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Role of Open Nucleus Breeding Systems in Livestock Genetic Improvement: A Review


Abstract
[bookmark: _GoBack]The Open Nucleus Breeding System (ONBS) is a genetic improvement strategy that integrates elite breeding stock within a nucleus herd and facilitates two-way gene flow with base populations, thereby enhancing genetic gain while maintaining diversity. It differs from Closed Nucleus Breeding System (CNBS) by allowing the incorporation of outstanding animals from base herds into the nucleus, which broadens the genetic base, reduces the risk of inbreeding, and improves adaptability to local production environment. ONBS is suitable for both smallholder and large-scale operations. Integration with technologies like Multiple Ovulation and Embryo Transfer (MOET) further improves genetic progress by reducing generation interval and increasing the number of offsprings from valuable females. Community based breeding programs (CBBPs) when combined with ONBS enhance farmer participation, cost effectiveness, and sustainability. Collectively, ONBS and its adaptations provide a viable pathway for livestock improvement.
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Introduction
Livestock sector plays a crucial role in India’s agricultural economy and its overall Gross Domestic Product (GDP). As per the 20th Livestock Census, India’s livestock population consists of approximately 192.49 million cattle, 109.85 million buffaloes, 74.26 million sheep, 148.88 million goat and 9.06 million pigs (Animal Husbandry Statistics Division, 2024). The livestock sector accounts for approximately 30.23% of the Gross Value Added (GVA) in the agricultural and allied sectors and 5.50% of the country's total GVA (Annual Report 2023-24, DAHD). Livestock farming in developing regions face many challenges that hinder genetic improvement. These include small herd size, communal grazing practices, unregulated breeding, and a lack of pedigree and performance records. These factors make it difficult to implement traditional breeding programs effectively. Identifying the most productive and well-adapted animals for each production environment is essential to define appropriate breeding objectives (Tesema, 2023). To address these issues, nucleus breeding programs have been suggested, where genetic improvement is centralised and managed at research stations or government farms (Terrill, 1986 and Gizaw et al., 2009).
[bookmark: _Int_DcYjnKxF][bookmark: _Int_GcvwK7UH]The primary objective of animal breeding is to achieve genetic improvement in a short time and at nominal cost to enhance productivity.While various mating systems and conventional breeding programs have contributed to advancements in livestock, the overall rate of genetic gain remains low in developing countries (Devadharshini et al.,2024). An emerging alternative to traditional systems is the cooperative group breeding scheme, where a sire breeding nucleus herd or flock is established to produce replacement sires for itself and the connected herds or flocks. Accordingly, came the concept of Nucleus Breeding Scheme (NBS). In NBS, an elite group of animals known as nucleus is established which act as primary breeding stock and later disseminated to rest of the population often called as multiplier and commercial tier. Female replacements are raised in both the nucleus and base herds, and females are transferred between the two herds in both directions (James,1977). The open nucleus breeding system (ONBS) provides an effective approach to produce and distribute known breeding values (Cunningham, 1987). Cunningham (1980) proposed ONBS as an effective approach for genetic enhancement, particularly in situations where artificial insemination (AI) and systematic record-keeping are not readily available or feasible. The ONBS is built around a nucleus herd, composed of genetically superior animals that produce breeding stock for the wider population. The offspring of these nucleus animals are chosen based on performance and genetic merit, then distributed to a larger, less-regulated population. This setup facilitates rapid genetic improvement while maintaining substantial genetic diversity (Groeneveld and Weigend, 2010).
In these systems, a group of farmers record their herds, choose the best females, and send them to a central unit to form a nucleus. This nucleus stays open for the addition of highly productive females. Selected males are used as replacements on the farms. Highest genetic improvement occurs when 5-10% of the breeding animals are kept in the nucleus. Farmers pool their best animals, with the best males used for breeding in the nucleus, while other selected males are sent to the base herds for breeding. The nucleus remains open to animals from the base herds, with the best females occasionally admitted and compared to those already in the nucleus. Usually, only females are transferred to the nucleus, as sire selection in the base herds is difficult to manage. The main advantage of the nucleus system is that the genetic quality of the sires in the nucleus is much better than what could be achieved in individual herds. These systems help improve livestock, and they can be either open or closed, depending on the direction of gene flow. (Roden 1995; Wakchaure et al.,2015)

Table1 A comparision between Open nucleus breeding system and closed nucleus breeding system
	Feature
	Open Nucleus Breeding System
	Closed Nucleus Breeding System

	Gene Flow
	Allows gene flow both into and out of the nucleus, incorporating superior animals from lower tiers into the nucleus (Shrivastava et al., 2018).
	No gene flow into the nucleus; all breeding stock is selected from within the nucleus (Shrivastava et al.,2018).

	Genetic Gain

	Higher rates of genetic gain due to the incorporation of superior animals from lower tiers (Roden,2010).
	Lower genetic gain because it relies solely on genetic variation within the nucleus (Roden, 2010).

	Inbreeding Rate
	Lower rates of inbreeding due to the introduction of new genetic material (Roden, 2010).
	Higher rates of inbreeding because no new genetic material is introduced (Shrivastava et al., 2018).

	Selection Response 
	More predictable selection responses due to the incorporation of external genetic material (Roden,2010).
	Less predictable selection responses as genetic variation is limited (Roden, 2010).

	Generation Interval
	Short generation interval, leading to faster genetic progress (Wakchaure et al., 2015).
	Longer generation interval compared to ONBS (Wakchaure et al.,2015).

	Disease Control
	May pose challenges in disease control due to the movement of animals (Wakchaure et al., 2015).
	Easier to maintain disease control as the nucleus is isolated (Wakchaure et al.,2015).

	Applicability
	Suitable for both small and large-scale farming operations, especially in developing countries (Shrivastava et al. 2018).
	Typically used in controlled environments where genetic purity is a priority (Shrivastava et al.,2018).

	Species
	Commonly used in cattle, buffalo, sheep and goat (Shrivastava et al., 2018).
	Commonly used in pigs and poultry(Shrivastava et al.,2018).




PRINCIPLE OF ONBS
Open Nucleus Breeding System (ONBS) is typically structured as a pyramid, consisting of three distinct tiers, the nucleus herd at the top, followed by multiplier herd, and commercial herd at the base, which facilitates the efficient flow of genetic improvement throughout the livestock population (Fig 1). The nucleus herd consists of high-quality breeding stock, representing 10-15% of the total breed population. These animals are chosen solely based on their breeding value. It is a group breeding program where participating breeders contribute their top females to a separate nucleus herd, where they are mated with the best available males. This structured breeding of superior females with high-quality males leads to a faster rate of breed selection and improvement than would be achieved in individual herds (Kohler-Rollefson, 2004). This tier serves as the source of replacement male and female breeding stock for both itself and the multiplier tier at the farm level, as well as the commercial tier at the field level. 	ONBS uses animals selected from both the nucleus and the multiplier population as replacement stock, which facilitates a two-way flow of genes. The multiplier herd comprises 30-40% of the breed population. It solely receives stud males, and occasionally breeding females, from the nucleus herd. The main role of the multiplier herd is to increase the genetic material of the elite animals from the nucleus herd, expanding it into larger numbers to be passed on to the commercial herds. Therefore, the multiplier serves as a replica of the original nucleus. The commercial herds are managed by smallholder farmers and accounts for 40-60% of the breed population. These herds lack high-quality animals and are therefore generated using males and females from multiplier herds, with the goal of enhancing production and genetic improvement. James (1977) and Intaratham (2003) demonstrated that in a well-designed open nucleus breeding program, the response to selection could be increased by 10-15 percent, while the rate of inbreeding could be reduced by half compared to a closed [image: ][image: ]nucleus program of the same size.
                                  Fig. 1                                                                           Fig. 2
Pyramid structure of: 1) Open Nucleus Breeding System;   2) Closed Nucleus Breeding System
Advantages of ONBS: 
i. Two-way genetic flow: Enhances diversity and prevents inbreeding by allowing genes to move between field and nucleus populations.
ii. Enhance genetic gain: The selection base gets broaden up as animals with desired traits are selected from field and introduced to nucleus.
iii. Better adaptability: Animals from local herds perform better under field conditions.
iv. Farmer participation: Farmer participation encourages ownership, trust, and long-term adoption.
v. Cost-effective: Utilizes existing livestock and infrastructure, making it more economical. Community based breeding programs also reduce operational costs.
 Challenges of ONBS : 
i. Record keeping: Requires regular and accurate data collection, which can be difficult to maintain.
ii. Coordination: Strong coordination between nucleus and base herds is essential for the system to function effectively.
iii. Risk of disease transmission : Movement of animals increases the chance of disease spread, therefore strict biosecurity and monitoring are necessary.
iv. Variation in management: Variations in nutrition, care and environment between herds can affect performance and data reliability.
v. Training requirements : Farmers, technicians, and coordinators need proper training in selection practices and data management.   
APPLICATION OF ONBS
Open Nucleus Breeding System has found various applications in Indian livestock breeding programs, demonstrating its versatility and effectiveness:
1. Genetic improvement: ONBS has been widely implemented in India for enhancing the productivity and genetic merit of various livestock species. It has been proven effective in improving economically important traits such as milk yield, growth rate, and disease resistance (Srivastava et al., 2018). This system allows for the concentration of genetic improvement efforts on a small, elite population, which then disseminates superior genetics to the wider livestock community (Wakchaure et al., 2015). 
2. Reduction of inbreeding: The open nature of ONBS allows for the introduction of superior animals from base herds to the nucleus, helping to maintain genetic diversity and reduce inbreeding (Srivastava et al., 2018). 
3. Increased genetic gain: ONBS can lead to a 10-15% increase in annual response to selection compared to traditional breeding methods (Nicholas et al., 1983). Incorporation of genomic information into ONBS may further enhance genetic gain and help reduce inbreeding, particularly when about 10% of multiplier population animals are introduced as nucleus parents under genomic or pedigree based selection (Kang et al.,2024).
4. Conservation of breeds: ONBS is being employed for increasing the population of rare and endangered breeds, serving as a tool for ex situ preservation of animal genetic resources (Shrivastava et al., 2018).
5. Cooperative breeding: ONBS has been adapted for use in cooperative breeding systems in India, where a group of breeders agree to collaborate in the breeding program. This program is particularly useful in the smallholder sector where individual herd sizes are small (Wakchaure et al., 2015).

MULTIPLE OVULATION AND EMBRYO TRANSFER WITH ONBS (MOET-ONBS)

[bookmark: _Int_5hRmxvym]In order to maximise the effect of Multiple Ovulation and Embryo Transfer (MOET), Nicholas (1980) and later Nicholas and Smith (1983), advocated the use of nucleus breeding schemes. The fundamental concept of the ONBS using MOET is to create a nucleus of elite males and females, or a few such herds, and conduct intensive selection and evaluation within these herds. Selection is made at an early age using family information (sib selection), rather than depending on progeny performance, as in progeny testing, or relying only on parental performance, as in pedigree selection (www.nddb.org). MOET is a comprehensive technique that involves superovulation, fertilisation, embryo recovery, short-term in vitro culture, embryo freezing, and embryo transfer. The benefits of MOET include increasing the offspring output from elite females, expanding the gene pool of rare or endangered breeds or species, supporting the ex-situ conservation of endangered populations, enabling progeny testing of females, and enhancing the rate of genetic progress in breeding programs (Rege, 1995).

[bookmark: _Int_8HUrbMTG][bookmark: _Int_hhWPeYoG][bookmark: _Int_DgkFzV11]While the accuracy of selection in sibling testing is lower compared to progeny testing, the advantages of reducing the generation interval compensate for the loss in accuracy. In a well managed ONBS, genetic responses can be as high as those in conventional progeny testing programs. Since selection and testing occur within a herd under controlled conditions, there is greater control over selection intensity, generation interval, and accuracy. The increased genetic response in these systems primarily results from the reduced generation interval, despite less precise selection. These schemes require fewer records than conventional breeding programs and could potentially eliminate the need for costly progeny testing. (Wakchaure et al., 2015)
TYPES OF MOET-NUCLEUS SCHEME
1. Juvenile MOET Scheme
In this scheme, the dam and sire are selected at an early age, before their first breeding, based on not only the information of the dam (including records of her dam, full siblings, and half siblings) but also the sire (including records of his dam, full siblings, and half siblings). The generation interval in this scheme is reduced to just 2 years (Nicholas and Smith, 1983). The primary advantage of the juvenile MOET scheme is its ability to accelerate genetic gain. Studies have shown that genetic gain under this system can be up to 79.5% higher than conventional progeny testing programs. Additionally, it enables early progeny testing for harmful recessive genes and allows for the production of offspring from elite cows that may have health issues preventing natural reproduction. In India, this scheme has been implemented in dairy cattle breeding programs at institutions like ICAR-National Dairy Research Institute (NDRI), Karnal, achieving annual genetic gains of 51.07 kg for milk yield (2.856% of herd mean), which is substantially higher than traditional methods (Gandhi et al., 1998).

2. Adult MOET Scheme
In this scheme, bulls and cows are selected after their first lactation record. The selection criteria for males and females differ. Males are chosen based on the records of their full siblings, half siblings, and dams, while females are selected based on the records of their full siblings, half siblings, dams, and their own lactation performance. The generation interval in this scheme is longer than that in the Juvenile MOET Scheme, at 3.75 years (Nicholas and Smith, 1983).  Adult MOET schemes are particularly effective in maximizing genetic gain in traits with moderate to high heritability. For instance, the expected genetic gain per year under adult MOET schemes has been reported as 61.10 kg for milk yield (3.417% of herd mean), which is 114.76% higher than gains achieved through conventional progeny testing (Gandhi et al., 1998).
3. Hybrid MOET Scheme
Females are selected based on their first lactation record, while breeding males are chosen based on progeny testing results. The generation interval in this scheme falls between that of the first two schemes (Nicholas and Smith, 1983) . This scheme combines elements of both Juvenile and Adult MOET systems to balance the advantages of reduced generation intervals and increased selection accuracy. This hybrid strategy allows breeders to achieve faster genetic progress while maintaining high accuracy in selection. It also provides flexibility in breeding programs by enabling the inclusion of both juvenile and adult animals as donors or sires. Hybrid MOET schemes have been successfully implemented in various livestock species, including dairy cattle and sheep, where they have demonstrated significant improvements in milk yield, growth traits, and disease resistance (Gandhi et al., 1995; Granleese et al., 2015).

COMMUNITY INVOLVEMENT IN NUCLEUS BREEDING 

Community based breeding programs (CBBPs) have emerged as a dynamic extension of ONBS, particularly suited for small holder and low-input production systems. Unlike traditional ONBS, which are centrally managed by institutions or the government, CBBPs empower local farmers and their community to take a participatory role in setting breeding objectives, recording performance, and selecting superior breeding animals collectively, ensuring that improvements are adopted by the community itself (Wurzinger et al., 2021). When integrated with ONBS, elite animals from CBBP-managed flocks can be introduced into the nucleus, and the improved germplasm can be returned to the communities, thereby providing cumulative genetic gain (Kahi et al.,2004). Participatory approaches resolve many challenges faced by traditional ONBS, such as collection of accurate records, following breeding protocols and regular use of the improved sires in villages. This collaborative effort encourages knowledge sharing and helps in capacity building. The success of these programs relies heavily on community engagement, cooperation, regular training and alignment of breeding activities with the market demand (Haile et al., 2023). Several programs have shown that CBBPs can grow successfully from small pilot groups to broader population-wide genetic improvement programs (Mueller et al., 2023). Recent initiatives further enhance the effectiveness of CBBP by integrating genomic selection and reproductive technologies to accelerate gains and also focus on gender inclusive approaches and market oriented objectives (Hunde et al.,2024). Despite these advances, CBBPs face many challenges with reliable record keeping, consistent funding, and maintaining long term farmer motivation (Kosgey, 2004). Overall, CBPP stands out as a sustainable, cost-effective and inclusive strategy for genetic improvement, helping translate ONBS principles into community led improvement (Weldemariam et al.,2021).

CONCLUSION
The Open Nucleus Breeding System (ONBS) is an effective strategy for improving livestock, as it allows breeders to maintain genetic diversity while also incorporating superior genetics from elite animals. This system allows for intensive selection, performance recording, and controlled mating to maximize genetic gain. This approach is essential for the long-term sustainability and resilience of breeding programs. ONBS facilitates collaboration among breeders by providing a structured method for sharing genetic resources and knowledge. This collective effort accelerates genetic improvements and ensures that a wider range of producers can benefit from advanced breeding technologies. The integration of MOET and CBBP further enhances the ONBS by increasing the number of offspring produced by top-performing females, while also encouraging farmer participation. This combination allows breeders to spread desirable traits quickly and efficiently across the population.

By expanding the use of the Open Nucleus Breeding System, the livestock industry can better address modern challenges and produce high quality animals. Future research should focus on making these breeding methods more accessible and effective for a broader range of breeders. Ultimately, the ONBS is a powerful tool for advancing livestock breeding and meeting the demands of a growing global population.
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