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Ovary development in female triploid shrimp was delayed

Gravid fleshy shrimp. Test animals were made sterile by triploid
treatment.

Compared with other shellfish and fish, research on chromosome manipulation in shrimp has progressed very slowly
due to the shrimp’s particular reproductive characteristics. However, during the last decade, the authors carried out a
series of studies on polyploid induction in fleshy shrimp in China. Fleshy shrimp (Fenneropenaeus chinensis) are one
of the most important commercial shrimp species in the country.

Polyploid organisms or cells have more than twice the haploid number of chromosomes. Haploid refers to a single
set of chromosomes — half the full set of genetic material — present in the egg and sperm cells of animals.
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Triploids were produced successfully through physical or chemical treatments, and many batches of triploids have
grown to maturity. The reproductive characteristics of triploid shrimp were also studied in detail.

Triploid testing

In the studies, gravid shrimp were obtained from wild populations in the Yellow Sea. These shrimp were maintained in
large fiberglass tanks where the photoperiod was controlled to induce animals to spawn during the day. When the
animals began to spawn, they were removed and placed into 20-liter containers with seawater in order to gather the
fertilized eggs.

The eggs were treated to inhibit polar body | or polar body Il with heat shock or 6-dimethylaminopurine (6-DMAP), a
reversible inhibitor of the transition to metaphase during the first meiotic cell division. Flow cytometry was used to
detect ploidy at the nauplius stage. Hatched larvae were reared following standard methods, and postlarvae were
then grown to adults.

During the grow-out, 20 shrimp were collected each month from mid-August to December to determine their ploidy by
flow cytometry and select triploid shrimp. The gonads of the experimental animals were dissected out and fixed in
Bouin solution for histological study. To observe the morphology of the sperm in triploid shrimp, sampled vas
deferens was fixed in 2.5 percent glutaraldehyde buffered with filtered seawater for scanning electronic microscope
study.

Normal growth, reproduction inhibited

Triploid shrimp were successfully induced by heat shock or 6-DMAP. The highest triploid level at the nauplius stage
reached more than 90 percent. Triploid larvae were able to smoothly pass through various developmental stages and
grow normally.

The ovaries of triploid shrimp were much smaller than those of diploid animals at the same stage. The lobes of
triploid ovaries were thinner and narrower than those from normal, diploid animals.

Histological studies showed that the germ cells in the ovaries of triploids remained mainly at the oogonia stage, even
until the end of December. Very few oocytes were observed in individual ovaries sampled during November and
December (Fig. 1). As the triploid shrimp grew out, some germ cells in the ovaries showed a degraded appearance.

Fig. 1: Histological sections of diploid and triploid shrimp

ovaries. Left: Diploid shrimp ovary shows ovarian lobes filled with
primary oocytes (po). Right: Triploid shrimp ovary shows ovarian lobe
with a primary oocyte. Other germ cells are oogonia (og). Some
oogonia stage cells had a degraded appearance (arrow).

Spermatogonia, primary spermatocytes, and secondary spermatocytes were observed in the testes of triploid shrimp.
In some testis lobes, sperm cells were observed sporadically, but the amount of sperm was much less than that in
diploid shrimp at the same stage. There were some sperm in the vas deferens and spermatophores of some of the
triploid shrimp, but their size was different from normal animals’ sperm.
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Under the scanning electron microscope, the sperm in vas deferens of triploid shrimp showed different morphology
than normal sperm from diploid shrimp. The sizes of normal sperm in the diploids were homologous, and the tapering
spikes of the sperm were very apparent. However, in triploid shrimp, the sperm size varied and no spike appeared on
these sperm (Fig. 2). The data indicated that triploid shrimp could produce sperm, but all the sperm were abnormal.

wW

Fig. 2: Scanning electron microscope pictures of diploid and triploid
sperm in vas deferens. Left: Transverse section of vas deferens of
diploid shrimp shows haploid sperm with spike (arrow). Right:
Transverse section of vas deferens of triploid shrimp shows different
sizes of sperm without spike. s = small sperm, | = large sperm.

There were more female shrimp than males in the triploid population, with the female:male ratio close to 4:1. The
study results provided evidence that triploid shrimp are sterile and do not represent a threat to wild shrimp
populations.

Conclusion

Triploid fleshy shrimp can be produced by heat shock or 6-DMAP to a level over 90 percent and cultured to adults. In
tests, ovary development in female triploid shrimp was delayed. A small amount of sperm was found in male triploid
shrimp, but its morphology was abnormal.

(Editor’s Note: This article was originally published in the February 2004 print edition of the Global Aquaculture
Advocate.)
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