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INTRODUCTION 

ith the world's population 

expanding quickly, there is a 

greater demand for aquaculture in 

terms of food and nutrition. When compared to 

other crops and livestock, the fisheries sector is 

in its infancy and is a relatively high-risk sector. 

The main threat is a decrease in the production 

of high-demand fishes, as well as disease 

outbreaks, which result in a high mortality rate 

and a loss of value for the fish product. 

However, technology has advanced and various 

applications of scientific technologies have 

been suggested, which has rapidly increased the 

various production technologies. Still, new 

ideas are needed to address production barriers 

and support long-term growth in aquaculture. 

Surrogate broodstock technology aids in the 

production of high-value species in a short 

generation period by overcoming this 

production barrier. In humans, gestational 

surrogacy is commonly used when a woman 

has difficulty conceiving naturally. Male and 

female gametes are transferred to the uterus of 

another female (surrogate mother). Surrogates 

were used in fish to produce more offspring of 

the donor. 

Surrogate Broodstock Technology 

Surrogate broodstock technology uses sterilised 

recipients fish to produce gametes derived from 
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ABSTRACT 
Surrogate broodstock technology uses substitute individuals to produce young of other 
species using PGC and Gonical cells collected from donor fishes and intraperitoneally 
injected into recipient larvae or adult ones known as surrogate. The viability and density of 
PGC and Gonical cells are checked for better selection. A novel method for producing more 
donor fish species by using a recipient one. It speeds up the breeding process and closes the 
donor's generation gap. A quick and easy way to have more young ones using the surrogate 
method without causing any generational or genetic issues. 
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donor species germ cells. The term "surrogate" 

means "substitute," and "broodstock" refers to a 

group of mature individuals used for breeding 

and producing eggs. The germ cells derived 

from donors are transplanted into a substitute 

broodstock fish known as a recipient. This 

technology is widely used in aquaculture to 

produce desired donor gametes from recipient 

species. It primarily facilitates the 

transplantation of gonadal cells from the testis 

or ovary, which will eventually become sperm 

or eggs. The most important aspect of this 

method is that the gametes produced are based 

on the recipient's sex rather than the donor's. 

 

Figure 1. Surrogate broodstock technology: 

Isolation and enrichment of the precursors 

of germ line stem cells (Primordial Germ 

cells) and transplantation of Germ line cell 

Primordial Germ Cells (PGC) 

Precursor cells or primary undifferentiated cells 

are primordial germ cells. It is a highly potent 

natural substance that can differentiate into 

sperm and oocytes. During embryogenesis, it 

will migrate into the rudimentary basis of 

gonadal anlagen. PGC produces pluripotent 

germ cells in culture. PGC cells obtained from 

the donor are produced in very limited 

quantities by the fish and are cryopreserved. 

PGC cells are manually collected and labelled 

from donor fish. Microinjection of derived 

donor stem cells into recipient larvae's 

abdominal cavity. Intraperitoneally 

transplanted germ cells migrate to the 

recipient's genital ridges, where they are 

incorporated and the process of oogenesis and 

spermatogenesis begins. Because the immune 

system in larvae is weak, PGC cells cannot be 

rejected by the larvae whether the donor is 

allogeneic or xenogeneic. The production of 

gametes is determined by the recipient sex 

rather than the donor germ cells. When female 

donor stem cells are injected into a male 

recipient, male gametes are produced. When 

male donor stem cells are injected into a female 

recipient, female gametes are produced. When 

rainbow trout cells were transplanted into a 

wild-type masu salmon, the masu salmon 

recipients produced rainbow trout and masu 

salmon gametes at the same time. Furthermore, 

by transplanting germ line stem cells derived 

from diploid rainbow trout into triploid sterile 

masu salmon, it was possible to create a masu 

salmon that produced only rainbow trout 

gametes. 

Gonical Cells 

Gonical cells have the ability to differentiate 

into two distinct cells. They are superior to PGC 

because they can be obtained in large quantities 

from donors and are much easier to maintain in 

cryopreservation than primordial germ cells. 

Gonical cells either produce spermatogonia or 

oogina. Another method is to directly transfer 

spermatogonial or ooginal cells into the 

recipient's empty gonads using gonical cells. 

One method is to transfer the foreign substance 

to the abdominal part of the larvae using 

microinjection because the larvae have very 

low immunity and are unable to eliminate the 

foreign substance from their bodies. Another 

option is to transfer the cells to adult recipients. 

Because the recipient gonads are fertile, it must 

first be sterile. The recipient gonads are 

sterilised using Busulfan and heat. This method 

entails continuously rearing selected recipient 

fishes in water temperatures ranging from 30° 

to 32° C. Busulfan is a chemotherapy drug that 

is a nonspecific alkylating agent that is injected 

into the fish based on body weight and results 

in significant loss of germ cells after two weeks. 

The recipient male's testes shrink, and the 

female's ovary shrinks as well, except for a few 

sections that show oogina. Another 

disadvantage of PGC is the labelling procedure, 

but labelling is not always required in gonical 
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cells. These gonical cells are collected from the 

donor tested and ovaries without labelling 

based on physiochemical and biochemical 

properties such as size, density, and specific 

receptors. The most common methods for 

enriching gonical cells are enzymatic methods 

and gradient centrifugation. Both methods are 

used to eliminate somatic cells that have mixed 

with gonical cells. The gonads are dissociated 

in the enzyme and a filtrate is used for 

suspension in which the pore size is larger than 

the somatic cells and smaller than the gonical 

cells in the enzymatic method, which is the 

most used method. It is the most basic method 

of transplantation and has a high success rate. 

Gradient centrifugation is the second most used 

method for gonical cell enrichment. Light 

scattering and cell sorting are two additional 

methods for cell enrichment. 

Future perspectives 

In terms of aquaculture, some fish have very 

high market values, but the generation period or 

maturation time may be excessively long or 

may involve a very laborious process in the case 

of hormone-induced breeding. Surrogate 

broodstock technology, for example, can be 

very useful in producing new generations in a 

short period of time. Some fishes may have a 

longer time for producing larvae than others. 

For those fishes with a shorter time for 

producing larvae, continuous mating fishes can 

be used. By using this method, two things can 

be accomplished: (i) breeding can be 

accelerated by increasing mating efficiency, 

and (ii) breeding can be accelerated by reducing 

the generation period. Cryopreservation, which 

is also a method of species conservation, is used 

to collect and store the cells. It is an easy way 

to produce desired offspring. This technology  

 

can also be used to improve breeding and 

production through genome editing. No animal 

is sacrificed in this technique; instead, the 

recipient gonads are sterilised. 

CONCLUSION 

Surrogate broodstock technology not only 

increases the production of high-value fish 

species, but it can also conserve and increase 

the production of other fish species. It 

contributes to meeting global food and 

nutritional demands for an expanding 

population, as well as being an alternative 

breeding technique for fishes that cannot 

produce larvae through hormonally induced 

methods. 
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