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INTRODUCTION 
The domestication and genetic improvement of farmed prawns has been relatively slow 
compared to that of many other aquaculture species and most terrestrial livestock. Reasons for 
slow uptake of genetic technologies to improve the productivity of prawn species include ready 
availability of wild broodstock and post-larvae, barriers in the production of juveniles due to a 
lack of understanding of prawn reproductive biology, and perceptions of low potential for 
genetic gain. However, recent concerns about disease outbreaks and the recognition that 
reliance on wild broodstock for production is risky has led to increased efforts to domesticate 
various prawn species worldwide. Along with domestication comes the opportunity to increase 
the productivity of prawn farming through genetic improvement.  
 
One prawn species farmed in Australia where the technology of production is sufficiently 
advanced to allow implementation of a genetic improvement program is the Kuruma prawn, 
Penaeus japonicus. This species occurs naturally throughout the coastal waters of the Indo-
west Pacific and is commercially farmed in Southeast Asia and Australia. Currently the 
Australian Kuruma prawn industry is valued at over AU$10 million dollars. The profitability of 
this relatively small industry is strongly dependent on the cost of production and as a 
consequence the species is well suited to a genetic improvement program as a method to boost 
production efficiency. Preliminary studies on the response to selection for growth rate in the 
Kuruma prawn have indicated responses as high as 10.7% per generation, even with modest 
intensities of selection (i.e. 29%) (Hetzel et al., 2000). 
 
Like all crustaceans, Kuruma prawns grow by shedding their exoskeleton. Shedding of the 
exoskeleton means that the prawns do not retain the external identification tags routinely used 
to identify fish and molluscs. Several internal markers are available (e.g. elastomer dyes, 
passive transponders). However, they can not be utilised if the breeding program is run in 
conjunction with commercial production, as insertion of tags renders the end product 
unsaleable. Additionally, Kuruma prawns are usually stocked into ponds as post-larvae (~2 mm 
in size) making them nearly impossible to tag. Maintenance of reliable pedigree information is 
one of the most significant barriers to the development of a breeding program for this species. 
 
Parentage inference using highly polymorphic codominant genetic markers is becoming 
increasingly common in aquaculture genetic improvement programs as a way to maintain 
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pedigrees (e.g. Garcia de Leon et al., 1998; Norris et al., 2000). The use of DNA markers such 
as microsatellites allows progeny from different families to be communally stocked together 
and retrospectively assigned to their family of origin, provided parental genotypes are known. 
There is no requirement to mark or segregate the progeny before stocking into the ponds. This 
means that microsatellite markers can be used to determine family groups in commercial 
breeding programs.  
 
Before a selective breeding program commences for the Kuruma prawn it is necessary to 
predict how many microsatellite markers will be required to confidently assign parentage to 
progeny. Information on population allele frequencies for eight microsatellite loci are available 
for this species (Moore et al., 1999) and this information, coupled with the computer 
generation of two new loci were used in simulations to predict the confidence of parental 
assignment of progeny resulting from a hypothetical breeding population of 180 potential 
parents. 
 
MATERIALS AND METHODS 
Simulations were based on hypothetical parent and offspring genotypes. Firstly parental 
genotypes were generated using the program GENE.PY and were based on allele frequency 
information in experimental Kuruma prawn populations held at CSIRO Marine Research, 
Cleveland. In total, allele frequency data for eight microsatellite markers (Moore, et al., 1999) 
were used in the simulations. Additionally, two hypothetical microsatellite markers were 
generated to bring the total number of markers available for parentage assignment to ten. Once 
parental genotypes had been generated one potential male parent was designated as the sire of a 
family group and offspring genotypes were created based on sire and dam genotypes.  
 
The assumptions made in all simulations were that the breeding program consisted of the 
mating of 30 dams to any one of 150 candidate sires. This assumption was based on a proposed 
breeding program where females are each mated in tanks containing up to five males. To 
mimic an actual selection program 300 progeny (10/family) from the matings were selected to 
be genotyped at the 10 microsatellite loci. These 300 progeny were taken to represent the 
fastest growing individuals in the pond population and would constitute the broodstock for the 
next round of selection. Parentage assignments were conducted using CERVUS 2.0 (Marshall, 
et al., 1998) based on 10000 simulation cycles with a rate of typing error set to 0.005. 
Assignment to parents was performed in a two-step analysis, with the maternal parent 
determined from the pool of 30 candidate mothers and then the paternal parent drawn from the 
pool of 150 candidate fathers. Allocation success to the correct parents of progeny was 
determined by comparing the parents allocated by CERVUS to those of the correct known 
parents. 
 
RESULTS AND DISCUSSION 
Summary statistics for the 10 markers used in the simulations are given in Table 1. The 
microsatellite loci used in the simulations ranged from being low in polymorphism (k = 6) to 
highly polymorphic (k = 24). On average there were 13 alleles per locus which translated into 
an average polymorphic information content of 0.744. Theoretical parentage exclusion 
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probabilities based on the genotypes of the first and second parent were 0.998 and 0.999 for the 
ten loci respectively.  
 
Table 1. No of alleles (k), expected (HE) heterozygosities, polymorphic information 
content (PIC), and probabilities of exclusion based either on the genotype of one parent 
known (Excl 1) or no parents known (Excl 2) for 480 Kuruma prawns genotyped at 10 
microsatellite loci. 
 

Locus k HE PIC Excl 1 Excl 2 
CSPJ002 12 0.868 0.853 0.575 0.732 
CSPJ005 24 0.905 0.899 0.689 0.815 
CSPJ003 22 0.801 0.783 0.466 0.642 
CSPJ010 14 0.871 0.857 0.587 0.741 
CSPJ012 15 0.797 0.770 0.437 0.613 
CSPJ014 6 0.562 0.479 0.163 0.285 
CSPJ015 6 0.510 0.448 0.135 0.267 
CSPJ008 14 0.743 0.714 0.368 0.548 
Simloci1 9 0.834 0.812 0.500 0.670 
Simloci2 10 0.844 0.826 0.525 0.691 
Average 13 0.774 0.744 0.445 0.600 

 
Simulations demonstrated that 10 loci are required to assign 95% of progeny to both parents, 
with allocation success highly dependent on the number of loci used (Figure 1). For example, 
allocation success for the maternal parent ranged from 11% with one locus to 99.7% if ten loci 
were used. Likewise, correct assignment to the paternal parent ranged from 0% to 96.7% with 
10 loci. Correct assignment to the maternal parent required fewer microsatellites than did 
assignment to the paternal parent, obviously due to fewer potential candidates to chose from in 
the maternal parent.  
 
Reliable assignment of progeny to their correct parents is critical to the success of a family 
based genetic improvement program. An ability to identify the family of origin of selected 
progeny allows the rate of inbreeding to be controlled by preventing consanguineous matings. 
Like many aquaculture species with high fecundities, Kuruma prawns may be very susceptible 
to inbreeding.  This is because a single prawn mating can produce upwards of 100 000 larvae.  
If only a small portion of prawns are selected and retained from a selective breeding program it 
is very likely that the retained stock originate from one or two of the best performing prawn 
families in the breeding program. Therefore pedigree information is crucial to prevent 
reductions in potential genetic gains through long-term inbreeding. The results reported in this 
paper demonstrate that for a breeding program comprising 30 families derived from potentially 
150 fathers at least seven microsatellite loci are required to assign maternity and nine loci to 
assign paternity with a confidence of 95%.  
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Figure 1. Assignment success of Kuruma prawn progeny to correct dam and sire. 
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