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Abstract

This study aimed to examine the genetic relationship and structure of the local chicken genotypes in Uganda to serve
as an essential component for improvement and conservation strategies. A set of 46 mitochondrial DNA D-loop
sequences among 7 chicken strain populations across Uganda was evaluated. The results revealed 5 polymorphic sites
defining 7 haplotypes with the dominant (80%) haplotype, UGAOQ1, shared among the populations. Maximum genetic
variation was observed among frizzle and rose comb strains which had 2 haplotypes each, followed by the normal
feathered which showed the highest (5) haplotypes and crested chickens with 3 haplotypes, however, naked neck,
ptilopody, polydactylous chickens were the least diverse with highly conserved sequences. Overall, both haplotype
(0.353£0.090) and nucleotide diversities (0.0007+0.0021) revealed a high sequence conversation among the strains,
corresponding to a low genetic variation with no genetic structure detected. However, the highest genetic distance
observed was between the naked neck / rose comb (0.300) and naked neck/ frizzle (0.300) chickens. A close
phylogenetic relationship was observed among the strains suggesting a single founder population adapting to
prevailing keeping conditions and high gene flows among the strains. All observed haplotypes were exclusively
haplogroup E1 ancestry believed to have its roots in the Indian subcontinent.

Keywords: Gallus gallus, chicken genotypes, phylogenetic structure, mutant genes, mtDNA control region, genetic

relationship.

1.0 Introduction

Local chickens (Gallus gallus domesticus) which dominate the production system as the main poultry group
in Uganda (FAO, 2009a) play an important role as part of food security and livelihood of rural economies
(FAO, 2009b) as well as urban poor, especially for women and children (Malabo Montpellier Panel, 2020).
They are largely preferred for production and consumption by most people ( FAO, 2018; Kyarisiima ef al.,
2004). They are a breed choice due to their adaptability to the local environment and ability to thrive under
low input conditions compared to the commercial highly selected hybrid chicken strains, under the
prevailing low input production conditions. Nonetheless, the contribution of local chickens to household
economies could be better supported by safeguarding their genetic diversity for future sustainability. Access
to a wide genetic diversity of animal genetic resources ensures the sustainability of animal production
systems and future food security (AU-IBAR, 2019). Local chicken genetic resource constituting an essential
part of biodiversity serves as the basis for efficient development in selection and conservation programmes
(Groeneveld et al., 2010). However, the practical option of ensuring the conservation of chicken genetic
diversity for future sustainability is challenged by the continuous introgression of the highly selected
commercial chicken lines into the local chicken population (Roothaert et al., 2011; Sorensen and
Ssewannyana, 2003). This leaves many undiscovered genetic potentialities of the chicken genetic resource
at risk of disappearance before even being recognised for any breeding programme. An assessment of the
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local chicken breed diversity is thus an eminent requirement for improvement strategies and development
to be oriented towards better use of genetic material.

A wide genetic variation reported in the Ugandan local chicken population in many observable forms
(Ssewannyana et al., 2008; Yussif et al., 2023) is a consequence of the evolution of alleles by two or more
consecutive mutations (Hvilsom et al., 2022). Genomic rearrangement in the chicken genome tends to
influence observed phenotypic evolution in head features such as wattles, comb (Imsland et al., 2012) and
tufted crest/ crest feather (Wang et al., 2012); feather structure and feather distribution (Chen et al., 2008);
as well as skeletal variance (Zhang et al., 2016). The phenotypic evolution enables adaptation to various
environmental conditions through a complex pattern of interactions and signals. For instance, feather
mutations such as frizzle, nakedness, slow feathering, naked neck, tufted crest and by extension skin
colouration, fibromelanosis genes ( Jin et al., 2016; Gunnarsson, 2009) are useful traits in a hot environment
and are adapted for the outdoor management system (Fernandes et al., 2023; Wang et al., 2012). Polydactyl
and ptilopody (feathered shank) phenotypes tend to have a high growth rate and egg performance potential
(Dahloum ef al., 2016; Mensah, 2016; Adomako, 2009). The local chickens segregate for these major genes
to adapt to the prevailing outdoor management system in hot tropical climates. It could therefore be assumed
that they contain alleles that contribute to altered morphology in those carrying them which is relevant to
their adaptations peculiar to their specific management and environmental circumstances. Hence, using
molecular markers, genetic assessment of the diversity among the chickens showing genes that characterise
major genotypes with known adaptive values would be better understood for purposes such as conserving
superior genotypes and developing efficient breeding programmes. Such information is necessary as a vital
complement to the evaluation of phenotypic diversity and the production environment (FAO, 2012; FAO,
2011).

The mitochondrial DNA (mtDNA) control region has been used as a marker to study genetic diversity in
chicken populations because they are highly polymorphic with the absence of recombination. Thus, a
powerful tool to measure genetic diversity indices. Sequence variation analysis of Displacement (D)-loop
is sufficiently supported by the complete mtDNA genome (Miao ef al., 2013) and could provide a valuable
description of the population structure, demographic history, geographic origins and adaptation (Lan et al.,
2015). The population structure of chicken has been explored using mtDNA sequences of 3 Nigerian
genotypes (Ikpeme et al., 2021) and Egyptian fayoumi chicken (Eltanany and Hemeda, 2016). It is widely
accepted that detailed molecular genetic variation data on breed diversity are essential for effective selection
and crossbreeding management of livestock (AU-IBAR, 2019). Therefore, this study assessed the genetic
relationship and structure of Ugandan chickens carrying genes that characterise major genotypes/ strains
by variation analysis of the mtDNA D-loop sequence. This was aimed at gaining an understanding of the
molecular diversity of the chicken genetic resources of Uganda to guide genetic improvement and
conservation strategies.

2.0 Materials and Methods

2.1 Study Design, Blood Sampling and Molecular Laboratory Procedures

Whole blood samples were obtained from a total of 46 local chickens segregating for genes that characterise
major genotypes: Rose comb, crested chicken, ptilopody, naked neck, frizzle feather, normal feather and
polydactyl chickens in local-chicken-keeping households across Uganda (Fig. 1). Approximately 1 ml of
blood from the ulnar wing vein was collected into labelled 2 mL microtubes one containing 1 mL absolute
ethanol following the protocol for genetic-based assays by Owen (2011) and stored at -20 °C.

Genomic DNA was isolated from 10 ul blood following the Bench Protocol (Spin-Column Protocol)
designed for nucleated erythrocytes (QIAGEN, 2020). Visual estimation of the genomic DNA profile was
done in a UV Transilluminator documentation system (G-BOX, SYNGENE). The fragment, 800 bp of
mtDNA D-loop region was amplified, using previously reported primer pair: AV1F2: 5'-
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AGGACTACGGCTTGAAAAGC-3' / CR1b: 5-CCATACACGCAAACCGTCTC-3' (Mwacharo et al.,
2011), in a polymerase chain reaction (PCR). The amplification was performed for each DNA isolate in a
25 pl reaction volume of mix containing; 2 pl (30 ng) genomic DNA, 0.5 (10 pMol/ pl) each of the primer
pair and 5 ul of 5x FIREPol® Master Mix Ready to Load (Solis BioDyne)(Solis BioDyne, 2020). The final
reaction volume was adjusted with ultrapure PCR-grade water and the amplification processes proceeded
on the Applied Biosystems® Veriti® 96-Well Thermal Cycler (Thermo Fisher Scientific). Thermal cycling
conditions comprised initial denaturation 95°C (Imin), denaturation 95°C (15s), annealing 58°C (1min),
elongation 72°C (1min), 35 cycles final elongation 72°C (10min), and held at 4°C until remove from. The
PCR products were verified by Ethidium bromide (EtBr)-stained gel (1.5% agarose in 100 ml 1x TAE
buffer, 150V, 40 mins) electrophoresis and detected under UV light.

Amplified DNA fragment size was estimated through size comparison with a 1 kb DNA ladder ready-to-
load (Solis BioDyne) loaded alongside. Purification of the amplicons was done using the PureLink® PCR
Purification Kit (Thermo Fisher Scientific Inc.). Sanger sequencing reactions with each of the primer pairs
were performed on the Standard-seq platform of Macrogen Europe B.V. (https://dna.macrogen-

europe.com).

Peilopody - . picloess Polxdaciyl

Figure 1: Geographic location of the Ugandan chicken strains and their phenotypic appearance.
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2.2 DNA Sequence Alignment and Analyses

DNA Sequences were subjected to chromatogram quality control in FinchTV v1.4.0 software (Geospiza,
Inc), and assembled in BioEdit v7.2.5 (Hall, 1999). Multiple Sequence Alignment was conducted using the
MUSCLE algorithm in MEGA v11 (Tamura et al., 2021). Alignments were refined manually to set
nucleotide base pairs at 658 bp (651 bp, excluding sites with gaps). Sequence polymorphism parameters
and distribution of haplotypes were measured using DnaSP v6.12.03 (Rozas et al., 2017), with one outgroup
(GenBank accession number NC_007235). Within-population diversity parameters; haplotype diversity (Hd),
with corresponding nucleotide diversity (z), and average number of nucleotide differences between
haplotypes (k) were tested in Arlequin version 3.5.2.2 (Excoffier et al., 2005). Analysis of molecular
variance (AMOVA) to partition the total genetic variance into components was conducted in Arlequin
3.5.2.2 software with 1000 bootstrap replications (Excoffier et al., 2005). Genetic distance among the 7
strains was measured by the pairwise Fsr value and the statistical tests of the pairwise Fsr values were
estimated by permutation analysis using 1000 replications in Arlequin 3.5.2.2 software. The evolutionary
relationships among the strain haplotypes were visualized by the construction of a median-joining network
(Bandelt et al., 1999) using PopArt 1.7 7 (http://popart.otago.ac.nz) and neighbour-joining tree based on p-
distance method (Nei and Kumar, 2000) was conducted in MEGA v11 (Tamura et al., 2021). All observed
haplotype sequences are part of sequences deposited at the NCBI Genbank with accession numbers
OR401589-OR401932.

3.0 Results and Discussion

3.1 Sequence Polymorphism, Haplotype Distribution and Diversity

The mtDNA D-loop sequence polymorphism and distribution of haplotypes in the chicken strains are
presented in Fig. 2. A total of 5 segregating sites defined 7 unique haplotypes of which the dominant (80%)
haplotype detected among all the strains is UGAOL. Haplotype UGAOQ2 was shared by rose comb, frizzle
and normal feather strains. The rest of the haplotypes were singletons detected only in one particular strain.
Four segregating sites were detected in normal feather chicken, 1 in frizzle feather, 3 in crested chicken,
and 1 in rose comb strain. However, the D-loop sequences of ptilopody, polydactyl and naked neck strain
were highly conserved with no polymorphic site detected and thus constituted 1 haplotype each. Sequence
polymorphism indices presented in Table 1 showed that 5 haplotypes were found in normal feather strains
with haplotype diversity (Hd) of 0.593+0.144. Frizzle feather and rose comb strains had 2 haplotypes each
and showed the highest number of haplotype diversities, 0.667+0.314 each. Crested chickens had 3
haplotypes and the lowest haplotype diversity, 0.318+0.164. Nucleotide diversity was highest in normal
feather (0.00125+0.00040) followed by frizzle feather (0.00102+0.00048), rose comb (0.00102+0.00048)
and crested chicken (0.00077+0.00044). Overall, both the haplotype and nucleotide diversity suggested low
genetic variation among the Ugandan chicken strains as indicated by the low haplotype and nucleotide
diversity, 0.353+£0.090 and 0.0007+0.0021, respectively. The average number of nucleotides differences
among sequences in the population was 0.4589 whereas the overall Tajima’s D estimate, -1.4472 was not
statistically significant (p > 0.10), hence, consistent with a population at a in neutral mutation. This suggests
that the genetic variations were unaffected by natural selection (Hvilsom et al., 2022). These results further
suggest a much lower selection pressure on the ptilopody, polydactyl, and naked neck strains compared to
the normal feather, frizzle feather, crested-chicken and rose-comb. Polydactyl allele frequency has been
reported to be lower than their expected Mendelian proportions in Ugandan indigenous chickens (Yussif et
al., 2023). Naked neck chickens are traditionally deemed undesired for keeping (Desta et al., 2013) and
cannot be served to a guest for consumption or fetch a good market price, thus, negatively selected (Yussif
et al., 2023). Meanwhile, the influence of the naked neck gene (Na) on increasing growth performance
under tropical conditions is well resolved (Fernandes et al., 2023; Fathi et al., 2013; Adomako, 2009). The
higher degree of diversity in the normal feather, frizzle feather, crested chicken and rose comb strain than
the other strains reflect their preference, perhaps as fancy chickens and/or ability to fetch a premium price
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in Uganda. A high genetic variation could increase the ability of a population to evolve and hence, increase
their chances of survival under the constant environmental changes (Hvilsom et al., 2022). The estimates
of haplotype diversity observed in this study are similar to those reported for normal feather and frizzle
feather chickens in Nigeria based on the mitochondrial Cyt b sequences (Ikpeme ef al., 2021).

Haplotype 11111122222336 e distribution in Ugandan chicken strains
D B85688988356193 Accession
8389227961622 [R] [Cr] [Pti] [Ma] [F] [na] [Po] Number
NCea7 7235 CATQTTTCTCTTCG =
oAl LOCLCCCT.TCLT. 37(88) 2 1a 5 7 2 9 2 OR4E81o42
oA TGC.CCCT.TC.LT. e3(7) 1 = = = 1 1 OR4BLT 27
UaABS TGC.CCCT.TC.TA |12} = 1 = = = - OR481833
UaABS LOCLCCCT.TCLTA aL1(2) = = = = = 1 - OR481718
UGaAa22 LECLCCCTCTCLT. 82(4) = = = = = 2 -  OR481758
UGAZS LECACCCT.TCLT. @L1(2) = 1 = = = = - OR481829
UGAzZ7 LGC.COCT.TCCTA  Bl(2) = = = = = 1 - OR481718
[Total] 46 @3 12 a5 a7 a3 14 a2

Dots (.) denote identity with the reference sequence (NCBB7235).

Dash (-) dencte none reported.

n = sample size (proportion).

R= Rose-comb, Cr= Crested chicken, Pti= Ptilopody, Ma= Naked-neck, F= Frizzle,
na= Normal feather, Po= Polydactyl.

Figure 2: Sequence polymorphism of the 7 haplotypes observed in the D-loop region of Ugandan chicken strains
alongside their frequencies and distribution. Mutations are scored relative to the reference sequence (GenBank
accession No. NC007235). Vertically oriented numbers indicate the site and the sequences shown are only the variable
sites.

Table 1: Nucleotide polymorphism indices of the Ugandan chicken strains
Population n vV Pi S H Hd+SD n+SD k

Normal feather (na) 14 4 2 2 5 0.593+0.144 0.00125+0.00040 0.8132
Frizzle (F) 3 1 0 1 2 0.667+0.314 0.00102+0.00048 0.6667
Crested chicken (Cr) 12 3 0 3 3 0.318+0.164 0.00077+0.00044 0.5000
Rose comb (R) 3 1 0 1 2 0.667+0.314 0.00102+0.00048 0.6667
Ptilopody (Pti) 5 0 0 0 1 0 0 0
Polydactyl (Po) 2 0 0 0 1 0 0 0
Naked neck (Na) 7 0 0 0 1 0 0 0
Overall 46 5 3 2 7 0.353+0.090 0.0007+0.0021 0.4589

Hd = Haplotype diversity, 7 = Nucleotide diversity, n = Number of sequences, V = Polymorphic sites, Pi =
Parsimony-informative site, S = Singleton site, H = Number of haplotypes, SD = standard deviation, k = average
number of nucleotide differences. Tajima’s =-1.4717 (p = 0.9352)
3.2 Genetic structure analyses
Analysis of molecular variance to partition the genetic-variance components did not detect any genetic
structure with clear differences among the Ugandan chicken strain populations as indicated by the negative
variance component among population. All the genetic variation was attributed to variation within
population (Table 2). The high within population diversity detected reflects the low nucleotide diversity
with a low number of polymorphic loci (0-5) (Table 1); and it is consistent with the wide phenotypic
variation reported among Ugandan indigenous chickens (Yussif et al., 2023; Ssewannyana et al., 2008).
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The pairwise Fsr values for genetic distance among populations are presented in Table 3. The highest
genetic distance was between the naked neck / rose comb strain (0.300) and naked neck/ frizzle chicken
(0.300) populations. Hence, naked neck chickens were most distantly related to frizzle and rose comb
strains, in agreement with reports elsewhere (Abou-Emera et al., 2017; M. Fathi et al., 2018; Ikpeme et al.,
2021). This high genetic distance among these strains may be due to the numerous genes influencing the
naked neck and rose comb genotypes (Imsland et al., 2012) as well as the several modifying genes
associated with frizzle feather (Hutt, 1949). Structural rearrangements of alleles have been reported to
contribute to morphogenesis in natural populations (Imsland et al., 2012). The low and non-significant
negative Fsr obtained indicates that these populations were of similar genetic structure with high gene flow
among them; similar to what was observed among Nigerian chicken strains (Ikpeme et al., 2021).

Table 2: Analysis of Molecular Variance (AMOVA): Ugandan chicken strains

Source of variation d.f.  Variance Variation (%)  Fixation Index, Fst* p-value
components

Among populations 6 -0.01326 -5.84 -0.0584 0.8192

Within populations 39 0.24023 105.84

Total 45 0.22697 100

“The sum of variation groups divided by total variation. d.f.= Degrees of freedom.
Negative values of variance occur in the absence of genetic structure at a given level

Table 3: Population pairwise Fst values (Distance method: Pairwise difference)

Chicken strain Fst values p-values

R Cr Pti Na F na Po

Rose comb (R) 0.487 0.376 0.297 0.999 0.776 0.999
Crested chicken (Cr) -0.067 0.999 0.999 0.520 0.760 0.999
Ptilopody (Pti) 0.189 -0.093 0.999 0.389 0.694 0.999
Naked neck (Na) 0.300 -0.051 0.000 0.245 0.613 0.999
Frizzle (F) -0.500 -0.067 0.189 0.300 0.749 0.999
Normal feathered (na) -0.062 -0.024 -0.057 -0.016 -0.062 0.999
Polydactyl (Po) -0.200 -0.327 0.000 0.000 -0.200 -0.279

Above diagonal: p-values of pairwise Fst values.
Below diagonal: pairwise Fst estimates between populations

3.3 Phylogenetic relationship among the Ugandan chicken strains

Results of the phylogenetic analyses through median-joining and neighbour-joining trees revealed similar
topologies in Fig. 3, showing the close genetic relationship among the populations. The median-joining
network showed a conformation which radiated from the predominant haplotype, UGAO1, suggesting a
root haplotype in Uganda composed of individuals from the different genotypic strains (Fig. 3A). Three
divergent subclusters were observed among the chicken strain population inferred by the neighbour-joining
tree, all of which showed exclusive affinity to the haplogroup E1 ancestral lineage (Fig. 3B) of Miao et al.
(2013) mtDNA classification. This lineage forms the most widely distributed domestic chicken ancestry
globally with its centre of diversity in the Indian subcontinent (Miao et al., 2013). Individuals of all the
chicken strains were found in one big subcluster which was solely of the haplotype UGAO1. However,
individual normal feathered, frizzle and rose comb strains, although among the haplotype UGAO1, were
found in different subcluster with one crested chicken of haplotype UGAOS5 and some individual normal
feathered chickens of multiple haplotypes, UGA25 and UGA27. The normal feathered chicken was
observed in all 3 subclusters, suggesting an original ancestral population that was likely established first in
Uganda and then expanded to other strains by one or two mutations. It is maintained that past climatic and
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geographic events could affect patterns of sequence divergence for adaptive survival (Hvilsom et al., 2022).
The result of chicken strain individuals clustering into one major group was detected in Nigerian local
chicken genotypes, where normal feathered, frizzle and naked neck chickens were in the same cluster
(Ikpeme et al., 2021).
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Figure 3: Phylogenetic relationship among the Ugandan chicken strains: (A) A Median-joining network profile of the
mtDNA D-loop haplotypes. The area of the circles is proportional to haplotype frequency and the hatch marks on the
line correspond to mutational positions connecting haplotypes. (B) A Neighbour-Joining tree showing the
phylogenetic relationships among the strains and 17 reference breeds from Miao et al. (2013) mtDNA haplogroup
classification.

4.0 Conclusion

In this study, the genetic relationship and structure of Ugandan chickens carrying genes that characterise
major genotypes were assessed by variation analysis of partial sequences of the mtDNA control region. It
was revealed that a higher genetic diversity exists among frizzle, rose comb, normal feathered and crested
chickens compared to naked neck, ptilopody and polydactylous strains with a great amount of within-strain
population genetic variations. However, genetic structure was not detected among populations with the
different strains distributed in one dominant haplotype (UGAOQ1) of haplogroup E1 mtDNA lineage
originating from the Indian subcontinent. This confirms a close relationship among all strains, likely as a
consequence of a founder effect and high gene flows. This study forms the initial investigation using a
molecular marker in these chicken populations in Uganda; and may be useful in developing wider in-depth
research strategies for improved breeding and conservation of valuable indigenous chicken genetic
resources.
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