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Summary

In most smallholder dairy programmes, farmers are not fully benefitting from the genetic potential of
their dairy cows. This is in part due to the mismatch between the available genotypes and the
environment, including management, in which the animals perform. With sparse pedigree information,
this exercise is difficult. Using the Girinka programme of Rwanda as an exemplar, the current study
aimed at better understanding the genetic diversity and population structure of dairy cattle in the
smallholder dairy farm set up. Systematic characterization of the genetic variation and diversity
available may inform the formulation of sustainable improvement strategies such as targeting and
matching the genotype of cows to productivity goals and farmer profile information and hence
reducing the negative impact of genotype by environment interaction.
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Introduction

Smallholder dairying has the potential to drive people out of poverty, provide sustainable livelihoods
and food and nutritional security for the households. In different countries in Sub-Saharan Africa,
different dairy development initiatives are being implemented either by national governments or Non-
Governmental Organizations (NGOs) (Chagunda et al., 2016). An example of such programs is the
One Cow per Poor Family Program, locally known as “Girinka”, in Rwanda. This program provides
poor households with dairy cattle all over the country especially where there is low cattle population.
The Girinka program was launched in 2006. The overall objective was to increase agricultural
productivity through application of cow manure as well as dairy production, and hence driving
improvements in nutrition, income generation and poverty reduction. According to the records from
the Rwandan Ministry of Agriculture, a total of 248,566 cows had been distributed by June 2016. In
addition, different actors are involved in the Girinka program, distributing different breeds of cows
such as Ankole, Jersey, Holstein Friesian and their crosses at different grades. The majority of these
animals have been imported from such countries as Kenya, Uganda, Tanzania, South Africa, and the
Netherlands. The Girinka program is a classic example of the different variations of how most
smallholder dairy programs will develop and evolve in Sub-Saharan Africa. Key to any future
improvement initiatives is the use of breed composition information that could be used to target and
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match productivity goals to farmer profiles and production environment. The objective of the current
study was to better understand the genetic diversity and population structure of dairy cattle under the
Girinka program by using high density single nucleotide polymorphism (SNP) arrays. This approach
has the potential to clearly inform the formulation of sustainable improvement strategies.

Materials and Methods

Sampling
Data were collected in a survey from a total of 1564 smallholder dairy farmers in the South and North
provinces. The farmers were beneficiaries of the Girinka program. Socio-economic and productivity
data were collected and included information on gender issues, production systems, access to relevant
dairy production inputs such as fodder, water, labour, and animal health services. Further, hair samples
were collected from the tail switch and heat treated at 70OC for 2 hrs in preparation for shipping and
genetic analysis.

Reference dataset and quality control

Samples obtained from 299 dairy cows were genotyped at Geneseek (Neogen Corporation, Nebraska,
USA) using the Geneseek Genomic Profiler (GGP) High Density (HD) SNP array consisting of
150,000 SNPs. For reference, breed samples genotyped with the Illumina HD Bovine Chip (777K
SNPs) were included and consisted of Friesian (28 samples), Holstein (63), Norwegian Red (17),
Jersey (36) and Guernsey (21) breeds. To capture genetic signatures representative of African cattle, an
African taurine breed (N'Dama (24)) and two indicine breeds (East African Shorthorn Zebu (50) and
Gir (30)). Data quality control on the merged dataset (study animals and reference genotypes) was
undertaken using PLINK v 1.9 (Purcell et al. 2007).

Minor allele frequency, heterozygosity and inbreeding coefficients

Minor allele frequencies (MAF) were estimated using PLINK. The distribution of MAF in each
subpopulation (i.e. European taurine, African taurine, indicine breeds and Rwanda cattle) was
represented as the proportion of all SNPs in the analysis and subsequently grouped in five classes as
follows: [0.0,0.1], [0.1,0.2], [0.2,0.3], [0.3,0.4], [0.4,0.5]. The observed heterozygosity estimate for
each population was calculated from observed genotype frequencies obtained from PLINK (Purcell et
al. 2007) as (N - O)/N (where N is the number of non-missing genotypes and O is the number of
observed homozygous genotypes for a given individual). The inbreeding coefficient (F) was calculated
using PLINK based on the observed versus expected number of homozygous genotypes as follows:

(1)

where fi is the probability of individual i being homozygous by descent, (1 - fi) is the probability that
individual i is homozygous by chance for a specific SNP with known allele frequencies p and q
(Purcell et al. 2007). Before analysis, SNPs were pruned to obtain markers in approximate linkage
equilibrium. This was done in PLINK program using the --indep-pairwise (50 5 0.3) option. This
resulted in LD calculated for 50-marker sliding windows, with a new window obtained by shifting 5
markers along the length of the chromosome. Marker pruning was effected if LD between a pair of
markers was 0.3 or above. Consequently, 32,497 markers were removed leaving a total of 83, 865
markers that were used for the inbreeding analysis.
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Principal component analysis and admixture analysis

Principal component analysis (PCA) was used to describe the genetic structure of the crossbred cattle
population using PLINK (Purcell et al. 2007) by way of a variance-standardized relationship matrix for
dimension reduction. PCA results were visualized using the Genesis package (Buchmann & Hazelhurst
2014) in the R statistical program (R Core Team 2016). The unsupervised model-based clustering
method implemented by the program ADMIXTURE v. 1.3.0 (Alexander et al. 2009) was used to
estimate the breed composition of individual animals using 129,971 markers. The analysis was run
with K (number of distinct breeds) ranging from 2 to 9 to reflect the genetic background of the cattle
under study, starting with the basic cross (indicine and taurine cross) until the total number of the
populations in the analysis, given the 8 reference breeds. Ten-fold cross-validation (CV=10) was
specified, with the error profile obtained thereafter used to determine the most probable number of
clusters (K), as described by Alexander et al. (2009). Graphical display of the admixture output was
done using the Genesis package (Buchmann & Hazelhurst 2014) in R statistical program (R Core
Team, 2016). Variational Bayesian inference implemented by the program fastSTRUCTURE assuming
logic prior was used to compare results with those of ADMIXTURE program as well as to identify the
possible number of clusters in the study population. The analysis was run for K ranging from 2 to 15.

Genetic distance among populations

Genetic distance between populations was evaluated based on Nei’s (1987) unbiased genetic distance
using StAMPP package (Pembeleton et al. 2013). A Neighbor-joining (NJ) relationship tree was then
constructed using SPLITSTREE 4 program (Huson, 2006).

Results and Discussion

Of the interviewed farmers, 55% of the households were male-headed while 45% were
female-headed. The land holding size was small, with the majority of the households (71%)
having equal to or less than 0.5ha. The majority of the households earned their income from
selling of crops (54%) and part time employment (20%). Livestock sales only accounted for
9% of the household income (Table 1).

Table 1. Land holding size and household income sources for farmers in the Girinka programme

 Gender of
Household
Head

Land holding size (hectares)   Source of Household Income

n ≤0.5 0.51-1.0 1.1-2

Full-time
paid

employment

Part-time
paid

employment

Own a
business
(non-farm
enterprise)

Crop
sales

Livestock
sales Others1

Male 861 71% 23% 5%   2% 25% 8% 49% 8% 7%

Female 703 72% 25% 3%   3% 30% 10% 45% 7% 5%

Total 1564 71% 24% 4%   2% 20% 7% 54% 9% 8%
1Other sources included remittances home and transfer payments.

Table 2 presents the level of experience that farmers that received animals in the Girinka
programme had prior to being recipients. The majority of the farmers (48%) had no
experience working with animals prior to receiving the cow from the Girinka programme.
However, a relatively good proportion (30%) had experience raising goats prior to having the
cow. Only 22% of the farmers had raised cattle prior to receiving the dairy cow from the



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.

Girinka programme. At the time of the study, 20% of the farmers had been in the Girinka
programme for more than 3 years while another 25% had only been in the programme for
one year.

Table 2. Farmer experience in livestock production prior to the Girinka programme

 
 Gender of
Househol
d Head

Prior livestock ownership experience   Experience in Girinka Programme

n
Cattl
e Goats

Shee
p

Chicke
n

Rabbit
s Pigs

Non
e 6 mon 1 yr 2 yrs

3
yrs > 3 yrs

Male 861 24% 29% 6% 12% 4% 20% 45% 9% 26% 20% 17% 28%

Female 703 20% 30% 2% 8% 3% 17% 51% 11% 23% 20% 18% 27%

Total 1564 22% 30% 4% 10% 4% 19% 48% 10% 25% 20% 18% 28%

The predominant genotype (45%) used for milk production in the Girinka programme is the
cross between Holstein Friesian and Zebu (Table 3). Other farmers received local Zebu
(20%). Quite a good proportion (18%) of farmers did not know the genotype of the cow that
they received. The majority of the farmers received the animals as either calves (66%) or
growing heifers (24%).

Table 3: Cow genotype and age at which the first animal was received from the Girinka Programme

 
  Gender
of
Household
Head

Genotype Age

n
Local
Zebu

Ankol
e

Cross
bred

Jerse
y

Holstei
n

Friesian
Don’t
know Other1 Calf

Heife
r

Pregnan
t cow

Matur
e

Male 861 19% 1% 47% 7% 10% 16% 1%
66
% 23% 5% 7%

Female 703 20% 1% 43% 4% 10% 21% 1%
66
% 24% 5% 4%

Total 1564 20% 1% 45% 6% 10% 18% 1%
66
% 24% 5% 6%

1Other breeds included Guernsey and other crosses.

The survey determined that the majority of the farmers (95%), kept their animals in continuous
housing in a cut-and-carry feeding system. The rest were grazed. On average the cows that were
lactating during the study period produced 4.15 (sd= 0.43) litres of milk per day. The lactation length
was in some cases as long as 532 days.

Minor Allele Frequency Inbreeding and heterozygosity

The distributions of average minor allele frequencies for all the breeds within a subpopulation (African
taurine, Indicine, and Rwanda cattle) showed that indicine (East African Shorthorn Zebu and Gir) and
African taurine (N'Dama) breeds had the greatest proportion of SNPs with the lowest MAF range ([0.0,
0.1]) compared to European taurine (ET) breeds and the Rwanda cattle. The Rwanda cattle showed a
relatively high proportion of SNPs with high MAF (mostly [0.3, 0.4] and [0.4, 0.5]). The average
heterozygosity estimates were highest (0.38±0.02) for Rwanda cattle and lowest for indicine breeds
(East African Shorthorn Zebu, and Gir) and African taurine breed (N'Dama) at 0.28.4±0.02, 0.21±0.01,
and 0.24±0.01, respectively. Heterozygosity estimates for European taurine breeds ranged between
0.31±0.016 and 0.37±0.014 for Jersey and Holstein-Friesian breeds, respectively. The study population
was generally devoid of inbreeding with inbreeding averaging 0.007±0.07. This reflects either the
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diversity of the Rwandan dairy cattle population, given that animals in the Girinka program come from
multiple sources and countries or some influence of ascertainment bias.
Genetic structure was inferred using PCA (Figure 1). Principal component 1 (PC1), accounted for 43%
of the total variation and clearly separated European taurine breeds from African taurine (N’Dama) and
indicine (Gir and East African Shorthorn Zebu) breeds. The second component (PC2) explained only
12% of the total variation and separated Jersey (JE) and Guernsey (GN) breeds from Holstein (HO),
Norwegian Red (NR) and Friesian breeds. Rwandan cattle samples dispersed along the PC2 coordinate
clustering intermediate between East African Shorthorn Zebu and Friesian breeds, suggesting that they
are not only highly admixed but also mainly crosses of Jersey (JE) and Guernsey (GN), Holstein
Friesian with East African Zebu). The fact that the spread of admixture spans from animals with almost
pure indicine signatures to those with pure taurine signature speaks to the widely acknowledged
indiscriminate cross-breeding with no proper effort to maintain certain breed proportions. As such,
farmers are at risk of obtaining poor dairy yield simply because they are bequeathed animals without
the genetic potential to produce in a smallholder intensive production system. Such poor yields could
discourage wide voluntary adoption of the program from other farmers.

Figure 1. Principal Component Analysis plot showing clustering of Rwanda cattle and reference breeds

Genetic Distances, Relationships between Populations and Admixture analysis
The Nei genetic distance among the cattle populations showed that Rwanda cattle clustered between
the reference breeds. Admixture analysis showed that at K=2 the absolute exotic gene content for
Rwanda cattle averaged 60.5%. The admixture results reported in the current study are different from
those reported in other East African countries such as Uganda and Ethiopia, where most animals are
crosses of Holstein-Friesian and local indicine breeds. The diversity of breed types used and the wide
admixture spread makes it possible to undertake a large study that demonstrate the best breed types and
admixture level best fitted to the diverse smallholder farmer needs in the Girinka program.

This study provided a basis on which animals in the Girinka program can be tested for suitability for
different production environments. Based on these results, study animals could be profiled for
production traits with subsequent evaluation of the best performing animals. Such a program would be
able to recommend the breed types and admixture levels that the program should focus on to maximize
yield for different farmers. It is expected that within the Girinka program, farmers have adopted variant
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production environments. It would be even more beneficial if each farmer were provided with an
animal that best matched the farmers’ animal husbandry capability and hence optimizing animal
productivity and the overall success of the program.

Conclusions

This study has demonstrated how application of high density SNP markers can be used in smallholder
production settings to inform decision making and offer insightful options in breed development and
distribution among smallholder farmers. Such information is vital in developing future breed sourcing
and development efforts among governments and NGOs targeting smallholder farmers.
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