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Introduction 
The demand for animal products in developing countries is growing at an 

unprecedented rate due to a combination of factors, including steady 

population growth, diffuse urbanization and rising levels of family incomes (

Steinfeld et al., 2006 ; Rothschild and Plastow, 2014 ). Environmental 

constraints, at present and expected to occur with climate change, are 

particularly severe in developing countries and require a new balance 

between adaptation and productivity, as compared to breeding programs in 

temperate countries where environment is usually better controlled 

Consequently, the two main features to consider for animal breeding in 

developing countries are (i) the need for more balanced selection objectives, 

and (ii) the interest of crossbred or composite populations, to combine 

adaptation and production ability in various environments ( Rege et al., 2011

). 

The aim of this paper is to analyze, through a pilot case, how genomics can 

be used to set up novel breeding programs matching the specific needs of 

developing countries. 

Part 1: Current Contribution of Genomic Information to 
Animal Breeding in Developing Countries 
New Knowledge Brought by Genomics 
Genomics has already greatly improved our knowledge of animal genetic 

resources in developing countries. Many studies were initiated with 

microsatellite markers and are now extended to high density (HD) SNP 

markers sets and whole genome sequencing, as illustrated in goats (
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Ajmone-Marsan et al., 2014 ). All studies regularly observed higher genetic 

diversity in local populations of developing countries for all livestock species 

( Groeneveld et al., 2010 ), including cattle ( Kim et al., 2017 ). These studies

also made possible the identification of introgression events from exotic 

breeds and showed that original local populations were still present, thus 

constituting a genetic resource for animal breeding in developing countries. 

Analysis of HD SNP data sets on local populations could detect selection 

signatures associated with adaptation to harsh conditions, mainly those of 

tropical countries exhibiting hot conditions and pathogens pressure ( Gautier

et al., 2009 ; Perez O’Brien et al., 2014 ; Taye et al., 2017 ). Thus, selection 

objectives for breeding in developing countries should not be directly copied 

from what is applied in temperate countries, even for production systems 

when environmental conditions can be controlled. 

Although molecular data significantly improve our knowledge of animal 

genetic resources in developing countries, they do not benefit yet to 

breeding programs in these countries. Classical selection requires an 

elaborate multi-step breeding program, including pedigree recording, 

phenotyping and breeding value estimation, which is particularly difficult to 

organize in a developing country. Could molecular data change the picture? 

Making Use of Molecular Data by Genomic Selection in Ruminants 
Genomic selection has completely changed the organization of selection in 

dairy cattle ( Boichard et al., 2016 ). The possibility of using a whole-genome 

set of markers to improve the accuracy of breeding value prediction was first

described by Meuwissen et al. (2001) . It consists in using a set of genotyped

and phenotyped animals, called the reference population, to estimate 
https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/



 Genomics for ruminants in developing cou... – Paper Example  Page 4

marker-phenotype association which makes possible to predict the breeding 

value of a calf without the need for progeny testing (PT), thereby reducing 

generation interval and cost of testing. Key factors of success are the size 

and the design of the reference population and the access to an informative 

SNP chip suited to the population ( Boichard et al., 2016 ). Moreover, at least 

in theory, a higher number of bulls can be proposed to farmers and the 

management of genetic variability within a breed can be better monitored. 

Here, genotypes can replace pedigree recording and the set-up of a breeding

program may start on a new basis, as compared to mandatory pedigree 

recording, often a limiting factor in developing countries. 

Such a concept was tested on a real data set of 1, 013 dairy cows in Kenya, 

which exhibited various degrees of crossbreeding with exotic breeds ( Brown 

et al., 2016 ). A principal component analysis based on SNP data showed 

that individuals could be clustered in three groups according to the 

proportion of exotic breeds, with a reference and a validation data set for 

each group. The accuracy of genomic prediction (measured as the 

correlation between milk yield deviation and genomic breeding value) 

ranged from 0. 32 to 0. 41 with GBLUP and from 0. 28 to 0. 39 with BayesC 

with no significant difference of performance between the two methods. 

Considering that pedigree recording was totally missing, this approach opens

the way to the set-up of a breeding program but limitations were identified 

regarding the cost of genotyping and the collection of more phenotypic data.

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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Part 2: Implementing Genomic Selection in Developing 
Countries: a Case Study in India 
In this section, we use the example of BAIF Development Research 

Foundation 1 , a large Indian NGO, as a pilot case to describe examples of 

constraints and challenges faced when developing a large-scale dairy cattle 

breeding program in tropical conditions. For 50 years, BAIF’s main mission 

has been to provide sustainable livelihood to Indian smallholder dairy 

farmers, in particular by promoting genetic improvement of “ non-descript” 

low yielding cattle (and also buffaloes, but they are not considered here). 

This is carried out through artificial insemination (AI) using frozen semen 

technology. 

Characteristics of BAIF’s Selection Program 
BAIF was one of the pioneer organizations to introduce AI crossbreeding of 

cows with “ exotic” Bos taurus bulls (Holstein and Jersey) in India, which now 

contributes to more than 50% of the country’s milk production. It expanded 

to such a point that in 2016, BAIF’s semen stations produced 12. 5 million 

doses of semen from: (i) purebred “ exotic” Holstein and Jersey bulls born in 

BAIF’s bull dam nucleus herd which was created about 40 years ago from 

heifers imported from Canada and Denmark; (ii) purebred indigenous Bos 

indicus bulls, mainly of Gir and Sahiwal breeds which have a greater milk 

production potential, but also of other local (draft) breeds for the purpose of 

genetic resources conservation; (iii) crossbred bulls exhibiting a range of 50–

75% exotic blood. 

About 4, 500 BAIF AI technicians, each covering 12–15 villages, provide AI at 

the doorsteps of poor families as well as basic guidance on animal nutrition, 
https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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health, and management. BAIF is currently serving over four million rural 

households in 16 states all over India (roughly excluding the extreme South, 

North, and East states) with very diverse agro-climatic conditions, in terms of

temperature, water resources, farming systems and production constraints. 

The most striking common feature is the very small herd size (<2). 

Initial Selection Practices 
Since 1994, BAIF has been part of a field PT program run by the Indian 

Council of Agricultural Research (ICAR). Under this program, phenotype 

recording is only on milk yield and is quite costly given the herd size: each 

cow is recorded every 14 days, in order to obtain an accurate lactation yield. 

Recording takes place mostly in Maharashtra villages with a long experience 

with BAIF. Unfortunately, up to 70% of the records are lost, mainly because 

of unknown sire, animal identification errors or transcription mismatches 

when entering information in the database. As a result, only a small fraction 

of all BAIF Holstein and Holstein crossbred bulls have been progeny tested. 

The best PT bulls have been used as sires of sons and in the most productive

villages, which are also the ones that have practiced crossbreeding for the 

longest time. In practice, non-progeny tested bulls as well as bulls waiting for

PT results have to be used continuously (no lay-off period). Therefore, PT, 

which has made dairy cattle selection so efficient in many countries, is just 

costly, inappropriate, and quite ineffective under Indian conditions. Clearly, 

the main bottleneck for a more ambitious bull selection based on PT was, 

and still is, the implementation of low cost, large scale recording in tiny 

herds. 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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Selection Objectives 
There are other important limitations with the BAIF’s current PT program: it 

concentrates mainly on the recording and selection of just one trait: milk 

production, despite the fact that in India, milk price highly depends on fat 

content. Also, the huge heterogeneity of agro-climatic conditions generates 

large genotype × environment interactions, which have to be accounted for 

in selection at different levels (choice of breed, of fraction of exotic blood for 

crossbred bulls, of individual bulls). Selecting only on production traits 

strongly favors animals with (too) high levels of exotic origin and adaptation 

to the local conditions can be rapidly lost. 

Cow longevity is an obvious trait reflecting adaptation, but is not pertinent in

India where slaughter of unproductive cows is not permitted. Considering 

morphological traits such as good udders, feet, and legs can help but is not 

enough. The infrastructure for large scale recording of health traits, in 

particular resistance to mastitis, does not exist yet. A more accessible trait to

collect which can be considered as a proxy for general adaptation may be 

fertility: an unfit or unhealthy cow is less likely to be fertile. At BAIF, AI 

information is of good quality, with a systematic pregnancy diagnosis two 

months after each insemination. Combined with proper tagging, good AI and 

calving records are also important prerequisites to ensure correct pedigree 

information required in genetic evaluations. Another frequently overlooked 

aspect to keep in mind in bull selection in India are the farmer’s expectations

and beliefs (coat color or pattern, shape of horns, or ears, etc.) for good 

acceptance in the field. 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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Low Cost Collection of Phenotypes 
The possibility to collect field data at BAIF on a much larger scale was 

investigated through a project (the “ Godhan project”) sponsored by the Bill 

and Melinda Gates Foundation (BMGF): 170 AI technicians were equipped 

with multi-component software, installed first on dedicated “ data loggers” 

and later on mobile phones. Originally developed to follow the economic and 

social status of BAIF farmers over time, the software was extended to include

technical data. Soon, hundreds of thousands of good quality records were 

gathered, in particular on fertility, avoiding the error-prone process of data 

entry and validation ( Potdar et al., 2017 ). It was originally planned to also 

ask the AI technician to directly collect milk production data from the 

farmers but this appeared to be difficult, probably because the farmers – as 

well as the AI technicians – were not motivated enough with incentives and 

above all, proper feedback. Hence, large scale, low cost milk sample 

collection and analysis (for fat and protein content or for somatic cell counts)

remain an issue. 

Toward Genomic Selection 
Even with the low cost of large scale performance recording, generating a 

group of progeny tested bulls of reasonable size to start genomic evaluation 

is a long and complex process, in particular because of the very limited 

population with pedigree information: an incompressible preliminary period 

is necessary before tagged daughters from known sires start being recorded.

Most of the constraints and challenges indicated above lead to the notion of 

promoting the development of female reference populations (FRPs), which 

replace the requirement for a large-scale recording infrastructure by a more 
https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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realistic collection of phenotypes from a set of genotyped cows. These 

phenotypes should cover the traits identified in the selection objective and 

come from herds with carefully documented environmental and 

management characteristics, hence offering the possibility to actually 

measure G × E interactions on all traits. Absence of known pedigree 

relationships is overcome by using genomic information, the cost of which 

cannot be covered by small farmers. Since the constitution of FRP requires 

strong and long-term financial and technical support from governmental or 

international institutions, the BAIF project benefits from an important BMGF 

sponsoring for 5 years, where more than 15, 000 pure and crossbred 

indigenous cows, mainly coming from six very diverse Indian states, are 

phenotyped, and a substantial portion of them are being genotyped. 

Technology and Infrastructure 
The commercially available medium- or low-density SNP chips were primarily

designed for Bos taurus cattle. For Bos indicus and crossbred animals at 

BAIF, these chips are suboptimal because a substantial number of SNP have 

a very low minimum allele frequency, a low heterozygosity or are fixed (

Strucken et al., 2018 ). In other words, they are less informative. 

In terms of infrastructure, the actual constitution of a completely new 

reference population is obviously a long and complicated task requiring huge

investments in human and material resources and a strong centralized 

coordination. BAIF could rely on its existing AI technician networks. It must 

be emphasized that collection of field data requires constant motivation and 

follow-up at all levels (farmers, technicians, supervisors). At a central level, 

the design and maintenance of a high quality database is also essential. 
https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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A critical step toward genomic selection is the data analysis and the 

development of prediction equations. They require a high level of expertise 

in quantitative genetics, modeling and data manipulation. A potentially 

overlooked difficulty is the choice of a proper genetic evaluation model, 

actually reflecting the factors contributing to the observed variability of 

performances. Developing a sophisticated genomic evaluation based on a 

simplistic genetic evaluation is strongly counterproductive. At BAIF, technical

support from University of New England, Australia, and INRA, France, is 

available for this applied research work. 

A final challenge is transforming research developments and results into a 

continual data stream and a sustainable genomic evaluation procedure that 

will routinely provide genomic breeding values of bull and bull dam 

candidates to selection. 

Part 3: Recommendations for Application of Genomic Tools 
to Animal Breeding in Developing Countries 
Involving all Stakeholders in the Breeding Program 
In 2010, FAO guidelines recommended Community-Based-Breeding-

Programs for the management of animal genetic resources. Benefits and 

limitations of the approach have been previously discussed ( Wurzinger et 

al., 2011 ). Practical situations analyzed in Bangladesh ( Bhuiyan et al., 2017

) have led to a set of recommendations underlining the need to : (i) define 

breeding objectives relevant for the community; (ii) identify the relevant 

traits to record; (iii) develop inexpensive and easy-to-use devices for 

phenotype recording, (iv) promote feedback on the program and information

exchange. In addition, both studies highlighted the importance of 
https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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governmental support, with national breeding policies and enabling 

measures to scale up the programs. 

In the case of BAIF, a major leverage is the monitoring of performance of 

each AI technician as compared to his/her local colleagues. Technicians are 

equipped with mobile devices that accelerate data collection and improve 

data quality. This could be a way to provide farmers with rapid feedback on 

their practices, allowing for improved management of reproduction and 

nutrition of their cows. Ultimately, the genetic improvement program aims to

improve rural livelihoods. The potential long-term outcomes go beyond 

genetic improvements and can improve the resilience of the whole farming 

system. 

Selection objectives must reflect a real balance between general adaptation, 

health, and production. This balance has to be carefully addressed because it

influences the long term sustainability of farming. Lessons from the BAIF 

case suggest the need to identify a trait able to represent the expected 

balance between production and adaptation, considering local constraints 

and farmers’ preference. Consequently, fertility has been preferred to 

longevity in India, whereas the latter could be preferred in another context. 

Building the Reference Population 
The choice of the breed type and of breed composition in crossbreds should 

align with the local agro-climatic environment and socio-cultural context, 

giving priority to animals that cope well with harsh climatic, nutritional, and 

health conditions. The few examples considering genomic selection tend to 

favor crossbreeding. Lessons from the BAIF case suggest that a portfolio of 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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purebred or crossbred genotypes is the best answer to the various needs, a 

strategy which is also described in Bangladesh for ruminants ( Bhuiyan et al.,

2017 ). Maintaining various alternatives allows preserving and improving 

purebred indigenous populations, thus exploiting their specific adaptive 

features, together with the local production and dissemination of crossbreds.

Whatever the type of animals considered, a very close relationship between 

the FRP and the on-farm population to be improved is key for the accuracy of

genomic prediction. Thus, the FRP must represent the current genetic 

structure/diversity of the population to be improved, the range of 

crossbreeding if any, and the range of production conditions (environment 

and management) because of potential G × E interactions. Thus, a large-

scale FRP is required to obtain reliable genomic predictions for populations 

distributed over a large territory, with little exchange among herds. Two 

difficulties may arise: (i) inconsistency among agriculture public policies in 

the case of transboundary populations, (ii) competing initiatives within a 

country or across countries. 

For breeds managed in a large number of small herds, data recording should 

preferably be standardized among herds, unless appropriate methods are 

used to account for data heterogeneity (see Methodological Challenges). 

Data should be analyzed centrally, requiring a full-scale data sharing and a 

good level of organization. 

Cumulative constitution of the FRP is necessary to ensure sustainability of 

the genomic selection program and a progressive increase in prediction 

accuracy. 
https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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Methodological Challenges 
Lessons from BAIF show that adapting genetic evaluation models (e. g., 

random regression models) based on test-day records makes possible a 

better correction for the large environmental changes over the year, and 

relaxes the requirement of rather strict intervals between consecutive 

records of a cow ( Duclos et al., 2008 ). Furthermore, the challenge of 

accounting for local environmental conditions in very small herds could be 

addressed by including in genetic models a “(group of) village(s) by month” 

contemporary group as a proxy for herd management. 

As aforementioned with the case of BAIF, if the existing SNP chips, developed

for Bos taurus in developed countries, can allow the genotyping of bovine 

populations in developing countries, it appears that they may not be fully 

operational (less informative than expected, especially when using pure Bos 

indicus or Bos indicus × Bos taurus crosses). Three alternatives are then 

possible: (i) accept a loss in accuracy, which may be compensated by a 

higher number of genotypes with a cheaper Bos taurus chip; (ii) create an 

imputation population of animals genotyped with the HD chip which included

some Bos indicus breeds, and impute the HD genotype of the whole 

reference population; (iii) design a new chip fully adapted to Bos indicus and 

crossbred animals. The best option depends on the local conditions. In 

particular, if the market for a new chip is limited, e. g., when different 

stakeholders want each to develop a different chip for a same target 

population, option (iii) may be the less effective one. Such a new chip could 

be developed as part of a South–South collaboration, involving scientists and

breeders from countries concerned by a particular set of breeds to be 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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improved and willing to set up such breeding programs. The sharing of data 

will lead to a common SNP database from which a suitable chip can be 

created to be used for marker phenotype association in the FRP. A possibility

in the case of BAIF is to envision a transition over time between these 

options, from (i) + (ii) to (iii). Other alternative options, such as genotyping-

by-sequencing have been proposed ( Gorjanc et al., 2015 ), but they should 

be considered with caution because patents derogation for developing 

countries may be required. 

Exploiting a large number of genotypes at the whole-genome level also 

opens new possibilities for animal breeding: 

– the numerous genotypes being collected for males and females could be 

used to monitor inbreeding at the genome level and better manage 

population diversity; 

– identification of genomic regions that are common across breeds (with 

identical directions of allele effects) and that are significantly associated with

traits to be improved may help improve across-breed genomic evaluations (

Purfield et al., 2015 ). 

Technological Challenges 
Developing countries suffer from deficient tools and infrastructures (

Rothschild and Plastow, 2014 ; Helmy et al., 2016 ), which limits the use of 

genomic information in breeding programs. 

Reliable marker genotypes require good management of samples for DNA 

extraction, easy access to experienced genotyping platforms and a proper 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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data base infrastructure. Such structures are often missing or weakly 

supported for livestock. Therefore, the opportunity of using genotyping or 

sequencing platforms developed for human genetics should be encouraged 

to save the cost of establishing expensive dedicated platforms ( Glenn, 2011

). However, the crucial step for any breeding organization is to master 

bioinformatics expertise and secure access to computing facilities. As an 

example, a pan-African network was set up for the “ Human Heredity and 

Health in Africa” initiative 2 , to support access to technologies, facilitate the 

funding of infrastructures and offer training. In the case of livestock, the 

interstate Research Center “ Centre International de Recherche-

Développement sur l’Elevage en zone Subhumide (CIRDES),” based in 

Burkina Faso and resulting from the partnership between seven West African

countries, could play this role in the sub-region. 

The lack of sperm production, preservation and dissemination facilities in 

developing countries has long been reported ( Timon, 1993 ) and remains 

relevant ( Rothschild and Plastow, 2014 ) in many developing countries. 

Lessons from BAIF show the benefit from controlling a large-scale 

infrastructure for AI to fully benefit from the use of genetic information, 

especially when serving small farmers. 

Internet access and easy communication tools (mobile apps) are also very 

important enhancers, both for the technical supervision of the farms and for 

the farmers themselves, to facilitate their involvement and appropriation of 

breeding programs as well as data collection. Thus, internet connections 

must be effective. Even when such a network exists ( Helmy et al., 2016 ), 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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the lack of stability of the country’s energy infrastructures often causes 

power cuts and weakens internet reliability ( Karikari, 2015 ). 

Capacity Building 
In terms of capacity building, constraints observed in developing countries to

enable the implementation of genomics applied to livestock are many and 

involve human, institutional, logistical and financial aspects ( Rothschild and 

Plastow, 2014 ; van Marle-Köster et al., 2015 ; Helmy et al., 2016 ). 

The use of genomic data requires expertise in database development and 

support, quantitative genetics, and statistical modeling to guarantee 

accurate and stable genomics analyses. 

Yet, setting up genetic improvement programs is worthwhile only when 

animals’ maintenance feed requirements are covered ( McDowell, 1989 ; 

Timon and Baber, 1989 ). To this extent, farmer training courses should 

provide, on the one hand, basic guidance on animal nutrition, health and 

management to improve animal welfare and, on the other hand, should 

explain the requirements in terms of data recording, and raise awareness of 

pros and cons regarding the choice of a bull or bull type, i. e., purebred or 

crossbred. 

Training programs for scientists and managers of breeding programs are 

needed in quantitative genetics, genomics and bioinformatics, with access to

scientific literature resources ( Rothschild and Plastow, 2014 ; Karikari, 2015

; Helmy et al., 2016 ). South–South and North–South co-operations are to be 

encouraged to facilitate training. 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
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Investment 
The main drawback of setting up a reference population is the genotyping 

cost of a large number of animals: the amount of phenotypic information 

associated with each genotype and available for genomic evaluation is 

substantially smaller for cows than for progeny tested bulls ( Goddard, 2009

). This reduction may be even larger in developing countries for two main 

reasons: a larger equivalent population size of populations with a limited 

selection history (e. g., for Bos indicus cattle) and lower heritability traits due

to a much more variable environment and a small herd size. 

Using genomic information for the management of genetic variability may be

relatively easy, provided that the genotyping cost is affordable, which is not 

so obvious for small populations. To decrease costs, a multi-breed SNP chip 

is an option to recommend. 

Lessons from BAIF show that a major investor is needed to start a 

sustainable program, which should be a donor, either a public institution, or 

a private foundation supporting common goods, such as BMGF. It is of 

utmost importance to orient these donors toward breeding programs aimed 

at empowering local communities. Then, long-term operations require a 

professional and self-supporting organization. 

Conclusion 
Genomic selection has the potential to overcome the difficulties encountered

by developing countries to implement classical breeding programs where 

pedigree recording is a pre-requisite. The aim is not to copy breeding 

programs from temperate countries but to benefit from new methods to 
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better answer the needs of farmers in developing countries. The analysis of a

case study provided by BAIF helps to identify the critical factors of success, 

including: importance of a representative reference population in terms of 

diversity of genotypes and of environmental conditions; definition of 

balanced selection objectives and appropriate traits as proxy for adaptation; 

involvement of farmers and technicians with incentives and quick feedback 

to them; building local expertise in quantitative genetics and bioinformatics. 

Challenges consist in accounting for genotype × environment interactions, 

decreasing genotyping cost by using common tools, getting full advantage of

genomic data to combine preservation of genetic diversity with improvement

of animal performance, building a sustainable economic model 

complementary to donor support. A balanced and well monitored use of local

and exotic genetic resources is possible. This deserves appropriate public 

policies allowing for the development of new breeding programs without 

compromising the importance to preserve local genetic resources. 

Author Contributions 
MT-B conceived the paper, drafted part of the paper, and read, discussed, 

and approved the whole manuscript. VD proposed the case study, drafted 

part of the paper, and read, discussed, and approved the whole manuscript. 

MS provided information on the case study, and read and approved the 

whole manuscript. DL, XR, and TZ drafted parts of the paper, and read, 

discussed, and approved the whole manuscript. 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/



 Genomics for ruminants in developing cou... – Paper Example  Page 19

Funding 
Author’s salaries come from their host institution: INRA for VD, DL, MT-B, and

TZ, AgroParisTech for XR, BAIF for MS. The case study described in this study

was funded by the Bill and Melinda Gates Foundation, as described in the 

body of the manuscript. 

Conflict of Interest Statement 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

Footnotes 
1. ^   http://www. baif. org. in   

2. ^   https://h3africa. org   

References 
Ajmone-Marsan, P., Colli, L., Han, J. L., Achilli, A., Lancioni, H., Joost, S., et al. 

(2014). The characterization of goat genetic diversity: towards a genomic 

approach. Small Rumin. Res. 121, 58–72, doi: 10. 1016/j. smallrumres. 2014. 

06. 010 

CrossRef Full Text | Google Scholar 

Bhuiyan, M. S. A., Bhuiyan, A. K. F. H., and Lee, J. H., Lee, S. H. (2017). 

Community based livestock breeding programs in Bangladesh: present 

status and challenges. J. Anim. Breed. Genom. 1, 77–84. doi: 10. 

12972/jabng. 20170009 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=The+characterization+of+goat+genetic+diversity%3A+towards+a+genomic+approach.&journal=Small+Rumin.++Res.&author=Ajmone-Marsan+P.&author=Colli+L.&author=Han+J.++L.&author=Achilli+A.&author=Lancioni+H.&author=Joost+S.&publication_year=2014&volume=121&pages=58-72
https://doi.org/10.1016/j.smallrumres.2014.06.010
https://h3africa.org/
http://www.baif.org.in/


 Genomics for ruminants in developing cou... – Paper Example  Page 20

CrossRef Full Text | Google Scholar 

Boichard, D., Ducrocq, V., Croiseau, P., and Fritz, S. (2016). Genomic 

selection in domestic animals: principles, applications and perspectives. C. 

R. Biol. 339, 274–277. doi: 10. 1016/j. crvi. 2016. 04. 007 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Brown, A., Ojango, J., Gibson, J., Coffey, M., Okeyo, M., and Mrode, R. (2016). 

Genomic selection in a crossbred cattle population using data from the dairy 

genetics East Africa project. J. Dairy Sci. 99, 7308–7312, doi: 10. 3168/jds. 

2016-11083 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Duclos, D., Gokhale, S., Bacilieri, R., and Ducrocq, V. (2008). Simplified milk-

recording protocols adapted to low-input environments with very small herd 

size. Animal 2, 160–166, doi: 10. 1017/S1751731107000985 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Gautier, M., Flori, L., Riebler, A., Jaffrezic, F., Laloé, D., Gut, I., et al. (2009). A 

whole genome Bayesian scan for adaptive genetic divergence in West 

African cattle. BMC Genomics 10: 550, doi: 10. 1186/1471-2164-10-550 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Glenn, T. C. (2011). Field guide to next-generation DNA sequencers. Mol. 

Ecol. Resour. 11, 759–769. doi: 10. 1111/j. 1755-0998. 2011. 03024. x 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=A+whole+genome+Bayesian+scan+for+adaptive+genetic+divergence+in+West+African+cattle.&journal=BMC+Genomics&author=Gautier+M.&author=Flori+L.&author=Riebler+A.&author=Jaffrezic+F.&author=Lalo%C3%A9+D.&author=Gut+I.&publication_year=2009&volume=550
https://doi.org/10.1186/1471-2164-10-550
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19930592
http://scholar.google.com/scholar_lookup?&title=Simplified+milk-recording+protocols+adapted+to+low-input+environments+with+very+small+herd+size.&journal=Animal&author=Duclos+D.&author=Gokhale+S.&author=Bacilieri+R.&author=and+Ducrocq+V.&publication_year=2008&volume=2&pages=160-166
https://doi.org/10.1017/S1751731107000985
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22444975
http://scholar.google.com/scholar_lookup?&title=Genomic+selection+in+a+crossbred+cattle+population+using+data+from+the+dairy+genetics+East+Africa+project.&journal=J.++Dairy+Sci.&author=Brown+A.&author=Ojango+J.&author=Gibson+J.&author=Coffey+M.&author=Okeyo+M.&author=and+Mrode+R.&publication_year=2016&volume=99&pages=7308-7312
https://doi.org/10.3168/jds.2016-11083
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27423951
http://scholar.google.com/scholar_lookup?&title=Genomic+selection+in+domestic+animals%3A+principles%2C+applications+and+perspectives.&journal=C.R.++Biol.&author=Boichard+D.&author=Ducrocq+V.&author=Croiseau+P.&author=and+Fritz+S.&publication_year=2016&volume=339&pages=274-277
https://doi.org/10.1016/j.crvi.2016.04.007
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27185591
http://scholar.google.com/scholar_lookup?&title=Community+based+livestock+breeding+programs+in+Bangladesh%3A+present+status+and+challenges.&journal=J.+Anim.+Breed.+Genom.&author=Bhuiyan+M.+S.+A.&author=Bhuiyan+A.+K.+F.+H.&author=and+Lee+J.+H.&author=Lee+S.+H.&publication_year=2017&volume=1&pages=77-84
https://doi.org/12972/jabng.20170009


 Genomics for ruminants in developing cou... – Paper Example  Page 21

PubMed Abstract | CrossRef Full Text | Google Scholar 

Goddard, M. (2009). Genomic selection: prediction of accuracy and 

maximization of long term response. Genetica 136, 245–257, doi: 10. 

1007/s10709-008-9308-0 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Gorjanc, G., Cleveland, M. A., Houston, R. D., and Hickey, J. M. (2015). 

Potential of genotyping-by-sequencing for genomic selection in livestock 

population. Genet. Sel. Evol. 47: 12, doi: 10. 1186/s12711-015-0102-z 

PubMed Abstract | CrossRef Full Text 

Groeneveld, L. F., Lenstra, J. A., Eding, H., Toro, M. A., Scherf, B., Pilling, D., 

et al. (2010). Genetic diversity in farm animals – a review. Anim. Genet. 

41(Suppl. 1), 6–31. doi: 10. 1111/j. 1365-2052. 2010. 02038. x 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Helmy, M., Awad, M., and Mosa, K. A. (2016). Limited resources of genome 

sequencing in developing countries: challenges and solutions. Appl. Transl. 

Genom. 9, 15–19. doi: 10. 1016/j. atg. 2016. 03. 003 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Karikari, T. K. (2015). Bioinformatics in Africa: the rise of Ghana? PLoS 

Comput. Biol. 11: e1004308. doi: 10. 1371/journal. pcbi. 1004308 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=Bioinformatics+in+Africa%3A+the+rise+of+Ghana%B4&journal=PLoS+Comput.+Biol.&author=Karikari+T.+K.&publication_year=2015
https://doi.org/10.1371/journal.pcbi.1004308
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26378921
http://scholar.google.com/scholar_lookup?&title=Limited+resources+of+genome+sequencing+in+developing+countries%3A+challenges+and+solutions.&journal=Appl.+Transl.++Genom.&author=Helmy+M.&author=Awad+M.&author=and+Mosa+K.+A.&publication_year=2016&volume=9&pages=15-19
https://doi.org/10.1016/j.atg.2016.03.003
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27354935
http://scholar.google.com/scholar_lookup?&title=Genetic+diversity+in+farm+animals+-+a+review.&journal=Anim.+Genet.&author=Groeneveld+L.+F.&author=Lenstra+J.+A.&author=Eding+H.&author=Toro+M.+A.&author=Scherf+B.&author=Pilling+D.&publication_year=2010&pages=6-31
https://doi.org/10.1111/j.1365-2052.2010.02038.x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20500753
https://doi.org/10.1186/s12711-015-0102-z
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25887531
http://scholar.google.com/scholar_lookup?&title=Genomic+selection%3A+prediction+of+accuracy+and+maximization+of+long+term+response.&journal=Genetica&author=Goddard+M.&publication_year=2009&volume=136&pages=245-257
https://doi.org/10.1007/s10709-008-9308-0
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18704696
http://scholar.google.com/scholar_lookup?&title=Field+guide+to+next-generation+DNA+sequencers.&journal=Mol.++Ecol.+Resour.&author=Glenn+T.+C.&publication_year=2011&volume=11&pages=759-769
https://doi.org/10.1111/j.1755-0998.2011.03024.x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21592312


 Genomics for ruminants in developing cou... – Paper Example  Page 22

Kim, J., Hanotte, O., Mwai, O. A., Dessie, T., Bashir, S., Diallo, B., et al. (2017).

The genome landscape of indigenous African cattle. Genome Biol. 18: 34. 

doi: 10. 1186/s13059-017-1153-y 

PubMed Abstract | CrossRef Full Text | Google Scholar 

McDowell, R. E., (1989). “ Technical Issues,” in Proceedings of the Animal 

Agricultural Symposium; Development Priorities to the Year 2000 , 

Washington, DC. 

Google Scholar 

Meuwissen, T., Hayes, B. J., and Goddard, M. E. (2001). Prediction of total 

genetic value using genome-wide dense marker maps. Genetics 157, 1819–

1829. 

PubMed Abstract | Google Scholar 

Perez O’Brien, A. M., Utsunomiya, Y. T., Mészáros, G., Bickhart, D. M., Liu, G. 

E., Van Tassell, C. P., et al. (2014). Assessing signatures of selection through 

variation in linkage disequilibrium between taurine and indicine cattle. 

Genet. Sel. Evol. 46: 19. doi: 10. 1186/1297-9686-46-19 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Potdar, V., Bhave, K., Gaundare, Y. S., Khadse, J. R., and Pande, A. B. (2017). 

BAIF experience in field data collection. Int. J. Anim. Sci. 1: 1004. 

Google Scholar 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=BAIF+experience+in+field+data+collection.&journal=Int.+J.+Anim.+Sci.&author=Potdar+V.&author=Bhave+K.&author=Gaundare+Y.+S.&author=Khadse+J.+R.&author=and+Pande+A.+B.&publication_year=2017
http://scholar.google.com/scholar_lookup?&title=Assessing+signatures+of+selection+through+variation+in+linkage+disequilibrium+between+taurine+and+indicine+cattle.&journal=Genet.+Sel.+Evol.&author=Perez+O%E2%80%99Brien+A.+M.&author=Utsunomiya+Y.+T.&author=M%C3%A9sz%C3%A1ros+G.&author=Bickhart+D.M.&author=Liu+G.+E.&author=Van+Tassell+C.+P.&publication_year=2014
https://doi.org/10.1186/1297-9686-46-19
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24592996
http://scholar.google.com/scholar_lookup?&title=Prediction+of+total+genetic+value+using+genome-wide+dense+marker+maps.&journal=Genetics&author=Meuwissen+T.&author=Hayes+B.+J.&author=and+Goddard+M.+E.&publication_year=2001&volume=157&pages=1819-1829
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11290733
http://scholar.google.com/scholar_lookup?&title=%22Technical+Issues%2C%22+in&journal=Proceedings+of+the+Animal+Agricultural+Symposium%3B+Development+Priorities+to+the+Year+2000&author=McDowell+R.++E.&publication_year=1989
http://scholar.google.com/scholar_lookup?&title=The+genome+landscape+of+indigenous+African+cattle.&journal=Genome+Biol.&author=Kim+J.&author=Hanotte+O.&author=Mwai+O.+A.&author=Dessie+T.&author=Bashir+S.&author=Diallo+B.&publication_year=2017
https://doi.org/10.1186/s13059-017-1153-y
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28219390


 Genomics for ruminants in developing cou... – Paper Example  Page 23

Purfield, D. C., Bradley, D. G., Evans, R. D., Kearney, F. J., and Berry, D. P. 

(2015). Genome-wide association study for calving performance using high-

density genotypes in dairy and beef cattle. Genet. Sel. Evol. 47: 47, doi: 10. 

1186/s12711-015-0126-4 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Rege, J. E. O., Marshall, K., Notenbaert, A., Ojango, J. M. K., and Okeyo, A. M. 

(2011). Pro-poor animal improvement and breeding. What can science do? 

Livest. Sci. 136, 15–28, doi: 10. 1016/j. livsci. 2010. 09. 003 

CrossRef Full Text | Google Scholar 

Rothschild, M. F., and Plastow, G. S. (2014). Applications of genomics to 

improve livestock in the developing world. Livest. Sci. 166, 76–83. doi: 10. 

1016/j. livsci. 2014. 03. 020 

CrossRef Full Text | Google Scholar 

Steinfeld, H., Wassenaar, T., and Jutzi, S. (2006). Livestock production 

systems in developing countries: status, drivers, trends. Rev. Sci. Tech. 25, 

505–516. doi: 10. 20506/rst. 25. 2. 1677 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Strucken, E. M., Hidalgo, D. C., Ducrocq, V., Pande, A., Swaminathan, M., 

Gibson, J. P. (2018) “ Genetic diversity and breed proportions of Indian stud 

cattle,” in Proceedings of the 11th World Congress on Genetics Applied to 

Livestock Production: Biology and Species – Bovine (Dairy) , Auckland, 403. 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=Livestock+production+systems+in+developing+countries%3A+status%2C+drivers%2C+trends.&journal=Rev.+Sci.+Tech.&author=Steinfeld+H.&author=Wassenaar+T.&author=and+Jutzi+S.&publication_year=2006&volume=25&pages=505-516
https://doi.org/10.20506/rst.25.2.1677
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17094693
http://scholar.google.com/scholar_lookup?&title=Applications+of+genomics+to+improve+livestock+in+the+developing+world.&journal=Livest.+Sci.&author=Rothschild+M.++F.&author=and+Plastow+G.++S.&publication_year=2014&volume=166&pages=76-83
https://doi.org/10.1016/j.livsci.2014.03.020
http://scholar.google.com/scholar_lookup?&title=Pro-poor+animal+improvement+and+breeding.+What+can+science+do%B4&journal=Livest.+Sci.&author=Rege+J.+E.+O.&author=Marshall+K.&author=Notenbaert+A.&author=Ojango+J.+M.+K.&author=and+Okeyo+A.+M.&publication_year=2011&volume=136&pages=15-28
https://doi.org/10.1016/j.livsci.2010.09.003
http://scholar.google.com/scholar_lookup?&title=Genome-wide+association+study+for+calving+performance+using+high-density+genotypes+in+dairy+and+beef+cattle.&journal=Genet.+Sel.+Evol.&author=Purfield+D.+C.&author=Bradley+D.+G.&author=Evans+R.+D.&author=Kearney+F.+J.&author=and+Berry+D.+P.&publication_year=2015&volume=47
https://doi.org/10.1186/s12711-015-0126-4
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26065883


 Genomics for ruminants in developing cou... – Paper Example  Page 24

Taye, M., Lee, W., Caetano-Anolles, K., Dessie, T., and Hanotte, O. (2017). 

Whole genome detection of signature of positive selection in African cattle 

reveals selection for thermotolerance. Anim. Sci. J. 88, 1889–1901. doi: 10. 

1111/asj. 12851 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Timon, V. M. (1993). “ Strategies for sustainable development of animal 

agriculture – an FAO perspective,”. in Proceedings of the FAO Expert 

Consultation , ed. S. Mack (Rome: FAO), 10–14. 

Google Scholar 

Timon, V. M., and Baber, R. P. (1989). “ Sheep and Goat Meat Production in 

the Humid Tropics of West Africa”: FAO Animal Production and Health Paper. 

Report No. 70. Rome: FAO. 

van Marle-Köster, E., Visser, C., Makgahlela, M., and Cloete S. W. P. (2015). 

Genomic technologies for food security: A review of challenges and 

opportunities in Southern Africa. Food Res. Int. 76, 971–979. doi: 10. 1016/j. 

foodres. 2015. 05. 057 

CrossRef Full Text | Google Scholar 

Wurzinger, M., Sölkner, J., and Iñiguez, L. (2011). Important aspects and 

limitations in considering community-based breeding programs for low-input 

smallholder livestock systems. Small Rumin. Res. 98, 170–175. doi: 10. 

1016/j. smallrumres. 2011. 03. 035 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=Genomic+technologies+for+food+security%3A+A+review+of+challenges+and+opportunities+in+Southern+Africa.&journal=Food+Res.++Int.&author=van+Marle-K%C3%B6ster+E.&author=Visser+C.&author=Makgahlela+M.&publication_year=2015&volume=76&pages=971-979
https://doi.org/10.1016/j.foodres.2015.05.057
http://scholar.google.com/scholar_lookup?&title=%22Strategies+for+sustainable+development+of+animal+agriculture+-+an+FAO+perspective%2C%22.++in&journal=Proceedings+of+the+FAO+Expert+Consultation%2C&author=Timon+V.M.&publication_year=1993&pages=10-14
http://scholar.google.com/scholar_lookup?&title=Whole+genome+detection+of+signature+of+positive+selection+in+African+cattle+reveals+selection+for+thermotolerance.&journal=Anim.+Sci.+J.&author=Taye+M.&author=Lee+W.&author=Caetano-Anolles+K.&author=Dessie+T.&author=and+Hanotte+O.&publication_year=2017&volume=88&pages=1889-1901
https://doi.org/10.1111/asj.12851
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28748670


 Genomics for ruminants in developing cou... – Paper Example  Page 25

CrossRef Full Text | Google Scholar 

https://assignbuster.com/genomics-for-ruminants-in-developing-countries-
from-principles-to-practice/

http://scholar.google.com/scholar_lookup?&title=Important+aspects+and+limitations+in+considering+community-based+breeding+programs+for+low-input+smallholder+livestock+systems.&journal=Small+Rumin.+Res.&author=Wurzinger+M.&author=S%C3%B6lkner+J.&author=and+I%C3%B1iguez+L.&publication_year=2011&volume=98&pages=170-175
https://doi.org/10.1016/j.smallrumres.2011.03.035

	Genomics for ruminants in developing countries: from principles to practice
	Introduction
	Part 1: Current Contribution of Genomic Information to Animal Breeding in Developing Countries
	New Knowledge Brought by Genomics
	Making Use of Molecular Data by Genomic Selection in Ruminants

	Part 2: Implementing Genomic Selection in Developing Countries: a Case Study in India
	Characteristics of BAIF’s Selection Program
	Initial Selection Practices
	Selection Objectives
	Low Cost Collection of Phenotypes
	Toward Genomic Selection
	Technology and Infrastructure

	Part 3: Recommendations for Application of Genomic Tools to Animal Breeding in Developing Countries
	Involving all Stakeholders in the Breeding Program
	Building the Reference Population
	Methodological Challenges
	Technological Challenges
	Capacity Building
	Investment

	Conclusion
	Author Contributions
	Funding
	Conflict of Interest Statement
	Footnotes
	References


