in-
heritance of the AFLP markers in two reference families 
of full-sibs (G1 and G2) and analyses of association were 
developed to identify marks linked to genes that control 
traits of economic importance for the L. vannamei. 

2. MATERIAL AND METHODS 
2.1. Production of Families 
Two full-sib families of L. vannamei were produced in 
2004 at the Genetics Center of the private company Aq-
uatec (Barra do Cunhaú, RN, Brazil). The company is 
the leading commercial hatchery in Brazil with its own 
genetic improvement program since 1998. These were F2 
families from parental F0 crosses among Panama (P), 
Venezuela (V) and Ecuador (E) shrimp lineages which 
had been imported by Aquatec from these countries in 
the years of 1997 and 1998 and kept separated as distinct 
lineages since then. Previous genetic diversity studies 
conducted by Rocha et al. [15], based on microsatellites, 
had shown these lineages to exhibit a considerable level 
of genetic differentiation among them, making them, 
therefore, ideal for the construction of an F2 population. 
F1 full-sib families of composition P x V and P x E had 
been obtained previously by artificial insemination, and 
in order to obtain the F2 families, two different F1 fami-
lies P x V were intercrossed to produce the F2 family G1 
(P x V), and two different F1 families P x E were inter-
crossed to produce the F2 family G2 (P x E). 

The Panama lineage was imported in 1997 and was 
originated from breeding wild shrimp. At the time of the 
breeding for obtaining the F2 segregating population, this 
lineage was in generation F7 and presented a great adap-
tation to the pond rearing conditions in Brazil, being very 
robust to bacterial and viral diseases. The Venezuela 
lineage was also imported in 1997 and at the time of 
breeding was in generation F22. It was originated from 
breeding shrimp that were in generation F15 at the time of 
the importation from Venezuela. The animals of this li-
neage were characterized by good growth attributes, and 
females presented an excellent reproductive performance, 
with no need for ablation. Nevertheless, this lineage was 
considered less resistant to diseases. The Ecuador lineage 
was set up in 1998 and at the time of breeding was in 
generation F8. It was originated from nauplii and wild 
PLs (shrimp larvae) imported from Ecuador. This lineage 
was the less adapted to the pond rearing conditions in 
Brazil, presenting slow growth attributes. 

The F2 shrimp were kept in growth family tanks for 
three months. Approximately 1 g of tail muscle tissue 
was then collected from each individual shrimp, fixated 
in 2 ml tubes containing absolute ethanol, frozen and 
conserved at a temperature of −20˚C. Muscle samples 
were also collected from the parental animals (F1) and 
conserved. 

2.2. Phenotypic Evaluation 
Two phenotypic characteristics were evaluated. The 
fresh total body weight and the incidence of clinical 
signs of the IMN (idiopathic muscle necrosis) disease. 
The assessment for the disease was performed before the 
harvesting of the shrimp, where each sample was ob-
served by naked eye regarding the existence of deformi-
ties on its muscular tissue (occurrence of IMN). For fresh 
weight evaluation, each individual free of excess of wa-
ter was immediately weighed after its removal from in-
side the tanks.  

2.3. DNA Extraction and AFLP Analysis 
Total genomic DNA was extracted following Aljanabi 
and Martinez [16]. Muscle tissues (approximately 50 mg) 
from the F1 parents (male and female) of each family and 
from 192 individuals from the segregating F2 population 
of each family were used in the DNA preparations. DNA 
integrity was analyzed through electrophoresis in a 0.8% 
agarose gel immersed in 1x TEB running buffer (89 mM 
Tris; 89 mM boric acid; and 2.5 mM EDTA; pH 8.3). 
The DNA concentration of each sample was assessed 
through spectrophotometry with UV light using the rela-
tion 1 O.D. = 50 ng/μL in TE buffer (10 mM TRIS-HCL; 
pH 8.0; 0.1 mM EDTA) and subsequently conserved at 
−20˚C. 
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A total of 192 samples from each of the two families 
were amplified via PCR using EcoRI/MseI nine primer 
combinations (Table 1—nomenclature described by Ko- 
cher et al. [17]. The fAFLP reactions were performed 
using the Applied Biosystems AFLP Plant Mapping 
Protocol Kit [18], originally derived from Vos et al. [13]. 
The genomic DNA (50 ng/µL) was digested with EcoRI 
and MseI before ligation of adaptors. Pre-selective am-
plification was carried out using adaptor-specific primers 
with a single selective base on each primer, with nine 
sets (Table 1) of site-specific MseI and EcoRI primers 
being used for the selective amplification reaction.  

The PCR condition of the pre-selective amplification: 
4 µL was taken from the diluted reaction prepared based 
on the adaptor digestion and ligation reactions and 
enriched with 1 µL of the mixture of the pre-selective 
AFLP primers EcoRI and MseI and 15 µL AFLP Core 
mix. The samples were placed in an thermocycler (Ep-
pendorf Mastercycler gradient®) initially programmed 
for two minutes at 72˚C, 20 cycles at 94˚C for 20 
seconds, 56˚C for 30 seconds and at 72˚C for two mi-
nutes, and finalizing at 60˚C for 30 minutes. Selective 
Amplification: 1.5 µL was taken from the diluted pre- 
selective reaction and 7.5 µL AFLP Core mix, 0.5 µL 
primer-AXX of the fluorescence-tagged EcoRI and 0.5 
µL MseI primer-CXX was added. After preparing the 
reactions, the samples were placed in a thermocycler 
(Mastercycler Gradiente®, Eppendorf). The amplifica-
tion started with an initial denaturing phase at 94˚C for 
two minutes, followed by 10 cycles at 94˚C for 20 
seconds, then at 66˚C (reducing one degree per cycle) for 
30 seconds and at 72˚C for 2 minutes, 21 cycles at 94˚C 
for 20 seconds, 56˚C for 30 seconds, 72˚C for two mi-  

nutes, and a final phase at 60˚C for 30 minutes. 
Each sample labeled with FAM dye was run in an ABI 

Prism 3100 Avant DNA analyzer (Applied Biosystems). 
The data obtained from each run were analyzed using the 
GENESCAN program version 3.1 (Applied Biosystems). 
The GENOTYPER program version 3.11 (Applied Bio-
systems) was used to verify the presence (1) or absence 
(0) of polymorphic loci in the electropherograms from 
the F2 populations based on the previously identified 
parent loci (1 and 2), producing a binary table.  

Dominant AFLP markers found in the genetic linkage 
analysis were named through the initial letters according 
to their fluorescence (ex: Joe, Ned and Fam), followed 
by two numbers corresponding to the combination of 
primers used in the EcoRI and MseI selective amplifica-
tion (Table 1) and three final numbers representing the 
size (in base pairs) of the marker. 

2.4. Segregation and Association Analysis 
The software GQMOL [19] was used for Mendelian se-
gregation analyses and to identify genetic linkage groups. 
This software is a computer application for the analysis 
of molecular data and their associations with quantitative 
characters. Segregation analysis was performed through 
Chi-square (X2) tests, with an established decision level 
at P = 0.01 and an obtained p value for individual tests. 

Only the polymorphic markers present in the parents 
of families 1 and 2 which segregated in the Mendelian 
proportions of 1:1 or 3:1 at P < 0.01 were considered. 
Markers that did not behave according to these expected 
Mendelian segregation ratios were discarded. The re- 
combination events were counted for every two markers  

 
Table 1. AFLP primer combinations used in PCR amplifications. 

Label used EcoRI selective bases MseI selective bases aNomenclature Kocher et al. (1998) Family G1 Family G2 

JOE AGG CAG 59 12 12 

FAM ACT CAC 42 10 1 

NED AAC CAA 01 12 13 

JOE ACG CAC 34 14 7 

FAM ACT CTT 48 8 6 

NED ACC CAG 27 5 3 

JOE AAG CAG 11 12 8 

FAM ACT CAA 41 17 6 

NED AGC CTG 55 13 3 

1:1 Markers    58 41 

3:1 Markers    45 18 

Total    103 59 
aNumbers corresponding to the identification of primer combination (Kocher et al., 1998), nomenclature used in the linkage maps and the number of segregat-
ing polymorphic loci for each family.  
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at a time in each linkage group, after which the recom- 
bination frequency was calculated and the loci were al-
located in the linkage groups according to the LOD val- 
ues obtained. Only pairs of markers that presented the 
values LOD ≥ 3 and with maximum frequency recombi-
nation equal to 30 centiMorgans (cM) were considered in 
the map, despite other values having been tested. Map 
distance in cM was calculated using the Kosambi func-
tion [20].  

The analyses of simple markers used to assess the 
presence of genes that may contribute to the variation of 
the economic traits of the L. vannamei were conducted 
using the mean of the weight and the IMN. A total of 192 
samples phenotypically evaluated were used for the as-
sociation analyses. The same loci with a 1:1 and 3:1 se-
gregation pattern, previously used to identify linkage 
groups, were subjected to ANOVA (analysis of variance). 
Analyses of simple markers were performed using the 
software GQMOL. Only allocated markers in linkage 
groups were used. 

3. RESULTS 
3.1. Inheritance of AFLP Markers and Genetic 

Linkage Analysis 
A total of 270 dominant AFLP polymorphic loci with 
sizes varying between 50 and 500 base pairs were pro-
duced with the nine EcoRI/MseI primer combinations in 
the linkage groups for family G1. The number of poly-
morphic loci generated by these combinations varied 
from a maximum of 50 for the combination ACT-CAA 
(FAM) to a minimum of 18 for ACC-CAG (NED), with 
an average of 30 polymorphic loci per primer. For the 
segregating loci, an average of 11.4 loci per primer was 
found, with a total of 103 segregating polymorphic loci 
being observed for this family (Table 1). 

The segregation analysis, performed through the “Chi- 
square” (X2) test of the software GQMOL [19], revealed 
that 104 loci were polymorphic only in either the male or 
the female parent, but only 58 of these segregated in the 
Mendelian proportion of 1:1 at P < 0.01. The remainder 
46 loci (44%) presented a deviation from the expected 
Mendelian proportion. On the other hand, 166 loci were 
found polymorphic in both parents, with 45 of these se-
gregating in a Mendelian fashion under a proportion of 
3:1 (P < 0.01). 

For the genetic linkage analysis, the 103 polymorphic 
markers that presented the expected segregation ratios 
(58 with a 1:1 segregation and 45 with a 3:1 segregation) 
were selected. Of these, 98 markers (95%) were allo-
cated to some linkage group, with the establishment of 
14 linkage groups. The number of markers distributed in 
the established linkage groups varied from a minimum of 
two to a maximum of 42 markers per group, with an av-

erage of seven markers per observed group. The length 
of the linkage groups varied from 1.70 cM to 192.78 cM, 
according to the Kosambi function. 

Additionally, a total of 188 dominant AFLP polymor-
phic loci with size variation between 50 and 500 base 
pairs were identified in the linkage groups for family G2. 
An average of 20.8 polymorphic loci per primer combi-
nation was observed, with a minimum of six and a 
maximum of 34 loci per primer. Segregation analysis of 
the markers at P < 0.01, revealed that 41 loci presented a 
Mendelian segregation of 1:1, and 18 loci presented a 
Mendelian segregation of 3:1, while 96 and 33 markers 
exhibited deviations from the 1:1 and 3:1 proportions, 
respectively. Again, the loci presenting segregation devi-
ations were excluded from the analyses. The genetic lin-
kage analysis for this family included only 59 segregat-
ing loci, resulting in four linkage groups. Forty-two 
markers (71.18%) were allocated to these linkage groups, 
with the number of markers varying from a minimum of 
3 to a maximum of 32 per linkage group. The length of 
the linkage groups varied from 28.46 cM to 183.74 cM. 
The remainder 17 polymorphic and segregating markers 
in this family were not included in any linkage group. 

3.2. Simple Marker Analysis 
The trait weight was analyzed in 192 individuals of the 
families G1 and G2. The former had an average of 13.03 
g ± 0.1391, with minimum and maximum values of 8.95 
g and 19.15 g respectively, and variance of 3.72. The 
values of G2 ranged from 6.35 g to 21.35 g and variance 
of 5.56, with an average of 14.45 g ± 0.1702. 

The phenotypic analysis for the incidence of IMN re-
vealed the presence of the disease in 19.27% (37 indi-
viduals) in the family G1 and in 34.90% (67 individuals) 
of the G2. 

The 103 and 59 polymorphic loci respectively found 
in the families G1 and G2, which presented a segregation 
ratio of 1:1 e 3:1, were used in the analysis of simple 
marker for the weight and IMN traits. Those that pre-
sented a significant association to the phenotypic cha-
racteristics assessed were detected through both analysis 
of variance (ANOVA) and linear regression (Tables 2-5). 
Analysis of variance and linear regression were per-
formed considering two treatments whose phenotypic 
averages were associated with the presence and absence 
of loci. 

The analyses detected marks associated to both traits 
investigated. In the family G1, the weight was observed 
in the regions of the markers Fam41360 until the Fam- 
41262 (totaling 40 markers) in the linkage group (LG) 1. 
Five markers were found from Joe34248 to JOE1166 in 
the LG4, Fam41157, Joe 34247 and Joe34374 in the LG5, 
and Joe34329, Joe34246 and Fam41153 in the LG 10. 
The markers Fam42231 and Ned5597, found in the  
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Table 2. Association analysis of AFLP markers with phenotyp-
ic trait (weight) in G1 family. 

Fam4897 1 17.5733** 9.0784 

Fam4179 1 16.5956** 8.6168 

Fam42319 1 17.878** 9.2212 

Joe34160 1 20.3037** 10.343 

Ned55204 1 49.6204** 21.9929 

Fam4164 1 14.982** 7.8447 

Fam4864 1 13.6707** 7.2076 

Joe34137 1 9.4556** 5.0985 

Fam4287 1 10.9655** 5.865 

Ned5565 1 10.0646** 5.4092 

Ned01406 1 15.2668** 8.3304 

Joe1177 1 8.4917** 4.8114 

Joe59421 1 9.3954** 5.2963 

Fam41262 1 11.7338** 6.5284 

Joe34248 4 8.1287** 4.8062 

Fam41159 4 4.9416* 2.9779 

Ned5564 4 5.6913* 3.4142 

Ned0170 4 5.8433* 3.5023 

Joe1166 4 11.3762** 6.5997 

Fam41157 5 5.9843* 3.2526 

Joe34247 5 6.618* 3.5847 

Joe34374 5 8.786** 4.7038 

Joe34329 10 0.0372* 2.4168 

Joe34246 10 0.024* 2.8308 

Fam41153 10 0.0163* 3.2 

Fam42231 12 0.0054** 4.2714 

Ned5597 12 0.0122* 3.4777 

 
LG12, were associated to the weight as well. 

In the family G2, nine markers (from Joe5972 to Joe- 
34137) in the LG1 (Table 2) were associated to the 
weight, as well as those in the LG2 (Ned01138 and Ned- 
0195) and LG3 (Ned0154), totaling the number of 12. 
No associated markers were found in the LG4. 

Regarding the incidence of IMN for the family G1, 
only Ned0159 and Ned2750 in the LG1, Joe11151 in the 
LG 4, and Joe5969 in the LG11 showed to be signifi-
cantly associated to the disease. As for G2, only 
Ned0166, Ned01100, Fam4864 and Ned01109 in the 
LG1 were associated. 

4. DISCUSSION 
4.1. Inheritance of AFLP Markers and Genetic 

Linkage Analysis 
The AFLP technique used here was able to generate a  

Table 3. Association analysis of AFLP markers with phenotyp-
ic trait (weight) in G2 family. 

Markers Ligation group Prob (F) R2 (%) 

Joe5972 1 7.2848** 4.0861 

Fam4187 1 7.2276** 4.1247 

Joe59180 1 5.3384* 3.0274 

Ned0166 1 21.4473** 11.1445 

Ned01100 1 4.3178* 2.4628 

Fam4864 1 6.2374* 3.3313 

Joe5974 1 5.2263* 2.9657 

Joe3483 1 5.6658* 2.9561 

Joe34137 1 6.5469* 3.4002 

Ned01138 2 5.3938* 3.0578 

Ned0195 2 8.0252** 4.4827 

Ned0154 3 8.0727** 4.5081 

 
Table 4. Association analysis of AFLP markers with phenotyp-
ic trait (IMN disease) in G1 family. 

Markers Ligation group Prob (F) R2 (%) 

Ned0159 1 4.863* 2.5886 

Ned2750 1 4.1047* 2.1938 

Joe11151 4 4.0558* 2.4133 

Joe5969 11 0.0385* 2.5239 

 
Table 5. Association analysis of AFLP markers with phenotyp-
ic trait (IMN disease) in G2 family. 

Markers Ligation group Prob (F) R2 (%) 

Ned0166 1 5.4361* 3.0811 

Ned01100 1 5.8127* 3.2875 

Fam4864 1 5.0713* 2.7255 

Ned01109 1 15.2374** 8.1817 

 
considerable number of polymorphic loci sufficient to 
genetic linkage analysis for two full-sib families of L. 
vannamei, similarly to previous studies in different 
shrimp species [4-10]. 

The average of segregating polymorphic loci per 
AFLP primer combination observed in the family G1 
(11.4) and G2 (6.5) was in the range of previously re-
ported in other shrimp species [5-7], although the differ-
ence observed between families G1 and G2 may likely 
be related to the different breeding composition of the 
two families G1 and G2.  

Among the 270 polymorphic loci identified in family 
G1, only 103 (38%) exhibited the expected Mendelian 
proportions; while in family G2, among the 188 poly-
morphic loci identified, only 59 (31%) exhibited the ex-
pected Mendelian proportions. In similar AFLP approach 
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in L. vannamei, comparable high distortion rates from 
expected Mendelian segregation ratios for AFLP markers 
were already reported [9,10]. For microsatellite-based 
maps, the proportion of markers exhibiting distorted se-
gregation ratios was less than 10% [10].  

Studies in other penaeid shrimp species using AFLP 
markers reveal fewer deviations from the Mendelian 
proportions than those found for L. vannamei. In M. ja-
ponicus, for example, a distortion rate of less than 5% 
was found [5], while in F. chinensis only 12.2% of the 
established loci presented deviations from the expected 
proportions [8]. Factors that may be responsible for dis-
tortions from the expected Mendelian segregation ratios 
are possible statistical deviations due to low sample sizes, 
genotyping errors, and factors of biological nature, such 
as physical proximity to genes related to meiotic drive 
and/or viability of genotypes after zygote formation [21]. 
Bearzoti [22] recommends that loci with segregation 
deviations be excluded from the genetic linkage analysis 
since they may significantly influence the statistical tests 
used for detecting linkage groups, thus generating biased 
results. 

The number of segregating loci identified here with 
only nine primer combinations was on average higher 
than values that have been reported for L. vannamei in 
other studies using AFLP markers. The maximum num-
ber of markers found per linkage group was also higher, 
although a lower number of linkage groups have been 
established. In contrast, if considering only LG1, the 
length of this linkage group was 192.78 cM for family 
G1 and 183.74 cM for family G2, values superior to the 
major linkage group lengths (159 cM) observed by Pérez 
et al. (2004) [9]. Larger linkage groups were obtained 
when combination of AFLP markers and microsatellites 
were used [10]. 

Fourteen linkage groups including 270 AFLP markers 
were constructed covering 350 cM for G1 and four lin-
kage groups including 188 AFLP markers were con-
structed covering 300 cM for G2. As the L. vannamei 
genome has n = 44 chromosomes [23], these fourteen 
(G1) and four (G2) linkage groups covered only part of 
the L. vannamei genome. Markers that remained un-
linked were either from the other chromosomes or from 
segments of the chromosomes that are not closely linked 
to these linkage groups. In order to have better coverage 
of the whole genome, more markers need to be devel-
oped. These linkage groups could serve as a good start-
ing point of a future mapping project, which might 
greatly facilitate the L. vannamei molecular breeding 
program. Considering the low number of primer combi-
nations used here we had a quite high level of saturation 
level in the LG1 linkage group, presenting 42 and 32 
segregating loci for the full-sib families G1 and G2, re-
spectively. This high proportion of AFLP markers con-

centrated in a single linkage group favors studies that 
aim at the identification of markers with potential to as-
sess genes controlling economically important traits in 
more precise regions of the genome [24]. 

4.2. Single Marker Analysis  

Genetic analyses of complex traits in farmed species 
require appropriate breeding and reference families with 
performance production records. This type of analysis 
has not progressed as fast as the genetic linkage map 
construction. A greater advancement has been noticed 
with fish research [25-35], and few is known in shrimp 
[8,36-38]. 

There is a great potential in the detection, characteri-
zation and the use of the loci controlling traits of eco-
nomic interest for improving the efficiency of selection 
of cultured shrimp species. The single marker analysis 
detected marks linked to genes that may influence the 
studied traits in both families. Although this type of 
analysis does not allow the estimation of the QTL posi-
tion, it constitutes an initial approach for its detection, 
because it estimates the effect of an association between 
a particular marker and the QTLs [39]. In the present 
study, the results for weight regarding both families are 
consistent. For G1, the markers Fam41175, Fam4867, 
Fam48310, Fam42341 e Ned5520 were those that 
showed higher coefficient of determination R2 (24.10, 
23.29, 22.51, 22.05 e 21.99%, respectively) and best ex-
plained the phenotypic variation of weight in L. vanna-
mei. The proportion of phenotypic variation for these 
markers ranged from 2.41% for the marker Joe34329 in 
the LG 10 to 24.10% for the marker Fam41175 in the LG 
1. Unlike G1, the other family showed only one marker 
(Ned0166) with an increased coefficient of determination 
R2 of 11.15%. The proportion of phenotypic variation in 
this family ranged from 2.46% for the marker Ned01100 
to 11.15% for the marker Ned0166 in the LG1. Similarly 
to these results, Li et al. [8] used the methods of interval 
mapping and composite interval mapping, and detected 
markers for weight in an F2 population explaining 
13.65% e 13.23%, respectively. 

There are a large number of markers in the linkage 
groups for both families, especially for the G1 which 
presented 42 markers in the first linkage group, most of 
them associated to the weight. This finding no necessar-
ily indicates the existence of multiple QTLs for this trait, 
since it may reflect the effect of linkage disequilibrium 
with the same QTL. It is important to consider that the 
estimated effects of the markers always tend to be lesser 
than the real effect of the QTL, since recombination 
events may occur between this one and the marker [40]. 

Although strong results were also obtained for the in-
cidence of IMN, the values of R2 were lower in compar-
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ison to those for the weight. Values of R2 presented by 
G1 for the markers Ned0159 (LG1), Ned2750 (LG1), 
Joe11151 (LG4) e Joe5969 (LG11) were around 2.4133%. 
The proportion of the explained phenotypic variation in 
the G2 ranged from 2.7255% for the marker Fam4864 to 
8.1817% for Ned01109, both located on the linkage 
group 1. The proportion of the phenotypic variation ex-
plained by several QTLs previously detected for different 
traits in the shrimp Penaeus japonicus ranged from 7% 
to 14.73% [8,36], regarding a number of factors such as 
studied population, trait, experimental design and the 
resolution of the map in terms of number of markers. 

The possibility of finding significant associations be-
tween specific markers and phenotype of interest in the 
F2 segregating population of L. vannamei through the 
analyses of single marks was confirmed. Thus, the out-
comes obtained in the present study are relevant for the 
species and should provide subsidies to further studies on 
the genetic improvement of L. vannamei. 
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LIST OF ABBREVIATIONS  

AFLP: Amplified Fragment Length Polymorphism 
QTL: Quantitative trait locus 
fAFLP: Fluorescence amplified fragment length poly-
morphism 
PL: Shrimp larvae 
IMN: Idiopathic muscle necrosis 
GQMOL: Software used for Mendelian segregation ana- 
lyses and to identify genetic linkage groups 
LG: Linkage group 
 


