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Basic tilapia genetics





 	We are at an early stage in the genetic domestication of tilapia.  During the approximately 40 year history of intensive culture, the genetic resources of tilapia have been poorly managed.  The genetic problems now manifesting themselves are of several kinds.  First is the loss of pure species through mismanagement of interspecific hybridization (McAndrew 1993), a technique which has been used to produce all-male fry which have a higher growth rate in production systems (Hickling 1960; Hulata et al.1983).   One popular commercial strain is thought to contain genes from as many as four species (McAndrew et al. 1988).  A second problem is high levels of inbreeding depression.  Primary collections of wild broodstock frequently consisted of a small number of individuals.   These were serially distributed, so that genetic problems have been passed from country to country, and farm to farm.    Eknath et al. (1993) compared four strains farmed in the Philippines with four strains newly isolated from wild populations in Africa.  The best performing strains were those most recently isolated from nature, consistent with the idea that domesticated strains suffer from inbreeding depression (Tave and Smitherman 1980;  Hulata et al. 1986;  Teichert-Coddington and Smitherman 1988).  A survey of 18 microsatellite DNA markers in several commercial strains found some strains with heterozygosities less than 10% of that found in wild strains (Kocher et al., unpubl.).  In addition to inbreeding, it is likely that negative selection for growth rate has occurred during the propagation of many stocks.  Finally, there is evidence for contamination of genetically improved strains by introgression from feral species (Macaranas et al. 1986).   


	 In recent years attention has focused on a single species, O. niloticus, and research has begun to overcome some of the main problems associated with farming this species (Pullin and Capili 1988; Tave 1988). Large scale genetic improvement programs have been established for O. niloticus in Asia (Eknath et al. 1993) and genetic methodologies to control sex have now resulted in the reliable production of all-male fry to help overcome the problems associated with excessive fry production in on-growing ponds (Mair et al. 1995). Future research will aim to improve the performance and expand the environmental tolerance of this species into areas of lower temperatures and higher salinities. These developments will require a greater use of genetic markers for the management of broodstock, identification of loci controlling quantitative traits (QTLs) and the development of superior strains through marker-assisted selection. Development of tilapia breeds is at a point where tremendous gains could be made with a relatively small technical input. 





Tilapia genome project





	To support genetic improvement of tilapia, an international effort has begun to compile a map of the O. niloticus genome (Kocher, 1997). Until recently, only a few genes had been mapped in tilapia.  Hussain et al. (1994) used meiotic gynogens (diploid progeny produced by suppression of the 2nd meiotic division) to map gene-centromere distances for six allozyme loci and two color loci. The karyotypes of the various tilapia species are highly similar, consisting of 22 pairs with no morphologically distinct sex chromosomes.  In fact only two pairs are recognizable, the remaining 20 being similar in size and acrocentric morphology (Majumdar and McAndrew, 1986).  At the molecular level,  the genome size of several species has been measured at around 1pg (1,000Mb), about one-third the size of many mammalian genomes.


	  Recent work has focused on mapping DNA polymorphisms, including microsatellites (e.g. Lee and Kocher, 1996) and anonymous fragment length polymorphisms (AFLPs; Vos et al. 1996).  These markers are highly polymorphic, and easily scored from small tissue biopsies (e.g. fin clips).  We have recently completed a first genetic linkage map for a tilapia (Oreochromis niloticus) (Kocher et al., 1997). The segregation of 62 microsatellite and 112 AFLP polymorphisms was studied in 41 haploid embryos derived from a single female.  We have identified linkages among 162 (93.1%) of these markers in a map which spans approximately 700 centimorgans.  We anticipate that the final length of the genetic map for this species will be just over 1000 cM.


	This linkage map is complete enough to begin mapping genes responsible for production traits.   For example, if we wanted to combine genes from two strains to produce a superior line, we might hybridize the strains and use the DNA markers to track the segregation of chromosomal segments in the F2 progeny.  Desirable genes could be tracked and selected using linked DNA markers from the map.


 


Transgenic tilapia





	Another approach to genetic improvement is the insertion of new genes or gene constructs into the genome (transgenics).  Many of the technical hurdles in the production of transgenic animals have been surmounted, and the introduction and expression of foreign genes is becoming routine.  At least two groups have produced introduced additional copies of the growth hormone gene into tilapia and found an enhanced growth response (Martinez et al. 1996; Rahman et al. 1997).  It is not yet clear whether these insertions are stable over many generations, or what additional effects they may have on the physiology of the animal.  To be useful, these constructs will have to be carefully maintained in a selective breeding program.  Application of this technology to other


production characteristics awaits the identification of genes responsible for these traits.
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