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ABSTRACT

Poultry development is one of the most important pathways to pro-poor livestock induced
growth. It contributes to poverty alleviation, against malnutrition and disease in rural areas.
The native chickens have been indicated by a traditional low input/low output farming
system. Indigenous chicken in Rwanda have been characterized by farmers into four types
(Inshenzi, Sekaganda/Inganda, Imirangi/Umujosi and Indayi) but the difference between
them in terms of phenotypic and molecular features are not yet known. Objectives of this
study were to contribute to genetic improvement of indigenous chickens in Rwanda through
phenotypic and molecular characterization. The phenotypical and blood samples were
collected from indigenous chickens domesticated at four agro-ecology zones in Rwanda and
factorial experimental design was used where we examined management system,
phenotypical and genotypic traits in terms of production. A selection was randomly where the
villages closed to big cities and commercial harbors were not selected. We assessed
phenotypical traits of 1080 indigenous chickens and we took morphometric measures and
blood samples of 120 chickens from twelve districts. We found the 23 related genes from
those morphometric measures (head, wattle and beak length) by using SNP markers and 22
nearest genes from blood samples by SNP markers based on the highest genetic potential in
terms of indigenous chicken production. Then after, we observed four different genotypes
which were characterized by low homozygosity of 0.140088 for Imirangi and 0.15327 for
Inshenzi and low similarities of 0.022467 between Imirangi and Inshenzi from the genetic
distance than two others (Inganda and Indayi). Among those four genotypes of IC in Rwanda;
Imirangi and Inshenzi showed the highest genetic potential in term of production traits (egg
and body weight) than Inganda and Indayi. Our findings will help to select indigenous
chicken with high genetic potential in terms of production and provide new clues for further

study in breeding program of indigenous chicken.
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CHAPTER ONE: INTRODUCTION

1.1. Background

Poultry development is one of the most important pathways to pro-poor livestock induced
growth (Dolberg, 2016). It contributes to poverty alleviation, against malnutrition and disease
in rural areas (Athar, 2019). Poultry domestication has important to the farmers in term of
gaining a source of animal protein, income and gainful employment throughout the
developing world (Bughio, 2018). Indigenous chickens have an ideal mothers and good
sisters, excellent foragers and are well known to have developed adaptive features that
contribute to survivability and reproduction under harsh climates (Duah et al, 2020). The

poultry production is growing faster than smallholder livestock systems (Bughio, 2018).

Though the native chickens have several valuable characters that are not found in commercial
production; it indicated by an appropriate traditional low input/low output farming system
(Hailemichael et al, 2016). Local chickens have slow grower and poor layers of small-sized
eggs and their management is predominantly free range- a typical feature of poultry rearing in
East Africa and much of the developing world (DLS, 2015). Rwanda is characterized by the
coexistence of 2 systems: rudimentary village poultry and industrial poultry at its infancy, the

2 systems facing scarcity of inputs to fully exploit their genetic potential (MINAGRI, 2012).

Rwanda is small country with a highly demographic population create the competition to
livestock feeding due to shortage of land (Mahoro, 2017). The flock size and productivity
were too low provided approximately 10% of meat and about 19% of eggs consumed in
Rwanda (NISR, 2014). The balance was provided for imports from neighboring countries
especially Uganda. Nevertheless, indigenous poultry meat and eggs were preferred by the
consumers and dominate the market (Duah et al, 2018). Studies have shown that 70% of the
consumers in Kigali preferred the local chicken products and there was a shortfall in supply
against demand (GOP, 2019-20).

Nevertheless, the characteristically white-shelled eggs from indigenous and local birds sell at
higher retail prices (120RwF) than eggs from commercial (90RwF) and these challenges are
encapsulated in the price of chicken, which is relatively high at RWF 2,300/kg for meat and
RWF 4,000-6,000/whole bird (NIANG, 2012). The priority of rural poultry farmer was to
keep the birds that lay eggs with an optimum size as well as birds that grow to optimum body

weight with the quality of the offering that satisfies special morphological features of the



chicken demanded by the receiver similar to indigenous birds (Dessie et al, 2012). But they
cannot reach those profits because; poultry farmers still face many challenges. As they
continue to rely on the importation of exotic breeds for creating genetic improvement in their
farms (FAO, 2019). This scheme has not for some time been offering any long-term breeding
strategy during crossbreeding with large framed exotic poultry breeds. These endeavours
have proven to be unsustainable due to overdependence on external genetic material
(Alemayehu et al, 2018).

Genetic improvement through selection is a long-term, tedious and costly undertaking.
However, application of marker-assisted selection (MAS) considerably reduce the duration
and cost of genetic improvement. In chicken, the candidate genes for MAS for egg
production and feed efficiency are known; but not effectively utilized to enhance the

participation of resource poor household.

Indigenous chicken was played the crucial role for rural economy and its up- gradation with

respect to performance by using exotic breeds was shortly intervened to genetic
improvement, thus increasing poultry products (Alemayehu, 2017). Africa species or breeds
are endangered in time of not well differentiated and conserve; they may be lost even
(Kunnasranta et al, 2016). Particular, for avian breeds are at an extinction risk of 30 %
(Semik and Krawczyk, 2011). Species that have less genetic variation are at a greater risk
(Laikre, 2010).

Indigenous chicken had distinct physical variations for both qualitative and quantitative traits;
under intensive management conditions require could favor by developing a good breeding
program for village conditions (Khawaja et al, 2013). The aim of this study was to identify
the characteristics of indigenous chickens and preferred traits from poultry farmers to explore

their full genetic potentiality.


https://www.sciencedirect.com/science/article/pii/S0006320720309666#bb0285
http://biopublisher.ca/index.php/amb/article/html/2430/#ref
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1.2. Problem statement

Indigenous chickens contribute to high level of the consumed poultry products in developing
countries like Rwanda and it serves as an investment and source of security for households
from their use as sources of proteins and income. Though still there is an appropriate low
input and output in local farming system. Indigenous chicken in Rwanda have been
characterized by the farmers into four types (Inshenzi, Sekaganda, Imirangi and Indayi) but
the difference between them in terms of phenotypic and genetic features are not yet known.

This study was aimed to characterize indigenous chickens in Rwanda.

1.3. Justification of the study

Characterization will allow selection and breeding of indigenous chickens for their genetic

improvement.
1. 4. Objectives
1.4.1. Overall objective

To contribute to genetic improvement of indigenous chickens in Rwanda through phenotypic
and genetic characterization.

1.4.2. Specific objectives

1. To determine management system of indigenous chicken in Rwanda.
2. To characterize phenotypically indigenous chicken in Rwanda.
3. To determine the level of genetic diversity of indigenous chickens in Rwanda.

1.5. Hypothesis

The management systems of indigenous chickens, their phenotypic and genetic diversity in

terms of production aren’t enough compare to their full genetic potential.
1.6. Expected output

1. Management system of indigenous chicken in Rwanda identified.
2. Indigenous chicken in Rwanda were phenotypically identified.

3. Level of genetic diversity among indigenous chickens in Rwanda was determined.



CHAPTER TWO: LITERATURE REVIEW

2.1. Origin and domestication of chickens

The domestic chicken (Gallus gallus,) is likely originated from the wild Indian and Southeast
Asian red jungle fowl. Development of the fowl kept can be partitioned into three phases.
First phase began with the evolution of the genus Gallus, proceeded by the emergence of the
domestic fowl from its progenitors and thirdly was in a large number of the current breeds,
varieties, strains and lines. Kept of fowl in the region of the Indus valley is believed to have
occurred by 2000 BC (Zeuner, 1963) but more recent archaeological founds proved that
keeping of fowl appeared in China 6000 BC (West & Zhou, 1989).

The source of poultry industry was the most appeared in the 19™ century for not meat purpose
but used for the game of cock fighting and in religious rituals (Singh, 2000). The poultry
products have been used during the 20" century when its commercial industry was developed
(Crawford, 1990).

2.2. Chicken management systems

The different chicken’s terminologies are used. Indigenous is the living naturally in an area;
not introduced, Native is belonging by birth to a specific area; country and Local are native
inhabitant (Oxford Dictionary, 1990). Hence, the word “indigenous” was mainly designed for
the characterization of chickens. Poultry production is pointed into traditional, small and
large-scale orientated sectors, with related to the purpose of the producer, inputs used, and the
size and categories of birds kept. The chickens are kept in small flocks with different ages
under a traditional scavenging system (FAO, 2019).

This tradition raising system was characterized by low input and output, the highest mortality

caused by diseases, nutritional deficiencies and predation (Asresie and Mitiku, 2015).

2.3. Reproductive performance of indigenous chickens

Production of indigenous chicken and their potentials were lower compared to exotic birds
(Alemayehu, 2017). Overall mean of eggs laid per clutch was 6.6 eggs and 14.7eggs for local
chickens at Southern and Western Province in Rwanda and showed a mean of 1.4kg of body
weight (Hirwa et al, 2019). According to Yadessa et al (2017) who was reported that, the
overall mean of egg production per year of the local birds was an average 54.5eggs under
traditional production conditions in Mezhenger, Sheka and Benchi -Maji zones of south

western Ethiopia .According to Zereu and Lijalem (2016); the native Ethiopian chickens



should attain a live weight of 1.25 kg in slaughter ranges 8.6, 9.4 and 8.9 Months at village

management condition.

2.4. Opportunities and challenges of chicken production

Indigenous chickens were the major sources of protein and income for small-scale farmers
(Athar, 2019). Chickens have highly rate of prolificacy with a short duration and their
transport was not difficulty compared to others livestock. Furthermore, they are good
scavengers as well as foragers, disease tolerance; possess good maternal qualities, leanness
meat and people like their multi-colored plumage (Jesuyon and Salako, 2013). However, low
skills of modern raising, insufficient of feeds and appearance of diseases are the challenges of
chicken production (Tadesse et al, 2017).

Newcastle disease is a highly contagious disease of chickens in local area and others like
Gumboro disease, Marek disease (MD), and Fowl typhoid, Cholera, Mycoplasmosis and
Coccidiosis are the major diseases that were the highest level in commercial poultry in the
most African countries. Furthermore, others limitations were come from institutional and

socio-economic in production of smallholder (Alemayehu et al, 2018).

2.5. Characterization and conservation of chicken genetic resources

Characterization of local animal genetic resources is the most important in making available
the required information for the use and conservation of animal genetic resources (Osei-
Amponsah et al, 2013). When used the foreign germplasms; could cause the genetic dilution
from Animal Genetic Resources and it directly contributed to the productivity changes and
deeply decreased available support for conservation duties (Weigend et al, 2013). Africa
species or breeds are endangered and may be lost even in time of not well differentiated and

conserve (Rege & Lipner, 1992).

Particular more, the 30 % of avian breeds are at risk of extinction ((Semik and Krawczyk,
2011). Global markets and exchange motions of human beings have an effect to chickens
genetic makeup (Thiyagasundaram, 2013). The loss of genetic resources data for local
chicken’s farms in not developed countries has led to their underutilizations, replacement and
dilution through cross-breeding. Now, breeding strategies for commercial poultry focus on
specialized production lines, derived by intense selection from a few breeds and very large
populations with a great genetic uniformity of traits under selection (Notter, 1999).


http://biopublisher.ca/index.php/amb/article/html/2430/#ref
http://biopublisher.ca/index.php/amb/article/html/2430/#ref
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Native breeds have genes and alleles pertinent to survive to harsh conditions (Dahloum L et
al, 2016). Characterization has a specific to genetic identity and the environment to which
species or breed populations are adapted (Rege, 1992). Furthermore, it intervenes to the
performance levels (meat, growth, reproduction, egg) and the genetic distinctiveness of the
animal (FAO, 2011). Therefore, characterization, utilization and conservation of these

indigenous genetic resources are of paramount importance.

2.6. Methods for measuring genetic diversity

Genetic diversity from the animals can affect by the factors including natural and artificial
selection, mutation, migration, genetic drift and non-random mating (Markos, 2017). During
animal breeding, man has mainly influenced the presence of genetic differences between
breeds and populations by isolating and selecting them for favorable traits. Therefore, to keep
information of the genetic differences between individuals, populations and breeds are
required (Weigend et al, 2013).

Quantitative measurement of genetic diversity within and among populations is a crucial to
decision making in genetic conservation and utilization plans. The phenotypic characters and
molecular markers were the commonest ways to quantify these genetic diversities (Pym,
2013).

2.6.1. Phenotypic markers

Morphological polymorphisms are used to find out the relationship between breeds (Qureshi,
2018). Phenotypic markers are cheap and easy to apply regarding to environment in
accordance with the nature of the qualitative and quantitative traits to be viewed. The
prevalence characteristic of broodiness among the indigenous chicken females has correlated
to their poor egg producing capacity. Thus, despite their slow growth and small size, they are
costlier and expensive than other chicken (Negassa et al, 2014).

Diversity of the birds described mostly on phenotypes including adult body weight, egg
weight, reproduction performance and immune responses to various diseases (Brown et al,
2017). Often, three factors; historical, phenotypic and genetic were considered during
characterization of indigenous chicken.

2.6.2. Molecular markers

During the last two decades; several DNA markers such as RAPD, AFLP, RFLP and

microsatellites have been found and applied in genetic diversity analysis (Weigend et al,


http://biopublisher.ca/index.php/amb/article/html/2430/#ref
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2013). In this current period, they have found another modern molecular marker type called
Single Nucleotide Polymorphism (SNP). The difference from others methods; DNA-based
methods are not influenced by external factors and show accurate data about genetic
diversity. This holds particularly true for DNA-profiling methods based on the polymerase
Chain Reaction. It was powerful tool for examining diversity within and among individuals,
families and populations and it plays a crucial role on locus specificity, abundance and
random distribution over the genome and their co-dominant inheritance (Semik and
Krawczyk, 2011).

The markers evolution has formed new ways for the selection and genetic improvement of
livestock. Practically, DNA based polymorphisms are being applied for marker-assisted
selection strategies, parentage testing, species identification and population genetic studies
(Naqgvi, 2007). They contributed to genetic linkage maps and can led to an identify loci that
influence the rate of improvement in production traits (Zhang et al, 2015). Molecular are used
to predict the total genetic merit of livestock to redesign animal breeding and management

programs (Nigussie, 2011).

2.6.3. Single Nucleotide Polymorphism

It is a new and very promising molecular marker system that gives occasion to found the
genetic diversity in animals kept by carry out the mode and extent of variation in specific
positions in the genome (Zhang et al, 2015). SNPs may occur in the coding but mainly non-
coding and intergenic regions of the genome. In the chicken genome, SNP has been a

frequency of 1 SNP per 225 bp and is five time over in humans (Orsini et al, 2011).

2.7. Statistical analysis of gene diversity and genetic distance

Applying of molecular markers linked to strength statistical ways during genetic
characterization may lead to access new approaches to decide how the conservation take
place and rational management of AnGR (Hanotte & Jianlin, 2005). Genetic distances are
metrics that have been made to condense allele frequency differences among populations and
indigenous chickens between Northern-western and Central-Northern area in Rwanda was the
lowest genetic distance of 0.029 and their highest was 0.125 between Eastern and Southern-

Western area and between exotic chickens was 0.231 (Habimana et al, 2019).

However, they would use the standard genetic distances (DS) of Nei (1972; 1978), the chord
distance (DA) of Nei et al (1983) and estimate of genetic structure (FST), in which its values
can range from 0 to 1 (Pym, 2013).


http://biopublisher.ca/index.php/amb/article/html/2430/#ref
http://biopublisher.ca/index.php/amb/article/html/2430/#ref
http://biopublisher.ca/index.php/amb/article/html/2430/#ref

CHAPTER THREE: MATERIAL AND METHODS

3.1. Study area

Our study area was located in four agro-ecological zones; each zone corresponded to
Province and was partitioned into three Districts based on random selection of an area that
was away to the big market and cities. We took the twelve Districts from those four zones:

a) Eastern zone: Bugesera, Rwamagana and Nyagatare District.

b) Western zone: Rubavu, Ngororero and Nyamasheke District.

c) Northern zone: Rulindo, Musanze and Gakenke District.

d) Southern zone: Kamonyi, Nyamagabe and Nyanza District.
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3.2. Experimental animals

Healthy indigenous chickens, maintained in those four agro-ecological zones were randomly
selected for study. In different local farms including all breeding males and females which
were proportional to the flock size and reached a sexual maturity to best represent the

diversity among farms

3.3. Experimental design and treatments

Factorial design (3x3 factorial experiments) was used. Where three factors include their
management system (production system, feeding practices, housing and maintenance and
vaccination), their phenotypically traits (head, wattle and beak length) and genetically
characters from their genomic were contributed in IC production. The 90 IC was filled on
questionnaires for each individual and a total 10 blood samples of IC from each district study
was used.

The 1,080 indigenous chickens was used for phenotypes characterization, among them 120
IC was used for morphometric parameters and blood samples for molecular characterization.
A selection was randomly where the villages closed to big cities and commercial harbors

were not selected.

3.4. Sample size determination

The total number of indigenous chickens in the twelve survey Districts was 1,080 and using
a simplified process of determining the sample size for a finite population (Krejcie and
Morgan, 1970). Based on this method, sample size for each District was determined as

follow:

N = %5 (2n) (30)(3v)(5IC)

Where N: Sample size

i Number of selected District; n: Number of selected Sectors per District

c: Number of selected Cells per Sector; v: Number of selected Villages per Cell

IC: Number of indigenous chickens selected per Village



3.5. Phenotypic characterization

A field survey was done and 1,080 questionnaires were administered to indigenous chicken
household farmers and qualitative and quantitative traits were recorded from 120 indigenous

chickens following the recommended descriptors for chicken genetic resources (FAO, 2011).

3.5.1. Qualitative morphological traits

They were visual recorded (1. Head shape 2. Comb form 3. Structure of comb 4. Eye color
5. Ear lobe shape 6. Ear lobe color 7. Beak color 8. Plumage patterns 9. Feather structure and
10. Shank color).

3.5.2. Quantitative morphological traits

They were metrical recorded by using measuring tapes (calibrated in centimetres) and a
spring balance (a 5-kg measuring scale) to measure the respective quantitative traits of
sampled chickens (1. Head length 2. Beak length 3. Wattle length 4. Neck length 5. Wing
length 6. Wing span 7. Body length 8. Tarsus length 9. Tarsus diameter 10. Shank length 11.
Shank diameter and 12. Body weight).

3.6. Genetic characterization

During this research, the 120 blood samples of IC was sampling from twelve Districts. Two
milliliter of blood were collected from pectoral vein into tube (EDTA 0.5 M). The tubes were
kept in a portable, insulated cool boxes with dry transported to the laboratory work in
Rwanda Agriculture and Animal Resources Development Board at Rubirizi Station, where

they kept at —80 °C until where DNA amplification took place.

3.6.1. Deoxyribonucleic acid (DNA) extraction

DNA was extracted from blood samples using Promega genomic DNA extraction kit
following the protocol of the ReliaPrep™ Blood gDNA Miniprep System. Nano drop was
used for DNA gquantification.

3.6.2. Single Nucleotide Polymorphisms (SNP) identification

After DNA quantification; those samples were directly sent to Macrogenlnc at Biosciences
eastern and central Africa-International Livestock Research Institute (BecA-ILRI) Hub
located in Nairobi, Kenya for sequencing by using Hiseq2500 Annotation genes. The

sequence reads were trimmed using Sickle at threshold length of 80-100 and Q of 20. The
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obtained quality reads were assembled together to get contigs and those were put into protein
evolution by blasting. The SNPs were called using SAMtools v1.3.1 (Li et al, 2009).
Resultant SNPs were subjected to the following filtering criteria using Plink v1.07 software
(Purcell et al, 2007); minimum SNP quality of 20, 5% missing SNP genotypes and Hardy—
Weinberg equilibrium (P < 10°°), call frequency > 95%, heterozygosity > 0.4 and minor
allele frequency > 0.05).

3.7. Data Analysis

The qualitative parameters were analyzed by physical observation, using descriptive statistics
and statistical package for social science (SPSS). Those two later were used for the
quantitative variables. The genotypic frequency and P-values were estimated and calculated.
The following model was fitted for association of each genotype (SNPs).
Yij=Xb+Za+Zc+e

Where, Y = represented the dependent variable (Growth performance and egg traits; b =
vector of fixed effects of sex and hatch number; a = vector of random direct genetic effects;

¢ = vector of random common environmental effects; e = vector of residual effects; and X, Za
and Zc are incidence matrices relating records to fixed, direct genetic and common

environmental effects, respectively (Gilmour et al, 2006).
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CHAPTER FOUR: RESULTS INTERPRETATION
4.1. Management system of indigenous chickens
4.1.1. Chicken production system

Chicken production system was the highest significance (p < 0.001) in Rwanda (Table 1).
Scavenging only was the most dominant in all chicken production system with 43.2%
followed by scavenging + seasonal supplementation, semi-scavenging and intensive system
with 35.3%, 13.8% and 7.6% respectively. Eastern Province was the most observed in
scavenging only of indigenous chickens kept with 54.7%.

Table 1: Chicken production system

Provinces

Chicken production | North South East West overall P

system values

Chicken production system (%)

Scavenging only 36.5 40.8 54.7 40.2 43.2

Scavenging + Seasonal 0.000
] 39.6 317 335 36.8 35.3

supplementation

Semi scavenging 16.9 19.6 4.7 14.6 13.8

Intensive system 6.9 7.9 7.2 8.4 7.6

4.1.2. Flock productivity

Flock productivity in Rwanda is shown in Table 2. Sexual maturity for cocks, sexual maturity
for hen, egg laying cycles per year, eggs given for incubation, chicks hatched per cycle,
number of weaned chicks and chicks’ mortality rate were the highest significant (p < 0.001).
Sexual maturity for cocks was the most observed with 6.5months. Northern and Western
Provinces were the most prominent in cock’s sexual maturity (6.7months). Sexual maturity
for hen was the most observed with 6.7 months. Western Province was the highest delayed in

hen’s sexual maturity (7.1months).

Egg laying cycles per year was the most dominant with 3.0cycles. Northern Province was the
highest level in egg laying cycles per year (3.4cycles). The overall mean of egg laying per

cycle of IC was not significant different (p > 0.05) and it was 17.7eggs. Local chickens at
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Northern Province produced many eggs per cycle than others (18.9eggs). Overall mean of
eggs produced per year was significant different (p < 0.05) and it was 47.9eggs. Indigenous
chickens at Northern Province produced many eggs per year than others (58.7eggs). There
was not significant different (p > 0.05) in all eggs given for incubation types. Naturally
incubation was the highest level (99.7%) compared to artificially incubation (0.3%).
Naturally incubation was the most dominant at Western and Southern Provinces (100%).
Eggs given for incubation were accounted for 8.8 eggs. Northern Province was the most
observed in eggs given for incubation (9.3 eggs).

The chicks hatched per cycle were the most accounted for 7.6 chicks. Northern Province was
high in chicks hatched per cycle (8.1 chicks). The greatest number of weaned chicks was 5.0
chicks. Northern Province was high observed of weaned chicks (5.9 chicks). The highest
level of chicks’ mortality was (34.0%). Eastern Province was the most observed in chicks’

mortality rate (38.3%).

Table 2: Flock productivity

Flock productivity Provinces Overall | P
North South East | West | mean value
S
Sexual maturity for cocks (months) | 6.7 6.3 6.3 6.7 6.5 0.000
Sexual maturity for hens (months) | 6.9 6.7 6.2 7.1 6.7 0.000
Egg laying cycles per year 3.4 3.0 2.8 2.9 3.0 0.000
Number of eggs per cycle 18.4 17.4 189 |16.2 |17.7 0.762
Number of eggs produced per year | 58.7 45.4 43.6 |431 |479 0.009
Eggs given for incubation 9.3 8.3 9.1 8.7 8.8 0.000
Naturally incubation 99.6 100.0 99.2 |100.0 |99.7 0.313
Artificially incubation 0.4 0.0 0.8 0.0 0.3
Chicks hatched per cycle 8.1 7.1 7.8 7.4 7.6 0.000
Number of weaned chicks 59 4.5 4.8 4.9 5.0 0.000
Chicks mortality rate 27.6 375 383 324 |340 0.000

4.1.3. Available feed stuffs

Available feed stuffs and feeding management in four agro-ecological zones are presented in

Table 3. The maize bran was the most dominant with 24% followed by maize grain,
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commercial feeds, fish meal, others, rice bran, soybeans, sorghum, wheat and bone meal with
20.2%, 17.6%, 11.0%, 7.4%, 5.9%, 4.8%, 4.5%, 2.7% and 1.6% respectively. Eastern

Province was the most dominant in maize bran (33.8%).

Table 3: Available feed stuffs

Available feed

stuffs (%) East West North South Total
Commercial feeds | 9.0 23.3 25.4 13.1 17.6
Maize bran 33.8 20.9 29.9 16.8 24.3
Maize grain 24.8 14.9 17.4 23.9 20.2
Rice bran 54 0.3 0.0 15.8 5.9
Fish meal 10.4 14.9 9.0 9.1 11.0
Sorghum 3.6 1.0 3.0 9.8 4.5
Wheat 0.9 5.1 5.0 0.0 2.7
Soybeans 7.2 4.7 4.0 3.7 4.8
Bone meal 0.0 4.1 0.0 1.3 1.6
Other* 5.0 10.8 6.5 6.4 7.4

*QOther include: Kitchen wastes, Vegetables, Flours from milling machines, sweet potatoes,

sunflowers, Brewer residues, cassava, etc

4.1.4. Available feed nutrients

Available feed nutrients in Rwanda are shown in (Table 4). Carbohydrate was the most
abundant with 49.8 % followed by protein, minerals, and vitamin with 29.7%, 14.2% and
6.3% respectively. Eastern Province was the highest level in carbohydrate (54.3%) and
proteins (30.8%).

Table 4: Available feed nutrients

Available  feed | East West North South Total
nutrients (%)

Carbohydrates 54.3 47.4 46.3 52.4 49.8
Protein 30.8 32.6 28.0 27.6 29.7
Minerals 59 12.7 19.6 16.4 14.2
Vitamin 9.0 7.2 6.1 3.5 6.3
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4.1.5. Season of ingredients availability

Season of ingredients availability is presented in Table 5. The rainy season was the most
abundant in ingredients with 40.6% followed by both season and dry season with 38.7% and
20.8%. Carbohydrates were the most observed at dry season with 39.8% followed by protein,
minerals and vitamin with 30.1%, 29.2%, and 20.8% respectively. Vitamins were the most
abundant in rain season with 40.6% followed by carbohydrates, proteins and minerals with
31.0%, 29.3% and 22.7% respectively. Minerals were the most dominant at both season with
48.1% followed by proteins, vitamins and carbohydrates with 40.6%, 38.7% and 29.2%

respectively.

Table 5: Season of ingredients availability

Nutrients Dry season (%) Rainy season (%) | Both seasons (%)
Carbohydrates 39.8 31.0 29.2
Protein 30.1 29.3 40.6
Minerals 29.2 22.7 48.1
Vitamin 20.8 40.6 38.7

4.1.6. Feeding Practices

The feeding practices were significant different (p < 0.05) in four agro-ecological zones
(Table 6). Scavenge with supplement was the most dominant with 51.9+0.9 followed by total
scavenging and entirely on commercial diet with 42.8+3.33 and 7.1+0.4 respectively.
Scavenge with supplement was the most observed at Northern Province with 56.3+3.1. There
was not significant different (p > 0.05) from chicken farmers who did not make a feed

mixing (94.9£0.55). A feed mixing was high practical at Western Province with 6.5+0.8.

There was not significant different (p > 0.05) in proportion group of mixed ingredients
Carbohydrates were the highest in proportion with 73.6+1.23 followed by protein, minerals
and vitamins with 21.7+0.77, 3.8+0.68 and 0.9+0.47 respectively. Northern Province was in
high proportion of carbohydrates (76.3£1.55). There was the highest significant (p < 0.001)
in feed provision mode. Feeds put in the troughs were the most observed with 66.3+£5.03
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followed by feeds scattered on the ground and both methods with 33.2+4.72 and 0.5+0.28
respectively. Feeds put in the troughs were the highest level at Northern Province (81.0%).
There was the highest significant (p < 0.001) in feeds providing frequency. Feeds provide for
a twice a day was the most practicable with 47.8+4.88 followed by once a day and available

all the time with 31.0+4.68 and 21.1+£39.08 respectively. Western Province was the most

observed in feeds providing for a twice a day (55.3+4.33).

Table 6: Feeding Practices

Provinces Overall P values
Feeding Practices (%) North South East West
Total Scavenging 36.4+3.6 | 38.0+2.7 |54.2+6.58 | 42.0+0.46 | 42.8+3.33 | 0.001
Scavenge with supplement 56.3+£3.1 | 54.1+2 38.5+5.8 |51.9+0.9 |50.1+11.8
Entirely on commercial diet | 7.3+0.1 7.9+0.4 7.3+0.1 6.1+1 7.1+0.4
Position on feed mixing (%)
Yes 4.6+0.28 |5.7+£0.34 | 3.7+0.7 6.5£0.80 | 5.1+0.53 0.331
No 95.4+0.28 | 94.3+0.34 | 96.3+0.80 | 93.5+0.80 | 94.9+0.55
Proportion of group of ingredients mixed (%)
Carbohydrates/energy 76.3£1.55 | 74.7+0.63 | 69.1+2.60 | 73.3+£0.17 | 73.6£1.23 | 0.640
Proteins 22.3+0.34 | 19.8+1.09 | 23.7+1.15 | 22.6+0.51 | 21.7+0.77 | 0.851
Minerals 1.1+1.55 | 4.6£0.46 |4.7x0.51 |4.0+0.11 | 3.8+0.68 0.513
Vitamin 0.2+0.40 | 0.9+0.00 |2.6+0.98 |0.0+0.51 | 0.9+0.47 0.153
Mode of feed provision (%)
Feeds put in the troughs 81.0£8.48 | 55.7+£.6.11 | 58.7+4.38 | 68.3+1.15 | 66.3+5.03
Feeds scattered on the ground | 19.0+8.19 | 42.3+5.25 | 41.3+4.57 | 31.7+0.86 | 33.2+4.72 | 0.000
Both methods 0.0+0.28 | 2.0+0.86 |0.0+0.28 | 0.0+0.28 | 0.5+
Frequency of providing feeds (%)
Once a day 37.6+£3.81 | 35.7+£7.36 | 25.2+3.34 | 23.7+4.21 | 31.0+4.68
Twice a day 54.7+3.98 | 43.5+4.81 | 36.7+6.40 | 55.3+4.33 | 47.8+4.88 | 0.000
Available all the time 7.7£59.85 | 20.8+£0.17 | 38.1+96.3 | 21.1+0.00 | 21.1+39.08
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4.1.7. Provision of water

The great number of IC farmers in Rwanda was high significant different (p < 0.05) in water

provision to their chickens with 91.3% (Table 7). The chicken farmers at Eastern Province

were the highest level in water providing (94.5%). There was the highest significant (p <

0.001) in equipment used. Part of a jerry cans were the most prominent with 51.1% followed
by sauce pan, other (specify)*, drinker and broken Pots with 27.2%, 9.5%, 6.9% and 5.3%

respectively. Part of jerry cans was the most used at Western Province (61.3%).

There was the highest significant (p < 0.001) in watering frequency. Water providing in all

the time was the most practicable with 74.8+5.13 followed by once a day, twice a day and
sometimes with 16.3+4.05, 7.9+0.34 and 0.9+0.42. Water providing in all the time to local

chickens was high observed at Eastern Province (86.8 %).

Table 7: Provision of water

Provinces Overall P values
Provision of water | North South East West
Do you provide water to your chickens? (%)
Yes 92.7 87.7 94.5 90.2 91.3 0.029
No 7.3 12.3 5.5 9.8 8.7
Equipment used (%)
Drinker 5.3 5.9 7.3 8.9 6.9 0.000
Sauce pan 21.3 24.5 38.6 23.4 27.2
Broken Pots 7.4 1.7 6.6 55 53
Part of a jerry cans | 57.8 45.1 40.9 61.3 51.1
Other (specify)* 8.2 22.8 6.6 9 9.5
Watering frequency (%)
Once a day 22.9+3.81 | 24.1+4.5 | 7.8+4.9 11.1+3.00 | 16.3+4.05 | 0.000
Twice a day 10.6£1.55 | 7.6+£0.17 | 5.4+1.44 8.1+02 7.9+0.34
All the time 65.7+5.25 | 65.8+5.19 | 86.8+6.92 | 80.3+3.17 | 74.8+£5.13
Sometimes 0.8+0.05 | 2.5+0.85 |0.0+0.51 | 0.4+0.28 | 0.9+0.42

*QOther includes basin, plate, bucket, small cans, etc.




4.1.8. Major constraints on feeding management

The major constraints on feeding management in Rwanda are presented in Table 8.
Expensive feeds was the most prominent with 68.5% followed by shortage of feeds,
inaccessibility of feeds, lack of knowledge on feeding and other*constraints with 18.4%, 6,
4.4 and 2.8% respectively. Expensive feeds were high observed at Northern Province
(77.3%).

Table 8: Major constraints on feeding management

East West North South Total
Expensive feeds 55 76.6 77.3 65.1 68.5
Shortage of feeds 29.5 95 8.8 25.1 18.4
Inaccessibility of feeds 5 9 3 7.2 6
lack of knowledge on feeding 8.5 3 59 0.4 4.4
Other* 2 2 4.9 2.2 2.8

*QOther include: Poor quality of feeds, high cost of transport, Lack of feeding equipment, lack

of feeding space, etc.
4.1.9. Breeds and breeding management of chickens

Breeds and breeding management of chickens in Rwanda are shown in Table 9. Local breed
was the most abundant with 71.2% followed by Kuroilers, Sasso, exotics, crossbred, other*
and layers with 54.1%, 35.8%, 19.1 %, 9.8%, 5.2% and 4.9% respectively. Management of
local breed was the most practicable at Eastern Province (76.3%). Inshenzi was the most
observed in all local chicken ecotype with 82.3% followed by Indayi, Umurangi and Inganda
with 12.3%, 4.4% and 1% respectively. Inshenzi was high domesticated at Northern Province
(91.0%).

Carrying out selection was the highest significant different (p < 0.001). The great number of
chicken farmers was carrying out selection (65.0%). Majority of chicken farmers in Eastern
Province was carrying out selection (74.1%). Keeping a breeding cock was the highest
significant different (p < 0.001). Keeping a breeding cock of less than a year was the highest
dominant with 76.0% followed by 1 to 3 years and more than 3years with 19.7% and 0.4%
respectively. Keeping a breeding cock of less than a year was the most apparently in Eastern
Province (86.5%).
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Practical of crossbreeding was not significant different (p > 0.05). The majority of chicken

farmers were not done a crossbreeding with 75.6% and Western Province was at the highest

level (77.0%) while chicken farmers at Eastern Province were done a crossbreeding at highly

level (25.5%). Practical of a crossbreeding was a benefit to chicken farmers and it was the

highest significant different (p < 0.001). The majority of IC farmers were benefiting from

practice a crossbreeding (71.3%). Local chicken farmers at Northern Province were

benefiting from practice a crossbreeding (25.5%).

Chickens crossbreeding were not significant different (p > 0.05). Random mating of native

chickens was the most dominant with 76.5% followed by organized mating and both with

23.2% and 0.3% respectively. Random mating was the highest dominant in Northern

Province (87.1%).

Table 9: Breeds and breeding management of chickens

Provinces
Breeds and breeding | North South East West | Overall
management of chickens
Chickens breed (%)
local breed 69.9 68.9 76.3 69.6 71.2
Exotics 22.4 20.3 14.2 19.3 19.1
Kuroilers 40.9 58.5 60.0 51.4 54.1
Sasso 47.7 354 28.2 37.8 35.8
Layers 2.3 4.6 3.5 8.1 4.9
Other* 9.1 1.5 8.2 2.7 5.2
Crossbred 7.7 10.9 9.5 11.0 9.8
Local chicken ecotypes (%) Overall
Inshenzi 91.0 83.3 73.3 83.9 82.3
Indayi 5.6 10.8 16.2 15.7 12.3
Umurangi/umujosi 3.0 2.5 10.5 0.0 4.4
Inganda 0.4 3.3 0.0 0.4 1.0
Carrying out selection (%) Overall | P values
Yes 59.2 59.1 74.1 67.5 65.0 0.000
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No 40.8 40.9 25.9 32.5 35.0

Duration of keeping a breeding cock (%)

Less than a year 83.3 75.2 86.5 60.2 76.0 0.000
1to 3 years 12.7 22.6 12.9 29.8 19.7

More than 3years 4.0 2.2 .6 9.9 4.3

Do you practice crossbreeding? (%)

Yes 24.2 24.7 25.5 23.0 24.4 0.931
No 75.8 75.3 74.5 77.0 75.6

If yes has it been benefit to you? (%)

Yes 97.1 88.3 52.2 63.7 71.3 0.000
No 2.9 11.7 47.8 36.3 28.7

How is this cross breeding done? (%)

Random mating 87.1 69.0 76.1 75.7 76.5 0.074
Organized (controlled mating) | 11.4 31.0 23.9 24.3 23.2

Both 1.4 0.0 0.0 0.0 3

*QOther exotic breeds were Delco, Rhode Island Red and few breeds with brown colour
**The other local chicken was mainly known as inyarwanda while only one farmer has
mention the cross of inganda and indayi while the other one was not know the name of his
local chicken

4.1.10. Selection criteria of breeding stock

The selection criteria for a breeding stock in Rwanda are presented in Table 10. The big body
size was the most dominant in selection criteria for a breeding cock with 31.6% followed by
tall, high growth rate, plumage colour and high vigour, big comb size and other* with 19.3%,
11.5%, 5.6% and 1.6% respectively. The big body size was the main criteria to be chosen

during cock selection in Southern Province (34.0%).

The good layer was the most dominant in selection criteria for a breeding hen with 28.5%
followed by big body size, high hatchability, good mothering ability, high growth rate, tall,
small size and other** with 23.5%, 18.7%, 11.5%, 7.9%, 5.4%, 3.1% and 1.3% respectively.
The good layer was the most criteria to be chosen during hen selection in Southern Province
(40.2%).
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Table 10: Selection criteria of breeding stock

Provinces
Selection  criteria  of | North South East West overall
breeding stock mean
Selection criteria for a breeding cock (%)
Big body size 32.6 34.0 31.6 29.7 31.6
Tall 25.9 25.8 15.0 16.3 19.3
High growth rate 17.3 12.3 23.7 18.7 18.9
Plumage colour 8.6 10.1 14.1 114 115
Big comb size 2.6 3.8 4.8 9.2 5.6
High vigour 10.9 11.0 10.5 13.0 115
Other* 2.2 3.1 4 1.6 1.6
Selection criteria for a breeding hen (%)
Big body size 26.9 27.4 18.9 15.8 23.5
Small size 1.7 3.4 4.6 3.6 3.1
Good layer 21.7 23.8 36.6 40.2 28.5
High hatchability 214 17.9 15.8 18.3 18.7
Tall 8.5 6.8 1.6 1.4 5.4
High growth rate 8.5 94 7.1 5.3 7.9
Good mothering ability | 10.2 10.4 13.9 13.0 115
Other** 9 1.0 1.4 2.5 1.3

**Qther attributes include:

4.1.11. Housing and main

Housing and maintenance for IC were the highest significance (p < 0.001) in four agro-
ecological zones (Table 11). The complete enclosure was the most observed with 56.6%
followed by shared the same house with the owner, on the veranda, kitchen and other with
31.9%, 5.2%, 5.1% and 1.2% respectively. The complete enclosure was high dominant in
Eastern Province (72.0%). Regular sweeping of IC house was the most done with 94.8%

followed by cleaning and changing litter, other** and cleaning and disinfecting with 3.4%,

1.3 and 0.5% respectively.

tenance
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Regular sweeping in chicken house was the highest level in Western Province (98.5%).
Disposal wastes of local chickens were the most used as manure with 89.0% and Eastern

Province was the most used chicken disposal wastes as manure with 96.2%.

Table 11: Housing and maintenance

Housing and | Province Overall | P Value

maintenance North South East West

Housing structures (%)

Chicken  house with 0.000
54.5 36.2 72.0 64.0 |56.6

complete enclosure

Shared the same house

) 214 52.8 22.5 30.6 |31.9

with the owner

On the veranda 11.3 6.6 1.5 1.6 5.2

Kitchen 11.3 2.8 4.0 1.9 51

Other 1.5 1.6 0.0 1.9 1.2

Housing facility maintenance (%)

Regular sweeping 89.9 94.9 96.9 98,5 (9438 0.000

Cleaning and changing

litter 7.0 3.8 1.5 0.5 34

Cleaning and

disinfecting 0.9 0.4 0.5 0.0 0.5

Other** 2.2 0.8 1.0 1.0 1.3

Chicken wastes disposal (%)

Used as manure, 83.1 84.3 96.2 925 |89.0 0.000

Not put to use in any
16.9 15.7 3.8 7.5 11.0

way

*Qther includes udutete, trees, cowshed, etc ** other the building of perch (udutanda) and

shifting chicken
4.1.12. Price of chickens products and their markets

Price of IC products and their markets in Rwanda are presented in Table 12. Mature cocks
were the most expensive with 5,973 Rwandan francs followed by mature hen, growers,
chicks and eggs with 4,055, 2,535, 1,663 and 87 Rwandan francs respectively. Average price
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of mature cocks and eggs were the highest significant different (p < 0.001). Mature cocks and
eggs were the highest price at Western Province 6,429 and 91 Rwandan francs. Average price
of chicks was significant different (p < 0.05). The highest chick’s price was the most
observed in Southern Province (1,805francs). Average price of growers and mature hen were
not significant different (p > 0.05). The highest price for grower chicken was 2,591francs at

Northern Province and mature hen was 4,353francs at Western Province.

There was the highest significant different (p < 0.001) in marketing of chickens products.
Sell to middlemen was the most dominant with 51.1% followed by sell directly to the
consumers and both of them with 32.1% and 16.8% respectively. Sell to middlemen was the
highest level at Northern Province (56.2%).

Table 12: Price of chickens products and their markets

Average price of chickens | Provinces

products and their markets North South East West | Overall | P values

Chickens products (francs)

Eggs 85 89 85 91 87 0.000

Chicks 1708 1805 1534 1659 | 1663 0.044

Growers 2591 2492 2546 2515 | 2535 0.796

Mature cocks 6264 5758 5432 6429 | 5973 0.000

Mature hen 3974 4144 3750 4353 | 4055 0.090

Marketing of chickens products (%)

Sell to middlemen 56.2 42.9 52.3 531 |51.1

Sell ~ directly to the 0.000
18.6 26.1 39.5 441 | 32.1

consumers

Both of them 25.2 31.0 8.3 28 |16.8

4.1.13. Mortality levels and associated causes

Mortality levels and associated causes for local chickens in four agro-ecological zones are
shown in Table 13. There was the highest significant different (p < 0.001) in mortality level
for IC group. Chicks were the highest mortality rate (92.7%) followed by hens, growers and
cocks with 3.6%, 2.0% and 1.7% respectively. Chick’s mortality rate was high observed in
Western Province (98.0%). The diseases were the major causes of mortality with 54.0%
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followed by predators, weather, other*, thieves and accidents with 39.0%, 3.5%, 0.2%, 1.8%
and 1.4% respectively. The diseases were the most dominant cause of mortality at Eastern
Province (61.3%). There was significant different (p < 0.05) in the period of the highest
mortality rates. Rainy season was the most observed in chicken’s mortality with 52.8%
followed by dry season and both seasons with 42.7% and 4.5% respectively. At Eastern

Province was the highest local chicken’s mortality (80.0%).

Newcastle was the most prominent cause of mortality with 64.8% followed by respiratory
diseases, coccidiosis, others*, salmonellosis and parasites with 16.9%, 7.8%, 5.0%, 3.5% and
2.1% respectively. Newcastle was the highest cause of mortality in Southern Province
(75.0%).

Table 13: Mortality levels and associated causes

Mortality Provinces P value
levels and

associated Overall

causes North South East West

Chicken group that has the highest mortality rates (%)

Chicks 90.5 89.6 924 98.0 92.7 0.011
Cocks 9 3.7 1.5 4 1.7

Hens 5.7 4.1 3.8 1.2 3.6

Growers 2.8 2.5 2.3 4 2.0

Major causes of mortality (%)

Predators 38.9 42.3 36.9 38.9 39.0

Diseases 48.7 49.4 61.3 54.0 54.0

Accidents 24 2.7 0.9 0.4 1.4

Thieves 0.6 1.7 0.2 4.6 1.8

Weather 9.5 3.9 0.0 2.0 3.5

Other* 0.0 0.0 0.7 0.0 0.2

Period of the highest mortality rates (%)

Dry season 55.9 29.3 16.6 58.7 42.7 0.000
Rainy season 42.1 68.1 80.0 31.6 52.8

Both seasons 2.0 2.6 3.4 9.8 4.5
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Diseases causes of mortality (%)

Newcastle 67.6 75.0 62.4 57.0 64.8
Respiratory

diseases 19.2 10.9 17.0 20.1 16.9
Coccidiosis 4.8 6.3 7.0 12.0 7.8
Salmonellosis | 2.8 1.4 5.2 3.7 35
Parasites 0.4 3.5 3.9 0.3 2.1
Others* 5.2 2.8 4.6 6.9 5.0

*Qther include stress and heating and *Other include eye diseases, Fowl typhoid, Gomboro
4.1.14. Vaccination

Vaccination of IC was significant different (p < 0.05) in four agro-ecological (Table 14). A
great number of chicken farmers did not vaccinate their chickens (94.7%). They did not
vaccinate their chickens in the highest level at Southern Province (96.3%). At Eastern
Province; chicken farmers were done a vaccination at the highest level (6.9%). All reasons
for not vaccinate their chickens were significant different (p < 0.05). Not aware about
vaccination was the most observed with 83.6% followed by not available, expensive and
other, specify* with 10.6%, 3.8% and 2.0% respectively. Not aware about vaccination was
the most observed at Southern Province (88.9%).

Table 14: Vaccination

Provinces Overall | P value
Vaccination North South East West
Do you vaccinate (%)
Yes 6.4 3.7 6.9 4.2 5.3 0.011
No 93.6 96.3 93.1 95.8 | 947
Reason for not vaccinating (%)
Expensive 1.6 1.4 5.3 8.0 3.8 0.024
Not available 114 7.9 13.8 10.4 10.6
Not aware about
chickens vaczings 85.3 88.9 78.3 79.8 83.6
Other, specify* 1.6 1.9 2.6 1.8 2.0
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*Qther include short experience, lack of knowledge, local chicken are resistant, etc
4.2. Phenotypic characterization

4.2.1. Plumage patterns and comb structures

Plumage patterns and comb structures of indigenous chickens across four agro-ecological
zones are shown in Table 15. Uniform and Coronation plumage patterns were the most
prominent with 24.7% followed by silver penciled, partridge, speckled, naked neck and
mottled, rumpless and barred with 12.9%, 10.8%, and 8.6%, 7.5%, 2.2% and 1.1%
respectively. Inshenzi was the most dominant in all plumage patterns with 60.2% followed by
Sekaganda, Indayi and Umurangi with 19.4%, 15.1% and 4.3% respectively.

Erect comb structure was the most observed with 88.9% compared to droopy comb (11.1 %).
Inshenzi was the most dominant in all comb structures with 60.0% followed by Sekaganda,
Indayi and Umurangi with 21.1%, 14.4%, and 4.4% respectively.

Table 15: Plumage patterns and structure of comb

Plumage patterns | Name of the local chicken kept
Sekaganda | Indayi Umurangi/ | Inshenzi | Total
(Inganda) Umuijosi
Mottled 1.1% 2.2% 1.1% 3.2% 7.5%
Silver penciled 3.2% 1.1% - 8.6% 12.9%
Speckled 1.1% 1.1% 1.1% 5.4% 8.6%
Partridge 4.3% 3.2% - 3.2% 10.8%
Uniform 5.4% 3.2% - 16.1% 24.7%
Coronation 3.2% 2.2% - 18.3% 24.7%
Barred 1.1% - - 1.1%
Rumpless - 1.1% - 1.1% 2.2%
Naked neck - 1.1% 2.2% 4.3% 7.5%
Total 19.4% 15.1% 4.3% 60.2% 100.0%
Structure of comb
Erect 20.0% 14.4% 3.3% 51.1% 88.9%
Droopy 1.1% - 1.1% 8.9% 11.1%
Total 21.1% 14.4% 4.4% 60.0% 100.0%

Note: Empty space in this above table means not applicable for that chicken.
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4.2.2. Comb forms and earlobes color

Comb forms and earlobes color of IC in Rwanda are shown in Table 16. Single comb was the
most observed with 90.1% followed by double and rose varieties with 8.8% and 1.1%.
Inshenzi was the most dominant in all comb forms with 60.4% followed by Sekaganda,
Indayi and Umurangi with 20.9%, 13.2% and 4.4% respectively. Red earlobes were the most
appeared with 58.9% followed by white and yellow with 28.4% and 12.6% respectively.
Inshenzi was the most observed in all earlobe colors with 60.0% followed by Sekaganda,
Indayi and Umurangi with 20.0%, 14.7% and 4.2% respectively.

Table 16: Comb forms and earlobes color

Name of the local chicken kept
Sekaganda Umurangi/

Comb forms (Inganda) | Indayi Umujosi Inshenzi | Total
Single 20.9% 12.1% 4.4% 52.7% | 90.1%
Double - 1.1% - 7.7% 8.8%
Rose varieties - - - - 1.1%
Total 20.9% 13.2% 4.4% 60.4% | 100.0%
Earlobes color
Red 12.6% 8.4% 4.2% 32.6% | 58.9%
White 5.3% 1.1% - 22.1% 28.4%
Yellow 2.1% 5.3% - 5.3% 12.6%
Total 20.0% 14.7% 4.2% 60.0% | 100.0%

Note: Empty space in this above table means not applicable for that chicken.

4.2.3. Earlobe shapes and beak structure

Earlobe shapes and beak structures of local chickens in Rwanda are presented in Table 17.
Oval earlobe was the most dominant with 76.1% compared to round earlobe (23.9 %).
Inshenzi was the most observed in all earlobe shapes with 59.8% followed by Sekaganda,
Indayi and Umurangi with 20.7%, 14.7% and 4.3% respectively. The curve beak was the
most dominant with 97.8% compared to straight beak (2.2%). Inshenzi was the highest
observed in all beak structures with 60.4% followed by Inganda, Indayi and Umujosi with
19.8%, 14.3% and 4.4% respectively.
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Table 17: Earlobe shape and beak structure

Name of the local chicken kept
Earlobe shape | Sekaganda Indayi Umurangi Inshenzi | Total
Round 3.3% 3.3% - 17.4% | 23.9%
Oval 17.4% 10.9% 4.3% 42.4% | 76.1%
Total 20.7% 14.1% 4.3% 59.8% 100.0%
Structure of beak

Straight 1.1% 1.1% - 2.2%
Curve 19.8% 13.2% 3.3% 60.4% | 97.8%
Total 19.8% 14.3% 4.4% 60.4% | 100.0%

Note: Empty space in this above table means not applicable for that chicken.

4.2 4. Beak color and feather structure

Beak color and feather structure of IC across four agro-ecological zones are shown in Table
18. Brown beak was high observed with 36.7% followed by black, yellow and white with
28.4%, 27.8% and 6.7% respectively. Inshenzi was the most prominent in all beak colors
with 61.1% followed by Sekaganda, Indayi and Umurangi with 18.9%, 14.4% and 4.4%
respectively. Inshenzi was the most prominent in smooth feather structure with 60.4%

followed by Inganda, Indayi and Umujosi with 19.8%%, 14.3% and 4.4% respectively.

Table 18: Beak color and feather structure

Color of beak | Name of the local chicken kept

Total

Sekaganda | Indayi Umurangi | Inshenzi

Yellow 4.4% 3.3% 2.2% 16.7% 27.8%
Black 7.8% 3.3% 1.1% 16.7% 28.9%
Brown 6.7% 6.7% 1.1% 22.2% 36.7%
White - 1.1% - 5.6% 6.7%
Total 18.9% 14.4% 4.4% 61.1% 100.0%
Feather structure
Smooth 19.8% 14.3% 4.4% 60.4% 100.0%
Total 19.8% 14.3% 4.4% 60.4% 100.0%

Note: Empty space in this above table means not applicable for that chicken.
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4.2.5. Eye and shank colors

Eye and shank colors of IC in Rwanda are presented in Table 19. Eye pink was the most
dominant with 89.2 % followed by yellow and brown with 8.6% and 2.2% respectively.
Inshenzi was the highest observed in all eye colors with 61.3% followed by Sekaganda,
Indayi, and Umurangi with 18.3%, 15.1% and 4.3% respectively. Yellow shank was high
dominant with 46.8% followed by white, black, greenish, pink and still blue with 35.1%,
9.6%, 6.4%, and 1.1% respectively. Inshenzi was the most prominent in all shank colors with
60.6% followed by Sekaganda, Indayi and Umurangi/ Umujosi with 19.1%, 14.9% and 4.3%

respectively.

Table 19: Eye and shank colors

Name of the local chicken kept
Eye color Sekaganda | Indayi | Umurangi Inshenzi | Total
Pink 16.1% 14.0% | 4.3% 53.8% | 89.2%
Yellow 2.2% 1.1% - 5.4% 8.6%
Brown - - - 2.2% 2.2%
Total 18.3% 15.1% | 4.3% 61.3% | 100.0%
Shank color

Pink - - - 1.1% 1.1%
White 5.3% 5.3% 1.1% 23.4% | 35.1%
Yellow 8.5% 8.5% 3.2% 25.5% | 46.8%
Still blue - - - 1.1% 1.1%
Greenish 2.1% - - 4.3% 6.4%
Black 3.2% 1.1% - 5.3% 9.6%
Total 19.1% 14.9% | 4.3% 60.6% | 100.0%

Note: Empty space in this above table means not applicable for that chicken.
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4.2.6. Average of different morphological and production parameters

Average of the different morphological and production parameters of indigenous chickens in
Rwanda is shown in Table 20. The total body weight of IC was not significant different (p >
0.05) with 1.58+0.24kg. Umurangi has the highest body weight with 1.771 +0.11kg followed
by Indayi, Inshenzi and Sekaganda with 1.66+0.45kg, 1.59+0.005kg and 1.44+0.39kg
respectively. The average of crest height of local chickens was not significant different (p >
0.05) with 1.49+£0.09cm. Indayi has the highest crest height with 1.59+0.06cm followed by
Sekaganda, Inshenzi, and Umurangi with 1.53+0.23cm, 1.48+0.05cm and 1.43+£0.02cm

respectively.

The overall mean of crest length of IC kept was not significant different (p > 0.05) with
3.43+0.23cm. Indayi has the highest crest length with 4.07+0.37cm followed by Umurangi,
Sekaganda and Inshenzi with 3.75+£0.15cm, 3.71+0.16cm and 3.20+0.23cm respectively. The
total head length of IC kept was not significant different (p > 0.05) with 6.58+0.06cm.
Umurangi has the most head length with 6.75+0.1cm followed by Indayi and Inshenzi are

both equal and lastly Sekaganda with 6.61+0.02cm and 6.42+0.09cm respectively.

The overall mean of beak length was not significant different (p > 0.05) with 2.89+0.07cm.
Umurangi was the most beak length with 3.13+0.14cm followed by Inshenzi, Indayi and
Sekaganda with 2.89+£0.00cm, 2.88+0.01cm and 2.86+0.02cm respectively. The average of
wattle length of 1C was not significant different (p > 0.05) with 1.89+0.07cm. Umurangi has
the highest wattle length with 2.13+0.14cm followed by Indayi, Sekaganda and Inshenzi with
2.0+0.08cm, 1.92+0.02cm, and 1.83+£0.03cm respectively.

The overall mean of neck length in local chicken kept was not significant different (p > 0.05)
with 9.97£0.06cm. Umurangi has the most neck length with 10.25+0.16cm followed by
Inshenzi, Indayi and Sekaganda with 9.97+0.00cm, 9.93+0.02cm and 9.87+0.06cm
respectively. The total diameter of the thorax in domesticated local chickens was not
significant different (p > 0.05) with 10.09£0.45cm. Inshenzi has the highest thorax diameter
with 10.35+0.15cm followed by Indayi, Sekaganda and Umujosi with 10.25+0.09cm,
9.71+0.22cm and 7.75+1.35cm respectively.

Overall mean of body length across the IC kept was not significant different (p > 0.05) with
20.31+0.59cm. Indayi was the most body length with 21.37+0.61cm followed by Inshenzi,
Sekaganda and Umurangi with 20.56+0.14cm, 19.18+0.65cm and 18.63+£0.97cm
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respectively. The total tarsus diameter of local chickens kept was significant (p <0.05) with
3.46+£0.18cm. Umurangi was the highest tarsus diameter with 4.38+0.53cm followed by
Indayi, Inshenzi and Sekaganda with 3.50+0.02cm, 3.49+0.02cm and 3.19+0.15cm
respectively. The average of tarsus length of IC was not significant different (p > 0.05) with
11.16+0.27cm. Umurangi has the highest tarsus length with 11.50+0.19cm followed by both
Inshenzi and Sekaganda and lastly Indayi with 11.37+0.12cm and 10.00+0.67cm

respectively.

The total diameter of the shank of native chickens kept was not significant different (p >
0.05) with 1.36+0.21cm. Indayi was the most dominant in shank diameter with 1.48+0.64cm
followed by Inshenzi, Sekaganda and Umujosi with 1.38+0.01cm, 1.24+0.07cm and
1.13+0.13cm respectively. The overall mean of shank length among the IC was not
significant different (p > 0.05) with 7.28+£0.07cm. Indayi has the most shank length with
7.5+0.13cm followed by Inshenzi, Umujosi, and Inganda with 7.26£0.01cm, 7.25+£0.02cm
and 7.07+0.12cm respectively.

The total wing length of the native chicken kept was not significant different (p > 0.05) with
13.82+0.29cm. Indayi has the most wing length with 14.60+0.45cm followed by Inshenzi,
Sekaganda and Umurangi are both equal with 13.90+£0.04cm and 13.25+0.33cm respectively.
The average of wingspan across the IC kept was not significant different (p> 0.05) with
52.37+3.01cm. Indayi has the highest wingspan with 54.64+1.331cm followed by Inshenzi,
Sekaganda and Umurangi with 53.0+0.38cm, 52.05+0.18cm and 34.75+10.17cm

respectively.

The overall mean of female age sexual maturity across the 1C was not significant different (p
> 0.05) with 6.57+0.48months. Umurangi has the highest age of female sexual maturity with
9.00+1.40months followed by Inshenzi, Sekaganda and Indayi with 6.64+0.04months,
6.25+0.18months and 6.00+£0.33months respectively. The overall mean of male age sexual
maturity in IC kept was not significant different (p > 0.05) with 7.00+0.19 months. Umurangi
has the highest age of male sexual maturity with 7.67+0.38 months followed by Inshenzi,
Indayi and Sekaganda with 7.33+0.38months, 7.00£0.00 months and 6.00+£0.57months

respectively.

The total age at point of laying for all local chicken kept was the highest significant (p <
0.001) with 7.07+£1.86months. Umurangi has the highest age at point of laying with
8.0months followed by Inshenzi, Sekaganda and Indayi 7.29months, 7.00months and 6.00
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months respectively. The total number of eggs laying/clutch among the IC was not significant
different (p > 0.05) with 13.79+0.77eggs. Umurangi has the most observed in great number
of eggs laying/clutch with 18.00+1.18eggs followed Inshenzi, Indayi, Sekaganda with
14.25+0.94eggs, 13.38+0.23eggs and 12.50+0.74eggs respectively. The total number of
clutches per year of IC kept was not significant different (p > 0.05) with 3.52+0.16. Umujosi
has the highest in number of clutches per year with 4.00+0.27clutches followed Inshenzi,
Sekaganda and Indayi with 3.68+0.09, 3.33+0.11, 3.173.17£0.20 clutches respectively.

The total of annual egg production across the IC kept was not significant different (p > 0.05)
with 46.06+5.91eggs. Umujosi has the highest annual egg production with 72.00+14.97eggs
with 49.50+£1.98, 42.17+2.24eggs

38.29+4.48eggs respectively. The hatching rate among local chickens kept was not

followed Inshenzi, Sekaganda and Indayi and
significant different (p > 0.05) with 82.30%. Umurangi was the highest hatching rate with
99.00% followed Indayi, Sekaganda and Inshenzi with 88.71%, 82.00% and 79.81%

respectively.

The hatchability rate under natural incubation for all local chicken kept was not significant
different (p > 0.05) with 81.11%. Umurangi has the most hatchability rate under natural
incubation with 99.00% followed Indayi, Sekaganda and Inshenzi with 87.00%, 82.00%,
78.53% and 62% respectively.

Table 20: Average of different morphological and production parameters

_ Sekagand

Morphological )

a Umurangi/ Total P Value
Parameters ) o )

(Inganda) | Indayi Umuijosi Inshenzi
Weight measurements in 1.59+0.00 0750
kg 1.43+0.39 | 1.66+0.45 | 1.77+0.11 |5 1.58+0.24 |
Crest height

0.903

measurements in cm 1.53+0.23 | 1.59+0.06 | 1.45+0.02 | 1.48+0.05 | 1.49+0.09
Crest length measurement 0.178
incm 3.71+0.16 | 4.0740.37 |3.75+0.15 |3.20+0.23 |3.43+0.23 |
Head length measurement 0911
incm 6.42+0.09 | 6.61+0.02 | 6.75+0.1 6.61+0.02 | 6.58+0.06 |
Beak length measurement | 2.86+0.02 | 2.88+0.01 | 3.13+0.14 | 2.89+0.00 | 2.89+0.07 | 0.963
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Wattle length 0.988
measurements in cm 1.92+0.02 | 2.03+0.08 | 2.13+0.14 | 1.83+0.03 | 1.89+0.07
Neck length measurement 0.979
incm 9.87+0.06 | 9.93+0.02 | 10.25+0.16 | 9.97+£0.00 | 9.97+0.06
Diameter of the thorax in 10.25+0.0 10.35+0.1 | 10.09+0.4 0.412
cm 9.71£0.22 | 9 7.75£1.35 |5 5
19.18+0.6 | 21.37+0.6 20.56£0.1 | 20.31+0.5 0.640
Body length in cm 5 1 18.63+0.97 | 4 9
Diameter of the tarsus in 0.021
cm 3.19+0.15 | 3.50+0.02 | 4.38+0.53 | 3.49+0.02 | 3.46+0.18
11.3740.1 | 10.00£0.6 11.37+0.1 | 11.16%0.2 0.170
Length of the tarsus incm | 2 7 11.50+0.19 | 2 7
Diameter of the shank in
cm 1.24+0.07 | 1.48+0.64 | 1.13+0.13 | 1.38+0.01 | 1.36%0.21 0.219
7.07+0.12
Shank length in cm 7.50+0.13 | 7.25+£0.02 | 7.26£0.01 | 7.28+0.07 0.434
13.25+0.3 | 14.60+0.4 13.90+0.0 | 13.82+0.2 0.624
Wing length in cm 3 5 13.25+0.33 | 4 9
Wingspan measurement in | 52.05£0.1 | 54.64+1.3 | 34.75+10.1 | 53.03+0.3 | 52.37£3.0 0.092
cm 8 31 7 8 1
Sekagand
Production Parameters | 5 Umurangi/ Total P Value
(Inganda) | Indayi Umuijosi Inshenzi
Age to sexual maturity for 0.291
females 6.25+0.18 | 6.00+0.33 | 9.00+1.40 |6.64+0.04 | 6.57+0.48
Age at point of lay 7.00+0.34 | 6.00+0.92 | 8.00+6.00 | 7.29+0.18 | 7.07+1.86 | 0.000
Age to sexual maturity for 0.333
males 6.00+0.57 | 7.00+0.00 | 7.67+0.38 | 7.33+£0.19 | 7.00+0.19
Number of eggs | 12.50+0.7 | 13.38+0.2 14.25+0.9 | 13.79+0.7 0777
laying/clutch 4 3 18.00+£1.18 | 4 7
Number of clutches per 0.953
year 3.33+0.11 | 3.17+0.20 | 4.00+0.27 | 3.68+£0.09 | 3.52+0.16
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42.1742.2 | 38.29+4.4 | 72.00£14.9 | 49.50+1.9 | 46.06+5.9
Annual egg production 4 8 7 8 1 0.382
82.00£0.1 79.81+2.0 | 82.30+3.8 0.135
Hatching rate (%) 7 88.71+3.7 | 99.00£9.64 | 6 9
The hatchability rate | 82.00+0.5 | 87.00+3.4 | 99.00£10.3 | 78.53+1.4 | 81.11+3.9 0.138
under natural incubation 1 0 2 8 2

Table 21: Morphologically features of identified four local breed chickens

S/ | Names | Phenotypic characteristics Pictures
N
1 | Imirangi - Lack of feathers on the

neck actually called
necked neck,
- Medium to big size
- Weight = 1.77-2.5kg
- Eggs/year=72
- Hatchability rate= 99%
- More preferable by

consummers
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Female necked neck

Indayi

Normal feathers’

Big in size than others
Weight = 1.66-2kg
Egg/year= 38
Harchability rate: 89%
Preferable by
consumers on  the
market show to be big

some can reach 2 kg
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Inshenzi

Normal feathers

Small size

Weight= Between 1-
1.5kg

Eqggs per year =49.5
Hatchability rate=80%
Good in  mothering
abilitty

Not preferable on the
local market because of
small size less than 1.5
kg

Inshenzi small size, most are black with black legs
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Inganda - Normal feathers

(Sekaga - Smaller size
nda) - Eggs /year=42
- Number of

clatches/year = 3
- Hatchability rate = 82
- Good in mothering
abilitty
-Weight = 0.8kg-1.3kg

4.3. Genetic characterization

4.3.1. SNP related to beak length (B L)

The SNP related to selected beak length of indigenous chickens across four agro-ecological
zones are presented in Table 22. The related gene STX18 was significant different (p < 0.05).
It had a real position of 78612470 and located on 4™ chromosome with related to
100044766.36.A.G markers. This related gene was responsible for disease resistance. The
related gene RFX6 was significant different (p < 0.05). It had a real position of 63678051 and
located on 3" chromosome with related to 100039945.53.T.C markers. This related gene was

crucial role in egg production and reproductive performance.

The related gene CDK19 was significant different (p < 0.05). It had a real position of
66408840 and located on 3™ chromosome with related to 100041210.14.C.A markers. This
related gene was responsible for egg and meat quality. The related gene SGK1 was
significant different (p < 0.05). It had a real position of 56158908 and located on 3"
chromosome with related to 100099665.64.T.C markers. This related gene was targeted for

meat quality. The related gene CITEDZ2 was significant different (p < 0.05).

It had a real position of 53903475 and located on 3™ chromosome with related to
100045868.7.C.T markers. This related gene was responsible for resistance to harsh
environment for indigenous chickens. The related gene ENSGALGO00000012941 was
significant different (p < 0.05). It had a real position of 73032184 and located on 2"
chromosome with related to 100049572.56.A.G markers. This related gene was intervened in

egg production and growth.
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The related gene PHLDB2 was significant different (p < 0.05). It had a real position of
89772462 and located on 1% chromosome with related to 100080273.27.A.G markers. This
related gene was played important role in disease resistance. The related gene
ENSGALG00000049712 was significant different (p < 0.05). It had a real position of 2281
and located on 3" chromosome with related to 100136093.24.G.C markers. This related gene
was responsible for disease resistance and stressful condition.

The related gene ENSGALG00000053660 was significant different (p < 0.05). It had a real
position of 79874338 and located on 1% chromosome with related to 100081949.68.C.T
markers. This related gene was intervened in egg laying at optimum level.

Table 22: SNP related to beak length (B L)

SNP Chr | Pos FDR Adj | Related Locus
usted P- | genes
values
100044766.36.A.G | 4 78612470 | 7.09E-05 | STX18 within
100039945.53.T.C |3 63678051 | 0.001479 | RFX6 U31820
100041210.14.C.A |3 66408840 | 0.001479 | CDK19 within
100099665.64.T.C |3 56158908 | 0.002586 | SGK1 U46627
100045868.7.C.T 3 53903475 | 0.002586 | CITED2 Ul15619
2
100049572.56.A.G |2 73032184 | 0.002586 | ENSGALGO | within
0000012941
100080273.27.A.G | 1 89772462 | 0.002586 | PHLDB2 within
100136093.24.G.C |3 2281 0.002586 | ENSGALGO | within
0000049712
100081949.68.C.T |1 79874338 | 0.002945 | ENSGALGO | within
0000053660

4.3.2. SNP related to wattle length (W L)

The SNP related to selected wattle length of indigenous chickens across four agro-ecological
zones are presented in Table 23. The related gene ADPRH was significant different (p <
0.05). It had a real position of 93661553 and located on 1™ chromosome with related to

100045966.25.C.G markers. This related gene was responsible for meat and egg quality. The
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related gene ENSGALGO00000050573 was significant different (p < 0.05). It had a real
position of 25655729 and located on 4™ chromosome with related to 100054325.62.A.G
markers. This related gene was played role in growth and weight gain for local chickens. The
related gene ENSGALGO00000050989 was significant different (p < 0.05). It had a real
position of 15870065 and located on 8" chromosome with related to 100095277.27.A.G
markers. This related gene was intervened to reproduction and growth.

The related gene ENSGALG00000046839 was significant different (p < 0.05). It had a real
position of 57592228 and located on 5" chromosome with related to 100153470.22.T.C
markers. This related gene was intervened to egg production. The related gene SEC14L1 was
significant different (p < 0.05). It had a real position of 4094235 and located on 18™
chromosome with related to 100028819.26.G.C markers. This related gene was highly
resistance to stressful condition.

The related gene SLC25A29 was significant different (p < 0.05). It had a real position of
48728971 and located on 5™ chromosome with related to 100162872.64.C.T markers. This
related gene was responsible for egg and meat quality. The related gene
ENSGALG00000054818 was significant different (p < 0.05). It had a real position of 2222
and located on 1% chromosome with related to 100165698.21.G.T markers. This related gene
was responsible for egg and meat quality and quantity.

The related gene NQO2 was significant different (p < 0.05). It had a real position of
66369841 and located on 2™ chromosome with related to 100050457.18.G.A markers. This
related gene was responsible for egg production.

Table 23: SNP related to wattle length (W L)

SNP Ch | Pos FDR_Adjusted P | Related genes Locus
r -values

100045966.25.C. |1 9366155 | 1.78E-06 ADPRH within

G 3

100054325.62.A. | 4 2565572 | 1.78E-06 ENSGALG0000005057 | D1397

G 9 3 5

100095277.27.A. | 8 1587006 | 1.78E-06 ENSGALG0000005098 | D313

G 5 9

100153470.22.T.C | 5 5759222 | 1.78E-06 ENSGALG0000004683 | within
8 9
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100028819.26.G. | 18 | 4094235 | 0.000172 SECI4L1 within
C

100162872.64.C. |5 4872897 | 0.000769 SLC25A29 U1270
T 1

100165698.21.G. | 1 2222 0.001649 ENSGALGO0000005481 | U3051
T 8

100050457.18.G. | 2 6636984 | 0.004975 NQO2 D4300
A 1

4.3.3. SNP related to head length (H L)

The SNP related to selected head length of indigenous chickens in Rwanda are presented in
Table 24. The related gene EPS15 was significant different (p < 0.05). It had a real position
of 24427568 and located on 8™ chromosome with related to 100045814.61. C.A markers. This
related gene was played significant role in growth and productivity. The related gene AUTS2
was significant different (p < 0.05). It had a real position of 2115462 and located on 19"
chromosome with related to 100086967.33.C. T markers. This related gene was intervened in
growth rate.

The related gene PRR5 was significant different (p < 0.05). It had a real position of 69759741
and located on 1% chromosome with related to 100099368.67.T.C markers. This related gene
was played important role in growth rate. The related gene SPATAS was significant different
(p < 0.05). It had a real position of 53378062 and located on 4™ chromosome with related to
100128859.59.C.A markers. This related gene was responsible for growth. The related gene
NPHP1 was significant different (p < 0.05). It had a real position of 3082972 and located on
3"chromosome with related to 100097113.59.T.C markers.

This related gene was responsible for chicken’s resistance to harsh environment. The related
gene ENSGALGO00000053126 was significant different (p < 0.05). It had a real position of
96156813 and located on 1°chromosome with related to 100136984.39.C.A markers. This

related gene was responsible for egg quality.
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Table 24: SNP related to head length (H L)

SNP Chr | Pos FDR Adjusted P- | Related genes Locus
values
100045814.61.C.A | 8 24427568 | 0.004295 EPS15 within
100086967.33.C.T | 19 | 2115462 0.004295 AUTS2 within
100099368.67.T.C | 1 69759741 | 0.004295 PRRS within
100128859.59.C.A | 4 53378062 | 0.004295 SPATAS U3672
100097113.59.T.C |3 3082972 0.004295 NPHP1 within
100136984.39.C.A | 1 96156813 | 0.004295 ENSGALGO00000053126 | D4905

4.3.4. Nearest genes related to identified SNP

The nearest genes related to identify SNP of indigenous chickens in Rwanda are presented on
Table 25. The nearest gene LOC776067, CDC16 had a real position of 137692275 and
located at NC_006088.4 on 1* chromosome with related to T marker. It was responsible for
meat quality and quantity. The nearest gene DHRSX, CD99, LOC107051960 had a real
position of 129958897 and located at NC_006088.4 on 1% chromosome with related to C
marker. It played role in meat quality. The nearest gene LOC101750813, MX1 had a real
position of 101256943 and located at NC_006088.4 on 1™ chromosome with related to T
marker.

It played role in viral disease resistance. The nearest gene LOC107053692, GRAP2 had a real
position of 50383558 and located at NC_006088.4 on 1% chromosome with related to A
marker. It was responsible for egg production. The nearest gene JARID2, PRL,
LOC10751657 had a real position of 61140781 and was located at NC_006089.4 on 2"
chromosome with related to C marker. It had a great impact to local environment adaptation.
The nearest gene CALB1, mRNA: XM _0049399117.3 had a real position of 119443614 and
located at NC_006089.4 on 2" chromosome with related to T marker.

It was responsible for egg quality. The nearest gene ADCYAPL, CDH2 had a real position of
93149588 and located at NC_006089.4 on 2" chromosome with related to C marker. It was
responsible for eggshell quality. The nearest gene ALB, IL8L2 had a real position of
51805394 and located at NC_006091.4 on 4™ chromosome with related to A marker. It
played crucial role in immune response. The nearest gene LOC10756603 had a real position
of 8453 and located at NT_461106.1 on 4™ chromosome with related to G marker.
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It played important role in body weight development. The nearest gene CBH140ORF80 had a
real position of 4304485 and located at NC_006095.4 on 8™ chromosome with related to C
marker. It was against over development of ovarian tumor. The nearest gene LOC10751673,
CDS: XP_015149132.1 had a real position of 4304485 and located at NC_006095.4 on 8"
chromosome with related to A marker. It had the adaptive feature to hard environment. The
nearest gene GABRB2, CDS: XP_015149132.1 had a real position of 8272097 and located at
NC_006100.4 on 13" chromosome with related to A marker.

It played role in development of body and egg weight. The nearest gene LECT2, CDS:
XP_015149132.1 had a real position of 16352162 and located at NC_006100.4 on 13"
chromosome with related to A marker. It was responsible for increasing of egg production.
The nearest gene NOTCH, UBC1, CDS: XP_0153010.1 had a real position of 8458226 and
located at NC_006104.4 on 17" chromosome with related to C marker. It contributed to
better adaptation to bad conditions in local area. The nearest gene SPNS3, CDS:
XP_015151456.1, mRNA: 015295970.2 had a real position of 3336281 and located at
NC_006106.4 on 19" chromosome with related to A marker.

It played a great role in increasing of egg production. The nearest gene RASSF5,
XP_015151456.1, MRNA: 0155298926.2 had a real position of 3336281 and located at
NC_006106.4 on 19" chromosome with related to A marker. It contributed to growth and
meat quality. The nearest gene PBX1 had a real position of 5672840 and located at
NC_006095.4 on 8" chromosome with related to T marker. It intervened in growth and
immunity. The nearest gene RXRG, FMO3, GLUL gene had a real position of 5672840 and
located at NC_006095.4 on 8" chromosome with related to T marker.

It was responsible for development and meat color quality. The nearest gene
LOC107054293, CEBPA had a real position of 10145725 and located at NC_006098.4 on
11" chromosome with related to T marker. It contributed to an increase of body weight. The
nearest gene LOC107054316, BCO1, CDH13 had a real position of 15831341 and it was
located at NC_006098.40n 11" chromosome with related to T marker. This nearest gene
played crucial role in meat quality and growth weight. The nearest gene DHRS11, LHX1,
ACACA had a real position of 8356215 and located at NC_006106.4 on 19" chromosome
with related to A marker.

It was associated with an increase of egg production. The nearest gene ALB, IL8L2, FGF2,
ANXAS had a real position of 51805394 and located at NC_006091.4 on 4™ chromosome

with related to A marker. It was responsible for an improvement of egg and weight traits.
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Table 25: The nearest genes related to identified SNPs

Locus CH | Real positon Nearest gene Marker
R
1 137692275 LOC776067 T
NC 006088.4 CDC16
1 129958897 DHRSX, CD99, | C
NC 006088.4 LOC107051960
NC 006088.4 1 101256943 LOC101750813, MX1 T
NC 006088.4 1 50383558 LOC107053692, A
GRAP2
NC 006089.4 JARID2, PRL C
2 61140781 LOC10751657
NC 006089.4 CALBI1 T
2 119443614 mRNA: XM 0049399117.3
NC 006089.4 2 93149588 ADCYAP1, CDH2 C
NC 006091.4 4 51805394 ALB, IL8L2 A
NT 461106.1 7 8453 LOC10756603 G
NC 006095.4 8 4304485 C8H140RF80 C
NC 006095.4 LOC10751673 A
8 4304485 CDS:XP 015149132.1
NC 006100.4 GABRB2 A
13 8272097 CDS:XP 015149132.1
NC 006100.4 LECT2 A
13 16352162 CDS:XP 015149132.1
NC 006104.4 NOTCH C
UBC1
17 8458226 CDS:XP 0153010.1
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NC_006106.4 SPNS3 A
CDS: XP _015151456.1
19 3336281 mRNA: 015295970.2
NC 006113.4 RASSF5 T
XP 015151456.1
26 2497963 MRna:0155298926.2
NC_006095.4 8 5672840 PBX1, T
NC_006095.4 8 5672840 RXRG, FMO3, GLUL
NC_006098.4 11 10145725 LOC107054293,
CEBPA,
NC_006098.4 11 15831341 LOC107054316, T
BCO1,CDH13
NC _006106.4 19 8356215 DHRSI11 A
LHX1
ACACA
NC _006091.4 4 51805394 ALB, IL8L2, FGF2,|A
ANXAS

4.3.5. Homozygosity of indigenous chicken

Homozygosity (Ho) of indigenous chicken in Rwanda is presented in Table 26. This current
study showed that Umurangi was the lowest in homozygosity with 0.140088 followed by
Inshenzi, Inganda and Indayi with 0.15327, 0.154654 and 0.158944 respectively.

Table 26: Homozygosity of indigenous chicken

Generation | Inganda Indayi Inshenzi Umurangi
0 189924 188564 570849 83931

1 38431 39497 114261 15230

2 20141 20435 60378 9556

Ho 0.154654 0.158944 0.15327 0.140088
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4.3.6. Genetic distance of indigenous chicken

Genetic distance of indigenous chickens in Rwanda is shown in Table 27. This present study
indicated that between Umurangi and Inshenzi was the lowest genetic distance with 0.022467
followed by between Umurangi and Inganda with 0.02471 and between Umurangi and Indayi
with 0.031528 respectively.

Table 27: Genetic distance of indigenous chicken

Fst Inganda Indayi Inshenzi Umurangi

Inganda 1 - - -

Indayi 0.00684 1 - -

Inshenzi | 0.002248 | 0.009087 1 -

Umurangi | 0.02471 0.031528 0.022467 1

Note: Empty space in this above table means not applicable for that chicken.
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CHAPTER FIVE: DISCUSSION

Our research proved the hypothesis as the management systems of indigenous chickens, their
phenotypic and genetic diversity in terms of production aren’t enough compare to their full
genetic potential. The present findings were similar to the study conducted by Faruque et al
(2010) who identified preferred traits from poultry farmers to use genetic superior of
indigenous chicken and kept them for genetic improvement. In additionally, this finding was
reported by NIANG (2012) who proved that the sale of chicken cuts would increase demand
among lower-income customers.

Furthermore, the same author confirmed that, the indigenous chickens have an ideal mothers
and foragers to have particular characters that contribute to survivability and reproduction

under harsh climates (Jesuyon and Salako, 2013).
5.1. Management system of indigenous chickens

5.1.1. Chicken production system
Chicken production system was the highest significance (p < 0.001) in Rwanda (Table 1).

Scavenging only and scavenging + seasonal supplementation were the most dominant in all
chicken production system. According to Abdurahman (2016) who reported the quietly

similar result, scavenge with additional supplementation was the most dominant.
5.1.2. Flock productivity

Sexual maturity for cocks, sexual maturity for hen, egg laying cycles per year, eggs given for
incubation, chicks hatched per cycle, number of weaned chicks and chicks’ mortality rate
were the highest significant (p < 0.001) across four agro-ecological zones (Table 2). Sexual
maturity for cocks and hens was varied 6.5months for male and 6.7 months for female.
According to Mahoro (2017); quietly similar result was obtained where 6.7months and
7.5months were responsible for male and female sex maturity. There is variation of age at
sexual maturity for both sexes of local chickens (Hirwa et al, 2019).

Egg laying cycles per year was the average of 3.0. The founding was conformity to report of
Simainga et al (2011); where Tswana chickens produces three clutches per year. The quantity
of eggs produced per cycle was not significant different (p > 0.05) with 17.7eggs. In
agreement with Mwalusanya et al (2001); the average number of eggs laid per clutch under
scavenging condition was ranges from 6 to 28 eggs per clutch. The chicken egg laid per year

was an average of 47.9 eggs. The same result was confirmed by Simainga et al (2011); where

47



the IC laid the average of 46 eggs per year. The average chicks hatched per cycle was 7.6
chicks per 8.8 eggs under natural incubation. Similar to the founding of Simainga et al

(2011); who reported the average of 8 chicks were hatched from clutch size of 15 eggs.
5.1.3. Feeding Practices

The present of this study indicated the significant different (p < 0.05) in the feeding practices
and scavenge with supplement was the most dominant with 51.9+0.9 followed by total
scavenging and entirely on commercial diet with 42.8+3.33 and 7.1+0.4 respectively (Table
6). Similar to the founding of Abdurahman (2016) in Ethiopia where highly level was the
chickens scavenge with additional supplementation followed by spread feed simply on

ground and entirely on commercial diet.
5.1.4. Provision of water

The result of this study showed significant different (p< 0.05) and a great part of IC farmers
was provided water to their chickens with 91.3% (Table 7). Part of a jerry cans entirely were
the mainly water provision equipment used with 51.1% followed by sauce pan, other
(specify)*, drinker and broken Pots with 27.2%, 9.5, 6.9 and 5.3% respectively. In line with
Gezali Abafaji (2017); where almost of the respondents provided water to their chickens and
the great number of chicken farmers (57.7%) used any broken material while 40.6% used

plastic materials and watering trough from wood.
5.1.5. Major constraints on feeding management

According to this present study; expensive feeds was the most constraint on feeding
management (Table 8). The same research was conducted by Wachira et al (2010); where the

poor quality and cost of feed was an important production constraint to local chicken farmers.
5.1.6. Breeds and breeding management of chickens

Our study results showed that; carrying out selection of local chickens was significant
different (p < 0.05) in Rwanda (Table 9). In agreement with Faruque et al (2015); a great
number of chicken farmers of Bangladesh were focused on improvement of both body weights at 8
weeks and egg production up to 40 weeks of age through selective breeding. There was not

significant different (p > 0.05) in few chicken farmers who were done crossbreeding (24.4%).
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Contrary to the results reported by Mearg Fitsum (2017); where chicken farmers did a breeding

practice in improving their chicken productivity through cross breeding method (60.3%).
5.1.7. Selection criteria of breeding stock

Our study results on selection of breeding stock (Table 10); showed that a cock with big body
size, tall and high growth rate was the most dominant criteria. According to Duguma (2009),
similar result was obtained where a size/conformation was also focused on live chicken in
traditional poultry markets. A selection a hen with a good layer, big body size, hatchability
and mothering ability were the most dominant criteria in this current study. Egg number, egg
size, hatchability and mothering ability were the most chosen criteria for hen selection (Mearg
Fitsum, 2017).

5.1.8. Housing and maintenance

The complete enclosure of this present study was high significant different (p< 0.05) with
56.6% followed by shared the same house with the owner, on the veranda, kitchen with
31.9%, 5.2% and 5.1% respectively (Table 11). According to Addisu et al (2013); similar
result was obtained where 95.6% of the respondents in Lume districts constructs separate
house entirely for poultry. Regular sweeping in chicken house of this current research was the
most significant different (p< 0.05) with 94.8%. In line with Halima (2007); the 74.02 % of

households cleaned their chickens’ house once per day in northern Ethiopia.
5.1.9. Mortality levels and associated causes

There was high significant different (p < 0.05) in chick’s mortality rates (92.7%) across four
agro-ecological zones (Table 13). In agreement with NAERLS (2000); the chick mortality
was highest during the dry season. The majority cause of chickens ‘death; diseases was the
most dominant and among them; Newcastle was the mainly cause of death. According to
Alemayehu G and Solomon A (2018); the same result was reported where diseases were the
highest level cause of mortality and Newcastle was the highest cause of mortality for local
chickens (FAOQ, 2019).

The rainy season was high significant different (p < 0.05) in chicken’s mortality rates. The
risk of highest mortality was in the rainy season (Chauhan, 2015).
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5.1.10. Vaccination

Vaccination of IC was significant different (p < 0.05) in Rwanda (Table 14). A great number
of chicken’s farmers were not vaccinating their chickens with 94.7%. According to Habte et
al (2013); the same results was reported where 95.6% of chicken farmers did not vaccinate
their chickens. There was high significant different (p < 0.05) from chicken farmers who did
not aware about vaccination to their chickens (83.6%). In accordance with Emebet (2015);
the chicken farmers had any experience from vaccination and the level of awareness was still

low.
5.2. Phenotypic characterization

5.2.1. Plumage patterns

This present study showed that uniform and coronation plumage patterns were the most
dominant in all local chicken kept with 24.7% followed by silver penciled, partridge,
speckled, naked neck and mottled, rumples and barred with 12.9%, 10.8%, 8.6%, 7.5%, 2.2%
and 1.1% respectively (Table 16). Quietly result was reported by E. A. Rotimi (2016); the
three feather types were observed; normal feather, frizzled feather and naked neck with
88.49%, 6.20% and 5.31% respectively.

Dissimilar founding was reported where barred plumage pattern was the most observed
plumage patterns with 46.55% followed by solid and mottled with 27.2% and 26.3%
(Onasanya et al, 2018).

5.2.2. Earlobes color and comb forms

Our study result indicated that red and white earlobes color were the most dominant with
58.9% and 28.4% (Table 17). According to Biswas (2005); similar result was found where
the red earlobe color of Desi chicken was 58 % followed by white earlobe of 45.8%. Single
comb form for this present study was most dominant with 90.1% (Table 17). In line with
Hailu et al (2013); the 59.7% of males and 72.2% of females were mainly characterized by
single comb. According to Liyanage et al (2015); who were proved the same result that single

comb was the dominant over any other comb types.

5.2.3. Beak color and feather structure

Brown and black beak colors of IC in this current study were the most dominant with 36.7%
and 28.4% (Table 18). This result is quietly similar to the report of Odah et al (2019); where
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black (48.90%) was the most wildly distributed beak color. All local chicken kept in our
study results was smooth feather structure (Table 18). Dissimilar result was reported by

Agbaje and Alabi (2018); where normal feather was the most dominant with 91.7%.

5.2.4. Eye and shank Color

Pink eye color of native chickens in our study was the most dominant with 89.2 % followed
by yellow and brown with 8.6% and 2.2% respectively (Table 19). Contrary to Ikeobi et al
(1996); the eye color among chicken populations studied was frequently black and light—
brown with 44.72% and 14.91% respectively. The yellow and white shank colors of this
current study were the most prominent with 46.8% (Table 19). In accordance with Addisu et

al (2013); the yellow and white colors were highly appearance in shank colors.

5.2.5. Average of different morphological and production parameters

Average of different morphological and production parameters of indigenous chickens in
Rwanda is shown in (Table 20). The total body weight of IC was not significant different (p >
0.05) with 1.58+0.24kg. According to Hirwa et al (2019); this result was quietly similar
where | C weight was a mean of 1.4kg. In line with Yami and Dessie (1997); the mean body
weight of hens was 1.41 kg and cocks 1.69 kg in the central highlands of Ethiopian. The
overall mean of crest length of local chickens kept was not significant different (p > 0.05)
with 3.43+0.23cm. In agreement with Odah et al (2019), the crest length was 3.9cm.

The overall mean of head, beak and wattle length of native chickens kept were not significant
different (p > 0.05). The overall mean of head length was 6.58+0.06cm. In accordance with
D. M. Ogah (2011); head length (cm) for Male had mean of 9.39+0.21 with minimum of 7.80
and maximum was 11.50 and female had mean of 6.71+0.16 with minimum 6.00 and
maximum was 8.00. The average of beak length was 2.89+0.07cm. Conformity to Odah et al
(2019); the beak length was 3.8cm. The average of wattle length was 1.89+0.07cm.
According to Odah et al (2019); dissimilar results was reported where wattle length (3.30 +
0.21cm).

The total neck length of IC was not significant different (p > 0.05) with 9.97+0.06cm.
According to Odah et al (2019); quietly similar result to the current study was observed of
moderate neck length (8. 9£0.50cm). Overall mean of body length of local chickens was not
significant different (p > 0.05) with 20.31+0.59cm. As the same founding to Badubi et al

(2006); average body length was recorded as 18.00 cm and 20.00 cm for male and female
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local chickens in Botswana. The total tarsus diameter for native chickens kept was significant
(p <0.05) with 3.46+0.18cm. According to the report of Hirwa et al (2019); contrary result
was conformed where 1.5cm was measured for IC’s tarsus diameter. The average of tarsus
length of IC was not significant different (p > 0.05) with 11.16+0.27cm. In line with Hailu
(2018); the maximum length of the tarsus in cm was 10.9 £ 1.5 and minimum of 8.6 +1.5.
The total diameter of the shank of local chickens kept was not significant different (p > 0.05)
with 1.36+0.21cm. In agreement with D. P. SAHOO et al (2017); the shank width (cm) had
the maximum of 1.73x0.05 for one test and the 1.32+0.03 for another test.

The overall mean of shank length of IC kept was not significant different (p > 0.05) with
7.28+0.07cm. According of Melesse and Negesse (2011); quietly similar results were
obtained where 9.4 cm was the shank length for male adult chickens. The total wing length
for all local chicken kept was not significant different (p > 0.05) with 13.82+0.29cm.
Dissimilar result was obtained where the wing length in cm was 25.0 (Uza, 2001). The
average of wingspan across the IC was not significant different (p > 0.05) with
52.37+3.01cm.

According to Guni et al (2013); dissimilar result was reported where mean wingspan of
Sheka chicken populations was 47.6 cm for chickens reared in the Southern highlands of
Tanzania. The total female age sexual maturity of IC was not significant different (p > 0.05)
with 6.57+0.48months. In agreement with Hirwa et al (2019); the mean age of sexual
maturity for female in Rwanda was at 6.67 months. Aberra et al (2013) described the same

result in different agro-ecological zones of Amhara region (6.6 months).

The overall mean of age sexual maturity for male in all local chicken kept was not significant
different (p > 0.05) with 7.00£0.19 months. According to the report of Hirwa et al (2019); the
same founding was conformed where 7.39 months was responsible for male local chicken in
Rwanda to reach age sexual maturity. Dissimilar to the report of Yadessa et al (2017); the
mean of male sexual maturity of IC in benchi-Maji zone were about 5.2months. The total age
at point of lay for all IC kept was the highest significant (p < 0.001) with 7.60+1.86months.
In line with Hirwa et al (2019); the local female chickens in Rwanda was started to lay eggs
at 7.31 months.

According to Aberra et al (2013); reported quietly similar to the current study where age at
first egg of scavenging chickens in different agro-ecological zones of Amhara region was 6.6
months. Average number of clutches per year was not significant different (p > 0.05) in all
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local chicken kept with 3.52+0.16. The same result was reported in Central Tigray where the
average clutch number per year was 3.15 to 3.2 and 3.2 at lowland and midland agro-
ecologies, respectively (Alem, 2014). Furthermore result was reported by Melkamu and
Wube (2013) in Debsan Tikara Kebele at Gonder Zuria Woreda where the average clutch
numbers were 3 per year. Dissimilarity result was reported by CSA (2016); where the

national average clutch number of Ethiopia indigenous chicken was 4 per year.

The total number of eggs laying/clutch of IC was not significant different (p > 0.05) with
13.79+0.77eggs. In accordance with Mulgeta and Tebikew (2013); a hen was laid 9-
15eggs/clutch. The total annual egg production was not significant different (p > 0.05) for all
local chicken kept with 46.06+5.91eggs. According to CSA (2016) in Ethiopia; similar
results was obtained where indigenous chickens produce 48 small eggs per hen per year at

farmers’ management conditions.

Furthermore, similar result was reported by Alganesh et al (2003); where the egg production
potential of local chicken is 30-60 eggs/year/hen under village management conditions.
Hatching rate (%) of IC in this current study was not significant different (p > 0.05) with
82.30%. In agreement with Adeleke et al (2012); the hatching traits between frizzled and
normal feathered chickens, presented 90.5 and 84.8% fertility, respectively, and Anak Titan
and Naked Neck presented 80.1 and 76.7% hatchability, respectively.

The hatchability rate under natural incubation was not significant different (p > 0.05) for all
native chicken kept with the total of 81.11%. In line with Ahmed et al (2012); the hatchability
under natural incubation of Naked Neck and Full feathered was 87.40% and 86.98%)
respectively. The same founding was reported by Sumy (2010); where hatchability was at
85%-89% and 80%-92% (Dunya et al, 2014).

5.3. Genetic characterization

5.3.1. SNP related to beak length (B L)

The SNP related to selected beak length of indigenous chickens across four agro-ecological
zones are presented in Table 22. The related gene STX18 was significant different (p < 0.05).
This related gene was responsible for disease resistance. The similar result was reported by
Beilharz et al (1993), where there was an intervention of this gene to disease resistance. The
related gene RFX6 was significant different (p < 0.05). This related gene was crucial role in

egg production and reproductive performance.

53



The same outcome was reported by Tadelle et al (2003) in southern Ethiopia, where it has
played role in hatching their produced eggs. The related gene CDK19 was significant
different (p < 0.05). This related gene was responsible for egg and meat quality. Conformity
result was reported by Moula et al (2010), where it has eggshell thickness which is slightly
thinner compared to other shell zones and had meat quality regarded to the pH after 24 h of
H’mong breed where 5.8 for pectoral muscles and between 5.8 for females and 5.9 for males

for thighs meat muscles (Phuong, 2017).

The related gene SGK1 was significant different (p < 0.05). This related gene was targeted
for meat quality. In line with Isidahomen et al (2012), this gene had a better carcass trait. The
related gene CITED2 was significant different (p < 0.05). This related gene was responsible
for resistance to harsh environment. The result was conformity to the observation of Welc SS
(2013); it played role in response to stress. The related gene ENSGALG00000012941 was
significant different (p < 0.05). This related gene was intervened in egg production and
growth.

In agreement with Dana et al (2010), it had the growth and egg production traits which are
responsible to pro-poor for small holder chicken farmers. The related gene PHLDB2 was
significant different (p < 0.05). This related gene was played important role in disease
resistance. According to Axford et al (2000); similar result was observed where the MHC
alleles of this gene are worked with genetic resistance to diseases like avian leucosis, fowl
cholera, Salmonella and coccidiosis. The related gene ENSGALG00000049712 was
significant different (p < 0.05).

This related gene was responsible for disease resistance and stressful condition. The similar
result was found by Walugembe et al (2019); it was important for IC to adapt to a variety
condition such as high altitude, aridness and stressful factors like disease resistance, poor
nutrition, oxidative and heat stresses. The related gene ENSGALGO00000053660 was
significant different (p < 0.05). This related gene was intervened in egg laying at optimum
level. In accordance with Bridle et al (2006); it was responsible for immune response which

should influence the genetics on laying hen welfare.

5.3.2. SNP related to wattle length (W L)

The SNP related to selected wattle length of indigenous chickens across four agro-ecological
zones are presented in Table 23. The related gene ADPRH was significant different (p <

0.05). This related gene was responsible for meat and egg quality. In line with Choo et al
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(2014); it was related to the level of tenderness with the age at slaughter. Eggshell quality is
crucial factor in egg production (Roberts, 2004). The related gene ENSGALG00000050573
was significant different (p < 0.05). This related gene was played role in growth and weight
gain. According to Allais S et al (2019); the same result was obtained where it was
responsible for body weight and body size which are the keys factors for the body
development of chicken.

The related gene ENSGALG00000050989 was significant different (p < 0.05). This related
gene was intervened to reproduction and growth. This was conformity to the founding of
Muchadeyi et al (2009); it played a crucial role in reproductive performance, growth and
survival in harsh conditions. The related gene ENSGALG00000046839 was significant
different (p < 0.05). This related gene was intervened to egg production. According to Kranis
et al (2013), who was observed the same result, that the QTLs of this gene were associated
with egg production traits.

The related gene SEC14L1 was significant different (p < 0.05). This related gene was highly
resistance to stressful condition. In agreement with Apuno et al (2011); it had the quality of
thermo-regulation for indigenous chickens. The related gene SLC25A29 was significant
different (p < 0.05). This related gene was responsible for egg and meat quality. The similar
founding was confirmed by Duc (2008); it was played role in an egg production in good
range from 55 to 66 eggs/year and it has the water retention which favor for meat sweetness
(Choo et al, 2014).

The related gene ENSGALG00000054818 was significant different (p < 0.05). This related
gene was responsible for egg and meat quality and quantity. In line with Award (2015); this
gene was related to meat or egg production in indigenous chicken. The related gene NQO2
was significant different (p < 0.05). This related gene was responsible for egg production. In
agreement with Tadelle et al (2000); it was intervened in average egg production per year for

local hen of 43.4eggs and her highest was 54.3 eggs.

5.3.3. SNP related to head length (H L)

The SNP related to selected head length of indigenous chickens in Rwanda are presented in
Table 24. The related gene EPS15 was significant different (p < 0.05). This related gene was
played significant role in growth and productivity. Our result was in accordance with Alabi
(2013); this gene was associated with fed nutrients (protein, lysine and energy) to local
chickens must reach optimally and maximum productivity. The related gene AUTS2 was

significant different (p < 0.05). This related gene was intervened in growth rate.
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The similar founding was confirmed by Emmerson (2003), where this gene was contributed
in early growth selection trait among the broiler local chickens at 40-50days The related gene
PRR5 was significant different (p < 0.05). This related gene was played important role in
growth rate. In agreement with Kingori et al (2007), where fed them a protein at level of 16%
with aged 14-21 weeks was optimizing the feed intake and growth. The related gene
SPATADS was significant different (p < 0.05).

This related gene was responsible for growth. According to Kingori et al (2007), it was a
similar result for optimizing growth which was not depending on highest level of protein. The
related gene NPHP1 was significant different (p < 0.05). This related gene was responsible
for chicken’s resistance to harsh environment. The similar founding was reported by Van
Marle-Koster (2009); it was responsible for better adaptation to stressful environmental
conditions. The related gene ENSGALG00000053126 was significant different (p < 0.05).
This related gene was responsible for egg quality.

The same founding was observed by Alipanah (2013), where it contributed to genetic and

phenotypic correlation in terms of egg quality.
5.3.4. The nearest genes related to identified SNP

The nearest genes related to identify SNP of indigenous chickens in Rwanda are presented on
Table 25. The nearest gene LOC776067, CDC16 was responsible for meat quality and
quantity. According to Wang et al (2006); similar founding was observed where it involved
in growth and meat quality. Furthermore, it intervened in muscle development with
associated to fatness traits (Dunislawska et al, 2020). It can be used in improvement of
growth performance (Habimana, 2021). The nearest gene DHRSX, CD99, LOC107051960
was played role in meat quality.

In agreement with Jump et al (2005); it intervened in meat quality by control liver and
whole-body fatness. The nearest gene LOC101750813, MX1 was played role in viral disease
resistance. This was conformity to the founding of Rautenschlein et al (2020). Its Mx
proteins induced by an infection with avian influenza virus are able to block an early step of
the viral replication cycle. In additionally, the chicken Mx gene is highly polymorphic and it
has antiviral activity (Seliger, 2012). Furthermore, this nearest gene was responsible for

influenza virus resistance (Habimana, 2021).
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The nearest gene LOC107053692, GRAP2 was responsible for egg production. The same
result was found by Kamali et al (2007); it contributed in the highest value of cumulative egg
production for first 12 weeks. The nearest gene JARID2, PRL, LOC10751657 had a great
impact to local environment adaptation. According to Matsuzaki et al (2017), similar result
was reported where it contributed in neuron proliferation that responsible for acclimation.
The nearest gene CALB1, mRNA: XM_0049399117.3 was responsible for egg quality.

As described the same result by Le Roy (2017); it played crucial role in eggshell quality due
to accumulation of calcium carbonate. The nearest gene ADCYAP1, CDH2 was responsible
for eggshell quality. In accordance with Jonchére et al (2010), this nearest gene was
associated with eggshell quality. Furthermore, it contributes to egg strength (Moreki et al,
2011). The nearest gene ALB, IL8L2 was played crucial role in immune response.
According to Taylor et al (2004); the similar result was observed where it was mainly

intervened in IFN dependent host resistance to a number of intracellular pathogens.

The nearest gene LOC10756603 played important role in body weight development. In line
with Gous et al (1999); it was responsible for development of muscle and body growth rate
for the broiler chicken. The nearest gene C8H140ORF80 was intervened in against over
development of ovarian tumor. Conforming to Yeung et al (2017); it can mimic the
multiplication of ovarian cancer cells. The nearest gene LOC10751673, CDS:
XP_015149132.1 had the adaptive feature to hard environment. According to Eriksson et al
(2007); the same founding was reported where intervention of this nearest gene was

reflecting to the level of fitness through nutritional status and health.

The nearest gene GABRB2, CDS: XP_015149132.1 played role in development of body and
egg weight. Similar result was reported by Bahmanimehr (2012); where it had responsible
for body and egg weight. The nearest gene LECT2, CDS: XP_015149132.1 was responsible
for increasing egg production. Higher values were reported by Kamali et al (2007); where
this nearest gene was responsible for egg production with heritability of 0.49 for Iranian
indigenous fowls in the first 12 weeks. The nearest gene NOTCH, UBC1, CDS:
XP_0153010.1 was contributed to better adaptation to bad conditions in local area.
Confirming to Aberra (2000); this nearest gene in Naked-neck has heat resistance in tropic

Zones.

57



The nearest gene SPNS3, CDS: XP_015151456.1, mRNA: 015295970.2 was played a great
role in increasing egg production. In agreement with Kamali et al (2007), it was responsible
for egg production in Iranian indigenous fowls. The nearest gene RASSF5, XP_015151456.1,
MRna: 0155298926.2 was contributed to growth and meat quality.

According to Demeure et al (2013); similar result was reported where it has the traits which
were responsible for growth or fat accretion. The nearest gene PBX1 intervened in growth
and immunity. Conformity to Ohta et al (1999); it has the pituitary specific transcription
factor which can bind to and transactivate promoters of growth hormone- and prolactin-
encoding genes, and has an important regulatory effect on animal growth and immunity. The

nearest gene RXRG, FMO3, GLUL was responsible for development and meat color quality.

In accordance with Le Bihan- Duval et al (2011); it has played role in meat quality
appreciation. The nearest gene LOC107054293, CEBPA contributed to an increase of body
weight. The same founding was reported by Fish et al (2013); where it was related to an
increase of body weight in association between the mean value for neck length (12.77 cm)
and shank length (7.84 cm). The nearest gene LOC107054316, BCO1, CDH13 played crucial
role in meat quality and growth weight.

According to AACMC (1984); it contributed to body weight of indigenous chickens with 1.5
kg live weight at 24 weeks of age. The nearest gene DHRS11, LHX1, ACACA was
associated with an increase of egg production. In agreement with Kamali et al (2007); it was
responsible for egg production for the first 12 weeks in Iranian indigenous fowls. The nearest
gene ALB, IL8L2, FGF2, ANXAS was responsible for an improvement of egg and body
weight traits. According to EI-Wardany et al (1992); this nearest gene was intervened to an
increase of egg production and body weight. Further research was supported our study
whereby it contributed to an increase number of eggs per year (Woldegiorgiss, 2015).
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

Our research revealed that; the management systems, phenotypically and genetic diversity
among the indigenous chickens influence their production. Furthermore, the related and
nearest genes from selected local chickens based on low homozygosity (0.140088 and
0.15327) and low similarities (0.022467) among those four indigenous chickens proved that
Imirangi and Inshenzi have the highest genetic diversity and performance in production traits

(egg and body weight) than two others (Indayi and Inganda).

The results are significant importance because they will help design and implement
conservation strategies. In fact, the conservation of these breeds may also have positive
impacts on the local economy, niche traditional markets, and offering a source of high-quality
products to consumers. In this context, genomic information may play a crucial role in the

management of local breeds.

Our observations may guide us in selection and breeding indigenous chicken with high
genetic potential and provide new clues for further study in breeding program of indigenous

chicken.
6.1. STUDY LIMITATIONS

This study was met with confusion from some chicken farmers during the naming of their
local chickens and unestablished breeding program of indigenous chickens in Rwanda may

end up with their conservation difficulty.
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APPENDICES

FIELD AND LABORATORY PHOTOS

e) Phenotype
characterisation e) Body length f) Length of crest

g) Height of crest h) Height of wattle i) Length of neck
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p) Shank length r) Body weight and heart gilt
Field photos 1: Phenotypic characterization of indigenous chickens
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PHOTOS FOR GENETIC CHARACTERIZATION

“|
a

d) Blood into Vacutainer tube  e) Blood sample labelling  f) Blood samples into cool box

Field photos 2: Blood collection for genotypic characterization of indigenous chicken

g) Post PCR and DNA amplification h) Gel room where DNA visualization takes
place

Laboratory photos 1: DNA extraction and amplification for indigenous chickens at
RAB/ Rubirizi Station laboratory.
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QUESTIONNAIRES Qn. No.

1. Chicken production in Rwanda

A Location

1 Date of interview ............... 2 Village....ooviviiiiiiiiiiien,
3 SeCtor ......c.coeiiiiiiiiinnn.. 4 Celluiiiie e
5 Province .........coiiiiiiiin.n. 6 District....

C Information on chicken production

1  Type of chicken production system practiced

Free range (scavenging) only

Free range (scavenging + Seasonal supplementation)

Semi scavenging (free range + Regular supplementation)

Intensive system

2  Age (months) when males start mounting 3 Age (months) at which females start laying.

4 Egg laying cycles your hens have in a year 5. Eggs the hens lay per cycle (clutch size)
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8 How many of the hatched chicks survive up to weaning? ...........c.coeviiiiiiiiiiiiiiiiie i

9 How do you hatch eggs? Naturally Artificially

If natural method, which one of these below do you use?

Traditional nest

Brooding box

Other ......coooeviiiiiiii (specity)

D Feeding management

1 How do your birds feed?

Total scavenging

Entirely on commercial diets

Scavenge but supplementary feeds are also provided.

2 If supplementary feeds are provided, what are the ingredients:

Carbohydrates/ Energy Protein

Maize bran........................... Fishmeal.................ooooo
Ricebran.............c.oooooiiiii Soyabean.........covviiiiiiiiiiiiii
Maize grain.................oeenene. Cottonseed cake ..........cooevviiiiiininin
Wheat grain.......................... Sunflower seed cake..........c..ooeviininnnn.
Minerals/Salts Vitamin

1.Bonemeal.................. (Others)......... 1. PremiX. .......o.oeenees (Others)...........

During which seasons of the year (Dry or Rainy) are these feed resources most abundant?

Carbohydrates/ Energy........................ Proteins.............ccoceviiiiiiiil,

81



Minerals/SaltS. ......oooveiieii ... VItaminS. ...oovveeeeeeeeeeiaaannnn..

3 If you supplement, do you mix your own feed at home?

Yes No

4 If yes in what proportion do you mix the different ingredients?

5 How are the feeds given to chickens? 6 How many times do you distribute supplements
Feed put in troughs or containers. to your chicken?
Feed is often scattered on the ground. Once a day

Available all

Twice a day the time
7 Do you provide drinking water to your chicken?
Yes No
8 If yes which equipment do you use?
Drinker...... Sauce pan...... Broken Pots (urujyo)......... Part of jerry cans......... Other .....

E Breeding management

1 Which breed of chicken do you have?

Local

Exotic (specify) .....ooovvviiiiiiiiiiiini,
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Crossbred (specify) .....oovvvviiiiiniinnn.n

2 Which kind of local chicken do you keep (give name and describe )

3 Do you carry out selection for your breeding stock?

Yes No

4 If yes what attributes do you consider when selecting a breeding cock:
5 For how long do you keep a breeding cock in the flock.............................e.
6 What attributes do you consider when selecting a breeding hen:

7 Do you carry out cross-breeding among chickens in your flock?

Yes No

8 If yes has it been of benefit to you?

Yes No

9 How is this cross breeding done?

Random mating.

Organized (controlled mating)

F Housing

1 In which facility do your birds shelter overnight?

Chicken house with

enclosure

Shared the same house with the owner
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On the veranda

2 What management practices do you often undertake to maintain the housing facility in a good condition?

3 How do you dispose of the chicken wastes?

Used as manure.

Not put to use in any way.

G Production costs, profitability and marketing of chicken products

1 If sold what is the average price of :

2 How do you market your products?

Sell to middlemen

Sell directly to consumers.

H Mortality and Disease management

1 Which chicken group has the highest mortality rates? 2 What are the causes of mortality (rank)
Chicks (U UPTRUUPURRI
Cocks 2
Hens 3
Pullets and cockerels B0
3 Name the major four diseases 4 During which periods of the year are the

mortality rates highest?
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J Vaccination

1 Do you vaccinate your chickens Yes No

2 If yes which diseases do you vaccinate....................
3 what is the availability of the vaccines

Always available............ More often...................

2. Morphological measurement

Chickens Descriptive parameters | Tick Observation if any

1. Plumage Patterns

Mottled

Birchen

Silver penciled

Speckled

Partridge

Uniform

Coronation

Barred

Rumpless

Naked neck

Structure of comb
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Erect

Droopy

Comb

Single

Double

Rose varieties

Pea

Earlobes color

red

white

yellow

Ear lobe shape

Round

oval

Structure of beak

straight

curve

Colour of the beak

Yellow

Black

Brown

white
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green

Feather Structure

Smooth

Frizzled

Superficially silky

Silky

Eye colour

Pink

Yellow

Brown

Orange

Red

Pear

Shank colour

Pink

White

Yellow

Steel blue

Greenish

Black
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Body Measurement

Chickens Descriptive parameters

measurements

Observation if any

General characteristics

Weight

Body length

Wingspan

Head

e Skull length Skull width

e Comb length

e Comb width

e Beak length

e Beak width

e FEar lobes length

e FEar lobes width

e Wattles width

Extremities

e Thigh length

e Folding wing length

e Tarsus diameter

Comb size

Droopy
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Erect

Breast circumference

Body length

Wing span

Shank length

Reproduction Parameters

The hatchability rate under natural incubation [
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Age at point of lay [

Age to sexual maturity for males [

Age to sexual maturity for females[

Number of eggs laying/clutch [

Number of clutches per year [

Annual egg production [

Hatching rate (%) [




