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GENERAL ABSTRACT

ABSTRACT

Twelve FAO-ISAG-recommended microsatellite markers were used to analyse genetic variation
in Tswana and Tuli cattle breeds. All loci were polymorphic and a total of 75 and 77 alleles were
genotyped in the Tswana and Tuli breeds, respectively, across all loci. The number of ulleles per
locus ranged from 2 (BAMI1818) to 10 (TGLA227) in Tswana catile und from 3 (BM1818 and
ILST006) to 10 (TGLA227) in Tuli cattle with mean number of alleles (MNA) per locus of 6.25
and 6,43, in the nwo breeds, respectively. A to1al of 103 unique alleles were genotyped across the
two breeds with a total of 49 shared alleles benween the two breeds. 26 alleles and 28 alleles were
unigue to the Tswana and Tuli breeds, respectively. The mean number of shared alleles per locus
across the 12 loci was 4.08. The observed heterozygosity ranged from 0.200 (CSSAMG6) 1o
1(BM1818) and from 0.00 (CSSM66) to 1 (BM1818) in Tswana and Tuli cattle, respectively, with
higher mean observed heterozygosity in Tswana than Tuli cattle (0.6311 vs. 0.555). The PIC
values ranged from 0.375 (BM1818) 10 0.844 (ETH225) in Tswana cattle and from 0.535
(INTRA23) to 0.833 (TGLA227) in Tuli cattle with mean PIC values of 0.6355 and 0.7156 in
Tswana and Tuli cattle, respectively. The within-popuiation inbreeding estimate (Fis) of both
Tswana and Tuli cattle were significantly positive. The Fis estimates ranged benveen -0.054
(TGLA227) and 0.769 (CSSM66) in Tswana cattle and benween -0.2 (BM1818) and 1.00 (CSSA{66)
in Tuli cattle. The within population inbreeding coefficient were 0.20 and 0.332 in Tswana and
Tuli cattle, respectively. Tswana cattle were not in Hardy-Weinberg equilibrium at CSSRM60 and
CSSM66 marker loci while Tuli cattle were not in Hardy-Weinberg equilibrium at ETHIO,
ETH225 and CSSM66 marker loci and the rest of the markers were in Hardy-Weinberg

equilibrium in the two breeds. Considerable allelic diversity and genetic diversity exist in both



Tswana and Tuli cattle breeds and there was no significant difference in the level of genetic
diversity between the two breeds. The genetic identity berween Tswana and Tuli cattle breeds was
0.564 indicating that there is 56% genetic similarity between the two breeds. Pairwise genetic
differentiation (Fst) value between Tswana and Tuli catle was 0.0676 indicating that
approximately 6.8% of the total genetic variation corresponded 1o differences berween the nvo
breeds, while the remaining 93.2% corresponded to differences among individuals. Tswana and
Tuli cattle breeds are thus highly genetically related and therefore crossbreeding benveen the nvo

breeds is unlikely 10 benefit from heterosis.

Kevwords: Botswana, Genetic differentiation, Genetic identity, Genetic variability,

Inbreeding
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CHAPTER 1
GENERAL INTRODUCTION

The two beef production sectors in Botswana are the traditional and commercial sectors. The
total cattle population in Botswana is about 2.7 million and 82% of the cattle are found in the
traditional sector (Masokwane, 1995). The traditional sector keeps mostly the indigenous
Tswana cattle breed for both pure-breeding and crossbreeding under the communal free-range
system. Tswana cattle are primarily used for becf production and their other uses include milk

production and draught power.

Commercial farmers keep mostly exotic cattle breeds and crosses between exotic breeds and
crosses between exotic and indigenous cattle breeds of Southern Africa including crosses of
exotic and Tswana cattle breeds mostly under fenced ranches. Although the commercial sector
accounts for only 18 percent of the total cattle papulation, the livestock off take rates are higher

at 17 % compared to 8% in the traditional sector (Masokwane, 1995).

The Tswana cattle breed is indigenous to Botswana and is a Sanga type, similar to Barotse and
Tuli cattle breeds (Scholtz, 2010). Tswana cattle are predominantly either plain black or multi
coloured: usually red pied and rarely black pied (Figure 1.1). They are zlso found in
Southwestern Zimbabwe and the Transvaal region of South Africa (Genus, 1985). Tswana
cattle are well adapted to hot and dry environments and have a high level of tick and heat

tolerance (Masokwane, 1995).
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Figure 1.1 Multi-coloured Tswana cattle kept at BUAN.

The Tuli breed was developed in Zimbabwe from the Tswana-type cattle at Tuli research
station in Gwanda district of Zimbabwe by Len Harvey about 90 years ago (Scholtz. 2010).
The Tuli cattle breed is phenotypically similar to the Tswana cattle breed and share qualities
such as hardiness, adaptability, heat resistance/tolerance and tick resistance/tolerance
(Masokwane, 1995). Tuli cattle were selected for milk production, carcass, and meat quality
traits (Tuli Breeders Society of South Africa, 2016) during development. According to the Tuli
breeders Saciety of South Africa (2016), the development of the Tuli breed in isolation and its
unique genetic makeup makes it very successful in crossbreeding programmes and results in a

high degree of heterosis and mostly polled progeny.

Some farmers in Botswana practice crossbreeding between Tswana and Tuli cattle breeds but
given the common origin of the two breeds and their phenotypic similarities, it is doubtful if
the resulting progeny benefit from any significant heterosis. The aim of this study was therefore
to assess the genetic diversity of Tswana and Tuli cattle breeds and estimate the degree of

genetic differentiation and genetic identity between the two breeds.
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Figure 1.2 Tuli cattle breed kept at BUAN

1.1 Justification

Tswana cattle are native to Botswana and are well adapted to the country’s hot and dry climatic
conditions. Awareness of the value of livestock genetic resources has stimulated the study of
the genetic diversity of native breeds (FAO, 2011). Most genetic diversity studies have been
carried out on European cattle breeds (Ginjah et al., 2013) and very little information is
available on the genetic diversity of cattle breeds indigenous to Botswana and/or Southern
Africa in general. Information on the genetic diversity of Tswana cattle remain unknown. Both
genetic and phenotypic characterization studies are important basis for conservation
programmes (Podisi, 2000). Monitoring and recording of genetic trends over time have become

essential for effective protection of livestock breeds.

Tswana cattle are indigenous to Botswana and kept by a majority of the households throughout
the country. Cattle farmers in Botswana cross Tswana cattle with exotic breeds such as
Brahman, Simmental and Charolois, and with other indigenous cattle breeds of Southern Africa
such as the Tuli to improve traits of economic importance. The Tuli breed was developed in
Zimbabwe from the Tswana-type cattle in Gwanda district of Zimbabwe (Buck er al., 1982).

3
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The Tswana and Tuli cattle breeds share many phenotypic similarities and common attributes
of the two breeds include hardiness, adaptability to hot and dry environments, heat tolerance
and tick resistance/tolerance. Although some loca! farmers practice crossbreeding between
Tswana and Tuli breeds, it is doubtful if the resulting crosses benefit from any significant
heterosis due to the phenotypic similarities between the breeds. No studies to date have been
carried out to compare molecular genetic profiles of Tswana and Tuli cattle breeds and their
degree of genetic differentiation and genetic identity. Hence the importance of the current

. study.

1.2 Aim
To characterize Tswana and Tuli cattle breeds using a panel of twelve Microsatellite markers.

1.3 Objectives

-To evaluate the genetic diversity of Tswana and Tuli cattle using a panel of twelve (12)

microsatellite markers recommended by FAO-ISAG Advisory Panel (2011).
-To compare the genetic diversity between Tswana and Tuli cattle breeds

- To estimate the genetic relationship (genetic identity and genetic differentiation) between

“Tswana and Tuli cattle breeds.
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1.4 Hypothesis

Y

%

\Y

\Y

'

A4

Ho: There is lack of genetic diversity in the Tswana catile population kept at Botswana
University of Agriculture and Natural Resources farm.

Ha: There is genetic diversity in the Tswana cattle population kept at Botswana
University of Agriculture and Natural Resources farm.

Ho: There is no significant difference in genetic diversity between Tswana and Tuli
cattle breeds kept at Botswana University of Agriculture and Natural Resources farm.
Ha: There is a significant difference in the genetic diversity of Tswana and Tuli cattle
breeds kept at Botswana University of Agriculture and Natural Resources farm.

Ho: There is no significant genetic differentiation between Tswana and Tuli cattle
breeds

Ha; There is significant genetic differentiation between Tswana and Tuli cattle breeds
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CHAPTER 2
LITERATURE REVIEW
2.1 Tswana Cattle Breed
2.1.1 History of Tswana catile

The Tswana cattle belong to the group of cattle called Humped cattle and the two types of
humped cattle are the Sanga and the Zebu type. Tswana cattle are an indigenous Sanga beef
cattle breed found in most parts of Botswana (APRU, 1989). Tswana cattle are mostly red,
black, red and white or black and white in colour. The most typical Tswana cattle currently
occur mainly in the North and North-west of the country, in Ngamiland and along Boteti river
(Buck, 1982). Tswana cattle are closely associnted with the Damara cattle in Namibia since
they came through the same route of migration from Ethiopia and Somalia (APRU, 1989).
They are well adapted to hot and dry conditions of the local environment. This environmental
adaptation is particularly important in respect of resistance to local endemic diseases and ability
1o withstand nutritional stress during the dry season (Mpofu, 1996). Research has shown that

they are heat and tick resistant (Mpofu, 1996).
2.1.2 Importance of Tswana cattle

In Botswana, beef production is a major agricultural activity and beef production is mainly
based on extensive grozing in natural rangelands. To support beef production, the country has
set aside 581 000 km? of land for extensive grazing of ruminant livestock (Buck, 1982). Tswana
cattle breed was the main source of beef nationwide in the 1980s (ARPU, 1989). Botswana
Meat Commission (BMC) that started its operations in 1965 existed to promote the

development of the country’s beef and related products globally and during inception relicd
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heavily on the Tswana cattle breed. The BMC has had a significant contribution to
the development of the country over the years by exporting beef to Europe, South Africa and
Angola and other importing areas. Other uses of Tswana cattle include milk production,

draught power and production of dung used as fuel and manure for horticultural production.

Tswana cattle also have Socio-cultural function and the relative importance of each of the cattle
functions vary with farmers’ objectives, production system, rangeland type, region and socio-
economic factors such as gender, marital status, age, education and religion of the keepers
(Chimonyo et al., 2000, Simela er al., 2006). Cattle are reserved for special ceremonial
gatherings such as marringe feasts, weddings, funerals, circumcision and ancestral communion
(FAOQ, 2007, Bayer, et al., 2004). Cattle are given as gifts to visitors and relatives, and as
starting capital for youth and newly married couples (Musemwa ef al., 2008). They are used to
strengthen relationships with in-laws and to maintain family contacts by entrusting them to
other family members (Dovie ef al., 2006). Cattle play an important role in installation of spirit
mediums, exorcism of evil spirits and are given as sacrificial offerings to appease avenging

spirits (Bayer er al., 2004, 2009)). Some farmers keep cattle for prestige and pleasure.

2.1.3 Attributes of Tswana cattle

The Ministry of Agriculture Development and Food security through the Department of
Agricultural Research (DAR) conducted a series of studies on Tswana cattle and concluded
that Tswana cattle have good beef, high fertility, average milk yield and good matemal ability
(APRU, 1989). In terms of reproductive performance, Tswana cattle have easy calving due to
farge birth canal and small birth weight (Buck, er al., 1982). Tswana cattle also mature carly,

are of medium body size (Adult size 400kg) and have low feed requirements. Tswana cattle
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also have a unique ruminal digestion that confer on them the sbility to utilize low quality

standing grass and crop residues better that temperate breeds (Mpofu, 1996).

2.1.4 Crossbreeding of Tswana cattle with exotic breeds

In the carly 19" century, Tswana cattle sere the main source of beef to the country and
European settlers in Botswana brought in Friesian, Afrikaner, Sussex and other exotic breeds
and crossbred them with Tswana cattle (Mpofu, 1996). Crossbreeding between indigenous
Tswana caitle and exotic breeds is aimed at improving growth performance and meat quality
of Tswana cattle and to provide a more profitable market product for BMC (APRU, 1989).
Then the government embraced the concept of crossbreeding and through the Ministry of
Agriculture established Livestock Improvement Centres (LIC) at each Tribal Reserve (TR)
across the country to produce crossbred bulls and heifers to improve Tswana cattle (Lethola er.
al., 1983). The introduction of crossbreeding between exotic breeds and indigenous Tswana
cattle has led to genetic erosion of the Tswana cattle breed and poses a threat to the genetic

diversity of the well-adapted Tswana cattle.
2.1.5 Conservation of Tswana Cattle

The implementation of Tswana cattle conservation project by DAR started after realizing that
the genetic uniqueness of Tswana cattle was threatened by crossbreeding with other exotic
breeds (Podisi, 2000). DAR established a foundation herd of purebred Tswana cattle herd for
conservation purposes in 1989. The foundation herd comprised purebred Tswana cattle from
communal farmers across the country and included Tswana cattle coming from Kweneng,
Kgalagadi, South and Central regions of Botswana (APRRU, 1990) in order to establish as
broad a genetic base as possible. The foundation herd was divided into three groups comprising
250-300 Tswana cattle cach, and one of the groups served as the unselected control line, the
other group was selected for pre-weaning growth performance or maternal performance and

9
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the last group was selected for post-weaning growth performance. The three groups or lines
have remained closed since 1989 in government ranches at Musi, Dikgathong and Morapedi,
respectively. Botswana University of Agriculture and Natural Resources (BUAN) received
cattle from the unselected control line in 1989 and the herd has since remained closed with no

intentional selection for any trait of economic importance.

2.2 Tuli Cattle Breed
2.2.1 History of Tuli cattle

According to Scholtz (2010), Tuli cattle breed was developed from Sanga-type cattle by Mr
Len Harvey at a Government station in Gwanda (Zimbabwe) (Buck er al., 1982). The Tuli is
of Tswana descent (From Botswana) and is closely related to the Tswana cattle breed of
Botswana. The Tswana breed from which the Tuli was developed, underwent natural selection
for over 5000 years and became ideally suited to a wide range of conditions across Zimbabwe
while retaining a high level of fertility, early maturity and good meat carcass (Zimbabwe Tuli
Society, 2015). From Zimbabwe, the Tuli spread to other Southemn A frican countries especially
to Botswana and South Africa and is also currently found in Australia, USA, Canada, Mexico,

Argentina and others (Tuli cattle, 2015).
2.2.2 Physical Breed Characteristics

The Tuli is a Sanga type cattle characterized by an erect small cervico-thoracic hump. Tuli
cattle are one-coloured and the colour variations range from yeliow, golden-brown, red, white,
brownish-grey, beige and tan (Tuli cattle, 2015). The Tuli cattle breed is predominantly vellow
in colour with a uniform coat pattern and straight short hair. The face profile of the Tuli is flat

with a pigmented or non-pigmented muzzle. The Tuli breed can be horned but mostly polled

10
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with ears that are round-shaped with lateral orientation and pigmented at the ends. The body

frame is medium-sized and the udder is small with medium-sized teats (Tuli cattle, 2015).

2.2.3 Praduction traits:

The Tuli is o medium-sized cattle breed with excellent maternal traits such as high fertility, calf
survival and weaning weight and is renowned for its hardiness and adaptability to hot and dry
conditions (Tuli cattle, 2015). The Tuli breed is characterized by carly maturity, high docility,
excellent mothering ability and good milking qualities. The Tuli breed is also renowned all
over the world for its exceptiona! beef qualities characterized by tender and juicy meat with
relatively low levels of fat but sufficient enough to give excellent marbling. Some adaptive
traits of the Tuli include; tolerance to high environmental temperature, bulls are ready to serve
at 2 years of age and heifers ready for bulling at 20 to 24 months of age, low incidence of
dystocia, natural resistance/tolerance to ticks, flies and intemal parasites and natural ability to
survive and reproduce under harsh environments (Zimbabwe Tuli Society). The Tuli cattle has
a high calving percentage (85%) as compared to Tswana (79%) and Mortality rate of 7.1% as

compared to 8.3% of Tswana cattle.

It has been noted that due to its unique genotype, the Tuli breed offers high hybrid vigour and
therefore, widely suitable for crossbreeding programmes. Small-scale farmers in communal
areas in pursuit of the benefits of heterosis and complementarity in the resulting crosses often
praclise crossbreeding between Tuli and Tswana cattle breeds. It is however, doubtful if such
crossbreeding yield the pursued benefits given the common crigins and phenotypic similarities
between the two breeds. According to Buck ef al. (1982) there were no significant differences
in weights between pure Tswana and Tull X Tswana crossbreds under communal and ranch
management systems.

1
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2.3 Application of genomics in conservation studies

Since the 1980s, developments in Molecular Biology and genomics have made it possible to
study some genetic parameters in livestock populations including catle. Variations in genomic
sequences provide novel tools to analyse molecular data and provide unswers instrumental in
conservation studies. These toals have evolved from Variable Number Tandem Repeats
(VNTRs) then Short Tandem Repeats, Single Nucleotide Polymorphisms and Sequencing

(Pokhriyal et al., 2012).
2.3.1 Variable Number Tandem Repeats (VNTR)

Variable Number Tandem Repeats are sequences found in the genome as repeating non-coding
sequences. The sequences vary in length among different genomes. VNTR were used to show
variations in alleles within a population and their major drawback was the requirement of large
amounts of Biological material to analyse. VNTR comprised tandemly repeated bases

comprising 10-60 bps in length (Goodwill ef al., 2007).
2.3.2 Single Nucleotide Polymorphism (SNP)

SNPs represent a single base change between two individuals at a defined location in the
genetic material or DNA. The three different categories of SNPs include transitions (C/T or
G/A), transversions (C/G, A/T, C/A or T/G) and small deletions/ insertions (Duran e al., 2009).
SNPs are estimated to occur about once in every 1000 base pairs throughout the entire genome
in coding promoters, exons and introns (Vignal e al., 2002). SNPs hm.ie become markers of
choice due to their abundance in genomes. They are extremely useful for creating high-density
genetic maps. Other genetic marker classes cannot achieve this high-densily property of SNP.
Due to their abundance in mammalian genomes, SNPs have the potential to provide basis ol a

superior and highty informative genotyping assay.
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SNPs are largely bi-alielic in nature and are less mutable compared to other types of markers,
particularly microsatellites. The low rates of recurrent mutations make them evolutionarily
stable. They are excellent markers for studying complex genetic traits and for understanding
genomic evolution. To date. genomic wide analysis brought insights on pattemns of ancestry.
divergence and admixture (Hanette, ef al,, 2005). Several cattle studies have used SNPs to
characterize genomic wide genetic diversity in cattle including South African cattle breeds
(Makina et al., 2014), West African cattle population (Gauter et al., 2009) and the Eastern
Affican Short Hom Zebu cartie population (Mbale-Kariuki e al., 2014). Hiumina 50K SNP
bead chip is commonly used in cattle studies and to date the SNP chip has brought insights on

patterns of ancestry, divergence and admixture (Hanette, ¢f al., 2005).

2.3.3 Next Generation Sequencing (NGS)

NGS is a massively parallel DNA sequencing technology that can sequence the whole genome
in one day. NGS platform perform sequencing of millions of small fragments of DNA in
parallel. Bioinformatics analyses is then used to put these frngments together by mapping the
individual reads to the reference sample (Behjati and Tarpey, 2013). The method is robust and
efficient in genomic analysis. It differs from the Sanger Sequencing technology with the
volume that can be anafysed at a time. Less amount of template DNA is required to do the
analysis. It is cheaper and more accurate for operations such as Forensic Science and Genetic
Characterization (Multz ef al., 2012), NGS is completely unsefective and used to interrogate
full genome or exons to discover entircly novel mutations and disease causing genes (Sam
Behjati ef al., 2013). The gcno:_r'xe-widc'scqucncing of indigenous cattle will nllm& for.lhé

development of African cattle specific genetic 1ols such as gehctid'fhnrkbrﬁ ‘and SNP chips.
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The NGS platform is credited with establishing genetic differences between the Bos Taurus

and Bos indicus ancestry in cattle (Ajmone-Marsan ¢f al., 2010).
2.3.4 Microsatellite Markers

Microsatellite markers are used in Marker Assisted Selection (MAS) and for QTLs detection.
Microsatellite markers have been used for mapping functional genes and production genes in
domesticated animals (Vigna! ef al., 2002). Microsatellite markers are more powerful for
parentage determination because they are highly polymorphic. Microsatellite markers are also
currently used as tools for sex determination and animal products screening. In population
genetics studies, microsatellite markers elucidate the relationships between individuals and
populations and for estimating levels of heterozygosity and inbreeding levels. Microsatellite
markers are also used for estimating the degree of introgression from other species and the

degree of genetic differentiation and admixture among breeds.

2.4 Measurements of Genetic Diversity from Molecular Data
2.4.1 Allelic diversity

The number of alleles per marker provides an overview of the genetic variability of a
microsatelite marker. It is useful in determining the resolution power of a marker being used
in genetic diversity studies. Markers with a high number of alleles are preferred over markers
with low number, of alleles. According to the selective standard of. FAO (2004), the
microsatellite markers used in genetic diversity studies should have a minimum.of five (5)
distinct alleies (Chaudhari ef al., 2009), The Mean Number of Allcles (MNA) fora given breed
indicates the level of allelic variability. In Africa, The South African Nguni had MNA of 6.5
. (Saranana, 2015) and in Mozzimbiquc MNA of 7.7 was recorded on indigchops breeds (Bessa
et al., 2009). South-western Europé cntfl,cl b'rceds ﬁnd MNA ovf 6.4’} (Bejzi-Percirn etal., 2003)
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Bulgarian cattle had MNA of 7.6 (Teneva er al., 2009) and Pakistani cattle breeds had MNA

of 22.6 (Hussain ¢t al., 2016).

Private alleles are used to differentiate breeds (Chaudhari et al., 2009) and are common in
diversity studies of indigenous livestock. In principle, private alleles define the genetic
uniqueness of a particular breed among a collection of breeds (Ngono ef al.. 2014). Eight (8)
private alleles have been found in Nguni cattle using a panel of 21 markers (Senarana, 2015).
The detection of some private alleles in a population or populations might be reflective of the
origin of the breed and /or gene flow within the breed, The detection of an allele BAM21143-
113 is usually associated with West African Taurine cattle (McHugh et al., 1996) and the
presence of BA2113-143 allele and ETHI52-193 allele is usually associated with Zebu

Sudanese cattle (McHugh, ef al., 1996).
2.4.2 Observed and Expected Heterozygosity

Heterozygosity provides a measure of the presence of heterozygotes in a population. The more
the heterozygotes the more the gene pool of that particular population. Deficiency of
heterozygotes indicate high levels of inbreeding. Under random mating, alleles at a locus are
randomly inherited and heterozygosity is used to measure the level of variability at each locus
(Nei et al., 1983). It also measures the availability of heterozygotes as opposed to homozygotes
in a population. The measures of heterozygosity range between 0 and 1 (Koundante ¢f al.,
2009). High levels of expected heterozygosity (He) indicates adaptation to an environment with
more breeds or strains in the population. Low levels of heterozygosity indicate isolation and
genetic drift resulting in genetic diversity Joss over the years (Saranana, 2015). When observed
hetcrozygosity is less than éxpcctcd heterozygosity (Ho < He) it indicates that there might be

forces such as inbreeding which leads to deficiency of heterozygotes. Ho > He may indicate
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crossing of breeds which were once isolated while Ho=He indicates that that the population is

likely to be random mating (Khanyile et al., 2015).

The mean expected heterozygosity of South African Nguni was 0.701 (Sanarana, 2015) with
mean observed heterozygosity of 0.694. Thus Ho < He indicating the deficiency of
heterozygotes in the general population. Sudanese Zebu cattle had mean expected
heterozygosity of 0.609 (Upreti er al., 2012) and mean observed heterozygosity of 0.73. Thus
Ho > He indicating the presence of more heterozygotes in Sudanese Zebu cattle. In Pakistani
catile (Hussain, 2016) the mean expected heterozygosity was 0.8164 and the mean observed
heterozygosity was 0.4943. In Portugenese native cattle, mean expected Heterozygosity was

0.689 while the mean observed heterozygosity was 0.667.

2.4.3 Polymarphic Information Content (PIC)

PIC is a parameter that indicates genetic variation and measures the informativeness of the
given microsatellite marker (Cho ef al., 2014). PIC values range between 0 and 1. PIC values
closer to | indicate that the microsatellite markers are highly informative, those between 0.25
and 0.5 indicate that the microsatellite markers are moderately informative while markers with
PIC values less than 0.25 are considered less informative. Microsatellite markers with high PIC
values are more useful in population studies, parcntage verification ‘and other molecular

genetics applications such as Forensics.

In Guolao cattle six markers (BM 1824, ETH3, ETH152, HELS1, ILSTOOS. and ILST006) out
of a panel of 25 markers had low PIC values (less than 0.25) while iﬁ Kenkhara caitle five
microsatellite markers (BM1824, CSRMGO, ETH152, 1LST005 and ILST006) out of a panel
of 25 markers were less informative (Chaudhari et al., 2009). The South African Nguni cattle

had the mean PIC value of 0.655 (Sunarana, 2015) from a panel of 28 microsatellite markers
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and Pakistani cattle had mean PIC value of 0.81 from a panel of 21 microsatellite markers

(Hussain, 2016).
2.4.4 Test for Hardy-Weinberg Equilibrium

Hardy-Weinberg Equilibrium (HWE) is a measure of the Genetic stability of the population
(Ginja et al., 2009). Deviations from HWE may indicate genetic influences that could be due
1o some form of Selection that may have occurred in that population (Podisi, 2000). When the
HWE P-value of a microsatellite marker is greater than 0.05 then the marker is in Hardy-
Weinberg Equilibrium. Microsatellite markers with HWE P-values less than 0.05 indicate that

the microsatellite markers are not in Hardy-Weinberg Equilibrium.

Out of the twenty-eight microsatellite markers used in the genetic characterization of South
African Nguni cattle, 3 markers (INRA23, ETH225 and INRA37) were not in Hardy-Weinberg
Equilibrium (Sanarana, 2015). The adherence of most of the markers to HWE indicated that
the allelic frequencies of most markers in Nguni cattle populations remained constant from
generation to generation (Dorji and Daugjinda, 2014). In Latin-American Creole cattle, 3 out
of 19 microsatellite markers assessed were not in Hardy-Weinberg Equilibrium. In Portuguese
native cattle, 5 out of 39 microsatellite markers employed in the study were not in Hardy-
Weinberg Equilibrium (Ginja, ez al., 2009) in the 16 cattle breeds under investigation. When a
population is in a Hardy-Weinberg Equilibrium (HWE) for a locus it means there is random
mating, no selection pressure, no mutation, no gene flow and that the population is large enough
to avoid effects of genetic drift (Jon-Barker’s curriculum unit). Deviation of a marker from
HWE imply the presence of ;1 force or forces cither acting singly or in combination capable of
changing allele frequencies in the population such as selection, mutation, migration or chance

changes in allele frequencies common in small populations.
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2.4.5 Inbreeding Cocfficient (Fis)

The Fis values range from a minimum of -1 (outbreeding) to a maximum of +1 (inbreeding). In
South African Nguni, Fis was 0.010 indicating very low levels of inbreeding within the South
African Nguni cattle probably due to outbreeding and avoidance of mating between closely
related animals. In Portuguese cattle breeds, Fis was significantly higher than zero indicating
high levels of inbreeding. This was due to mating between closely related animals and the
walblund effect in Brava de Lide and Mertolenga independent lineages in these breeds and
evidence of genetic erosion due to low effective number of males in Alentejena (Carolino and
Gama 2008). In Pakistan cattle, the inbreeding coeficient (Fis) was 0.2819 and the mild
directional selective pressure, non-random mating due to intense reproductive management and
the use of small number of bulls as semen donars in assisted reproduction practices could be

the causes of the observed inbreeding levels in Pakistani cattle (Hussain, 2016).
2.4.6 Genetic Differentiation (Fst)

Genetic differentiation (Fst is used to determine the existence of gene flow between
populations and to detect the effect of genetic drift due to evolutionary forces (Kalinowski,
2002). Fst is the coefTicient of the subpopulation within the total population. It is widely used
to indicate genetic differentiation between sub populations based on allelic frequencies.
According to Hussain (2016) it is generally accepted that Fst values ranging from 0 to 0.05
indicate low genetic differentintion; 2 value ranging between 0.05 and 0.15, medium
differentiation: a value ranging between 0.15 and 0.25, significant differentiation; and a value
above 0.25, highly significant genetic differentiation. Medium genctic differentiation has been
reported among 12 African Dos indicus and Bos taurus cattle breeds, among Sudunese Zebu
cattle breeds, among Latin-American Creole cattle breeds and among European cattle breeds

(Ibeaghn-Awemu and Erhardt, 2005; Hussein er al., 2014; Delgado ez al., 2011). In South
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Africun Nguni ecotypes mean Fy was 0.007 and this figure depicts more genetic variability
within the population and less variability between populations (Senarana, 2015). In Parkistani
cattle mean Fy was 0.1456 indicating that 14% of the variation was due to differences among

populations and 86% was due to within populntion differences (Hussain, 2016).
2.4.7 Genetic identity

Genetic identity is 8 measure of the proportion of genes that are identical in two populations.
This is common in populations with similar origin. The geographical isolation between related
breeds ultimately results in genetic loss over time and new mutations causing significant
deviations between geographically isolated but related populations. Genetic identity gives
information about the ancestral history of populations. Common ancestry has been reported
between the Ayrshire and Friesian breeds (Zenger et al., 2007). On the other hand, little genetic
identity was reported between Danish Jersey and Friesian breeds which do not share a common

ancestral history (Kantanen e! al., 2000).
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CHAPTER 3:
ASSESSMENT OF GENETIC DIVERSITY IN TSWANA CATTLE KEPT AT

BOTSWANA UNIVERSITY OF AGRICULTURE AND NATURAL RESOURCES
USING DNA MICROSATELLITE MARKERS

Abstract

The aim of this study was 10 assess the genetic diversity in Tswana caitle at Botswana
University of Agriculture and Natural Resources farm. 12 FAQ recommended microsatellite
markers (TGLA227, TGLAI22, ETH3, ETHI0, ETH225, BMI8I 81, BMI824, BAL2113,
CSSM60, CSSM66, ILSTO06 and INRA023 TGLA153, TGLAI26, HAUT27 and SPS115) were
used for the assessment of genetic diversity in 26 Tswana cattle. Seventy-five alleles were
Jound across all loci with the mean number of alleles per marker of 6.25+2.60. The mean

expected and observed heterozygosity were 0.789520.0406 and 0.6311=0.0414, respectively.

The PIC values which are used for the assessment of the informativeness of the individual
markers, ranged berween 0.375 (BM1818) and 0.8439 (ETH223) with overall mean PIC of
0.6692. TGLA227, BM2113, ETHI0, TGLAI22, ETH3, ETH225, CMSS60, CMSS66, and
ILST006 were highly informative in the genetic analysis of Tswana cattle. Ten markers were
in HWE Equilibrium while two markers (CMSS60 with P=0.0437£0.0002) and (CMSS66 with
P=0.0030£0.0001) were not in Hardy-Weinberg equilibrium. The inbreeding coefficient of
BUAN Tswana cattle was 20%. The Tswana cattle at BUAN farm have high levels of allelic
and genetic diversity. The level of inbreeding in the herd is also high which calls for the
introduction of new bulls for breeding to mitigate the negative effects of inbreeding on fitness

traits and on pcrform}mce in traits of economic importance.

Key words: genetic diversity, inbreeding coefficient, indigenous Cattle
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3.1 INTRODUCTION

The Tswana cattle breed is indigenous to Botswana and is well adapted to the country's harsh
environmental conditions. Notable attributes of the Tswana cattle include discase
tolerance/resistance, high fertility, heat tolerance, good maternal qualities, longevity and ability
to survive and reproduce under stressful environmental conditions and poor quality feeds (Buck
et al, 1982). The indigenous Tswana cattle breed is at risk of extinction due to indiscriminate
crossbreeding with exotic cattle breeds in order to improve their productivity, persistent
droughts and outbreak of cattle diseases (Senyatso and Masilo, 1996; Podisi, 2000). Although
indigenous Tswana cattle may appear less productive than their highly selected and highly
specialized exotic counterparts, they are highly productive in their use of local resources and
under prevailing local production environment and may be more sustainable in the long term.
Besides, they carry uscful genes that might prove highly beneficial in the future to mitigate the

effects of global warming and climate change on livestock production and productivity.

In an attempt to conserve the indigenous Tswana cattle, the Department of Agriculture
Research under the Ministry of Agricultural Development and Food Security implemented
Tswana Cattle Conservation Project in 1989. The base population of the Tswana Cattle
Conservation Project was assembled using different strains of Tswana cattle from Kgalagadi,
Kweneng, Southern and Central regions of Botswana (APRU, 1989). From the base population,
some cattle remained as the unselected control line and the remainder were selected for
reproductive performance and post-weaning growth performance have since remained closed
poputations in various govérnment ranches. BUAN received cattle from the unselected control
liné in 1989 and the herd hes since remalned closed with no intentional sefection for any trait
of ccononﬁc importance. The BUAN Tswana cattle herd has remained purebred since 1989
_through the rotation of Tswana bulls_'supplicd by the Department of Agricultural Research in
order to minimize inbreeding. Because of cmss.bre'eding that is very common in communal
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grazing areas, it is very difficult to ascertain the genetic purity of the remaining Tswana caitle
in communal areas. The closed populations of purcbred Tswana cattle in government ranches
and at BUAN are therefore representative of the indigenous Tswana cattle breed in terms of

both genetic purity and composition (sampled from various parts of the country).

According to Teveva et al. (2005), the first step in assessing genetic conservation needs is the
development of baseline information for genetic diversity. The BUAN Tswana cattle herd has
never been genetically characterized and therefore no baseline data exists for future monitoring
of genetic trends. The purpose of this study was therefore to assess the genetic diversity of
Tswana cattle population (unselected control line from the initial base population of 1989) at
BUAN using a panel of 12 microsatellitc markers. This will establish baseline data for future

monitoring of genetic trends and inform utilization and conservation programmes.

3.2 MATERIALS AND METHODS
3.2.1 Experimental Animals

The BUAN Tswana cattle herd was assembled int 989 from animals coming from various parts
of the country in an effort to conserve the breed and safeguard its genetic purity. The BUAN

Tswana herd has remained a closed population since 1989.

322 Sample Collection and DNA Extrxiction

Blood samples were collected from 26 randomly selected and unrelated pun:bred Tswana cattle
kcpt at BUAN farm in EDTA lubes Pcdn;,rec rccords ascertained that snmplcd animals were

unrelated. “The age of the sampled ummnls rnngcd between 2 years and 8 ycurs of age. DNA

: o wns a\tmcted from wholc blood snmplcs usmg Quuck gDNA blood kll (Zymo rescnn:h, USA)

L followim, the mnnufncturer 5 proloc0l The cuncenlrnuon of gDNA was me&sured using a

n 2{9':-




201100349

spectrophotometer (Nanodrop 2000) and the purity of the extracted gDNA was calculated by

the 260/280 absorbance ratio (Thermo Fisher Scientific Inc., Waltham, MA, USA).

3.2.3 Polymerase Chain Reaction (PCR)

A panel of 12 bovine microsatellite markers endorsed for estimating genetic diversity by the

ISAG and FAO advisory board (FAO, 2011) was used to amplify specific regions of gDNA.

The microsatellite markers, their chromosomal positions, size range and primers used for their

amplification are shown in Table 3.2.1

Table 3.2.1 Microsatellite markers employed in the characterization of Tswana cattle

Locus Chromosome | Allele Primer sequences Dye label | Reference
range
TGLA227 18 7999 | CGAATICCAAATCTGTTAATTIGCT GFAM | Georges and Massey
ACAGACAGAAACTCAATGAAAGCA (1992)
BM2113 2 120- | GCTGCCTTCTACCAAATACCC PET | Sunden ctal. (1993)
144 | CTTAGACAACAGGGGTTTGG
ETHIO0 5 207- | GTTCAGGACTGGCCCTGCTAACA 6 FAM | Salinas et al. (1993)
223 | CCTCCAGCCCACTTTCTCTTCTC
TGLA122 21 135- | CCCTCCTCCAGGTAAATCAGC 6 FAM | Georges and Massey
163 | AATCACATGGCAAATAAGTACATAC (1992)
INRAD23 3 183- | GAGTAGAGCTACAAGATAAACTTC NED | Vainman et al
217 | TAACTACAGGGTGTTAGATGAACTCA 1994)
BMISIB 3 355 | AGCTGGGAATATAACCAAAGG NED | Bishop et al (1994)
' 269 | AGTGCTTTCAAGGTCCATGC
ETHO3 19 113- | GAACCTGCCTCTCCTGCATTGG PET | Sofinas et al. (1993)
125 | ACTCTGCCTGTGGCCAAGTAGG
ETH225 9 137- | GATCACCTTGCCACTATITCCT VIC | Stcffen ctal. (1993)
159 | ACATGACAGCCAGCTGCTACT
BM1824 1 182- - | GAGCAAGGTGTTTTTCCAATC ° “PET | Buendse et o
196 | CATTCTCCAACTGCTTCCTTG (1994)
CSRM&0 0~ |92 | AAGATGIGATCCAAGAGAGAGGCA FET | Baylor. College of
' 120 | AGGACCAGATCGTGAAAGGCATAG Medicine  Human
. Genamics
SIS AT BTN E R . Sequencing
CSSHie 71175 | ACACAAATCCTTICTGCCAGCTGA TET | Bamndse @t AL
G ~- | 199; - |:AaTITAATGCACTGAGGAGETTGE | 1994 -
TST006 7 783 | TGICIGIATTICTGCTGTGG VIC | Drezinsky et al.
o |3m [ ACACGGAAGCGATCTAAACG ' (1993) ’
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All the 12 markers were amplified in a single multiplex polymerase chain reaction using
fluorescence-labelled primers at Agricultural Research Council (ARC) molecular genctics
laboratory (Irene, Pretoria, South Africa). A 15 plreaction was prepared with deionized water,
10 x PCR buffer optimized with 50 mM Mgclz and 100 mM deoxynucicotides triphosphates,
5U DNA taq polymerase (Bioline USA, Inc.), 0.3 ul of 10 mol/pl primers (Applied
Biosystems, Foster city, CA, USA) and 5 pl of 50 ng of gDNA. DNA amplification of the 12
marker loci was achieved using GeneAmp PCR System® 9700 gold thermal cycler (Applied
Biosystems, Foster city, CA, USA). Amplification of the markers was achieved using the
following PCR conditions- initial denaturation at 98°C for 60 seconds, followed by 30 cycles
of 98°C for 20s, annealing temperature of 60°C for 75s and DNA extension at 72°C for 30s,

followed by final extension step at 72°C for Smins.

3.2.4 Genotyping

1.5u1 of PCR products were then mixed with 11pl of deionised formamide and 0.3ul of
GeneScan 500 LIZ size standard and denatured by heating at 95°C for 3mins followed by
cooling on ice. The PCR products were then separated using capillary electrophoresis ABI

Prism 310 Genetic Analyzer (Applied Biosystems, Foster city, CA, USA).

3.2.5 Fragment Analysis
Data on fragment size were analysed automatically using Genescan Analysis Software v.3.1

which provided information on allele size.

3.2.6 Statistical Analysis of Data
The MS toolkit software (Kim, 2002) was used to determine number of alleles per locus, allele

. frequencies, mean number of alleles per locus, observed and.expected heterozygosity and the

‘31



201100349

polymorphic information content (PIC) for cach locus. The inbreeding coefficient (Fy) for each
locus was computed using the program FSTAT (Goudet, 2001). The probability test approach
(Guo and Thomson, 1992) implemented in the GENEPOP software (Raymond and Rousset,

1995) was used to test ench locus for Hardy-Weinberg equilibrium.

3.3 RESULTS AND DISCUSSION

Alleles at the 12-microsatellite marker loci used for genetic characterization of Tswana cattle
are shown in Table 3.3.1. All the 12 microsatellite markers were polymorphic and yielded 75
alleles in Tswana cattle. The number of alleles per marker in Tswana cattle ranged between 2
for BM1818 marker and 10 for TGLA227 marker with mean number of alleles per marker of
6.25. Microsatellite markers ETH225, ETH10 and BM2113 were also highly polymorphic each
with nine alleles per marker. Teneva ef al. (2005) also reported high allelic diversity in markers
TGLA227 (10 alleles), BM2113 (7 alleles) and ETH225 (6 alleles) with mean number of alleles
per marker of 7.6 in Bulgarian grey cattle. A much higher allelic diversity than that found in
Tswana cattle was reported in Latin-America Creole cattle with a range of 7 to 21 alleles per
marker and mean number of alleles per marker of 13.65 (Delgado et. al., 2011). Higher allelic
diversity was also reported in native Turkish cattle (7 to 28 allcles per marker and average of
13.45 nlleles per marker) and Pakistani cattle breeds (10 to 43 alleles per marker and average

of 22.67 alleles per marker) (Hussain et. al., 2016).
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Table 3.3.1: Alleles of 12 microsatellite markers found in Tswana Cattle at BUAN farm.

Locus Observed | Allcles sizes(bps) and their frequencies
No. of
allele
TGLA227 | 10 77 179 |81 83 187 18 |97 |99 101 | 103
BM2113 | 9 120 [125 127 [133 | 135 | 137 [ 139 | 141 | 143
ETH10 9 206 | 213 |214 |215 |217 |218 |219 |221 [225
TGLA122 | 7 137 (143 [ 151 | 161 | 179 | 181 | 183
INRA23 4 196 | 198 (208 |214
BM1818 | 2 262 | 264
ETH3 5 HS | 17 [ 125 1127 | 129
ETH225 | 9 137 | 140 | 144 | 146 | 150 | 154 {159 [176 | 180
BM1824 | 6 146 | 176 | 178 | 180 | 182 [ 195
CSRMGO | 6 92 (96 100 |102 | 110 |114
CSSM66 | 5 179 | 181 | 183 | 187 |[195
ILSTO006 | 3 286 {294 |296
Total 75
Mean 6.25+2.6
(MNA)

Hig'her allelic diversity was also reported in Mozambique indigenous cattle with mean number

of alleles per marker of 7.7 (Bessa et al., 2009). The allelic diversity of Tswana cattle was
Esa})émblé io that of South:Ai'riénn Nguni cattle (MNA=6.47) nna South-Western European
buvme brccds (MNA-6 5) (Snrununn, 0!5 ééjn-l’ereim et al., 2003). Tswana cattle had
hlghcr allelic diversny hnn f ve native. indonesmn cattle breeds with MNA per marker of 4.2
. ¢(Summu et. al., 20]5) and Ongole and Deoni Indian cattle breeds with MNA per marker of 4.5

o ,‘ and 4.1, rcspccuvely (Mcnn et. al., 2004) ACCOrdlm, 10 Pnndey etal. ("006), FAOQ specified a
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minimum of four alleles per marker for effective screening of genetic differences between
breeds. All the markers used in the current study with the exception of BM1818 and ILST0076
therefore exhibited sufficient allelic polymorphism for Tswana cattle breed characterization
and estimation of genetic differences within and between breeds. Allele frequencies varied per
marker and ranged between 0.001 for allele 100 of CSSM60 marker and 0.750 for allele 198
of INTRA23 marker. The BUAN Tswana cattle conservation herd therefore still exhibit high
levels of allelic diversity despite remaining a closed population since 1989. The high allelic
diversity could be because of lack of any selection program to improve traits of economic
importance and limited inbreeding resulting from bull rotations every breeding season. The
high allelic diversity also attests to the broad genetic base resulting from the admixture of
Tswana cattle strains from different regions of Botswana during assembly of the base

popqlqtion in 1989,

A total of 6 private alleles were detected in Tswana cattle. According to Ngono Ema ef al.
(2014) private alleles are common in diversity studies on indigenous livestock. Private alleles
define the genetic uniqueness of a particular breed or population among a collection of brecds
(Erhardt and Weinmann, 2007). Private alleles are also be used as a tool for the measurement

of the genetic distinctiveness of a population (Szpiech and Rosenburg, 2011).

Apart from allelic diversity, other measures of genetic diversity include observed
heterozygosity (Ho), expected heterozygosity (He) and polymorphic information content (PIC)
(Table 3.3.2). Measures of genetic diversity (Ho, He and PIC) in Tswana cattle indicated that

most of the microsatellite markers were highly polymorphic.

Ho and He ranged between 0.20 (CSSM66) and 1(BM1818) and between 0.45(INTRA23) and
1 (BM1818), respectively, with mean Ho and He across all loci of 0.63 and 0.79, respectively.

The average Ho of 0.63 and average He of 0.79 indicate high levels of genetic variability or
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genetic diversity in BUAN Tswana cattle conservation herd since it is interpreted as such when
the heterozygosity values excced 0.5 (Melendez er. al., 2014). The mean observed
heterozygosity of Tswana cattle (0.63) is comparable to that of the South African Nguni cattle
(0.69) and Kenana Sudanese Zebu breed (0.692) (Sanarana, 2015; Hussein et al., 2015 ). It
is however higher than that of the Pakistani cattle breeds (0.4943) and native Gir breed of
Rajasthan (0.4236) but lower than that of the Hallikar breed of India (0.7515) and Bulgarian

grey cattle (0.78) (Upreti et. al., 2012; Kumar et. al., 2005; Teneva et. al., 2005).

The average He (considered the unbiased estimate of gene diversity) of Tswana cattle (0.79) is
comparable to that of the Hallikar breed of India (0.785) and Pakistani cattle breeds (0.8164)
(Kumar ef. al., 2006; Hussain et. al., 2016). It is however higher than that of the Gir and
Kankrej breeds of Rojasthan (0.4520 and 0.5403, respectively) and Sudanese Zebu breeds
(0.690) but lower than that of Bulgarian grey cattle (0.86) ( Upreti et. al., 2012; Hussain er. al.,

2016; Teneva et. al., 2005).

Tekezaki and Nei (1987) indicated that for markers to be useful in measuring genetic variation
they must have average heterozygosity between 0.3 and 0.8, and the mean Ho and He in
Tswana cattle fall within range, clearly indicating the sujtability of the 12 markers for assessing
genetic diversity in Tswana cattle. Higher He than Ho in Tswana cattle (0.79 vs. 0.63) indicates
deficiency of heterozygotes in the study population (Khanyile et. al., 2015). BUAN Tswana
cattle herd has been closed since 1989 which tends to encourage homozygosity at the expense
of heterozygosity. The high genetic diversity in BUAN Tswana cattle herd (0.79) could be
attributed to lack of any artificial selection program to improve traits of economic importance
and the admixture of different Tswana cattle subpopulations during the assembly of the base

population in 1989 (Ojango er al., 2011).
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Table 3.3.2 Heterozygocity (He), Polymophic information content (PIC), Inbrecding

coefficient (Fu)und Hardy-Weinberg Equilibium (HWE) for each locus in Tswana cattle

Microsatellite locus Genetic Parameters

Hipy PIC Fis HWE P-value
TGLA227 0.873 0.833 -0.018 0.66130.0004
BM2113 0.837 0.787 -0.035 0.2666+0.0003
ETH10 0.901 0.819 0.179 0.0642:0.0002
TGLAI22 0.756 0.697 0.207 0.1298+0.0005
INRA23 0455 0.393 0.267 0.13330.0004
BMI1818 1.00 0.375 0.00 1.00000.0000
ETH3 0.696 0.615 0.281 0.3329:0.0006
ETH225 0.887 0.844 0.225 0.0589:0.0003
BM1324 0.679 0.623 0.172 0.14330.0003
CS5M60 0.774 0.709 0.384 0.0454+0.0002
CSSMG6 0.867 0.745 0.769 0.00300.0001
ILST006 0.750 0.582 0.00 '0.4676:0.0005
Mcan 0.7900.041 | 0.669:0.020 | 0.2030.023 0.‘6“6l39:0.00‘04v
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Polymorphic information Content (PIC) is a parameter that indicates genetic variation and
measures the marker's usefulness in population studies (Guo and Thomson, 1992). PIC values
range between 0 (no genetic variation and less usefulness of the marker in population studies)
and 1 (high genetic variation and high usefulness of the marker in population studies. The PIC
in Tswana cattle ranged between 0.375 for marker BM1818 and 0.8439 for marker ETH225
with mean PIC value across all the 12 loci 0f 0.6692. The mean PIC value in Tswana cattle is
comparable to that of South African Nguni cattle (0.655) and, Sudanese Zebu cattle breeds
(0.63) (Sanarana et. al., 2015; Hussein er. al., 2016). It is however higher than that of five
Indonesian native cattle breeds (0.55) but lower than that of Bulgarian grey cattle (0.72) and

Pakistani cattle breeds (0.81) ( Sutarno et. al., 2015; Teneva et. al., 2005; Hussain et. al., 2016).

Markers with PIC values less than 0.25 are considered less informative, those with PIC values
between 0.25 and 0.5 moderately informative and those with PIC values of 0.5 or greater highly
informative or uscful in population molecular genetics studies (Montenegro er. al., 2015).
Markers INTRA23 and BM1818 are therefore moderately informative while the rest of the
markers are highly informative making them suitable for assessment of genetic variation or
diversity in Tswana cattle population and for other molecular applications such as forensics

(individual identification), parentage verification or segregation analysis in Tswana cattle.

The inbreeding coefficient (Fis) describe how genetic diversity is partitioned in a population.
Fis values determine whether populations or subpopulations have fewer or more heterozygous
individuals than expected. If the markers have a positive sigﬁ it indicates an excess of
homozygotes while a negative sign indicates excess of heterozygotes (Montenegro et. al.,
20]75). In the current study Fis values per locus ranged between -0.035 (BM2113) and 0.769

(CSSM66) with average inbreeding coefTicient across all loci of 0.203, indicating moderate
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levels of inbreeding in BUAN Tswana cattle herd. There is therefore a 20% shontfall of
heterozygotes in BUAN Tswana cattle population most probably because of inbreeding which
accumulates rapidly in small and closed populations. All the microsatellite markers with the
exception of TGLA227, BM2113, BM1818 and [L.ST006 contributed to the observed 20%
heterozygote deficit. According to Nei (1987), inbreeding, genetic hitchhiking, null alleles and
the occurrence of population substructure are some of the established reasons for heterozygote
deficiencies. The contribution of most markers to the inbreeding cocfficient of the whole
population suggests inbreeding as the likely cause of the deficiency of heterozygotes in BUAN
Tswana cattle population. In the absence of any selection program in Tswana cattle, the
confinement of Tswana cattle to a restricted geographical area and the use of limited number
of bulls for breeding, as is the case at BUAN, may all result in an excess of homozygotes

because of inbreeding.

Ten out of 12 microsatellite markers used in the current study were in Hardy-Weinberg
Equilibrium (HWE) and only two markers (CSSM60 and CSSM66) deviated from HWE. The
conformation of 10 out of 12 markers to HWE indicates the high genetic stability of BUAN
Tswana cattle population. The high genetic stability of BUAN Tswana cattle population
suggests that the population might be random mating (deliberate efforts made to minimize
inbreeding), is not undergoing any artificial selection and not subjected to other evolutionary
forces such as mutation and migration capable of altering gene and genotype frequencies and
causing significant deviations from HWE. Significant deviation from HWE for markers
CSRM60 and CSSM66 could be due to non-random mating with respect to the two markers or

due to naturai selection with respect to the two_mnrkcrs.
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Quantitative trait loci (QTL) for milk production, milk composition and growth traits (post
weaning average daily weight and back-fat thickness) and functional genes underlying those
QTL have been mapped to BTAI4 (Wibowo et. al., 2008) where microsatellite marker
CSSM66 is also found. Natral selection for low milk production and slow growth rate in
Tswana cattle over centuries might have fixed alleles for those traits, which might be in linkage
disequilibrium with alleles at CSSM66 locus resulting in significant departure of CSSM66
marker from HWE. A QTL for tick resistance/susceptibility has been mapped to BTAIO
(Machado et. al., 2010) where the microsatellite marker CSRM60 is also mapped. Natural
selection for tick resistance in Tswana cattle over centuries might have fixed the tick resistance
alleles which might be in linkage disequilibrium with alleles at CSRM60 locus (tick resistance
alleles and marker alleles always inherited together) resulting significant deviation of CSRM60

marker from HWE.

3.4 CONCLUSIONS

The BUAN Tswana cattle herd exhibits high level of genetic diversity, which can be exploited
in the future for improving performance in various traits of economic importance, However,
inbreeding poses a threat to the existing genetic diversity of BUAN Tswana cattle conservation

herd.

3.5 RECOMMENDATIONS

. The genetic diversity found in the BUAN Tswana cattle calls for continued preservation of the
herd/breed for future exploitation in breeding programmes. Outbrecding of the BUAN Tswana

cattle herd is recommended to reverse the negative effects of inbreeding on genetic diversity
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CHAPTER 4

MICROSATELLITE MARKERS BASED GENETIC ASSESSMENT OF TSWANA
AND TULI CATTLE BREEDS KEPT FOR CONSERVATION PURPOSES AT

BOTSWANA UNIVERSITY OF AGRICULTURE AND NATURAL RESOURCES
FARM

Abstract

Twelve FAO-ISAG-recommended microsatellite markers were used 10 analyse genetic
variation in Tswana and Tuli catile breeds. All amplified loci were polymorphic and 75 and 77
alleles were genotyped in the Tswana and Tuli breeds, respectively. The number of alleles per
locus ranged benveen 2 (BMI818) and 10 (TGLA227) in Tswana cattle and between 3
(BM1818 and ILST006) and 10 (TGLA227) in Tuli cattle with mean mumber of alleles (MNA)
perlocus of 6,25 and 6.4 in the two breeds, respectively. One Hundred and three unique alleles
were genotyped across the two hreeds with 49-shared alleles between the two breeds. Twenty-
six alleles and 28 alleles were unique to the Tswana and Tuli breeds, respectively. The observed
heterozygosity ranged benveen 0.200 (CSSM66) and 1(BA1818) and berween 0.00 (CSSM66)
and ! (BAM1818) in Tswana and Tuli cattle, respectively and there was no significant difference
in mean observed heterozygosity between Tswana than Tuli cattle (0.6311 vs. 0.555). The PIC
values ranged from 0.375 (BAMI818) to 0.844 (ETH225} in Tswana cattle and from 0.535
(INRA23) 10 0.833 (TGLA227) in Tuli canle with mean PIC values of 0.6355 and 0.7156 in
Tswana and Tuli catile, respectively. The within population inbreeding coefficient were 0.20
and 0.332 in Tswana and Tuli cattle, respectively. The Tswvana cattle poprlation was not in
Hardy-Weinberg equilibrium ai CSSRM60 and CSSM66 marker loci while the Tuli cattle
population was not in Hardy-Weinberg equilibrium at E TH10, ETH225 and CSSM66 marker
loci while the rest of the markers were in Hardy-} Veinberg equilibrium in the rvo breeds. The

degree of genetic differentiation (Fst) value between Towana and Tuli cattle was 0.0676
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indicating that approximately 6.8% of the total genetic variation corresponded to differences
between the two breeds, while the remaining 93.2% corresponded (o differences among
individuals. The genctic identity between the two breeds was 36% and there were no significant
differences in allelic diversity and in genetic diversity between the Tswana and Tuli canle
breeds. The use of Tswana and Tuli breeds in a crossbreeding program is likely 1o result in

minimal heterosis and therefore not recommended.

Key words: Inbreeding, Genetic diversity, Microsatellite markers, Tswana cattle, Tuli cattle
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4.1 INTRODUCTION

Indigenous cattle are mostly kept under extensive production systems and play a pivotal role
in sustainable livestock production of smallholder farmers in support of food security and
livelihoods (Podisi, 2000). Indigenous cattle breeds have evolved under local climatic and
production environments and are therefore more adapted to the region's harsh environments
than their exotic counterparts (FAQ, 2018). Indigenous cattle breeds such as the Tswana and
Tuli are components of the beef production systems in Southern Africa (FAO, 2018). Tswana
cattle are indigenous to Botswana and Tswana-type cattle can be found in South-western
Zimbabwe and in the Northern Cape of Transvaal, The Tuli is indigenous to Zimbabwe and
was developed from a base population of Tswana-type cattle in Gwanda district of Zimbabwe

at Tuli Research Station by Len Harvey some 80 years ago (Scholtz, 2010).

Phendtypic >similnrilies exist between the Tswana and Tuli cattle breeds and some notable
atrributes of the two breeds include hardiness and adaptability, heat tolerance, tick
resistance/tolerance, high fertility and longevity and excellent mothering ability (Mpofu,
2002). In addition to the above attributes, the Tuli was selected for milk production, carcass,
and meat quality traits. The development of Tuli cattle in isolation from the base population of
Tswana-type cattle and intentional selection for traits of economic importance has resulted in
unique genetic constitution of the Tuli making the breed very successful in crossbreeding
program (Tuli Breeders Society of South Africa, 2016) due to a high degree of heterosis. It is
however not clear if crossbreeding programs involving the Tswana and Tuli cattle breeds yield
any substantial degree of heterosis owing to the common origin and recent isolation of the two
breeds as well as the striking phenotypic similaritics between the twa breeds, The degree of
genetic di.ﬂ'ercmintion and genctic identity between the two breeds remains unknown.
According to Rehman and Khan, the elucidation of genetic variability and genetic relationships
among breeds has direct relevance with issues of sustginnblc use of domestic animal genetic
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resources. Microsatellite markers and SNPs have become markers of choice in genetic
characterization of cattle breeds and in the estimation of genetic diversity and genetic
relationships among cattle breeds (Rehman and Khan, 2009). The current study was undertaken
to assess the genetic diversity, the level of genetic differentiation and genetic identity between

the Tswana and Tuli cagtle breeds of Southern Africa.

4.2 MATERIALS AND METHODS
4.2.1 Experimental Animals

Twenty-six unrelated Tswana cattle and 25 unrelated Tuli cattle kept at BUAN farm
participated in the study, The BUAN Tswana cattie was assembled in 1989 from animals
coming froﬁ various parts of the country in an effort to conserve the breed and safeguard its
genetic purity from indiscriminate crossbreeding with exotic cattie breeds. The BUAN Tswana

cattle herd has remained a closed population since 1989,

in 1990 DAR donated Tuli cattle to BUAN for research purposes. The herd was been kept
closed since 1990. Twenty-five (25) of the above mentioned Tuli herd was sample and used in
the study.

4.2.2 Sample Collection and DNA Extraction and quantitation

Blood samples were collected from 26 randomly selected purcbred Tswana cattle and 25
purebred Tuli cattle kept at BUAN farm in EDTA tubes. The age of the sampled animals ranged
between 2 years and 8 years of age in both breeds. DNA was extracted from whole blood
samples using Quick gDNA blood kit (Zymo, USA) following the manufacturer’s protocol.
The concentration of gDNA was measurcd using a spcclmpho!omc(ér {(Nanodrop 2000) and
the purity of the gDNA was calculated by the 260/280 absorbance ratio (Thenno Fisher

Scientific Inc., Waltham, MA, USA).
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4.2.3 Microsatellite Markers Amplification and Analysis

A panel of 12 bovine microsatellite markers recommended for estimating genetic diversity in
cattle by the ISAG and FAO advisory board (FAO, 2011) were used to amplify specific
regions of gDNA of Tswana and Tuli eartle breeds (Table 3.2.3). The microsatellite markers,
their chromosomal positions, size range and primers uscd for their amplification are shown in
table 3.2.3. All the 12 markers were amplified in a single multiplex polymerase chain reaction
using fluorescence-labelled primers at Agricultural Research Council (ARC) molecular
genetics laboratory (lrene, Pretoria, South Africa). A 15 pl reaction was prepared with
deionized water, 10x PCR buffer optimized with 0.1 ul 50 mM Mgcls and 0.1 pl 100 mM
deoxynucleotides triphosphates, 0.1 pl 5U DNA taq polymerase (Bioline USA, Inc.), 0.3 pl
oflO mol/pl prlmers (Apphed Biosystems, Foster city, CA, USA) and 5 pl of 50 ng of gDNA.
'DNA ampllf cmlon of the 12 murker loci were achieved using GeneAmp PCR System® 9700
gold 1hcnnul cycler (Applied Biosystems, Foster city, CA, USA). A positive control
comprising of known DNA profile was included in the study. The negative control comprised

of the master mix contents without any DNA template.

Amplification of the markers was achieved using the following PCR conditions- initial
denaturation at 98°C for 60 scconds, followed by 30 cycles of 98°C for 20s, annealing
temperature of 60°C for 75s and DNA extenéion at 72°C for 305, follo'\vcd-by:ﬁnnl c:;ten-sion
step at 72°C for 5 mins. 1.5u] of PCR products were mixed wilh'l:l pl of dvc:i‘ovni.scd formamide
and 0.3pl of GeneScan 500 LIZ size stundard and dcnatumd by hcatmg at 95°C for 3mms
follm\cd by rapid coolmg on ice. 'Ihc PCR producls were lhen scpnmtcd usmg cnp:llary
cleclrophore.r.ls ABI Prism 3130 Gencnc Annlyzcr (Appllcd Blosystcms, Fostcr cnty, CA.
USA) Dnm on fmg,menl size were nnnlysed uummntlcal ly usmg Gcmscnn Annlysns Soﬂ\yurc

v3l \\lnch pmvndcd mformnuon on nllcle sizc. nnd Gcnmypcr 23 son\\nrc/progrmn

o ldcmlf cd d|tTcrcnl allclcs for ench mnrker
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4.2.4 Statistical Analysis of Data

The MS toolkit software (Kim, 2002) was used to determine the number of alleles per locus,
allele frequencies, mean number of alleles per locus, observed and expected heterozygosities
and the polymorphic information content (PIC) for each locus in Tswana and Tuli cattle. The
inbreeding coefTicient (Fis) for each locus was computed using the program FSTAT (Goudet,
2001). The probability test approach (Guo and Thomson, 1992) implemented in the GENEPOP
software (Raymond and Rousset, 1995) was used to test each locus for Hardy-Weinberg

equilibrium.

-4.3 RESULTS:AND DISCUSSION

4.3.1 Allcles in Tswana and Tuli cattle

Twelve markers were successfully amplified in Tswana and Tuli cattle breeds. All amplified
loci were polymorphic and yielded a total of 75 and 77 alleles in Tswana and Tuli breeds,
respectively (Table 4.3.1). The number of alleles per locus ranged between two (BM1818) and
10 (TGLA227) in Tswana cattle and between three (BM18[8 and ILST006) and 10
(TGLA227) in Tuli cattle. The mean number of alleles (MNA) per locus were 6.25 and 6.43
for the Tswana and Tuli cattle, respectively. There was no significant difference in allelic
diversity between Tswana and Tuli cattle breeds (P=0.678). The MNA per locus found in lht‘; —
l;vo breeds is like those of Portuguese native cattle (MNA=6.7), Huilikhr cim_lc breed of India
(6.368), South Affican Nguni cattle (MNA=6.47) and Soulh-wc_:;tcm European cattle breeds

| (MNA=6.5) (Ginja et. al., 2010; Kumar e. al., 2005; Saranan, 2015; l?eja;Pemirg et. al.,

| 2003). The MNA per locus in Tswana and Tuli gall!e.brx;cds \\;gfc hé\vev'cr l"wf" than those of

Pakisiani catil breeds (MNA=22.67) dnd Bilgarian grey 'é'z‘;;xlé(ﬁb_h%.ﬁ) (Hussain ef..al.,

' 3016; Teneva er. al., 2005). | R . '
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Table 4.3.1: Alleles (bps) in the 12 microsatellite markers analysed in Tswana and Tuli
cattle breeds at BUAN farm

Locus Breed | Observed Allele N Shared alleles
TGLA227 Tswana | 77, 79, 81, 83, 87, 89, 97, 99, 101, 103 | 10
Tuli 77,79, 81, 83, 87, 89, 91, 95, 97, 10 8
101
BM2113 Tswana | 121, 125, 127, 133, 135, 137, 139, 141, | 9
143 8
Tuli 121, 125, 127, 133, 135, 137, 139, 141 |8
ETHI10 Tswana | 206, 213,214, 215,217, 218,219,221, [ 9
: 225 3
.Tuli .1 207, 211, 216, 217, 218, 219,223 7
TGLAI?.Z Tswana | 137, 143, 151, 161, 179, 181, 183 7
Tuli 137, 143, 151,177,179 5 4
INRA23 Tswana | 196, 198, 208,214 4
Tuli 198, 208, 210, 214 4 23
BMI1818 Tswana | 262, 264 12
Tuli 261, 262,266 13 N
ETH3 -~ Tswana | 115, 117, 125, 127, 129 5.0
Tuli-.. -{.107, 108,115, 117, 119, 121, 125, 127,: 9 “5.
o
ETH23S | Towana 137, 140, 144, 746, 150, 154,159, 176, 9.
st & | -5
[FFalr 740, 138, 148; 150, (52,154,139 7 |7
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BM1824 Tswana | 146, 176, 178, 180, 182, 195 6

Tuli 140, 154, 159, 178, 180, 182, 188,192 |8 3
CSRM60 Tswana | 92, 96, 100, 102, 110, 114 6

Tuli 92, 94, 96, 98, 100, 102, 110 7 5
CSSM66 Tswann | 179, 181, 183, 187, 195 5

Tuli 179, 185, 193 3 |
ILST006 Tswana | 286, 294, 296 3

Tuli 286, 290, 294, 296, 298, 300 6 3
Total Tswana 75

Tuli 77 49
Mean Tswana 6.25
(MNAj Tuli 6.43 408

Microsatellite marker loci ETH225, ETH10, BM2113, CSRM60 and BM1824 were highly
polymorphic in Tswana and Tuli cattle with a total of 6-9 alleles per marker in both breeds.
According to FAD 2018, microsatellite loci must have at least four alleles to be considered
useful for evaluation of genetic diversity. One hundred and three unique aileles were genotyped
across the two breeds with a total of 49-shared alleles between the two breeds and 26 alleles

and 28 alleles were unique to the Tswana and Tuli cattle breeds, respectively. The number of

shared alleles between the two breeds ranged vbct\veen one (BM1818 and CSRM60) and 8

(T CLA227 and BM2113) with mean number of shared alleles across the 12 loci of 4.08. The

mean number of shared alleles between Tswana and Tuli cattle breeds (4.08) is similarto the

" mean number of shared alicles bctwcén Fuga and Butana (4.4)'nnd between the Butana and

Kenana (4;0) Sudanese Zebu cattle breeds (Hussain e1. al,, 201_6).; -
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4.3.2 Genetic Diversity of Tswana and Tuli cattle

The observed hctcmzygosity (Ho) ranged between 0.200 (CSSM66) and one (BM1818) and
between 0.00 (CSSM66) and one (BM1818) in Tswana and Tuli cattie, respectively (Table
4.3.2). The mean Ho across all the 12 loci were 0.6311 and 0.555 jn Tswana and Tuli cattle,
respectively. There was no significant difference in mean Ho between Tswana and Tuli cattle
breeds (P=0.451). The expected heterozygosity (He) which is considered a more accurate
measure of genetic or gene diversity ranged between 0.455 (INRA23) and one (BM1818) in
Tswana cattle and between 0.664 (INRA23) and 0.899 (ILSTOO06) in Tuli cattle. There was no
significant difference (P=0.617) in mean He between Tswana and Tuli cattle breeds (0.790 vs.

0.813, respectively).

The mean He of both Tswana and Tuli cattle breeds are consistent with those of the Hallikar
breed of India (He=0.785), the Nguni cattle breed of South Africa (He=0.701), Pinzgauer
(He=0.71), Vosges (He=0.68) and Simmental (He=0.58) (Kumar et. al., 2005: Sanarana, 2015;
Edwards, 2000). The mean e of both Tswana and Tuli cattle breeds found in the current study
indicate that considerable genetic variation still exist in Tswana and Tuli cattle breeds which

could be exploited in selection programmes to bring about improvements in trits of

economic importance. The existing genetic variation in Tswana and Tuli cattle dictates that
appropriate management programs be implemented 10 ensure that the existing gene pool is not
lost to inbreeding or uncontrolled crossbreeding (Delgado er. al., 2011). Mean He values were
higher than mean Ho values in both breeds indicating a deficiency of heterozygotes in the

snﬁplcd populations probably due to inbreeding which increases the number of homozygotes

at the expense of heterozygotes in the population.
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Table 4.3.2;

Measures of Genetic Variability of the loci analysed.

Locus Ho He PIC
Tswana Tuli Tswana Tuli Tswana Tuli

TGLA227 0.889 0.833 0.873 0.875 0.833 0.833
BM2113 0.867 0.625 0.837 0.865 0.787 0818
ETHI10 0.714 0375 0.901 0.892 0.819 0.814
TGLAI122 0.600 0.474 0.756 0.724 0.695 0.649
INRA23 0.333 0.600 0455 0.644 0.393 0.535
BMI818 1.00 1.00 1.00 0.833 0.375 0.555
ETH3 0.500 0.667 0.696 0.794 0.615 0.745
ETH225 0.688 0.500 0.887 0.839 0,844 0.787
BM1324 0. 563 0.500 0.679 0.845 0.623 0.797
‘CSRM60 ‘ 0. 47! ' 0.688 0.774 0.835 0.709 0.784
CSSM66 *: }0.200 0.00 - 0.867 0.714 0.745 0.555
ILST006 0.750 0.400 0.750 0.899 0.582 0.772
Mean 0.631120.091 | 0.5555+0.021 | 0.7895:0.033 | 0.81230.033 0.6355£0.013 | 0.71560.005

The PIC values ranged between 0.375 (BM1818) and 0.844 (ETH225) in Tswana cattle and

between 0.535 (INTRA23) and 0.833 (TGLA227) in Tuli cattle with mean PIC values of

0.6355 and 0.7156 in Tswana and Tuli cattle, respectively. There was no significant difference

inmean PIC -\'/nlues'q‘f Tswana n_nd Tuli cattle breeds (P=0.367). The mean PIC values of bath

Tswana cnl.tlc and -Tulij(éxitt!e 'Brccds are similn_r to those of Fuga (0.664) and Butana (0.630)

‘Sudanese Zebu breeds, South Af‘n’cnn Nguni,cattle breed (0.655) and Hariuna (0.749) and

Hlssur (O 712) cattle bmeds of Pnkxsmn (Hussun et al., 2016 Snnumnu. 20]5 Rehman and

7 Ml:m 2009) Accordmg to Montencgro efal. (2015), mnrl\crs with PIC values greater lhnn 0.5

o urc hlghly mfommuve, thosc wnh PlC vulues bcl\\ecn 0. "5 nnd 0.5 nn: modcmtely mformnuvc :
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and those with PIC values less than 6.25 are less informative. Based on this criterion, all the
12 microsatellite markers were therefore highly informative in Tuli cattle and all the markers
with the exception of BMI818 and INTRA23 were highly informative in Tswana cattle and
therefore useful for the assessment of genetic diversity in the two breeds. BM1818 and INRA23

markers were moderately informative in Tswana caitle.

4.3.4 Inbreeding and test for Hardy- Weinberg Equilibrium in Tswana and Tuli cattle

The within-population inbreeding estimate (Fis) of both Tswana and Tuli cattle were
significantly positive (Table 4.3.3). The Fis estimates ranged between -0.054 (TGLA227) and
0.769 (CSSM66) in Tswana cattle and between -0.2 (BM1818) and 1.00 (CSSM66) in Tuli
cattle, The within population inbreeding coefficient were 0.20 and 0.332 in Tswana and Tuli
cattle, respectively, indicating 20% and 33% shortfall of heterozygotes in the two breeds,

respectively.
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Table 4.3.3: Inbreeding and test for Hardy-Weinberg Equilibrium in Tswana and Tuli

cattle breeds at BUAN farm

Locus Fis HWE
Tswana Tuli Tswana Tuli
TGLA227 | -0.054 0.666 0.66+0.0004 0.8953+0.0003
BM2113 | -0.004 0.723 0.27+0,0003 0.0976+0.0003
ETH10 0.841 0.579 0.06+0.0002 0.0049+0.0001
TGLAI122 | 0.207 0.345 0.13+0.0005 0.061090.0002
INRA23 | 0.267 0.069 0.13£0.0004 0.1902+0.0004
BMI1818 | 0.000 -0.2 1.00+0.0000 1.0000.0000
ETH3 v 0.281 0.160 0.33+0.0006 0.0723+0.0022
ETHIZS 0335 0.071 0.0390.0003 0.0124320.001
BMI1324 | 0.165 0.221 0.14+0,0003 0.6705+0.0005
CSRM60 | 0.361 0.176 0.05+0,0002 0.4259+0.0001
CSSM66 | 0.769 1.000 0.002:0.0001 0.0278+0.0001
ILST006 | 0.332 0.033 0.47+0.0001 0.9078+0.0003
Mean 0.200£0.002 | 0.332+0.0001

The within breed inbreeding coefficient of Tswana cattle (Fis=0.200) is similar to the
_inbl;ceding qoeﬁicicnt (ﬂ' .lndinn Bnchuur, cattle breed (Fis=Q.22) while that of l‘he‘.Truli cq;tlc
(Fls-O 332) is similar to that of Ongole caltle brccd (Fis=0. 36) (Sharma er. nl 006' Mena.,
2004) Commry to our currcnt i' ndmgs, Husscm el al (2014) reporlcd ncgnnvc \vuhm
populnuon mbrecdmg coeﬂ' mcms in Bulnnn (Fts—O 830), Kcnnna (Fxs=-0 193) nnd Fugn

g (I‘is=-0 091) Sudnncsc cultlc brccds |ndicaung an excess of hclcrnzygolcs in the lhrcc Sudzmtsc‘

s7
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Zebu breeds because of outbreeding. Inbreeding likely contributed to the heterozygotes
deficiency in Tswana and Tuli cattle breeds emanating from the confinement of the two breeds
to BUAN farm since 1989 and the use of a limited number of breeding bulls. Other factors that
contribute to deficiency of heterozygotes and excess of homozygotes include assortative
mating, linkage with loci under selection and the presence of null alleles (Rehman and Khan,
2009). Higher inbreeding coefTicient in Tuli than Tswana cattle (0.332 vs 0.20) is likely duc to
intensive selection practised during the development of the Tuli breed in Zimbabwe while no
selection pressure has been applied 10 Tswana cattle at BUAN farm. According to Mpofu
(2004) the high inbreeding coefficient of the Tuli breed could also be due 1o the fact that the
Tuli breed was distributed from a founding herd in Zimbabwe and most of the bulls used for

mating are technically from the same genetic poo! (Mpofu, 2004).

.'i'he Hardy-Weinberg equilibrium test is used to assess the genetic stability of the population.
The Tswana cattle population was not in Hardy-Weinberg equilibrium at CSSRM60 and
CSSM66 marker loci while the Tuli cattle population was not in Hardy-Weinberg equilibrium
at ETH10, ETH225 and CSSMG6 marker loci while the rest of the markers were in Hardy-
Weinberg equilibrium in the two breeds, The deviation of some markers from Hardy-Weinberg
equilibrium might be due to several causes including sclection, genetic drift and small sample
size and problems with genotyping (Kumar er al., 2005). Significant departure from Hardy-
Weinberg equilibrium of CSSM66 marker in both Tswana and Tuli cattle could be due to the
cﬁ'c.ctszéf naiur:ii selection with respect to the two markers. QTL and functional genes for milk
broducxic;n; mitk composition and growth traits have been mapped 1o BTA 14 where CSSM66
murkcr is ulso located (Wlbobo cl al., 2008) Nutural seleétion for low milk producuon and
slow growth mte in Tswana and Tull cnnlc over centuries mxght have ehmmutcd somc alleles
of n:specnvc funcuonnl gcncs and left curremly emsting alleles whlch mlght be in hnknge

disequilibrium with alleles st CSSM66 locus (u‘hvx.:ys mhcnlL_dAlo»gclhcr) rcspllmg in nor?-

.58
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random mating with respect to that marker locus and significant departure from Hardy-

Weinberg equilibrium.

Significant departures from Hardy-Weinberg equilibrium of ETH10 and ETH225 markers only
in Tuli cattle might be atributed to the effects of selection. QTLs for growth and carcass traits
have been mapped to BTA5 where ETH10 marker is also found and QTLs for feed efficiency
have been mapped to BTA9 where ETH225 marker is also found (McNeil and Grosz, 2002;
Pereira et al., 2005). Selection for growth and carcass traits and feed efficiency during the
development of the Tuli breed could have resulted in non-random mating with respect to the
two markers (Linkage disequilibrium). The results observed significantly deviates from hardy-
Weinberg equilibrium. Natural selection for tick resistance/tolerance in Tswana cattle could
also have resulted in non-random mating with respect to CSRM60 marker (QTL for tick
resistance/tolerance and CSRM60 marker found on BTA 10 and possibly in linkage
disequilibrium). Thus, resulting in the abserved significant departure of CSSRM marker from

Hardy-Weinberg equilibrium in Tswana cattle (McNeil and Grosz, 2002; Pereira er al., 2005)

4.3.5 Genctic relationship between breeds

The genetic identity between Tswana and Tuli cattle breeds ;\'us 0.564 indicating that there is
56% genetic similarity between the two breeds. Both the Tswana and Tuli cattle breeds are
élnssiﬁe;i inlo-lhc Sanga breed group and the high genetic identity between the two breeds
likely indicate that the two breeds share n closer evolutionary history as they occupy adjacent
habitats (Tuli developed in qundh region of Zimbabwe adjacent to Tswana cattle in Bobirwva
r;:gion c;f Bol;swnnn just separated by the border). Pairwisc gcnctif differentiation (Fst) value

between Tswana and Tuli catile was 0,0676 fn&iéatini; ih_ul approximately \fi.B% of the total
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genetic variation corresponded to differences between the two breeds. while the remaining

93.2% corresponded to differences among individuals.

According to Hussain ef al. (2016) it is generally accepted that Fst value ranging from 0 to
0.05 indicates low genetic differentiation; a value ranging between 0.05 and 0.15, medium
differentiation; a value ranging between 0.15 and 0.25, significant differentiation; and a value
above 0.25, highly significant genetic differentiation. Applying the same classification criteria,
there is therefore moderate or medium genetic differentiation between Tswana and Tuli cattle
breeds which is in agreement with the high genetic identity between the two breeds and
supports the hypothesis of closer evolutionary history or common origin of the two breeds.
Medium genctic differentiation has also been reported among 12 African Bos indicus and Bos
taurus cattle breeds, among Sudanese Zebu cattle breeds, among Latin-American Creole catile
breeds and among European cattle breeds (Ibeagha-Awemu and Erhardt, 2005; Hussain e, al.,
2016; Delgado er. al., 2011; Loftus et. al., 1994). The moderate genetic differentiation between
Tswana and Tuli cattle breeds is higher than the genetic differentiation (Fst=0.016) among Red
Bororo and White Fulani cattle breeds of Nigerin and Cameroon (Ibeagha-Awermu and Erhardt,
2006). The moderate genetic differentiation between Tswana and Tuli cattle breeds
(Fs5t=0.0676) may indicate the presence of gene flow between the two breeds and /or the
presence of gene flow between the two breeds may be due to their common origin (Hussain et

al., 2016, Loflus ef al., 1994).

4.4 CONCLUSIONS

Both Tuli and Tswana have high levels of genetic diversity as individuel breeds and there is no

significant difference in their levels of genetic diversity. There is 56% genetic identity between

Tswana and Tuli cattle breeds
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4.5 RECOMMENDATION

There are genetic similarities between the Tswana and Tuli cattle breeds and crossbreeding
between the two breeds should be discouraged in fuvour of pure breeding of the two breeds.

Crossing the two will likely result in minimal heterosis benefits.
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CHAPTER 5

GENERAL CONCLUSION AND RECOMMENDATIONS

The markers used in the study are highly polymorphic therefore they are recommended for
genetic characterization of both the Tswana cattle and Tuli cattle breeds. The genetic
parameters that were used to analyse the Tswana Breed in the study are high indicating high
levels of genetic diversity even though the inbreeding level was high. Strict breeding
mechanisms should be established in order to maintin the high level of genetic diversity and
the vast gene pool of Tswana cattle while minimizing the negative effects of inbreeding on
fitness and production traits in the BUAN conservation herd. It will also be worthwhile to do
a similar study on communal Tswana Herds and use these results as a reference to estimate the
extent of admixture of the communal herds with exotic breeds which is rampant under
communal grazing system. Further studies should be carried out to unravel the genetic
architecture of valuable traits in Tswana cattle such as tick resistance and heat tolerance using
DNA sequencing technology and single nucleotides polymorphisms. In addition to
phylogenetic distances between-populations, genetic variability and gene losses should be
considered when breeds are selected for conservation purposes. Not only purebreds are
important but representative populations from whole breed groups should be conserved in order

to maximise the amount of genetic diversity in the conserved breed.

The mc‘nn ;ulucs l~léiefozygocity, Homozygocity, Pﬁlymophic lnd;:x Content, which are used
to mcﬁshre geheli; d.i;érsiiy.czx'lcululed from the microsntellite data were similar between the
‘l‘swﬁnﬁ and Tuli cattle breeds. "i'his is céﬁ_sistenx with obscrvcﬁ phenotypic similarities between
the two brccds‘nnd the common 6ﬁgins of the two br"ct':c.!‘s and their geographical distribution
along the Botswana-Zimbabwean, hence lhé genetic ,s‘imilan'ties. The 6% genetic

| differentintion between the two breeds also indicate mm{cmtc gcucti_c dichrc_n.timion vbcm'_ccnr
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the two breeds resulting from the relative isolation of the Tuli during its development about 70
years ago and artificial selection for carcass and meat quality traits and milk production. The
56% genetic identity between the two breeds also attest to their genetic similarities and their
common origins. Thus the modern practice of crossing Tswana and Tuli cattle breeds does not
yield any significant benefit in terms heterosis and should therefore be discouraged in favour

of pure breeding of the two breeds.
5.1 Conclusions

The BUAN Tswana cattle herd exhibits high level of genetic variability which can be explored

in future for improving performance in various traits of economic importance.

 Both Tuli and Tswana have high levels of genetic diversity as individual breeds and there is no
significant difference in their levels of genetic diversity,

There is 56% genetic identity between the Tswana and Tuli cattle breeds. Therefore

crossbreeding the two breeds does not benefit from heterosis. Farmers are advised not to cross

the two breeds for purposes of improving genetic performance on economic traits.

5.2 Recommendations

'fhcrc ure genctic similarities between the Tswana and Tuli cattle breeds and crossbreeding
_bel\\;ccn the two breeds should be discournged in favour of pure breeding of the two breeds.
The genetic diverﬁity found in the BUAN Tswana cattle calls for continued preservation of the

herd/breed for future exploitation-in breeding programmes.
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