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1  | BACKGROUND

The Tanzanian goat (Capra hircus) population is currently estimated to 
be 24.1 million (NBS, 2020) with 97% comprising of indigenous goats 
belonging to the Small East African (SEA) goat breed (MLF, 2017). 

Due to their adaptability to different climatic conditions, the in-
digenous goats are widely distributed in almost all agro-ecological 
zones of Tanzania. Goats are important species for the livelihood of 
the rural farming communities especially those residing in arid and 
semi-arid areas of Tanzania where other agricultural activities are 
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Abstract
The Small East African (SEA) goat are widely distributed in different agro-ecological 
zones of Tanzania. We report the genetic diversity, maternal origin, and phyloge-
netic relationship among the 12 Tanzanian indigenous goat populations, namely Fipa, 
Songwe, Tanga, Pwani, Iringa, Newala, Lindi, Gogo, Pare, Maasai, Sukuma, and Ujiji, 
based on the mitochondrial DNA (mtDNA) D-loop. High haplotype (Hd = 0.9619–
0.9945) and nucleotide (π = 0.0120–0.0162) diversities were observed from a total 
of 389 haplotypes. The majority of the haplotypes (n = 334) belonged to Haplogroup 
A which was consistent with the global scenario on the genetic pattern of mater-
nal origin of all goat breeds in the world. Haplogroup G comprised of 45 haplotypes 
drawn from all populations except the Ujiji goat population while Haplogroup B with 
10 haplotypes was dominated by Ujiji goats (41%). Tanzanian goats shared four hap-
lotypes with the Kenyan goats and two with goats from South Africa, Namibia, and 
Mozambique. There was no sharing of haplotypes observed between individuals 
from Tanzanian goat populations with individuals from North or West Africa. The 
indigenous goats in Tanzania have high genetic diversity defined by 389 haplotypes 
and multiple maternal origins of haplogroup A, B, and G. There is a lot of intermixing 
and high genetic variation within populations which represent an abundant resource 
for selective breeding in the different agro-ecological regions of the country.
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not feasible. They are raised mainly for meat and manure, and as 
a source of income (Chenyambuga et al., 2012). Additionally, goats 
play different socio-cultural and traditional roles as gifts, dowry 
payments, and spiritual offerings. Despite their wide distribution 
in Tanzania, the indigenous goats have low productivity in terms of 
growth and milk production. Efforts to improve their productivity 
have mainly focused on crossbreeding with exotic germplasm which 
has proved to be unsustainable in the long run. Selective breeding 
utilizing the indigenous adapted animals would have a sustainable 
impact on the productivity of the animals (Syrstad & Ruane, 1998). 
This requires the animals to be characterized to understand the level 
of genetic diversity and the relationship between different animal 
populations (FAO, 1992; FAO/UNEP, 1998). The limited informa-
tion on the characteristics of indigenous goats in Tanzania is mostly 
based on the phenotypic features which can be subjective and de-
pendent on the environment which makes it difficult to distinguish 
between populations (Falconer & Mackay, 1996). Previous efforts to 
study genetic diversity of indigenous goats in Tanzania have focused 
on only a few populations from few agro-ecological zones using 
microsatellite markers (Chenyambuga et al., 2012; Nguluma et al., 
2018), making it difficult to draw conclusion on population structure 
of the indigenous goats of Tanzania in relation to agro-ecological 
zones of the country. Studying the genetic history of domestic ani-
mals can provide crucial clues about past events and main pathways 
used for commercial transport of the animals in historical times and 
therefore provide us with information about their genetic structure 
and relationship within and among populations. Information from 
such studies is needed in designing and implementing conserva-
tion and improvement programs for indigenous goats. This study, 
therefore, was designed to determine the genetic diversity, mater-
nal origin, and phylogenetic relationship of 12 populations of the 
indigenous goats in Tanzania using the mitochondrial DNA (mtDNA) 
D-loop region.

2  | MATERIAL S AND METHODS

2.1 | Sample collection and DNA extraction

A total of 627 blood samples were collected from unrelated indig-
enous female goats from major geographical agro-ecological zones 
of Tanzania (Figure 1) representing 12 populations. The goat popula-
tions were Fipa (n = 44) from Southwestern highlands, Songwe (n 
= 34) and Iringa (n = 35) from Southern highlands, Tanga (n = 33), 
Pwani (n = 40), Newala (n = 49), and Lindi (n = 46) from Coast, Gogo 
(n = 73) from semi-arid, Pare (n = 67) from northern highlands, 
Maasai (n = 72) from arid, Sukuma (n = 67) from plateaux, and Ujiji 
(n = 67) from western highlands zone. Total genomic DNA was iso-
lated from blood using the QIAGEN DNeasy Blood & Tissue Kit and 
TANBead OptiPure Blood DNA Extraction Kit (Taiwan Advanced 
Nanotech Inc.) according to the manufacturer's protocol. The con-
centration and purity of extracted DNA were assessed using the 
Nanodrop1000 spectrophotometer (Thermo Fisher Scientific).

2.2 | PCR amplification and sequencing

The primer pair 6807-F 5′-ACCAGAAAAGGAGAATAGCC-3′ and 
8173-R 5′-GGTACACTCATCTAGGCATT-3′ flanking the mtDNA 
D-loop region were designed in this study to amplify the complete 
D-loop region. PCR amplification was performed in a total volume 
of 15 μl containing Phusion High-Fidelity PCR Master Mix (Thermo 
Fisher Scientific Inc.), 0.1  pM of each primer, 2% DMSO (Applied 
Biosystems), and 50 ng of template DNA. Amplification was carried 
out in a GeneAmp PCR System 9700 thermal cycler using the follow-
ing cycling conditions: initial denaturation at 98ºC for 30 s, followed 
by 35 cycles at 98ºC for 10 s, 62ºC for 30 s, and 72°C for 1 min, 
with a final extension of 72°C for 10 min. The PCR products were 
fragment separated on a 1.5% agarose gel pre-stained with 0.25× 
GelRed (Biotium) and visualized under UV light. The PCR fragment 
sizes were estimated using O’Gene 100-bp DNA ladder (Thermo 
Fisher Scientific Inc.). The ExoSAP-IT™ PCR Product Cleanup 
Reagent (Thermo Fisher Scientific Inc.) was used to purify PCR prod-
ucts before Sanger sequencing.

2.3 | Data analysis

Sequences were manually edited and aligned using Clustal W pro-
gram (Larkin et al., 2007) in CLC Workbench 8.0.3 (CLC Bio-Qiagen). 
The Capra hircus D-loop mtDNA sequence (GenBank accession num-
ber GU223571) was used for reference mapping during sequence 
assembly. Haplotypes were determined with DnaSP v5 (Librado 
& Rozas, 2009), and basic diversity parameters were computed 
for each population using Arlequin 3.5 (Excoffier & Lischer, 2010). 
Twenty-two goat mtDNA reference sequences belonging to six 
known haplogroups/lineages (Naderi et al., 2007) were downloaded 
from GenBank and used for haplogroup identification. Sequences 
of 201 individuals belonging to 29  goat populations from nine 
other African countries (Table 1) were also downloaded from the 
GenBank and were included in the analysis. The phylogenetic rela-
tionship between individuals and populations was assessed based 
on the Tamura–Nei distance model (Tamura & Nei, 1993) using the 
neighbor-joining (NJ) algorithm implemented in MEGA6 (Tamura 
et al., 2013). The assessment was done using all the generated se-
quences, the 22 reference sequences and sequences of wild goat an-
cestors (capra aegagrus, Capra caucasica, Capra cylindricornis, Capra 
falconeri, and Capra sibirica) with the bootstrap percentage com-
puted after 1000 replications. To confirm the maternal origin and 
relationship between the Tanzania goat populations and populations 
from other African regions, median-joining (Bandelt et al., 1999) net-
work was drawn using Network V10.2.0.0 (www.fluxu​s-engin​eering.
com). The reference sequences representing the six haplogroups are 
determined based on the variation in the first hypervariable region 
of the d-loop which is 481 bp. Therefore, sequences generated in 
the Tanzanian goats were first truncated to 481 bp in order to ac-
commodate the reference sequences then used in the construction 
of the NJ tree and MJ network. To determine population genetic 
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structure within and among populations, analysis of molecular vari-
ance (AMOVA) was performed using Arlequin version 3.0 (Excoffier 
& Lischer, 2010). Likewise AMOVA was performed to determine 
the amount of genetic variation between the different regions of 
the African continent. The African regions considered were East 
Africa (Kenya), North Eastern Africa (Ethiopia), West Africa (Nigeria), 
North Africa (Egypt, Algeria), Sothern Africa (South Africa, Namibia, 
Zimbabwe, Mozambique).

History and demographic dynamics were investigated through 
mismatch distribution patterns (Rogers & Harpending, 1992) com-
plemented by Fu's Fs (Fu, 1997) and Tajima's D (Tajima, 1989) statis-
tics calculated using the infinite sites model in Arlequin v3.5.

3  | RESULTS

3.1 | mtDNA D-loop variation and genetic diversity

The complete goat mtDNA D-loop region analyzed in this study cor-
responds to nucleotide positions 15431 to 16643 of the C. hircus 

reference sequence (GenBank accession number GU295658.1). From 
the 627 sequences generated for the 12 Tanzanian goat populations, 
276 polymorphic sites were identified of which 223 were substitu-
tions (214 transitions, 9 transversions) and 69 were indels. The poly-
morphic sites defined 389 haplotypes in total and of these 308 were 
unique whereas 81 were shared between individuals from at least 
two different populations. Maternal genetic diversity parameters for 
Tanzanian goat populations are presented in Table 2. All populations 
showed high genetic diversity indicated by the haplotype diversity 
ranging between 0.9485 ± 0.011 in Newala to 0.9945 ± 0.001 in 
Sukuma goat population while haplotype proportion (number of 
haplotypes in relation to the sample size) was in the range of 59.2% 
in Newala to 95% in Fipa populations. Nucleotide diversity was the 
largest for Songwe (0.0162 ± 0.037) and lowest for Lindi (0.0120 ± 
0.031) goat population. Twenty-six individuals had sequences with 
ambiguous nucleotides at various positions, and Ujiji goats had the 
highest number of individuals with ambiguous nucleotides (n = 14). 
The ambiguous nucleotides were mainly found at the beginning and 
toward the end of the sequence reads which was lowly variable. 
Analysis was done with and without the sequences with ambiguity, 

F I G U R E  1   Map showing populations sampled from the different agro-ecological zones of Tanzania. Map adapted from Sokoine 
University of Agriculture (2014)
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and it was observed that they did not produce different results and 
therefore the sequences were retained during analysis.

3.2 | Phylogenetic relationship

Phylogenetic analysis was conducted to assess the relationship 
among the 12  Tanzanian goat populations and assign individual 
goats to their respective maternal origins. The hypervariable region 
I (HV1) of the mtDNA D-loop which is 481 bp long corresponding 
to the positions 15,737 to 16,189 on the C. hircus complete mito-
chondrial reference sequence (accession number GU295658.1) was 
used to construct the neighbor-joining (NJ) tree and median-joining 
(MJ) network. Both, the NJ tree (Figure 2) and MJ network (Figure 3) 
showed that the Tanzanian goat populations were classified into 
three distinct groups which represented Haplogroup A, B, and G. 

Haplogroup A was the most predominant and contained 334 haplo-
types representing 522 individuals drawn from all goat populations. 
Haplogroup G contained 83 individuals from all populations except 
Ujiji and was comprised of 45 haplotypes. Haplogroup B had only 22 
individuals and 10 haplotypes representing 3.5% of all goats mostly 
from the Ujiji population. An MJ network used to assess the rela-
tionship among the Tanzanian goat populations revealed that Maasai 
and Gogo populations had the highest number of shared haplotypes 
(n = 10) while only one haplotype was shared by Ujiji-Newala, Ujiji-
Pwani, Sukuma–Lindi, and Sukuma–Tanga pairs of populations. The 
most commonly shared haplotype (H119) was shared among six 
populations namely Newala, Gogo, Iringa, Ujiji, Maasai, and Sukuma 
while the most frequent haplotype (H85) occurred in 14 individuals 
from Newala, Pwani, and Lindi populations.

To provide a wider resolution of the phylogenetic relationship 
between the Tanzanian goat populations with those of other regions 

Country GenBank accession number Reference

Kenya KP120622–KP120681 Kibegwa et al. (2015)

Ethiopia KY747687–KY747691; KY747989–KY747993 Tarekegn et al. (2018)

Mozambique AJ317804–AJ317809; EF618240–EF618241 Luikart et al. (2001), 
Naderi et al. (2007)

Zimbabwe AJ317802–AJ317803; EF618545–EF618546 Luikart et al. (2001), 
Naderi et al. (2007)

Namibia EF618242–EF618245 Naderi et al. (2007)

Nigeria KJ466206–KJ466236, KJ466237–KJ466262 Awotunde et al. (2015)

Egypt AJ317780–AJ317783; AJ317795–AJ317801; 
EF617711–EF617728; EF618220

Luikart et al. (2001), 
Naderi et al. (2007)

Algeria AJ317777–AJ317779 Luikart et al. (2001)

South Africa AJ317812–AJ317815; AJ317819–
AJ317820; AJ317844; AJ317821–
AJ317822; EF618351–EF618356; 
KJ466263–KJ466273

Luikart et al. (2001), 
Naderi et al. (2007), 
Awotunde et al. 
(2015)

TA B L E  1   Geographical location and 
characteristics of other African goat 
populations included in the study

TA B L E  2   Maternal genetic diversity of 12 Tanzanian indigenous goat populations from the analysis of the HV-I region of the mtDNA 
d-loop

Population N H Hd ± SD π ± SD

Haplogroups and number of individuals (%)

A B G

Fipa 44 35 0.9749 ± 0.006 0.0145 ± 0.051 36 (81.8) 0 8 (18.2)

Songwe 34 29 0.9763 ± 0.005 0.0162 ± 0.037 25 (73.5) 1 (2.9) 8 (23.5)

Tanga 33 28 0.9734 ± 0.006 0.0144 ± 0.033 25 (75.8) 2 (6.0) 6 (18.2)

Pwani 40 38 0.9848 ± 0.003 0.0151 ± 0.035 32 (80) 2 (5) 6 (15)

Iringa 35 31 0.9789 ± 0.005 0.0169 ± 0.061 26 (74.3) 3 (8.6) 6 (17.1)

Maasai 71 67 0.9909 ± 0.002 0.0130 ± 0.044 60 (84.5) 0 11 (15.5)

Newala 49 29 0.9485 ± 0.011 0.0128 ± 0.033 43 (87.8) 0 6 (12.2)

Lindi 46 29 0.9565 ± 0.009 0.0120 ± 0.031 41 (89.1) 2 (4.3) 3 (6.5)

Gogo 73 65 0.9874 ± 0.002 0.0139 ± 0.047 60 (82.2) 1 (1.4) 12 (16.4)

Sukuma 67 51 0.9945 ± 0.001 0.0134 ± 0.046 58 (86.6) 2 (3.0) 7 (10.4)

Pare 67 54 0.9847 ± 0.003 0.0139 ± 0.126 57 (85.1) 0 10 (14.9)

Ujiji 68 53 0.9619 ± 0.007 0.0135 ± 0.044 59 (86.8) 9 (13.2) 0

Overall 627 389 0.9945 ± 0.001 0.0139 ± 0.046 522 (83.3) 22 (3.5) 83 (13.2)

Abbreviations: H, number of haplotypes; Hd, haplotype diversity; N, sample size; SD, standard deviation; π, nucleotide diversity.
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of the African continent, an MJ network was constructed using se-
quences from Tanzanian goats in this study and goat populations 
from across nine African countries retrieved from the GenBank da-
tabase (Figure 4). Three clusters were again formed with global hap-
logroup A comprising of individuals from all countries. Haplogroup 
B was comprised of individuals from Tanzanian, South African, and 
Namibian goat populations. Haplogroup G was occupied by individ-
uals from Tanzania, Egypt, Ethiopia, and Kenya. The MJ network 
further revealed that Tanzanian goats shared many haplotypes with 
Kenyan goats and a few with goats from South Africa, Namibia, and 
Mozambique. There was no sharing of haplotypes observed be-
tween individuals from Tanzanian goat populations with individuals 
from North and West Africa (Nigeria, Egypt, and Algeria).

3.3 | Population structure

The AMOVA results shown in Table 3 below revealed that a non-
significant (p > .05) proportion (2.8%) of the total genetic variation 
occurred among the goat populations while a significant propor-
tion (97.2%) of the total genetic variation was observed within the 

Tanzanian goat populations. On the continental level, a significant 
genetic variation was found within the regions (12%) and among the 
regions (87.57%).

3.4 | Population demographic history

Past population expansion events were inferred based on the pat-
terns of the mismatch distributions (Figure 5) and neutrality test es-
timates presented in Table 4. For each population and haplogroup, 
the mismatch distributions showed ragged and bimodal patterns 
and the observed pattern did not deviate significantly from that 
expected under a null hypothesis model of either spatial or demo-
graphic expansion except for Haplogroup A which had a smooth 
and unimodal pattern. The Tajima's D values for the goat popula-
tions were negative and not significantly different from zero for all 
populations while Fu's Fs estimates were not statistically significant 
except for Gogo and Maasai whose Fu's Fs values were negative and 
significant. Furthermore, the SSD and Happending's raggedness 
index (r) computed to ascertain the goodness of fit of the mismatch 
distributions varied among populations (Table 4). Estimates for SSD 

F I G U R E  2   Neighbor-joining tree constructed using the HV1 region of the mtDNA D-loop of 12 Tanzanian goat populations, reference 
sequences representing six haplogroups observed in goats and five wild ancestors. Bootstrap values below 75% are not shown
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and raggedness index values were positive and non-significant for all 
populations. Similarly for all haplogroups, the SSD and raggedness 
index were positive and non-significant while the Tajima's D values 
were all negative and non-significant.

4  | DISCUSSION

4.1 | Genetic diversity and maternal origin

This study is the first assessment of the genetic diversity and pop-
ulation structure that considers goat populations from all agro-
ecological zones of Tanzania where indigenous goats are raised and 
provide the first insight into the genetic history of these goat pop-
ulations. Previous studies on genetic diversity using microsatellite 
markers (Chenyambuga et al., 2002; Nguluma et al., 2018) only con-
sidered few populations representing few agro-ecological zones. All 
goat population studied showed high diversity as depicted by high 
within-population haplotype and nucleotide diversity. Other studies 
reported haplotype diversity ranging from 0.95 to 1 for other African 

goat populations (Awotunde et al., 2015; Kibegwa et al., 2015; Kivila 
et al., 2018). The high genetic diversity observed in this study may 
partly be attributed to reasons mentioned previously including high 
mutation rate of the control region, multiple maternal wild ancestors 
(Naderi et al., 2007), and capture of a large part of the wild diversity 
during domestication (Benjelloun et al., 2011). The overall ratio of 
transitions: transversions (28.7:1) revealed a heavy transition bias 
even higher than the 17:1 and 16.7 ratios reported before in domes-
tic goats (Joshi et al., 2004; Luikart et al., 2001).

Using the available goat mtDNA haplogroup classification sys-
tem (Naderi et al., 2007), three haplogroups (A, B, and G) were found 
among the indigenous Tanzanian goat populations. Predominance 
of haplogroup A in Tanzanian goat populations was expected as it 
is the most diverse and ancient (Naderi et al., 2007), and its wide 
distribution was consistent with the world scenario described in pre-
vious studies (Joshi et al., 2004; Liu et al., 2009; Sultana et al., 2003) 
in all goat breeds in the world. Haplogroup B was observed in low 
frequency in the Tanzanian goat populations except in Maasai, Pare, 
and Fipa populations in which it was completely absent. Haplogroup 
B is mostly found throughout Central and South Asia where it likely 

F I G U R E  3   Median-joining network 
analysis for indigenous goat populations 
of Tanzania. (a) Network topology of six 
goat haplogroups, and (b) predominant 
haplogroup A showing sharing of 
haplotypes between different goat 
populations. The area of the circle is 
proportional to haplotype frequency
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originated from (Chen et al., 2005; Colli et al., 2015; Naderi et al., 
2007) and was distributed to other locations through human migra-
tion or commercial trade. Haplogroup G which was detected in East 
and Northeast Asia is the second most predominant type consid-
ering number of individuals and frequency distribution among the 
Tanzanian goat populations. Similar to our observations, Al-Araimi 
et al. (2017) found rare presence of haplogroup B while Haplogroup 
G was the second most predominant after Haplogroup A among the 
Arab peninsula goat populations. Haplogroups C, D, and F have been 
reported in Europe (Naderi et al., 2007), and the absence of these 
haplogroups in the analyzed samples may indicate that the indige-
nous goats of Tanzania do not share a recent common ancestor with 

the European goat breeds and that there is no or little introgres-
sion of European germplasm into Tanzanian indigenous goats. This 
was expected given that mtDNA is maternally inherited and the few 
crossbreeding programs involving European dairy goat breeds in 
Tanzania use breeding bucks or semen. Additionally, such programs 
are implemented in areas with intensive goat production systems in 
which only dairy goats are raised in small numbers.

Results obtained in this study further support the concept of 
multiple maternal origins of domestic goats (Joshi et al., 2004; 
Luikart et al., 2001). Classification of the Tanzanian indigenous 
goats into three distinct haplogroups could be interpreted as ev-
idence that they come from three separate genetically distinct 

F I G U R E  4   Median-joining network based on the haplotypes of HV1 control region of indigenous Tanzanian goats and goats from nine 
different African countries. The different colors are related to the geographical origin, and the area of the circle is proportional to haplotype 
frequency

Source of 
variation

Tanzanian goat populations African regions’ goat populationsa

Among 
populations

Within 
populations Among regions Within regions

df 11 621 4 327

Variance 0.259 8.91 0.84407 5.94381

% of Variation 2.83 97.17 12.43 87.57

p Value .063 .0028* .048* .019*

Abbreviation: df, degrees of freedom.
*Statistically significant (p < .05)
aFour geographic regions defined as Tanzania, East Africa, North Africa, West Africa, and South 
Africa.

TA B L E  3   Results of AMOVA based on 
the analysis of the complete mtDNA d-
loop in 12 Tanzanian goat populations
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maternal populations, or from one origin which is an extremely 
large population containing three highly divergent maternal lin-
eages. According to Hassan (2000), Gifford-Gonzalez and Hanotte 
(2011), domestic goats were first introduced into the African con-
tinent through the Mediterranean coast, Red Sea Hills, overland 
via the Sinai Peninsula and Nile Delta. The arrival of mtDNA hap-
logroups to Tanzania might have occurred through two types of 
routes: continental routes via the north gateway of the Arabian 
Peninsula and maritime routes via the Indian Ocean. Egypt is re-
ported to be one of the historical entry points of domesticated 

animals into the African continent; therefore, the introduction of 
goats into Tanzania might have been through southward move-
ment from Egypt through Sudan, Ethiopia, and Kenya. Similar ob-
servations were made by Tarekegn et al. (2018) and Al-Araimi et al. 
(2017) when tracing the route of dispersal of goats into Ethiopia 
and Oman, respectively, from the origin of domestication which is 
considered to be southwest Asia (Payne & Wilson, 1999). Evidence 
for the north gateway route is the presence of Haplogroup G in 
Egypt, Kenya, and Ethiopia and sharing of some haplotypes be-
tween Tanzanian and Kenyan goats.

F I G U R E  5   Mismatch distribution 
graphs for the 12 Tanzanian indigenous 
goat populations and Haplogroups A, B, 
and G analyzed in this study. The x-axis 
shows the number of pairwise differences, 
and y-axis shows the frequency of the 
pairwise comparisons

Population N SSD Raggedness index (r) Tajima's D Fu's Fs

Fipa 44 0.021 0.010 −0.132 −0.778

Songwe 34 0.026 0.013 −0.167 0.814

Tanga 33 0.033 0.014 −0.134 0.300

Pwani 40 0.017 0.006 −0.484 −2.461

Iringa 35 0.070 0.012 −0.6 −0.80

Maasai 68 0.011 0.005 −0.771 −18.972 (0.004)

Newala 49 0.023 0.011 −0.253 2.184

Lindi 46 0.011 0.014 −0.635 1.458

Gogo 67 0.015 0.005 −0.648 −14.543 (0.022)

Sukuma 73 0.011 0.006 −0.627 −5.644

Pare 72 0.008 0.004 −0.547 −6.788

Ujiji 67 0.017 0.009 −0.126 −8.623

Haplogroup A 522 0.018 0.008 −1.364 −24.06(0.004)

Haplogroup B 22 0.016 0.008 −1.589 −1.044

Haplogroup G 83 0.019 0.007 −1.165 −14.069 (0.00)

Abbreviations: N, sample sizes; SSD, sum of squared deviations.

TA B L E  4   Population demographic 
parameters estimated from the analysis 
of the complete mtDNA D-loop in 
12 Tanzanian goat populations



     |  15969NGULUMA et al.

The arrival of goats into Tanzania via a marime diffusion route 
through the Indian Ocean from Asia is supported by the presence 
of Haplogroup B in Tanzanian goats and from South Africa, Namibia, 
Mozambique, and its absence in the Ethiopian and Kenyan goat pop-
ulations. Furthermore, sharing of haplotypes between the Tanzanian 
goat populations and goat populations from Southern African coun-
tries implies that they have the same maternal origin and came via 
the same route.

There was no specific distribution pattern of goat populations 
in the different agro-ecological zones in haplogroup A since each 
population was represented in the haplogroup. Haplogroup B on the 
other hand was dominated by Ujiji goats while Newala, Fipa, Pare, 
and Maasai goats were completely absent. Haplogroup G had mem-
bers from all populations except the Ujiji goat population. It can be 
reasonably concluded that the indigenous goats in Tanzania came 
from different maternal populations and later mixed when spreading 
to different parts of the country.

4.2 | Population structure and phylogenetic 
relationship

An AMOVA carried out for Tanzania indigenous goat mtDNA re-
vealed a comparative lack of genetic structure, supporting a geo-
graphic distribution trends observed in previous studies of mtDNA 
diversity in goats (Chen et al., 2005; Joshi et al., 2004; Luikart 
et al., 2001; Naderi et al., 2007, 2008; Sultana et al., 2003; Tarekegn 
et al., 2018), in worldwide dataset, the Indian subcontinent, China, 
and Africa. The AMOVA results revealed high variation within the 
Tanzanian goat populations but very low and insignificant among 
population variation. The AMOVA results are further supported by 
a median-joining network, in which the haplotype distribution pat-
tern did not cluster according to population or agro-ecological zones. 
These findings are somehow consistent with previous observations 
by Nguluma et al. (2018) who, based on microsatellite analysis, ob-
served variation among four Tanzanian goat population to be insig-
nificant though slightly higher (8%) than in this study. The low genetic 
variation observed between Tanzanian goat populations could be at-
tributed to intermixing of animals across geographical regions due 
to pastoralism (Mwambene et al., 2014; Tenga et al., 2008), trade 
between people of different regions, and cultural influences like 
dowry payments. High within-population variation observed in the 
present study could be contributed by uncontrolled mating and lack 
of selective breeding practiced by smallholder farmers in Tanzania 
as also observed by Tarekegn et al. (2018) for Cameroonian goats. 
Lack of proper and structured breeding programs with clear breed-
ing strategies led to lack of population genetic structure observed 
in the present study. The movement of livestock keepers with their 
animals in search of water and pasture has been one of the main 
defining characteristics of the pastoral production system in which 
most of the goat production in Tanzania takes place. Even in the 
Southern regions of Tanzania particularly Mtwara and Lindi where 
livestock production was relatively less common have experienced 

a rapid increase in the number of goats partly due to the recent high 
influx of pastoralists from other regions of Tanzania who have been 
forced to look for grazing areas bringing into the regions new goat 
genotypes (Mwambene et al., 2014).

Significant population sub-structuring was observed when goat 
populations from different regions of the African continents were 
considered in the analysis consistent with what was reported for 
sub-Saharan African goat breeds with 14% of inter-population varia-
tion using microsatellites markers (Chenyambuga et al., 2002). This is 
due to physical distance and low level of interaction between some 
regions of Africa especially between East Africa and West Africa.

4.3 | Demographic history

The bimodal pattern of distribution observed for each population 
indicates that the populations were in equilibrium or stable (Hartl, 
2004; Rogers & Harpending, 1992) consistent with the neutrality 
statistics of Tajima's D and F’s which were non-significant. A simi-
lar demographic pattern has been observed in Ethiopian (Tarekegn 
et al., 2018) and Oman indigenous goats (Al-Araimi et al., 2017), but 
not in Nigerian goats (Awotunde et al., 2015; Okpeku et al., 2016). 
On the contrary, the Harpending's r and SSD values supported pop-
ulation expansion. A separate analysis for Haplogroups revealed a 
smooth unimodal distribution for Haplogroup A indicating popula-
tion expansion consistent with some previous studies (Hou et al., 
2008; Joshi et al., 2004; Zhao et al., 2011) but contrary to other 
studies (Kibegwa et al., 2015; Tarekegn et al., 2018) which reported 
unimodal peaks for Haplogroup A. Bimodal peaks though not very 
distinct, were observed for Haplogroup B and G similar to what was 
observed previously (ibid) for Ethiopian and Kenyan goats implying a 
mutation–drift equilibrium for the haplogroups.

5  | CONCLUSION

This is the first study that investigates the genetic diversity within 
and between the indigenous goat populations using samples from 
all the agro-ecological zones where goat production is practiced in 
Tanzania. The goats have high genetic diversity and come from three 
maternal origins A, B, and G with the majority of them originating 
from Haplogroup A. There is a lot of admixture and very low ge-
netic variation between populations. Population expansion occurred 
in Haplogroup A and the individual populations. The high within-
population diversity observed for the Tanzanian goats could present 
an abundant resource for selective breeding in the different agro-
ecological regions of the country when planning and implementing 
community-based breeding programs in which farmers select and 
breed animals within their herds.

Information generated in this study provides a valuable tool for 
conservation strategies and the data herein indicate that for many of 
the populations, the inherent genetic diversity has been successfully 
maintained. The adaptive traits and other unique features in these 
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populations need to be well studied, understood, and preserved in 
the breed improvement programs as a strategy for conservation of 
animal genetic resources.

ACKNOWLEDG MENTS
This project was supported by the BecA-ILRI Hub through the Africa 
Biosciences Challenge Fund (ABCF) program. The first and sec-
ond authors were under the ABCF program, and they are grateful 
to the Tanzania Livestock Research Institute (TALIRI) for granting 
them a study leave. The ABCF program is funded by the Australian 
Department for Foreign Affairs and Trade (DFAT) through the 
BecA-CSIRO partnership; the Syngenta Foundation for Sustainable 
Agriculture (SFSA); the Bill & Melinda Gates Foundation (BMGF); 
the UK Department for International Development (DFID); and the 
Swedish International Development Cooperation Agency (Sida). 
Authors greatly appreciate the owners of the animals used in this 
study and the district extension office in the sampling areas for sup-
porting the sampling process.

CONFLIC T OF INTERE S T
There are no conflicts of interest between authors, and permission 
from each author has been granted.

AUTHOR CONTRIBUTIONS
Athumani Nguluma: Data curation (lead); Formal analysis (lead); 
Investigation (equal); Methodology (equal); Writing-original draft 
(lead); Writing-review & editing (lead). Martina Kyalo: Data cu-
ration (supporting); Formal analysis (supporting); Methodology 
(supporting); Supervision (equal); Writing-review & editing (sup-
porting). Getinet Mekuriaw Tarekegn: Conceptualization (equal); 
Formal analysis (supporting); Writing-review & editing (support-
ing). Rose Loina: Data curation (equal); Formal analysis (equal); 
Methodology (equal); Writing-review & editing (supporting). 
Zabron Nziku: Formal analysis (supporting); Writing-original draft 
(supporting); Writing-review & editing (supporting). Sebastian 
Chenyambuga: Formal analysis (supporting); Supervision (sup-
porting); Writing-review & editing (supporting). Roger Pelle: 
Conceptualization (lead); Data curation (supporting); Formal 
analysis (supporting); Funding acquisition (lead); Investigation 
(lead); Methodology (supporting); Project administration (lead); 
Resources (lead); Supervision (lead); Validation (equal); Writing-
review & editing (supporting).

DATA AVAIL ABILIT Y S TATEMENT
Mitochondrial sequence data generated as part of this project 
are deposited in dryad and given accession number https://doi.
org/10.5061/dryad.w3r22​80rn. Other mtDNA sequences incorpo-
rated into the analysis were downloaded from this source and can be 
retrieved as per the relevant citations.

ORCID
Athumani Nguluma   https://orcid.org/0000-0002-1453-982X 
Getinet Mekuriaw Tarekegn   https://orcid.org/0000-0001-7221-2473 

R E FE R E N C E S
Al-Araimi, N. A., Al-Atiyat, R. M., Gaafar, O. M., Vasconcelos, R., 

Luzuriaga-Neira, A., Eisa, M. O., Amir, N., Benaissa, M. H., Alfaris, 
A. A., Aljumaah, R. S., Elnakhla, S. M., Salem, M. M. I., Ishag, I. A., 
El Khasmi, M., & Beja-Pereira, A. (2017). Maternal genetic diversity 
and phylogeography of native Arabian goats. Livestock Science, 206, 
88–94.

Awotunde, E. O., Bemji, M. N., Olowofeso, O., James, I. J., Ajayi, O. O., 
& Adebambo, A. O. (2015). Mitochondrial DNA sequence analyses 
and phylogenetic relationships among two Nigerian goat breeds 
and the South African Kalahari Red. Animal Biotechnology, 26(3), 
180–187. https://doi.org/10.1080/10495​398.2014.977907

Bandelt, H. J., Forster, P., & Röhl, A. (1999). Median-joining networks for 
inferring intraspecific phylogenies. Molecular Biology and Evolution, 
16(1), 37–48. https://doi.org/10.1093/oxfor​djour​nals.molbev.
a026036

Benjelloun, B., Pompanon, F., Ben Bati, M., Chentouf, M., Ibnelbachyr, 
M., El Amiri, B., Rioux, D., Boulanouar, B., & Taberlet, P. (2011). 
Mitochondrial DNA polymorphism in Moroccan goats. Small 
Ruminant Research, 98, 201–205. https://doi.org/10.1016/j.small​
rumres.2011.03.041

Chen, S.-Y., Su, Y.-H., Wu, S.-F., Sha, T., & Zhang, Y.-P. (2005). 
Mitochondrial diversity and phylogeographic structure of Chinese 
domestic goats. Molecular Phylogenetics and Evolution, 37, 804–814.

Chenyambuga, S. W., Komwihangilo, D. M., & Jackson, M. (2012). 
Production performance and desirable traits of Small East African 
goats in semi-arid areas of Central Tanzania. Livestock Research for 
Rural Development, 24, Article #118.

Chenyambuga, S. W., Watts, P. C., Hirbo, J., Kemp, S. J., & Hanotte, O. 
(2002). Analysis of genetic diversity and relationships of Tanzanian 
local goat populations using microsatellite DNA markers. Tanzania 
Journal of Agricultural Science, 5, 29–38.

Colli, L., Lancioni, H., Cardinali, I., Olivieri, A., Capodiferro, M. R., 
Pellecchia, M., Rzepus, M., Zamani, W., Naderi, S., Gandini, F., Vahidi, 
S. M. F., Agha, S., Randi, E., Battaglia, V., Sardina, M. T., Portolano, 
B., Rezaei, H. R., Lymberakis, P., Boyer, F., … Achilli, A. (2015). Whole 
mitochondrial genomes unveil the impact of domestication on goat 
matrilineal variability. BMC Genomics, 16, 1115–1127.

Excoffier, L., & Lischer, H. (2010). An integrated software package for pop-
ulation genetics data analysis. ARLEQUIN ver 3.5.1.3 User manual. 
http://cmpg.unibe.ch/softw​are/arleq​uin3

Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to quantitative ge-
netics (4th ed.). Longmans Green.

FAO (1992). The management of global animal genetic resources. In J. 
Hodges (Ed.), Proceedings of an expert consultation, Rome, Italy, April 
1992. Animal Production and Health Paper No.104. Rome.

FAO/UNEP (1998). Primary guidelines for development of national farm an-
imal genetic resources management plans.

Fu, Y. X. (1997). Statistical tests of neutrality of mutations against popu-
lation growth, hitchhiking and background selection. Genetics, 147, 
915–925.

Gifford-Gonzalez, D., & Hanotte, O. (2011). Domesticating animals in 
Africa: Implications of genetic and archaeological findings. Journal 
of World Prehistory, 24, 1–23. https://doi.org/10.1007/s1096​
3-010-9042-2

Hartl, D. L. (2004). The Origin of malaria: Mixed messages from genetic 
diversity. Nature Reviews, 2, 15–22. https://doi.org/10.1038/nrmic​
ro795

Hassan, F. A. (2000). Climate and cattle in North Africa: a first approxi-
mation. In R. M. Blench, & K. C. MacDonald (Eds.), The origins and 
development of African livestock: Archaeology, genetics, linguistics and 
ethnography (pp. 61–86). UCL Press.

Hou, L., Wang, J., Li, P., Li, J., & Xing, F. (2008). MtDNA D-loop polymor-
phism and phylogeny of sympatric goat populations in lower valley 
of Yellow river. Chinese Journal of Veterinary Science, 28, 1474–1479.

https://doi.org/10.5061/dryad.w3r2280rn
https://doi.org/10.5061/dryad.w3r2280rn
https://orcid.org/0000-0002-1453-982X
https://orcid.org/0000-0002-1453-982X
https://orcid.org/0000-0001-7221-2473
https://orcid.org/0000-0001-7221-2473
https://doi.org/10.1080/10495398.2014.977907
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1016/j.smallrumres.2011.03.041
https://doi.org/10.1016/j.smallrumres.2011.03.041
http://cmpg.unibe.ch/software/arlequin3
https://doi.org/10.1007/s10963-010-9042-2
https://doi.org/10.1007/s10963-010-9042-2
https://doi.org/10.1038/nrmicro795
https://doi.org/10.1038/nrmicro795


     |  15971NGULUMA et al.

Joshi, M. B., Rout, P. K., Mandal, A. K., Tyler-Smith, C., Singh, L., & 
Thangaraj, K. (2004). Phylogeography and origin of Indian domestic 
goats. Molecular Biology and Evolution, 21, 454–462.

Kibegwa, F. M., Githui, K. E., Junga, J. O., Badamana, M. S., & Nyamu, 
M. N. (2015). Mitochondrial DNA variation of indigenous goats in 
Narok and Isiolo counties of Kenya. Journal of Animal Breeding and 
Genetics, 133, 238–247.

Kivila, J. N., Githui, E. K., Amugune, N. O., Githaiga, J. M., & Okwany, 
Z. A. (2018). Mitochondrial DNA indicate that Kenyan indigenous 
goat (Capra hircus) population is diverse. Agricultural Research 
& Technology: Open Access Journal, 18(1), 556044. https://doi.
org/10.19080/​ARTOAJ.2018.18.556044

Larkin, M. A., Blackshields, G., Brown, N. P., Chenna, R., McGettigan, P. 
A., McWilliam, H., Valentin, F., Wallace, I. M., Wilm, A., Lopez, R., 
Thompson, J. D., Gibson, T. J., & Higgins, D. G. (2007). Clustal W 
and Clustal X version 2.0. Bioinformatics, 23, 2947–2948. https://
doi.org/10.1093/bioin​forma​tics/btm404

Librado, P., & Rozas, J. (2009). DnaSP v5: A software for comprehensive 
analysis of DNA polymorphism data. Bioinformatics, 25(11), 1451–
1452. https://doi.org/10.1093/bioin​forma​tics/btp187

Liu, Y. P., Cao, S. X., Chen, S. Y., Yao, Y. G., & Liu, T. Z. (2009). Genetic di-
versity of Chinese domestic goat based on the mitochondrial DNA 
Sequence Variation. Journal of Animal Breeding and Genetics, 126, (1) 
80–89. https://doi.org/10.1111/j.1439-0388.2008.00737.x

Luikart, G., Gielly, L., Excoffier, L., Vigne, J. D., Bouvet, J., & Taberlet, 
P. (2001). Multiple maternal origins and weak phylogeographic 
structure in domestic goats. Proceedings of the National Academy of 
Sciences of the United States of America, 98, 5927–5932. https://doi.
org/10.1073/pnas.09159​1198

Ministry of Livestock and Fisheries. (2017). Tanzania Livestock Master 
Plan (2017/2018–2021/2022). https://www.mifug​ouvuvi.go.tz/
uploa​ds/proje​cts/15536​01793​-Tanza​nia%20LIV​ESTOC​K%20MAS​
TER%20PLAN.pdf

Mwambene, P. L., Mbwile, R. P., Hoeggel, F. U., Kimbi, E. C., Materu, J., 
Mwaiganju, A., & Madoffe, S. (2014). Assessing dynamics of forced 
livestock movements, livelihoods and future development options 
for pastoralists/agro-pastoralists in Ruvuma and Lindi Regions, in 
the Southern Tanzania. Livestock Research for Rural Development, 26, 
Article #4.

Naderi, S., Rezaei, H.-R., Pompanon, F., Blum, M. G. B., Negrini, 
R., Naghash, H.-R., Balkıs, Ö., Mashkour, M., Gaggiotti, O. E., 
Ajmone-Marsan, P., Kence, A., Vigne, J.-D., & Taberlet, P. (2008). 
The goat domestication process inferred from large-scale mi-
tochondrial DNA analysis of wild and domestic individuals. 
Proceedings of the National Academy of Sciences of the United States 
of America, 105(46), 17659–17664. https://doi.org/10.1073/pnas.​
08047​82105

Naderi, S., Rezaei, H.-R., Taberlet, P., Zundel, S., Rafat, S.-A., Naghash, H.-
R., El-Barody, M. A. A., Ertugrul, O., & Pompanon, F. (2007). Large-
scale mitochondrial DNA analysis of the domestic goat reveals six 
haplogroups with high diversity. PLoS One, 2(10), e1012. https://doi.
org/10.1371/journ​al.pone.0001012

National Bureau of Statistics (2020). The National Sample Census of 
Agriculture, Livestock and Fisheries for Agricultural Year 2019/20. 
https://www.nbs.go.tz/index.php/en/censu​s-surve​ys/agric​ultur​
e-stati​stics/​579-press​-relea​se-key-findi​ngs-on-the-natio​nal-sampl​
e-censu​s-of-agric​ultur​e-lives​tock-and-fishe​ries-for-agric​ultur​
al-year-2019-20

Nguluma, A. S., Huang, Y., Zhao, Y., Chen, L., Msalya, G., Lyimo, C., 
Guangxin, E., & Chenyambuga, S. W. (2018). Assessment of genetic 
variation among four populations of Small East African goats using 

microsatellite markers. South African Journal of Animal Science, 48, 
117–127. https://doi.org/10.4314/sajas.v48i1.14

Okpeku, M., Peters, S. O., Imumorin, I. G., Caires, K. C., Sharma, V. K., 
Wheto, M., Tamang, R., Adenaike, A. S., Ozoje, M. O., & Thangaraj, 
K. (2016). Mitochondrial DNA hypervariable region 1 diversity in 
Nigerian goats. Animal Genetic Resources, 59, 47–54. https://doi.
org/10.1017/S2078​63361​6000102

Payne, W. J. A., & Wilson, R. T. (1999). An introduction to Animal 
Husbandry in the tropics (5th ed.). Blackwell Science Ltd.

Rogers, A. R., & Harpending, H. (1992). Population growth makes waves 
in the distribution of pairwise genetic differences. Molecular Biology 
and Evolution, 9, 552–569.

Sultana, S., Mannen, H., & Tsuji, S. (2003). Mitochondrial DNA diversity 
of Pakistani goats. Animal Genetics, 34, 417–421.

Syrstad, O., & Ruane, J. (1998). Prospects and strategies for genetic im-
provement of the dairy potential of tropical cattle by selection. 
Tropical Animal Health and Production, 30, 257–268.

Tajima, H. (1989). Statistical method for testing the neutral mutation hy-
pothesis by DNA polymorphism. Genetics, 123, 585–595. https://
doi.org/10.1093/genet​ics/123.3.585

Tamura, K., & Nei, M. (1993). Estimation of the number of nucleotide 
substitutions in the control region of mitochondrial DNA in humans 
and chimpanzees. Molecular Biology and Evolution, 10, 512–526. 
https://doi.org/10.1093/oxfor​djour​nals.molbev.a040023

Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013). 
MEGA 6: Molecular Evolutionary Genetics Analysis version 
6.0. Molecular Biology and Evolution, 30, 2725–2729. https://doi.
org/10.1093/molbe​v/mst197

Tarekegn, G. M., Tesfaye, K., Mwai, O. A., Djikeng, A., Dessie, T., Birungi, 
J., Osama, S., Zergaw, N., Alemu, A., Achieng, G., Tutah, J., Mutai, C., 
Njuguna, J., & Mwacharo, J. M. (2018). Mitochondrial DNA variation 
reveals maternal origins and demographic dynamics of Ethiopian 
indigenous goats. Ecology and Evolution, 8(3), 1–11. https://doi.
org/10.1002/ece3.3710

Tenga, R., Mattee, A., Mdoe, N., Mnenwa, R., Mvungi, S., & Walsh, M. 
T. (2008). A study on the options for pastoralists to secure their 
livelihoods in Tanzania: current policy, legal, and economic issues, 
Volume one: Main report. Arusha, Tanzania: Tanzania Natural 
Resource Forum. http://www.tnrf.org/files/E-INFO-RLTF_VOL1_
MAIN-REPORT_A_Study_on_options_for_pastoralism_to_secure_
their_livelihoods_in_Tanzania_2008.pdf.

Zhao, Y., Zhang, J., Zhao, E., Zhang, X., Liu, X., & Zhang, N. (2011). 
Mitochondrial DNA diversity and origins of domestic goats in 
Southwest China (excluding Tibet). Small Ruminant Research, 95, 
40–47.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version 
of the article at the publisher’s website.

How to cite this article: Nguluma, A., Kyallo, M., Tarekegn, G. 
M., Loina, R., Nziku, Z., Chenyambuga, S., & Pelle, R. (2021). 
Mitochondrial DNA D-loop sequence analysis reveals high 
variation and multiple maternal origins of indigenous 
Tanzanian goat populations. Ecology and Evolution, 11, 15961–
15971. https://doi.org/10.1002/ece3.8265

https://doi.org/10.19080/ARTOAJ.2018.18.556044
https://doi.org/10.19080/ARTOAJ.2018.18.556044
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.1111/j.1439-0388.2008.00737.x
https://doi.org/10.1073/pnas.091591198
https://doi.org/10.1073/pnas.091591198
https://www.mifugouvuvi.go.tz/uploads/projects/1553601793-Tanzania LIVESTOCK MASTER PLAN.pdf
https://www.mifugouvuvi.go.tz/uploads/projects/1553601793-Tanzania LIVESTOCK MASTER PLAN.pdf
https://www.mifugouvuvi.go.tz/uploads/projects/1553601793-Tanzania LIVESTOCK MASTER PLAN.pdf
https://doi.org/10.1073/pnas.0804782105
https://doi.org/10.1073/pnas.0804782105
https://doi.org/10.1371/journal.pone.0001012
https://doi.org/10.1371/journal.pone.0001012
https://www.nbs.go.tz/index.php/en/census-surveys/agriculture-statistics/579-press-release-key-findings-on-the-national-sample-census-of-agriculture-livestock-and-fisheries-for-agricultural-year-2019-20
https://www.nbs.go.tz/index.php/en/census-surveys/agriculture-statistics/579-press-release-key-findings-on-the-national-sample-census-of-agriculture-livestock-and-fisheries-for-agricultural-year-2019-20
https://www.nbs.go.tz/index.php/en/census-surveys/agriculture-statistics/579-press-release-key-findings-on-the-national-sample-census-of-agriculture-livestock-and-fisheries-for-agricultural-year-2019-20
https://www.nbs.go.tz/index.php/en/census-surveys/agriculture-statistics/579-press-release-key-findings-on-the-national-sample-census-of-agriculture-livestock-and-fisheries-for-agricultural-year-2019-20
https://doi.org/10.4314/sajas.v48i1.14
https://doi.org/10.1017/S2078633616000102
https://doi.org/10.1017/S2078633616000102
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/oxfordjournals.molbev.a040023
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1002/ece3.3710
https://doi.org/10.1002/ece3.3710
https://doi.org/10.1002/ece3.8265

