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Summary

Free range local chickens are an important source of protein as meat and eggs in Tanzania.
Few studies have been done to improve their productivity. To this end, this paper focuses on
characterizing three common Tanzanian local chicken ecotypes. Morphologic and genetic
diversity studies show that the Kuchi have relatively higher body dimension measures than
Ching’wekwe and Morogoro medium and that the Ching’wekwe ecotype is genetically more
related to Morogoro medium than to the Kuchi ecotype. These differences indicate variation
in traits that call for further research and opportunities to improve productivity of free range
local chickens.
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Introduction

Free range local chickens (FRLC) are very important in developing countries as a source of
protein through meat and eggs, especially in rural areas. FRLC account for about 94.1% of
the rural poultry in Tanzania, a country with about 80% of the population living in rural areas
and depending on agriculture, including poultry (Swai et al., 2007; Lwelamira et al., 2008).
FRLC have not been selected for specific traits and are typically less productive. They are
phenotypically and genetically very diverse, making them a potential resource to increase
productivity. Their geographic distribution and local adaptation indicates presence of genetic
differences between them (Shenkut, et al., 2015). Single nucleotide polymorphisms (SNPs),
among other genetic markers, have been used to gain deeper insight in the genomics and
genetics of biological systems. Examples include use of microsatellites to characterize five
FRLC in Tanzania (Lymo et al., 2013) and use of SNPs to detect selection signatures in
broiler chicken lines (Stanton et al., 2014), This study aimed at understanding the phenotypic
and genetic diversity of Kuchi, Ching’wekwe and Morogoro medium local chicken ecotypes
of Tanzania. Morphologic measures and SNPs were used.

Material and methods

Morphometric studies involved 389 mature chickens from three chicken ecotypes namely:
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Kuchi, Morogoro medium and Ching’wekwe. Out of this, 324 of the chickens were females
and 65 were males. The chickens were obtained from villages randomly selected from
districts in five regions of Tanzania: Tanga, Morogoro, Shinyanga, Mwanza and Singida,
representing the Coastal, Central and Lake zones of the country. Measurable physical features
were taken: shank length (cm), shank circumference (cm), neck length (cm), body length
(cm), body weight (grams), and ribcage circumference (cm). These chickens also formed the
parent stock for chickens used in the genetic studies, as explained below.

A total of 150 3-week old progeny of the 389 breeders were used for the genotypic
study, with each ecotype represented by 50 birds. All birds were genotyped for 580,961 SNPs
using the 600k Affymetrix® chip. DNA was isolated from blood samples. SNPs were checked
for quality using Affymetrix Axiom Analysis Suite ver.3.0.1. Poor quality SNPs were
excluded based on: Hardy Weinberg equilibrium p-value < 10-6, SNP call rate < 97% and
minor allele frequency (MAF) < 5%.

Statistical Analyses

The morphometric measures were analyzed separately for males and females using JMP Pro
13 version 13.0.0. The paired student’s t–test procedure was used for comparison of
differences in means of traits between the chicken ecotypes. A Pearson’s correlation
coefficient matrix was generated between all morphometric measures and used to analyze the
principal components (PC). Six components were identified, with the first two used to cluster
the populations and explain the variation. Genetic diversity measures were determined using
PLINK version 1.9 (Purcell, et al.,2007) and hapFLK (Bonhomme et al., 2010) software
programs. For diversity measures, heterozygosity, average MAF, genetic distance, average
FST statistics and PCA were determined for each chicken ecotype. A phylogenic tree of
relationships was drawn using PHYLIP software version 3.695

Results and Discussion

Significant differences were observed for body weights between Kuchi and Ching’wekwe
(p=0.0002) and between Morogoro medium and Ching’wekwe (p=0.003) (Table 1). There was
no significant difference in body weight between Kuchi and Morogoro medium (p = 0.23),
despite Kuchi having relatively higher average body weight. Some individual birds especially
in Morogoro medium had higher scores than some Kuchi. The body circumference difference
was significant between Kuchi and Morogoro medium (p = 0.042) but not significant when
the rest of the groups were compared (p < 0.05) (Table 2). Similarly, there were no significant
differences in the other morphometric measures between the groups (p>0.05), although
generally the Kuchi had higher averages. PCA of all the measures, using six components, had
component one explaining 57% of the variation, while component two explained 17% of the
variation (Table 3). These results corroborate observations by Lyimo et al., (2013).

Table 1: Comparison of body weights (g) among the ecotypes.

Mean Std Dev p-Value

Ching’wekwe (N = 100) 1580.0 282.4 0.0002KC

Kuchi (N = 76) 1836.3 362.1 0.003MC
Morogoro medium (N = 147) 1681.7 323.4 0.2304MK
MC=Morogoro medium vs. Ching’wekwe, MK = Morogoro medium vs. Kuchi, KC = Kuchi vs. Ching’wekwe
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Table 2: Comparison of Body circumference (cm) among the ecotypes.
Mean Std Dev p-Value

Ching’wekwe (N = 100) 27.77 3.70 0.0422MC
Kuchi (N = 76) 29.38 3.57 0.2858MK
Morogoro medium (N= 147) 28.39 3.77 0.437KC
MC=Morogoro medium vs. Ching’wekwe, MK = Morogoro medium vs. Kuchi, KC = Kuchi vs. Ching’wekwe

Genetic relatedness was evaluated using hapFLK statistics, inbreeding coefficients (F),
MAF, proportion of homozygosity (Ruth et al., 2008), and genetic distances (DST).
Similarities were observed in Kuchi and Morogoro medium, with average MAF = 0.36 and
DST = 0.713, while Ching’wekwe were distantly placed, with average MAF = 0.258 and DST
= 0.717. The Kuchi were also relatively less inbred (F = 0.369) compared to Ching’wekwe (F
= 0.435) and Morogoro medium (F = 0.388) (Table 3). The chicken ecotypes had similar
proportions of homozygous loci of 0.99, as shown in Table 3.

HapFLK was used to determine Reynold’s distance matrices and to generate a
phylogenic tree of relationships (Figure 1). The Morogoro mediums are more closely related
to Ching’wekwe (0.0274) than they are to the Kuchi (0.0363), as shown in Figure 1. SNP
allele frequencies were analysed using PCA with 3 PCs, where the first PC explained 90.4%
of the variation, the second 6.6% and the third 3.0%. Cluster analysis using allele frequencies
placed the three ecotypes in three clusters.

Table 3: Diversity measures for differentiating the ecotypes.
Ecotype MAF DST F PHOM

Ching'wekwe 0.258 0.717 0.435 0.9955

Kuchi 0.36 0.713 0.369 0.9941

Morogoro medium 0.36 0.713 0.388 0.9926
MAF: Minor allele frequency, DST: Genetic distance, F: inbreeding coefficient, PHOM: proportion of
homozygosity

Figure1: Phylogenic tree of the three ecotypes based on Reynold’s distances

Conclusions

Observable physical characteristics of the chickens are one of the major tools for
selective breeding of animals, especially in rural areas. On average, Kuchi chickens had
higher values at mature age, especially for body weight and body circumference. Genetic
differences identified among the ecotypes is an indication of differences in genetic trait
potential. These local chickens have not been bred for any specific productivity traits. The
observed genetic diversity calls for further research to improve productivity of free range
local chickens
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