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ABSTRACT

T he study was carried out to phenotwical{v characterize indigenous Tswana pigs under
mrenm?e management systen and lo genetically characterizatise !ndxgenau.s' Tswana p:g
Popu!anon using a panel of 12 microsatellite markers Phenoty pt‘c characrcnsanan of
Tswana pigs was carried out on a total of 128 FI progeny piglets and traits evaluared
included body weight, heart girth circumference, pelvic and hock c:rczmgﬁ:rcnce razI and ear
fength at birth and rhereaﬁer Jortnightly until piglets were 3 months of age. There was no
significant d ifference in body weights of piglets at birth between male and jémales and
thereafier up to 3 months of age. There was also no significant di ifference in body length -
between males and females from day old up to 98 days of age. For height at withers, males
had slightly larger heights than females from day old up to 98 days of age. The pelvic widths
of males were greater than those of females from day old up to 42 days bf age and thereafter
Sfemales had higher pelvic widths than their agé-matched male counterparts up to 98 days of
age. There were no significant sex differences in ear lenoth, hock c:rcumﬁzrence and tail
length from day old up to 98 days of age. In the secand study, blood samples were collected
Jrom 30 Tswana pigs in the Southern half of the co m:fry (Kweneng, Agaﬂeng and Souriz-East
districts) and genomic DNA was extracted ﬁJr genetic chamcter:sanan using a panel' of 12
microsatellite markers. A total of 76 alleles were detected in 12 microsatellite markers
screened and the allele size range varied from 83-107 bp at locus S0073 10 220-234 bp at
marker locus Sw2406. The observed Ixercro"_}fgos:ty Jor mdmdual markers ranged ﬁom 0.16
(Sw2405 ) to 0 875 (.S'w24 65) with average observed heterozygosity across all 12 loci af
0.647. The expected heterozygosity was lower than the observed heterozygosity and ranged
Jrom 0.143 (Sw2403) to 0.776 (S0385) with mean expected heterozygosity across all 10&:' of
0.603. There is therefore moderate genetic variation in mdrgenous Tswana pigs found in the

Southern ha{f af Botswana,

 Keywords; Tswana pigs, genetic difersily, reproductive performance, IintenSive system
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CHAPTER 1
GENERAL INTRODUCTION

Pigs have been described as one of the most prolific and fast growing livestock that can
convert feed and food waste to valuable product (Kanengoni ef al., 2004). They excel above
other red meat animals such as cattle, sheep and goats in converting feed to flesh. They have
been recommended as an alternative source of cheap, high quality animal protein that suits
escalating human population in Nigeria (Ironkwe and Amefule 2008). Furthermore, pig
production has been found to be a short term measure towards alleviating animal protein and

calorie deficit, especially where there are no religious edicts preventing the production and

consumption of pork (Eusebio,1984).

Signiﬁcaht population of indigenous Tswana pigs is found in Botswana (Lekule et af.; 1990).
These indigenous pigs are kept by the rural populace under the low- output free range
production system. Indigenous pigs in Botswana are nominlly owned by women (Nsoﬁn el
al., 2006). These pigs play multiple roles in small scale farming system such s 1mpmvmg
livelihoods, pnverty alleviation and the rural economy. Indlgcnous pigs usually survive m'

harsh, low lnput environments and strive under heavy dlscases parasite and nutnents
challengcs (Chabo et aI 2000). |

During the 1980's, indigenous Tswana pigs were found iﬁ the southern region of Botswana
(Ramotswa, Kgatleng, Kweneng) and surrounding arcas while nowadays they are fairly well
distributed in the south cast of the country in and around Ramotswa village (Nsoso et al.,
2006). The farmers who keep indigenous pigs in Botswana have a tendency to keep low
numbers to match the herd size with available feed resources. Indigenous Tswana pigs are
normally reared under free-range management system and are thushigfﬂy susceptible o |
inbreeding and crossbreeding. with exotic breeds.  Indigenous Tswana pigs are regarded as
inferior to their exotic counterparts in terms of growth, carcass uﬁits and rcprdducu've
pcrfurmance This comparison is somehow unfair because Tswana pigs are normally raised
under the extensive production system while their exotic counterparts are nurmally raised

under mlenswe mnnagernent system wuh better nutnunn, housing and health care (Lekule

nnd Kyvsgaard, 2003)



According to Chabo et al. (2000) commercial pig production enterprises are distributed in

cities and major villages where there is lucrative pork market and adequate mfrastructure

There is no commercial pig mdustry based on the Tswana pig dcsplte the fact that lhcy are
available and continue to thrive in the country

The population of indigenous Tswana pigs has dechned dmstlcally in the last three decades
and the indigenous Tswana pig is currently listed as an endangered animal genetic resource
(Podisi 2001). If deliberate efforts towards conservation are not put in plﬂcc this valuablc.
genetic resource with its hardiness, disease resistance and heat tolerance genes might go
extinct within the next decades, even before it has been fully characterized. The conservation
of indigenous Tswana pigs should be given high priority because it contains valuable genes ‘
(disease resistance and heat tolerance genes) for future breed developments and penetic
engineering applications to counter the effects of global warming or climate change on pig
production and productivity. Rege and Lipner (1992) expressed serious concern that some
indigenous animal genetic resources of Africa are endangered and may even be lost before
they are described and documented, and the indigenous Tswana pig is a classic example.
Research to evaluate the indigenous Tswana pig has been sporadic and inadequate;
consequently, the indigenous Tswana pig has not been suffi cicnlly chumclcrized Information
on phcnutyplc characteristics and productmn performance of 'I'swana pigs is sull vcly scarcc
and there has becn no attempt to date at their gcncuc characterization, Genetic
characterization of Tswana pigs by microsatellite markers is important to assess thc degree of
genetic diversity in the rcmuihing population and the extent of inbreeding and will inform

future conservation and management practices.

1.1 Justification | _ o
Information on growth, reproductive performance and genetic characterization of Indigenuus |

Tswana pigs is scanty. The phenotypic and genetic chamctenzutlon and conservutmn of

T'swana pi g is necessary to measure their potenllal productivity, geneuc dwcrsuy and ensum-

['uture food security. Hence, the purp-ose of the study was to evnluate growth and repruducuve ‘

serformance as well as the gcncuc dwersuy of mdlgennus Tswanu pig pupulahon found in __

he Snuthcm part of Botswana.



Accordmg to Chabo et al. (2000) commerclal pig production enterpnses are distributed in

cities and major villages where there s lucrative pork market and adequate mf'rastructure -

There is no commercial pig industry based on the Tswana pig despite the fact that they are
available and continue to lhmre in the country. |

The population of indigenous Tswana pigs has declined drastically in the last three decades -
and the indigenous Tswana pig is currently listed as an endangered animal genetic resource
(Podisi 2001). If deliberate efforts towards conservation are not put in place, this valuable
genetic resource with its hardiness, disease resistance and heat tolerance genes might go
extinct within the next decades, even before it has been fully characterized. The conservation |
of indigenous Tswana pigs should be given high priority because it contains valuable genes
(disease resistance and heat tolerance genes) for future breed developments and genetic
enginecﬁng applications to counter the effects of global warming or climate change on pig
pmduciion_nnd productivity. Rege and Lipner (1992) expressed serious concern that some
indigenous ﬁnimal gc-netic resources of Africa arc endangered and may even be lost before
they are described and documented, and the indigenous Tswana pig is a classic example.
Research to evaluate the indigenous Tswana pig has been sporadic and inadequate;
consequently, the indigenous Tswana pig has not been sufficiently chnmcicrized. Information .
on phenotypic charactenstics and production performance of Tsu_.'ana'pigs 1s still vei-y scarce
andl thére ‘has been no attempt to date at their genetic  characterization. Gcnelic
characterization of Tswana pigs by microsatellite markers is important to assess the degree of
genetic diversity in .the remaining population and the extent of inbreeding and will inform

future conservation and management practices.

1.1 Justification : .
Information on growm reproductive performance and genetic characlerizalinn of Indigenous

Tswana plgs is scanty. The phenotyplc and genetic characterization and conservatmn of

Tswana plg is necessary 1o measure their potential productmty, genetic dwersny and ensum "

future food secunty chcc, the purpose of the study was to evaluate growth and reproductwe

pcrl'onnance as well as lhc genetlc dwcrs:ty of md:gcnnus Tswana plg pnpulatlon f'ound m |

the Southern part of Botswanm N



1.2 Study objectives

(i) To evaluate growth and reproductive performance of mdlgennus Tswana pigs kept under
an intensive management system.

(i1) To genetically characterize Tswana pigs using a panel of 12 microsatellites,

1.2.2  Specific objectives

(i) To determine the total number of indigenous Tswana p:glets born, number born alive
and number alive at 60 days of age.

(i) To determine wecekly weights and body dimensions of the indigenous Tswana plgs
from day old up to 3 months of age.

(1i1)To estimate level of homozygosity or heterozygosity in indigenous Tswana pigs.

(iv) To determine number of alleles per marker in indigenous Tswana pigs.

(v) To estimate inbreeding coefficient of indigenous Tswana pigs.

1.3 Hypothesis

Ho: There are no significant differences in litter size, growth performance and gen'eﬁc

diversity among indigenous Tswana pigs kept under an intensive management system.

Ha: There are significant differences in litter size, growth performance and genetic

diversity among indigenous Tswana pigs kept under an intensive management system.
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CHAPTER 2
LITERATURE REVIEW

2.1 Breed Description of Tswana Pigs

[ndigenous Tswana pigs are usually black or black with white stripes and have a body of
~medium stature (Nsoso et al., 2006). Lemus et.al. (2003) and Nsoso et al. (2006) reported
that compared to the exotic breeds indigenous pigs have slower prowth rate, small rﬁature |
body'size and small litter size and that it is not suitable for commercial production. In the
study by Ncube ef al. (2003) on indigenous pigs of Zimbabwe, piglets from indigenous pigs
were predominantly black in colour, although about one percent of them had white and grey
stripes along the length of the body. It was found out that the F crosses of Mukota pigs and
Large white were largely white, with black patches over the body, mainly on the ears, eye-
lids, nose, fore-head. and the loin. The predominantly black pigmentsation of indigenous
Mukota pigs make them less susceptible to sunburn compared to their imported counterparts.
Since many communal areas in Zimbabwe are situated in hot environments, the high

' temperatures make it difficult to Lcep white pigs under extcnswc pmductmn conditions
(Ncubc et al., 2003) |

.Indlgenous breeds of livestock arc in dungcrl of extinction duc to mdlscnmmnle
cmsshreedmg, the cxpansron of intensive agncullurt. and of wﬂdllﬁ: reserves and olher
factors (Geerllﬁgs et al., 2002). Modcm ugnculturc rcltcs on a few high pcrformance ammal
| breeds These hrceds arow quickly, arc highly productwc but rely on good quality feed and
constant flow of medicine to keep them healthy (Sanathan and Rnllel‘son 2005). The genc |
pool of these hlgh performancc breeds is howcvcr, becommg shallow due to mlcnswc"-
sclectlon artificial insemination and other brcedmg technologies which have squeezed mnst
of the diversity. from the breeds resulting in herds becoming more umfnrm (Sanathan and

- Rollefson 2005). I-Iowevcr this umformlty of animals is nsky becnuse a dlscusc oulbrcak can

w:pe out cn‘urc hcrds, deslroylng lhe counlry 5 farm cconomy und rurn.l cornmumue:sﬂ'_'

Indlgennus breeds pmwdc the gcnellc dwcrsnty that modem agnculturc nccds to ensure

Slﬂblllt}' They are 1mporlant bmldmg blocks I‘or future PIB bl‘eedS Conscmng ﬂ‘“m Is very o



important for communities that keep them and for future breeding. Conservation of livestock

breeds is possible only if breeds are first identified and documented and if communities that .

keep them appreciate their value and fully participate in the conservation efforts (S:mﬂl.hnﬁ |
and Rollefson 2005).

2.2 Overvicw of the indigenous pig’s population

Currently there is no precise census of indigenous Tswana ﬁig‘s population in Botswana
(Mphinyanc, 2012). Indigenous pigs have not been adequately characterized (both |
phenotypically and genotypically) and it is not even known if they represent a single brreed' or
several distinct breeds. As in most Southern African countries they are usually called by the
name of the country of origin or the name of the tribe that keep them (Halimani et al., 2010)
hence the name Tswana pig. Baitsile, (1999) raised concern about the decline in numbers of
indigenous pigs and pointed out the unreliability in the figures of the population size of
Tswana pigs. These animals used to be found roaming freely in the villages of Tlokweng,
Kgatleng and Ramotswa. However, they are now scen mostly around Ramotswa (Nsoso ef

al., 2006) at a very low frequency.

According' to Piggery Section Annual. Repdri, (2012) of the Mihisﬁy of Agricultural
. Development and Food Seéurily, there were 12899 pigs in the country of which few were
assumed to be Tswana pigs as it showed that commercial ﬁmﬁcrs' prc[‘c’rrcd cxntic breeds
(Mphmyane 2012). The Sebele Pig Multlpllcatmn F uclhty in Gaborone arca which was
mandated to supply weaner pigs and replacement brccdmg stock (gilts and bozms) is not able
to cope with the demand and the indigenous Tswana pig was not cven included in the
mulnpllcauon facility. Accordmf, to Podisi (2001), there is very little reliable information on
indigenous Tswana pigs as cumparcd to other indigenous domestic animals such as beef

- cattle, sheep and goats in Botswana. These thcrcfbrc calls for more churt to be put into plg |

. pmductmn including indigenous pigs of Botswana. |
2.3 Pig Pfuduct-iun'systcms in ButSivana
=Plg producuon systcms in - Bnlswnnn ran;,c from cxtcnswc (u'adltmnal) o mlcnswq

(commercial) productmn systems In bctwccn, these syslems cnuld be found subsustencc and. .

~ semi-intensive production’ system (N
.. -pruductmn system is mainly fnu*nd_ in
| | | | | . | .“ IE.-—I-

soso et al., 2006). The extenswc or trudltmnal'

lhc rurul village pmduclmn umts (Devendm n.nd Fullcr, o -'



1979). The output of such system is low as the animals are left to roam in the village for left
over household wastes, Supplementation is provided occasionally with lur.:ally avmluble agro-
industrial by-products such as pito mnsh, maize bran, palm kernel cake (Ahunu ef al., 1995)
The animals are primarily scavengers, utlhzlng fnud SCIaps ‘thrown away by peop]c uruund
homesteads However, there are some farmers who buy pig feeds, which are based on bran
and provide them with tﬁp water (Néosﬁ et al. 2004) Pigs raised under the tradition'nl system
are susceptible to parasites and discases and they are also carriers of diseases such as hog
cholera (Clumonyo et.al.,2005). Similar to all 1nd1gcnuus ammnls in Bntswana, Lekule and
Kyvsguard (2003) stated that experiences from Africa show that intensive pig farming t 15
stagnant and the sustninability of the traditional scctor is better than that o+f -the intensive

sector.

2.4 Growth Performance of Indigenous Pigs

Indigenous pigs were long regarded as unsuitable for intensive commercial breeding because .

~ of their slow growth and inadequate meat production. However, many local African domestic

animal populations show a well-established adaptation to prevailing environmental and
management conditions (Chimonyo ef al., 2005). Keonouchanh ef al (2006) highlighted that
of ihe .fo—ur indigenous pigs of Lao in Soulhcﬁst Asin, the Moo chid or Moo Boua is relatively
small as compared to others existing in the country. Their body length ranged between 75-
" 92¢m while the circumference of the pirth ranged between 72-85cm at 5-6months of age.

The maximum body weight of boars was between 18-30 kg (Keonouchanh ef, al 2006).

The second type being Moo Lat was quitc bigger_ than the prcvi;nus. grnuh with.body length of
85-100cm, while the circumference of the heart girth ranged between 84-102cm and the
hcight' ranged between 51-70cm while the maximum body weight of boars ranged between :
30-50kg Thc Moo Nonghad which was the third type is quite big with the body length of
-~ 100-105cm, the glrth circumference of 115- 130cm and the height of 55-76¢cm whllc thc'...
.'rnmclmum weight of bonrs ranged between 60- BOkg Moo Deng or Muo Bcrk wluch wu.s the -
fourth type of indi genous gmup of Lao PDR is the blggest nf all emstmg locul plgs mth the .
‘body length of 88- 120cm, clrcumfcrcnce of the girth of 84-116 cm and budy hc:ght of 60-

- 70crn thh maxlmum body welght of bonrs bcmg snmllnr to lhnt uf SOWs nt 65-90 l\g' B

(Keonouchanh et al 2006) In Zlmbnbwc, thc Mukma plgs werc repurtcd to rcach the o

‘wclghts of 35-40 kg at slaughter ngcs of five to six monlhs (Chlmonyo e, a! 2005)



To Iimpmvc growth rate in indigcnoﬁs pigs, crossbreeding has been promoted (Balogun 1981)
as quoted Ironkwe and Amefule (2008). Crossbreeding of the indigenous pig with the highly |
productive exqtic breeds usually results in heavier weaners and faster growth of fattening
stock when compared with their purebred indigenous countcrparts Usually indigenous pigs
have carcasses that have more fat than theu' exotic counlerpans (Chimonyo et. al., 2005) If
consumer demand for pork from these pigs is to increase, then leaner indigenous pigs will
have to be produced. Okeudu et al. (2007) comparcd the growth performance of indigenous
and exotic pigs on restricted feed intake and found that exotic pigs had leaner carcasses and
faster growth rates but lower feed efficiency than indigenous pigs. In western Samoa, Udo
(1982) simulated three different systems of management, namely village (extensive), semi-
commercial (semi-inteﬁsive) and commercial levels and compared the post weaning
performance of the Large White breed, indigenous Samoan pig and crosses between them.
Under the simulated village management level, crossbreds grew significantly faster and had
significantly higher dressing percentage than Large White and indigenous pigs. In contrast to
the study of Okeudu ef al. (2007), there were no significant differences in back fat thickness

but carcasses of local pigs were significantly shorter than those of Large White.
2.5 chrndﬁctivc .I’erformanccl of Indligcn-nus_ Pigs

Reproductive performance of pigs is influenced by complex interplay of eavironmental
factors and .physiological processes. In the tropics, climate is the most important
environmental factor influencing reproductive performance. Reproductive performance is -
reflected by. litter size and weight at birth and at weaning. Several studtcs have cvaluated the

performance of indigenous pig breeds, purebred, cxnllc brceds and various crosses among

thcrn under tropical conditions (Chimonyo ef al 2010)

2351 Indwu]unl pig welght at bn'th(l{g)

Indmdual p:g weight at blrlh rc['ers to the welght nf‘ each plglct a[ier furmmng and recurded
mdependenlly from others In the Desi pigs of Indla, thc mdwlduu] pig wenght at birth vancd. |
from 0.4-0.9 kg (Buro et al., 2016) Boro et al, (2016) further recorded individual pig
welghts at bu'th in Slkklm local pig of 0 49 kg, 0.86 kg in Mizoran pig, 0.86 kg in Khasi lncal '
pu,, 0.96 kg in Ghungroo pig und 0.64 kg in Nltmg mcghu pig. Keonouchnnh (2016) reported
mdwlldual mean blrth welghts of 0. 65 kg nnd 1 07kg in lhe Thal natwc plg und Me:shan plg,i _-



~ respectively, with weights of 1.12 kg and 1.97kg at 7 days and 2.20 to 4.56 kg at 21 days of
age, respectively. | | B

2.5.2 Litter size at i)iﬁh

Litter size at birth refers to the total number of piglets bom to each individual sow in a
farrowing (Chusi et al., 2016). In a study on the Reproductive attributes of local pig (Votho)
of Nagaland, India from the three districts of Kohima, Peren and Phek, Chusi et, al (2016)
recorded litter sizes of 6.20 in Kohima district, 6.0 in Peren and 6.06 in Phek with the overll
mean of 6.28. For the Desi pig of India, the litter size at birth varied from 4-10 while for the
Ghungroo it was higher at 8.7 (Boro et al., 2016). Borkotoky et al, (2014), also on the Naga
local pigs from three different villages of Phek district reported mean litter size at birth of
- 5.80.

In Sri Lanka, Gonnewardene et al. (1984) cnmpared pre weaning traits of mdxgenuus p:gs,
pure-breed Large White and indigenous x Large White crosses and found that the Lurge'
'Whlt.e was significantly better than the indigenous pig in litter sizes, litter we:ght at bll'ﬂ'l,
- birth weight, weaning weight and average daily gain. However, there were no significant
differences in weaning weight and average daily gain between the indigenous breed and the
Large White-sired crossbred (Goonewardene ef al. 1984) The litter size reported by
Goonewardene ef al. (1984}, of 6.44 on Sri-Lankan village pigs was slightly hi gher than that
reported by Adebambo (1986) for the Nigerinn indigenous pig which nvcrﬁgcd 6.38 as
compared to that of large white, which was 10.60, Subalini ef al, (2010) also reported average

litter size of 6.44 in local pigs of Sri-Lanka.

In India, the Mali pig in Tripura recorded mean litter size at birth of 8.6 (Dandapat et al,
2010) while Mong Cai as the major local breed of north Vietnam with medium size and high
fertility h"ﬁd mean litter Sizc at birth of approximately 12 (Thuy et al., 200_6). Chimonyo et al.
(2010) also found that the Mukota pigs of Zimbabwe's litter size (7.9) cumpared’favuumbly |
with those rcpnrtcd for South Africa (7.2), Nigeria (6.5) and Ghana (6.3). "Ncube et al. (2003)
‘also reported hlgher litter size at birth, number born alive and number of weaned plglcts in

crossbred thnn in purcbrcd md:gcnous Mukum pigs of Zlmbabwc

2.5.3 Litter size at weaning

Thc avcmgc wcanmg, pcnod o{' mdlgcnuus plglct rangc f'rnm 28- 60 days undcr dlﬁ'crcnt .

'manngcment cnndmuns und in some wllug,c pigs, no wcnmng pcnud 1s gwcn to ulluw fnr s



natural weaning (Boro ef al., 2016). Natural weaning in desi pig may ranée from 4-6 months.
Litter size at weaning refers to the total number of piglets weaned after co'mplctinn of 8
weeks or 60 days of age. Chusi et al. (2016) reported littér size at weaning (8 weeks of age)
of 5.40 (Kohima District), 5.20 (Peren) and 5.00 for Phek district with the nverﬁll men litter
size at weaning of 5.20 in the local Votho pig of Nagaland, India. Boro et al, (2016) recorded
litter size ot weaning on different local breeds fanging from 2.79-9.5 on the Sikkimese local

_pig and Bangladesh desi pig. Dandapat er al. (2010) reported average litter size at weaning
(60 days) of 7.5 in Mali pigs in India.

2.53.4 Mortality rate

Pre-weaning percent mortality rate refers to the total number of piglets that died from birth
until weaning divided by the total number of piglets born multiplied by one hundred (Chusi et
al., 2016), Chusi et al. (2010) reported pre-weaning percentage munallly of 0.46, 0.93 and
0.73 in the local Votho pigs of Nagaland, India, in Kohima, Peren und Phek dlstncls
respccnvely, with the ovcmll pre-weaning percent mortality of 0.70 % across the three
dlstncts

Dandapat et al. (2010) reported pre-weaning percent mortality of 3.66 % in the Mali pig In
Tripura, India whlle Chabo et al. (2000) reported prc-wcnmng pcrcent murl&llty of 35%
Large white pigs in Botswana.

2.6 Challenges of pig production

" Inadequalc feeding is a mn_]ur limiting factor for mdlgcnous pig production in lmplcal Afnca.
Low levels of munngernenl play a major role in declmmg pig numbers in Botswana. Nsoso ef
al. (2006) pomted out that for most indigenous pigs thcrc was no huusmg pmwded no
records kept and most farmcrs lack mformnnon on pig discases. The majority of farmers do
not seck any profeasxonnl udvlce on pig managcmcnt and pmduclmn systems. The dlseasc |
| outbreaks llkc the Foot and Mouth at Matsiloje wllage in the norlhem Botswana and the

- collapsmg of yuulh projccts duc to lack of slaughter facilities are some of the chnllcnges

_ fucmg pig production in Bolswz_mn (Mphmyane,_20]2).
High feed .priccs have'béen'identif ed as umofigst the obstacles tﬁ the pig:indUSU}f"in-
Bolswnna (Morekl and Monlshu, 2011). Currcntl}' the country is 1mp0mng all pig feeds fmm-

| thc nctghbounng Snuth Africa and the few feed prnducmg cumpanms charge high i‘ees due lu -_



]ac}: of competition. Uﬁuvni!ability of breeding stock, trans-boundary diseases and inadequate
extension services have been highlighted as challenges of the local pig indusuy.; .Chimonju et
al. (2005) highlighted the promotion of exotic breeds in poor communitics as one of the
reasons why poor houscholds remains poor since these exotic breeds - demand high
maintenance and sophisticated levels of management which are difficult to maintain by small
farmers. Advances in technologies like artificial insemination have speeded international
‘movements of germplasm thus shifting the attention from local pigs to more specialized
exotic breeds and the result is genetic erosion of local pigs. In some countries, the keeping of
indigenous pig breeds is regarded as being backward. Despite this challenges opportunities

exist to make commercial pig production based on indigenous breeds viable in Affica.

2.7 Opportunities of Indigenous Pig Production

In rural communities, indigenous pigs play niu]liple functions; théy provide disposable
income duﬁng periods of food shortages; pigs are a means to generate and uécumulate capital
and like other domesticated livestock species, pigs are inflation proof. Pigs are also used in
diversifying the economy and act as a Euffer to crop production losses. Pigs will ﬁtilizc
resources that have few alternative uses such as agricultural by products, (Chimonyo er.-_af..
2005). Moreki and Mphinyane (2011) estimnted local pork production at 29.1% and imports
at 70..9% thus showing the need to increase our production leﬁel. Local Enterprise Authority
(LEA) (2009) identified pig industry as one of the major breakthrough areas in un effort to
diversify the céoﬁomy away from diumnhds-iln-Bolsivﬁnu. The gnfemmcnl of _Bﬁlswaﬁa -
provides support to big commercial {armers lhmugh Citizen Enut:prcncurship Development
Agency (CEDA), Department of Youth Empuwcrmcnt Sports and Cullurc and Local
Enterprise Authority (LEA). LEA provides trammg, menlonng und coaching semces to
farmers at subsidized prices to fully equip aspiring pig farmers with knnwledgc and skllls. On

“the other hand, CEDA finances young farmers at subsidi_zed rates under Young Faﬁners Fund

- and also provides mentoring and coaching services,
2.8 Genctic Characterisation of Indigenous Pigs
2.8.1 Observed and cfféctiyc number of allcles” -

| Thc slnlus of thc gcncllc dwcrsny in Southern Afncan mdlgcnnus plgs and commcrcml ptg |

populatwns is unknown (Swart et, al., 2010). In thc study by me ef a! (2005) on the Korean |



and Chinese breeds, the mean number of allcles was 11.6 with a range of 6 to 17 while in the
Pampa-Rocha pig of Uruguay the MNA was 5.72 with a range of 2 to 10 (Montenegro er._al.,.
2015). The Criollo pigs of the Americas recorded the mean number of allelés of 6.25 and the
mean effective number of alleles was 3.33 (Revidatti et.al,.2014). In the Chinese pig
population, a total of 496 alleles were found at the 20 studied loci across the eleven breeds
- with a mean number of alleles of 24.8 (Li et al., 2004). In the study by Fang et al. (2009) 19
microsatellite loci were genotyped in 10 Chinese vi]lagc populations including 817
individuals to investigate their genetic diversity- and the effective number of alleles (ne)
ranged from 5.16 in the Long Wang population and 6.83 in the Liang Tang population while
the MNA ranged between 10.06 in Long Wang population and 17.13 in the Liang Tang

populations.

In the Andaman Desi pig of islands of India, the mean number of observed alleles (MNA)
and mean number of effective alleles (ne) were 7.04 £0.37 and 5.09 £0.20, respectively (De et
al., 2013). Cho et al. (2014) reported a total of 62 alleles in four pig breeds (Duroc,
Yorkshire, Philippine native pig and Berkshire) and the mean number of alleles ranged
between 3.30 in Philippine native pig and 4.80 in the Yorkshire. In a comparative study
between Vietnamese and European breeds using 20 microsatellite marker, Thuy ef al. (2006)
reported the mean number of alleles of 3.9 in Meishan pig and 9.3 in Meo pig. The mean
number of alleles per marker ranged between 8.1 and 9.3 in Vietnamese breeds sumpled from
small holder farms while in breeds with European background the mean number of alleles
ranged between 4.3 and 4.8 while an even lower mean numbers of alleles per marker between
3.9 and 54 were absewéd from ‘breeds which were kept in stations or included in a
commercial breeding programs. In the Southern AI'ric'z_m dorﬁcﬁti; pigs Swart et al. (2010)
" found the mean number of alleles per marker of 3.93, 8.45, 6.18 and 5.97 n the Narnibiari,
Mozambican, Kolbroek (RSA) and Kune-Kune (RSA) indigenous breeds, respectively.

2.8.2 Observed and expected heterozygosity

Ll et aI (2004) slatcd that for markcrs to bc useful in rneasunng genctlclvanatlnn, they
should have an averagc expcctcd hetcrozygosuy (He) of between 03 and 0. 8. in the_
populullon The mean observcd (Ho) and cxpected hclcruzygosuy (H:) m 10 local Chmcse
populauon were 0. 46 and 0.66, rcspccuvcly, (Li et al., 2004) In the snmc sludy, it was found

out that although thc markcrs were su:tnble I‘or mensurmg genenc vanutmn the observed_'



mean heterezygosity was lower than the expected mean heterozygosity in all populations.
Kim et al. (2005) studied Korean, Chinese and European pig breeds and found that expected
heterozygosity ranged between 0.494 (Korean native pig) and 0.703 (Min pig of china) while
the obsewed heterozygosity ranped between 0.497 (Korean native pig) and 0.735 (Min plg of
China) in the same pig breeds. The overall mean expected and observed heterozygosity were
0.613 and 0.580 for all populations. In the study of Southern Africa pig breeds by Swart et al.
(2010) the expected heterozygosity was higher in established South Africa Landrace and
Large White breeds at 0.580 and 0.636, respectively, compared to that of Duroc at 0.531. In
the indigenous breeds the highest heterozygosity levels were found in the Moznmbicue and
South African breeds at 0.692 and 0.634, respectively, while the Namibian indigenous pigs-
had the lowest heterozygosity value of 0.531. The observed heterozygosity was however
lejver' than the expected heterozygosity in all the studied pig breeds and the observed
hetemzygnsity values were 0.522 for South African Landrace, 0.584 for Large White, 0.504
for Durec, 0.518 for Namibian breeds, 0.609 for Mozambique breeds, 0.537 for Kolbroek and
0.508 for Kune-Kune (Swart es. al., 2010).

De et al. (2013) found the mean expected heterozygosity of 0.622 and the mean observed
heterozygosity (Ho) of 0.567 in Criollo pigs while in the Philippine native pigs the (He) and
(Ho) were 0.290 ‘end_ 0.403, respectively, (Chn et al., 2014), In the Pampa Rocha pigs of
Uruguay,' the 1meanl expected hetemzygeeiiy was 0.603 while the mean observed
heterozygosity was 0.583 (Montenegro et. al., 2015). In the study by Fang ef al (2009) in 10
Chinese villege 'pepulntiens which included 817 individuals the nvemge heterozygosity was
0.806+0.02 for the Long Wang pig population while the hu,hesl hcterezygesny of 0. 833:!:0 02

was reperted in the Shan Dong population.
2.8.3 Polymorphic Infennaﬁnn Content

Polymorphlc information content (PIC) Isa pnrameter for mdlcatmg genetic vanntlen and fbr
measurement n[' markers informativeness i 1n genetic studies (Cho et al., 2014) ‘The PIC can
vary fmm 0 to 1 with values closer to 1’ lndlcatm;, a greater level of pnlymorphlsm or
vanutmn and the merkers usef'ulness in genetlc studies. Muntenegm et al. (2015) stated that
markers with PIC values ‘greater then 0.5 were hlghly informative; Lhese mth PIC values"
between 0. 25 and 0.50 were medemlely 1nfnrmatwe while those Wllh vulues ]ess tlmn 025

were umnfennatwe Using 10 microsatellites in four porcine. breeds Cho et al. ('7014) found
ﬂmt nll ﬂm 10 markers had PIC valucs EI‘CHIEI‘ thnn 0. 25 SIX murkcrs 30225 SW951. SDISS



50026, SW72 and SW787 had PIC values 0f 0.26, 0. 28, 0.44, 0.41 ,0.47 and 0.49 respectively
indicating that they were moderately informative. The remaining four had PIC values of 0.50
- (SW936), 0.53 (SW787), 0 57(SW632) and 0.61(S0005). In the Andaman Desi lndlgcnous
pigs of India, the mean PIC values for 23 FAQ recommended markers was 0.74 £0.0]
“indicating that all the markers were highly informative and useful for gcnctic'varintion
studics (De er. al.,, 2013). The mean PIC value of the 25 microsatellite markers typed in
Pampa Rocha pigs was 0.563 with 17 being highly informative (PIC > 0.5), seven being
muderately informative (PIC between 0.25 and 0 5) and only one was umnformuuve (80386
PIC less than 0.25) (Montenegro et. al., 2015). Melendez et al. (2014) reported mean PIC .
~ value of 0.525 on the domestic pig of Colomb:a using 20 microsatellite markers while Li et al

(2004) reported mean PIC values of 0.53 in Jinhua breed and 0.74 in Hainan Spaltcd pig

breeds of China usmg a panel of 20 microsatellite markers.
2.8.4 Hardy-Weinberg Equilibrium

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). When the p-
value >0.05 in a marker it means that the marker is in Hardy-Weinberg equilibrium and when
it is less than 0.05 it means the marker is not in Hardy-Weinberg equilibrium. In the study by
Melendez et al. (2013) in the domestic pig GI' Cerete-Colombia using 20 microsatellite
markers, seventeen of the 20 markers were found to be in the Hardy-Weinberg équilibrium.
This shows that mating in the population occurred randomly with respect td the 17 loci while
non-random mating occurred with respect to the other 3 loci possibly due to selection or

Ii_liknge disequilibrium with loci under cither natural or artificial selection.

- 2.8.5 Fixation Index

Accordlng to Gmom er al, (2006) I‘txatlon Index (Fis) or F-statistic describe how penetic
dlversny IS pamtmncd in a pupulatwn Fis values determine whether or not subp0pulatmn5'
have fewer or more hetcrozyguus individuals than expected. If the markers have a pnsnwc
I sign it md:catcs an excess of homozygotes wlule a negative sign indicates excess of- |
| helcrozygutcs (Montencgro e, al., 2015). Ayazanga et al, (2016) studied Ashanti black pl g of
" Ghana and found that the Fi ixation index ranged between -0.040 at locus SOI'?B and 0. 610 at

locus 80090 and Sw1067 with lhc ovcrﬂll mean mbrcedmg coc[’f‘ clcnt nf 0, 410 e
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CHAPTER 3

Growth and Reproductive Performance of Indigenous Tswana Pigs under Intensive

Management System

3.1 Abstract

The study was carried out to evaluate repraductive and growth performance of Tswana pigs’
females from day old ‘up 10 42 days of age and thcrgaﬂcr females had s!fghil y higher pelvic
widths than their age-matched male counterparts up to 3 months of age. There was no
significant sex differences in ear length, hock under intensive management systent.
Repmducrfve performance of Tswana pigs was evaluated on a total of 10 sows at first and
secbnd ﬁarfty. Litter size and litter weight at birth and litter size and litter weight at weaning
were comparatively higher at second than at ﬁrs: parity in Tswana pigs. However pre-
w_eanfng piglet mortality was comparatively higher at first than at second parity (}II .J3% vs.
3.41 .%). Growth performance was evaluated on a total of 128 piglets. Growth parameters
evaluated included body weight, heart gfrfh. circumference, pelvic and hackl circum ereﬁce,
tail and ear length at day. a!d and théreaﬂér fomszghrly until piglets were 3 rr:a::rf:s of a;g,'c;,
There was no significant sex difference in body weights of piglets from day old up to 3
months of age. There were also no significant differences in bady length between males and
females from day old up to 3 manﬂ:s of ﬁgc. For height at wftﬁers. males had"slighr.fy larger -
but non-significant height at withers than ﬁzmale& from day old. up to 3 months of age. The
p(;Ivfc widths of males were slightly greater than those of é:‘rcim;ﬁ*rénce and tail Ieng_th ﬁ-qnfz '.

day bld up to 98 daysr of age. )

Key words: Tswana pigs, growth performance, reproductive p'e‘rf'nrmuncg im'i‘-nSive._

management
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3.2 INTRODUCTION

In Southern Africa, a significant population of indigenous pigs is found in several areas of
Mozambique, South Afribu, Malawi, Namibia, Botswana, Zambia and Zimbabwe (Lekule et
al., 1990 as cited by Chimnnyo et. al., 2006). Indigenous pigs of Southern Africa are kept by
the rural populace under the low-input, low-output free range prodtié:ﬁon system and pluy
multiple roles in small scale farming systems such as impmvingi-livclihundS, povmy
alleviation and the rural economy. Farmers who own indigenous pigs use them mainly for
subsistence (provisinn of food at houschold level) and sale. Indigenous pigs may also
function as savings and insurance in areas where banks and insurance companies are
inaccessible or non-existent (FAQO, 2007). Indigenous pigs are adapted_ to the local, usually
harsh, environmental conditions in which they have been kept over centuries. Notable
attributes of indigenous pigs include disease resistance, high fertility, parasite and heat
tolerance, low protein requirements, ability to utilize course fibre rations and strong fect
which make them suitable for free mngc' low—inlcnsity management sysléms affordable to the
rural poor (Gandini and Oldenbroack, 1999; Lekule and Kyvsgaard, 2003). -

The indigenous Tswana pig is usually black or black with white stripes and have a body of
medium stature (Nsosn et al., 2006). In the 1980s indigenous Tswana pigs were fmrly well
distributed in the Keatleng, Kweneng and South-East districts of Botswana but now the
remaining Tswana pigs are mainly confined to the South-East district of Botswana in 2
village called Ramotswa and the surrounding villages (Nsoso et al., 2006). Tswana pigs are
mainly raised under the traditional frec range system characterized by poor management,
absence or minimal health care and are mainly scavengers utilizing food scraps around

homesteads and supplementation is usually with kitchen refuse or agricultural waste products.

'Ilndlgcnnus Tswana pigs are regarded as inferior to their exotic counterparts in terms of
gmwlh carcass traits and rcproduclwe performance, a somewhat unfair comparison bccuuse ;

of the differences in the production systems. subjected tu 1nd1gcnuus pigs (tradltlonal, |
extensive . production system) and exotic pigs. (Commcrcml intensive pmducuon system).

Resource-poor f'armcrs in rural areas view genetic improvement of mdlgcnnus Tswana pigs

as synonymous to crossbreeding,

grndmg up and possible breed rcplacement w:lh exotlc -

brceds Such pmcuccs cnupled with undcvclopcd markets for mdlgcnous Tswana plgs and | T

lnck of a clear pnllcy on the cunscrvntlon of mdlgcnous animal geneuc resourccs in lhe -‘
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country is leading to the disappearance of indigenous Tswana pigs. The population of
indigenous Tswana pigs has declined drastically in the last three decades and the indigenous
Tswana pig is currently listed as an endangered animal genetic resource, even before it has
been fully characterized. There are no reports on genetic improvement of Tswana pigs and
rescarch to evaluate the indigenous Tswana pig has been sporadic and ina.dequale;
consequently, the iﬁdigennus Tswana pig has not been sufficiently characterized. The

purpose of this study was thercfore to evaluate reproductive and growth performance of

Tswana pigs under intensive management system.

- 3.3 MATERIALS AND METHODS

3.3.1 Study Area

The study was done at Botswana University of Agnculmrc and Natural Resources (BUAN)
piggery, Content Farm, Sebele 24.588702° S, and 25. 942040° E. The study was carried out
from June 2015 to December 2016 and during the study the environmental te_mperatures
ranged between 15.6% to 38.2% and averaged 31%,

3.3.2 Experimental Anim;ils

A total of 12 indigenous sows aged between 6-8 months of age were borrowed from farmers
in Southeast (n=3 from Ramotswa, n=3 from Taung and n=3 from Metsimaswaane) and
Kgatleng District (n=3 frum Modipane). Two boars were loaned from Department of
Agricultural Research in the Ministry of Agricultural Development and Food Secunty, |

Botswana for breeding purposes and tngclher with the 12 females scrvcd as the foundation

- stock,

- 333 Housing and Mnnﬂgcmént of the Brccdihg Herd

Up'on arrival ot BUAN piggery, all the pigs werce individually identificd using car tags and
- “then dewormed and dipped to control internal and external parasﬂes, _respectwely The

mdlgenuus Tswana sows were lmuscd in two separate pens in groups of SiX measunng 6m x -

4 m for the first two months of the study while the boars were housed sepamtcly in their nwn'

pen. The pigs were acclimatized to mtcnswc management by wu.shmg and I'ecdmg twu:e a-

~* day and were fed 2kg of dry sow feed at- 10 am ‘and 1600 pm. After two - monthsf-'.
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acclimatization period, the pigs were put into individual pens measuring 2m x 4 m-uncll'

monitored for signs of heat in the moming and afternoon. At signs of heat, the boar was put
into the sow’s pen for 2-3 days for breeding purposes and closely monitored during mating to
avoid extortion of the penis of the boar. At furrowing, the following traits of sow productivity
were recorded for individual sows at first parity; total number of piglets born, number bomn
alive, number born dead, individual piglet weight at farrowing, litter size at 21 days,
individual piglet weight ay 60 days and number alive at 60 days and there after the sows were
fed lactating sow diet until weaning of piglets at 3 months of age. After weaning of piglets,
the sows were housed together for 1.5 months before rebreeding and measurement of sow

productivity parameters at the second parity.

3.3.4 Management of Piglets and Measurement of Parameters

At farrowing, piglets were individually identified using ear tags, weighed and given -lml of
iron injection on the neck muscle. The piglets suckled from their lactating sows and were
supelemented with creep feed from 2 weeks to 60 days of age (weaning age). After weaning
at 8 wecks of age, the piglets were fed commercial pig grower diet until end of the study at 98 |
dzi}"s' of age. Phenotypic characterization and gfbtvth performance were evaluated on a total of .
128 individuals eoniprising 54 first parit):' piglets and 74 second parity piglets and each litter
served as n rephcate There were therefore 12 replleatmns in ecach parity mth unequnl number
of snmplmg units per replicate due to the sow’s differences in litter size. A total of 70 males
and 58 females pamc:pated in the phenntyplc chmclensatmn and gmwth performance study
Phenetyple characlensatmn und grewth performance involved measurement of body welght, |

body length, heart girth elrcumference, pelwc and hock circumference, tail and ear length for -

mdmdunl plglels at blrth and thereaﬂer fertmg,hlly until plglels were 93 duys uf age

3.3.5 Stafisti’eal Annlysie

" The experlrnent was set up as a cemplelely randomised de51gn and gmwﬂl data were une]ysed . -
| usmg the Proeedure General Lincar Mndels of Stutlsucul Annlysns Syslem (SAS) versmn .

| 9 2.1 (SAS 2002-2003) The model mcluded ﬁxed efTects of seX (mule nnd fcmn]e) Results
are presemcd as lcast square means :i:strmdard error and mcans separatmn were by palred t- .

test w:th Schcffe § nd_luetment o accuunl for unequal number o[‘ samplmg umts per.'_ -:
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replication and unequal number of individuals between the sexes. The differences between -

least square’ means were declared significantly different at P< 0.05. The statistical model

used was;

:Y+ij = ]ﬂ,l+Sexi+Eijl

.Whefc;

Yi; =observation of individual
1.1=popu];1_tiun meﬁn

Sex = (male, female)

- &j = random error

3.4 RESULTS AND DISCUSSION
3.4.1 Linear Body measurements

There were no significant differences (P<0.05) in body weight between male and female
Tswana piglets from day old to 98 days of age (Table 3.1). The mean weights for the males '
~and females at birth were 1.01 +0.06 kg and 0.98+0.08 kg, respectively, with the ovemll
mean of 0.99 +0.07. The birth wmght of indigenous Tswana pig is similar to that of Mex:can
native pig and Nigerian md:genous pig with average birth weight of 0.97 and 1.02kg,
fcspcctive]y (Lemus et. al.,, 2003; Ate and Oyedipe, 2011). The birth weight of indigenous
'I’swana pig is also similar to that of the Meishan pig which had average birth weight of 1-07; .
kg but is higher than that of the Thai native pig with average birth weight of 0.65 kg

(Keonouchanh, 2016) Average birth weight of indigenous Tswana pig is however lower than - .

that of the Assam indigenous pig with average birth weight of 3 25kg (Ate and Oyedtpc o
_201 1). The average. body wetght of md:genuus Tswann pigs at 14 dnys of nge (2. SSLg) is

hlgher than that of' thc Tlun uatwc plg with avcrage body we:ght at 14 days of age of 1 ﬁlkg S

- but is Inwer than that of thc Mexshun plg at thc same age with average: body wclght nf 3 74Lg_, |
| (Kconouchanh 2016). The average body welght of indi genous Tswana pigs at 98 days of uge" "

(21. 37kg) iIs similar to lhut of the Assam mdlgenuus pig 0[‘ Ghana at SImllur ugc (Ate and o

. chdlpe 201 1). Srm:lar body wclghts betwecn male and I‘emnle mdigcnnus Tswunu plgs ath - |
all ages fmm duy old lo 98 days of nge s contmry to Egerszcgz (2003) who rcpurtedr';_l |

_sngmf' cantly hlbhcr body wmght m mulc than fcmalc plgs m threc Mangallca bn:eds or.
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‘indigenous breeds of Hungary at 3 years of age. The discrepancy between the two studies
could be due to the differences in the ages of the pigs when body weights were measured In
the current study, body weights were measured before attainment of sexual maturity while § In

Egerszegl s (2003) sludy body wc:ghls were lukcn after altamment sexual maturity.

There were no significant sexual differences in body length at all ages from day old to 98
days of age in indigenous Tswana pigs (Table 3.1). Similar body lengths between male and
female indigenous Tswana pips is consistent with Egerszegi (2003) who reported similar
body lengths of 97cm and 96cm in male and female Blond Mangalica pigs, respectively, and -
body lengths of 98 and 95cm in male and female Swallow belly indigenouﬁ pigs of Hungary,
respectively, at 2-3 years of age. Similar body lengths between male and female indigenous
Tswana pigs is however contrary to McManus et al. (2010) who found significantly higher
body length in male than female pigs (115.03 vs. 109.36cm) in naturalized swine breeds in

Brazil, Uruguay and Colombia.

There were no significant sexual differences in height at withers in indi genous Tswana pigs at
all ages from day old to 98 days of age although males had slightly higher height at withers at
all ages than their female counterparts (Table 3.1). Similar height at withers between male
and f'emale indig'cnuus- Tswana pigs is consistent with Dandapat et al. (2010) who also
reported slightly higher but non-significant deference in hetght at withers between sows and
boars of Mali pigs in Tnpua India with average hclght at withers of 65.4 and 65 8cm in sows
and boars, respectively. Alenyorc[,c and Opoku (2015) also reported no sex difference in
height at withers in 2-3 months old weaner pigs of thc Ashanti Black pig of Ghnna (30.7cm.
and 31. 6cm in male and female weaner pigs, rcspectwcly) Subalint et al, (2010) repnrted

similar heart at withers of 48.59 and 50.77cm in adult male and female wllage plgs 0[‘ Sri |
| Lanka, rcspcclwe]y S .

Theré were no sxgmf' cant dlﬂ'erenccs in heurt gmh between male and female mdlgennus_ |
Tswana pigs from day old to 98 dnys of age, Similar heart girth betwecn male and femulcs
mdlgcnuus Tswana pigs is consnslcnt with Subalini et al. (2010) who found hcart gu'th of
75.14 and 73. 66cm in male and female village plgs of Sn Lanka, rcspcctwcly and Burkotoky
el al. (2014) who reported heart girths of 58.96 and 65.70cm in male and fcmnle Naga plgs nf

_ Nagnland Indla rcspcclwcly In Tnpum Indm Danduput et, al (2010) reporlcd the same“

- heart girth of 120 Ocm in both malc and female Mali pigs. Contrary to the cum:ut ﬁndmgs ST

i- 'Alenyorcgc nnd Opoku (2015) rcportcd sng,ml‘ cantly lnghcr hcnrt glrlh in fcmulc than mnlc = o
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(35.2 vs. 29.7cm)- Ashanu Black pig weaners aged - 2-3 months of ape undcr mlcnswc

management system. -

There were no mgmﬁcanl differences in ear lcnglh, hock cxrcumf‘erencc and tail lenglh
- between malcs and females at all ages from day old to 98 days of nge. except for car lcnglh at
42 days of nge (Table 3.2). At 42 days of age indigenous Tswana pig males had significantly
| h:gher car length than their female counterparts with ear length of 9.86+0.14cm and
- 9.37£0.20cm, respectively. Sumlar car lengths between male and female pig have been
~reported in Naga pigs of India (7.90 vs. 8.63cm in males and females, respectively), in Mali -
- pigs (8.2 and 8.5 cm in males and females, respectively) and in Ashanti Black p:g of Ghana

weaners (9.5 and 9.7cm in males and fcmulcs, respectively (Dandapat et al, 2010;

Borkotoky et al., 2014; A]enyurege and Opuku 2015). Similar tail length bclween maJe and
female indigenous Tswana plgs is consistent with Dandnpat et, al. (2010) in Muh p:gs (22.8
- and 22.6 cm in rna.les and females, respectively), Subalini et al. (2010) in vllluge pigs of Sri-

Lanka (28.4 and 27.94cm in males and females, respectively) and Borkotoky er al. (2014) in |
- Naga pigs of India (15.36 and 17.08cﬁ1 iﬁ m:ﬂes and females, respectively). |

There.';vere no signiﬁcﬁnt ﬂiﬂ'erenbcs in pclvié u‘r.idm-!:;et’“;eenl male and fcmaic u.ldlgcn.ou.s
Tswana plgs at all ages from day old to 98 days of age (Table 3.3). Howcver mn]es had
sl:ghtly hlgher pelvic w:dth than their fcmnlc ‘counterparts from day old to 28 days nf age . |
Whl]B I’cmnles hnd slightly hlgher pelwc Wldlh lhan their male counterparts from 42 days {o
98 days of age. Sllghtly hlghcr pelwc width in femulc lhnn male Tswana pigs fmm 42 to 98

days of ape is consistent with Borkotoky et al. (7014) who reported paunch girth nf' 71.34 and

_-63 94cm in female and male Nnga pigs of India, respectively. Alenyorege and Opoku (2015)

reporled s:gnlf' icantly  higher width of the waist in female than male (254 vs. 16.4cm)
.weaners (2-3 months of age) of Ashanu black p:[, of Ghana. Htghcr pelvic width in female | |
‘than male 1nd1gcnuus Tswana pig at 98 days of nge could be an mdlcntmn of the emly |

o approach of sexunl matunly in females than males.,
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Table: 3.1: Body linear measurement of Tswana pigs raised under intensive management in

- South eastern Botswann

BODY

BODY HEIGHT WITHE
WEIGHT(KG) LENGTH(cm) (cm)

Agein Male Male Female Male
days
(n=58)

1.01° % 0.0 15377 044
28 4.74*+£0.17 | 4.47*£0.24 269124 135 -
42 7.14*+£020 | 6.84*+0.29 29.68*x 1,55 |
21.71*20.51 | 22.02:10.72 42.83*x 1.56 '

s

RS

56 9,57*+021 | 9.40%+0.29

Chimonyo et, al (2005) reported early attainment of sexual maturity in females than males in
Mukota pigs of Zimbabwe with females reaching sexual maturity at 3 months of ape. The
higher pelvic width in female than male indigenous Tswana pig is meant to help the sow

accommodate boar weight during breeding as well as to carter for pregnancy if it occurs.

--t:lZG‘-_.' .



Table 3.2 Body linear measurement of Tswana pigs raised under intensive management in

South eastern Botswana

Heart girth (cm) Ear length (cm) Hock circumference (cm)

Age in Days Male Female Mulc Female Female

(n=58) n=70)

| 3827+ 040 | 38.40*20.57 | 8.05*+0.09 | 7.06*% 0.13 331&012
46.65'+0.96 |[47.10°+135 [ 9.86°+0.14 | 9.37°=020 9.88* 2 0.19

1 49.88*+:093 | 50.43*+]1.31

52.64% % 1,15 | 53.54%: 1.62

11.92%0.15 | 11.67*+021 | 12.04*£0.15 | 11.83*:025
13.58%0.19 | 13.14'£026 [ 1351°£0.18 | 13.07°£025

56.64* % 1.19

57.62*+1.68

98

6025+ 1.14 | 61.40°£1.62 | 1507%024 [ 1439034 | 1497°£024 | 14.28°£034
|



- Table 3.3 Body linear measurement of Tswana pigs raised under intensive management at
Scbele |

- Tail length (cm) Pelvic width (cm)

in | Male Female Male Female

(n=58) (n=70)

6.61*°+£026 | 6.69°+037 | 9922025 | 9.83a=0.34

- 8.70'+028 | 8.69°+039 | 1530*=040 | 15.10°% 057

.88+ 032 | 9.77°+0.46 | 18.05°+0.42 | 17.94*= 0.60

11.33%:0.32 | 10.93:0.46 ( 20.88*+0.50 | 21.12*20.70

12912033 | 12.62t046 | 22.39*+£ 055 | 22.84*+(.78

13.66%0.29 | 13.44%041 [ 23.91*£0.60 | 24.69*= 0.84

2536+ 053 | 25.97°%0.75

12739 0.77

15.014036 | 14.94%0.51

27.21*+ 0.55

16.0*+ 037 | 15.89%0.52

- 3.4.2 Reproductive Performance of Indigenous Tswana Pigs

Litter size of indigenous Tswana pigs ranged between 3 and 9 and ﬁvcmgcd 7.63+0.40 piglet.s‘
;ﬁcr litter at first parity and ranged beiweeﬁ 6 gnd 11 and averaged 9.25:1:0.3:5 piglets per litter
at second parity (T ﬁble'3.4). The litter weight at birth averaged 7.33*1.55 and 11.;56il.3Skg
at first and second parity, respectivcly Highér litter size and Iillcr-wei'ght at birth at s'e_éund
lhan at first pnnly in Tswana pigs is 111 agreement with Egerszcgt et al (2003) who fuund

posntlve covanﬂllun bctween rcpmductwc performnnce and the age of the suws, the number

of {cats and panty Litter mze at birth of mdlgcnous Tswana pigs nt ﬁrst pnnty IS compamblc L

to thnl. of South Afncan md:genous plgs (7. 0) and Mukotu plgs of. ernbabwc (7. 9) N
(Chlmonyo ct al., 2010, Ncube ef al., 2003). Llllcr sizc ot bll’ﬂl of mdlgcnuus Tswana pigs s

howcvcr higher llum that o[' Sri Lanknn wllugc pig (6. 44:!:1 19), Nuga local plg (5 802 30)' |

and Vulho pl[, of Nagaland, Indlu (mngcd between 6. 06£0 39 und 6. 60:!:0 34) (Suballm cr

al., 2010; Borkotoky e al.,_2014.-Chus_1 et. al., 2016), Litter wughls at bmh of mdlgcnpu_s -
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Tswana pigs at both first and second parity were higher than those of the local Votho pig of
Nagaland, India from various districts which ranged between 1.75+2.45kg and 2.02+2.2kg
(Chusi ef. al., 2016). Differences in litter sizclnnd litter weight at birth between indigenous
pigs from various regions of the world could be attributed to genetic differences in
indigemus pigs of different countries and also differences in the management systems of

indigenous pigs between countries.

Litter size at weaning and litter weight at weaning were comparatively higher at second than
at first parity (8.75+0.25 vs. 6.75 +0,30 piglets/litter and 86.98+2.65 vs. 64.20+:3.15kg/litter
for the two traits, respectively) in indigenous Tswana pigs (Table 3.4) and this translated to
average weaning weight per piglet at 56 days of age of 9.51 and 9.94 at ﬁrst and sccond
parity, respectively. Comparatively higher pre-weamng mortality of 11.53% was recorded at
first parity compared to the 5.41 pre-weaning mortality at second parity. High pre-weaning
mortality at first than second parity could be attributed to inexperience and poor mothering
ability in first parity sows which improved at second parity. Litter size at weaning of Tswana
pigs 1s comparable to those of Sri Lankan village pig (6.44%1.19), Mali pig (8.6+0.4) and
Desi pig (8.40+0.32) (Subalini et. al., 2010; Dandapat et. al., 2010; Dimitrov et. al., 2010)
but comparali;rcly higher than that of Naga local pig (4.20+1.90) (Chusi et. al., 2014). Litter
size at weaning and litter weight at weaning of Tswana pigs are also relntivcly higher than
those reported for the Votho pig of Nagaland which ranged between 5.00 and 5.40

piglets/sow at weaning and between 24.82 and 26.02kg/litter for the two traits, respectively.

Table 3.4: Reproductive pcrfonnnnce of indigenous Tswana pigs raised under nn intensive
management system in South eastern Botswana |

Parameter

7632040 (3- 9) .9.255:0.35 (6-11)
Litter welghl (ke) 7.83£1.55 11.56£1.35

L:ttcr size at wcnnmg (56d) 6.75+0.30 8'75%‘2.5

Litter wc:ght at weaning 64.20+3. 15 ] 86.98+x2.65 =

Morality 11.53%(1-3) T [54%0)
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3.5 CONCLUSIONS

Sex had no significant influence on various measures of growth performance from birth to
98d of age in Tswaha pigs. Litter size and litter wcighlt at birth and litter size and litter weight
at weaning were comparatively higher at sccond than at first panty. Prc-wcani'ng piglét
mortality was however higher at first than second parity. The indigenous Tswana pig

exhibited satisfactory gruwth and reproductive performance under an intensive management

i

system.
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CHAPTER 4

GENETIC CHARACTERIZATION OI‘ INDIGENOUS TSWANA PIG POPULATION
| USING MICROSATELLITE MARKERS

4.1 Aﬁstmct

The population of indigenous Tswana pigs has declined drastically in the last three decades.
The indigenous Tswana pig is currently listed as an endangered animal genetic rcsoxircé. If

deliberate efforts towards conservation are not put in place, this valuable genetic resource
might go extinct within the next decades. The indigenous Tswana pig has not been fully
phenotypically and genetically characterized. The objective of this study was to assess the
genetic diversity (genetic characterization) of the indigenous Tswana pig population using
DNA microsatellite marker technology. Blood samples were collected from 30 randomly
selected Tswana pigs in Kgatleng and South-East districts of Botswana for the assessment of
genetic diversity usmg a panel of 12 FAO-recommended microsatellite markers All I the
microsatellite markers screened in indigenous Tswana pigs were pa{vmarphtc and the
number of observed alleles per marker varied between 3 (Sw2406) and 9 (Sw223) with mean
number of alleles per markcr of 6.33. The observed hetemzygos:ly ranged from 0.16
(Sw2405) to 0.875 (Sw2465) with average obscn’ed hercra'ygustor acms.s‘ all 12 Ioc: of
0.647. The expected heterozygosity was lower than the observed heterozygosity and ranged
bem*een 0.143 (Sw2 405) and 0. 776 (5038)) wuh mean expected heterozygosity acm.rs all

' Iac: of 0.603. The allelic diversity and levels of het terozygosity indicate h:gh levels of genetic .
“diversity in Tswana pig population. The within-locus inbreeding caeﬂ' cient (Fig) ranged
‘between -0.321(80120) and 0.234 (SIV35) with :nbreedmg coefficient of the entire population
of -0. 01 2 indicating that rhe Tswana pig papulanon is_relatively outbred. All the 12 |

microsatellite marker.s‘ were in Hardy- Wemberg Ethbmtm mdt'catmg hrgh genet:r.: stab:hty- |

of indigenous Tswana pigs.

- Key waords: genetic diversity, microsalgllile'markers, Tswana pigs, .



- 4.2 INTRODUCTION

- Indigenous pigs are kept by the rural populace under lhc low- uulpth free range productiun_-
- system. Indige_nous Tswana pigs are mostly owned by women and u5uul_ly survive in htirsh?
low input cﬁvimmﬁcnls and strive under heavy discases, parasite and nutrients challenges
(Chabo et al., 2000). During the 1980’s, indigenous Tswana pigs were found in South East,
Kgatleng and Kw_éneng districts of Botswana while huwadays they are fairly well distributed
in the south east district of thelcountry in anld around Ramotswa village (Nsoso et al., 2006).
“The farmers who keep indigenous pigs in Botswana have a tendency to keep low numbers to
match herd size with available feed resources. Notable attributes of indigenous Tsxvaha pigs
include -disease resistance, high fc.rtillity, parasite and heat tnlcmncc, low protein
requirements, ability to utilize course fibrous rations and strong feet which maké.them_'

suitable for free mﬁge low-intensity management systems affordable to the rural poor

(Gandint and Oldenbmack, 1999; Lekule and Kyvsgaard, 2003).

The indigenous Tswana pigs Inre. usually black or Blnck with white sm'p;:'.sl (Figurc 4.1) and
hﬁﬁ a .body" of medium stature (Nsoso ef &L, 2006). Indigenous Tswana pigs are however
shunned away from commercial production systems du:e to  their inl"cricir growth and

‘i'epmductive perfﬁrnianf:c and carcass traits relative to exolic breeds. Re'suurce;pon'r farmers
in rural arcas also view genetic imﬁmﬁcmc'nt of indigenous Tswana pigs as syﬁunymbus'tq |

| c'mssbrccdiﬁg, grading u'p.and possible breed replacement with exotic breeds,” -
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Figure 4.1: Indigenous Tswana Pigs at Department of Agricultural Research, Sebele.

Extensive system coupled with undeveloped markets for indigenous Tswana pigs and laci: of
a .clear -po]icy on the cdnservation of indigenous animal genetic resources in the country is
leading to the disappearance of 'indigenous Tswana pigs. Such a scenario is also likgly to
x#ursen. poverty for Iﬁost of the rural women populace who own most of the indigenous
Tswana pigs since the fast-growing exotic pigs require high levels of inputs and management
'unaﬁ'brdable to .these resource-poor and highly marginalized farmers. The 'pnpulatiﬁn of
indigenous Tswana pigs has deblined drastically in the last three decades and the iudiﬁénpﬁs
Tswané pig is curfently -Iisied as an enﬂanger;:d animal _gcnetic resﬁurc_e (Pbdisi, 2001). If
deli'bcrétc efforts tho';vards' conservation are not put in place, this valuable genetic résﬁume

with its hardiness, discase resistance and heat tolerance genes might goki,_,extinct ,'withi:n the
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next decades, even before it has been fully characterized. The conservation of indigenous
Tswana pigs should be given high priority because it contains valuable genes (diseaﬁc
resistance and heat tolerance genes) for future breed developments and genetic engineéring |
applications to counter the effects of global warming or climate change on pig production and
productivity (Podisi, 2001). Rege and Lipner (1992) expressed .serious concern that some I
indigenous animal genetic resources of Africa are endangered and may eveﬁ be lost before
they are described and documented, and the indigenous Tswana pig is a classic example, .
Research to e;valuale the indigenous Tswana pig has been sporadic and inadequate;
consequently, the indigenous Tswana p:g has not been suﬂicieﬁl]y characterized. Information
on phenotypic characteristics and pmducliﬁn performance of Tswana pigs is still very scarce '
and there has been no attempt to date at their genetic chamctcrizatiun.- Genetic
characterization of Tswana pigs by microsatellite markers is important to assess the degree of
- genetic diversity in the remaining pupulatiﬁn and the extent of inbreedi_ng and will inform
future conservation and management practices. The objective of this study was therefore to
asséss the genetic diversityluf the indigcnuus Tswana pig population using microsatellite
markers. -

4.3 MATERIALS AND METIIODS

43.1 Population sampling

Blbod. samples wcrécé]le;:ted from 36 unrﬁlulcd Tswana pigs in-’ the S‘n.uihlern ha!f of the
c.uunlry n Kgallgng and Sclmlh-Enst‘districis. follmﬁng the guid;liﬁes of Me@wment nf |
Doﬁieﬁtic Anirﬁal bifémity (FAO‘ 1995) brogrﬂ:ﬁr;le; Blood samﬁleé were c;:.:lle:_:ted from the
ear vgin olf the anirﬁﬁis in vucﬁminér.'lubcs"cnﬁtaini};g EDT‘A: as the antictlmgulnnt*.-rBlﬁtllclll -
sarﬁplcs wcrc thén lrﬁnspm.-lcd to 1he Inboralory at 0-4“C (undclrilcc cubcs) ﬁnd storcd_"~
ovcm:ght at -20“C pnnr tﬁ DNA cxtmclmn Ini‘unnuudn.on sr.unplmg lt:s‘;:atmt;sland numbcr‘ 'L

of samplcs pcr samplin[, localmn is wcn in Tnblc 4. 1.
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Table 4.1: Locations where indigenous Tswana pigs were sampled andenumbér_of sampleS' |

per location

Sampling location r No. of samples per lncatmn
Dllshweneng lands Kgatleng

Lesetlhane lands S South East

Metsimaswaane lands

Kweneng

Mmonl;ane |

Sout.h East

—
i e
[ —

Total

Mogobane

4.3.2 DNA Extraction

Genumm DNA was 1solutcd from whole blnod usmg Zymu Qulck-gDNA mmlPrep Iut

follomng the manufncturer S pmlucnl Bncﬂy, 400p1 of Gcnnmlc Lys:s Buffer wns added to .'
' 100pl of wholc b]ood and comp]elely'rﬁlxed by vnrtexmé, for 4- 6 secnnds The mixlurc was  ;

let to stand for J- 10 mmutesqat room tcmpemturc Thc mlxturc was tl;f;n trnj;usferred to a_;'f
Zymo Spm ™ Co]umn in Collectmn Tubc und cenlnl‘ugcd ut 10 000 xg for u;nnm.lte iThe:,

cnllcctmn tube mlh thc ﬂnw thmugh wus dlscurded and lhc Zymu Spl ‘ Co]umn was“

. 'lmnsferrcd mlo il ncw collcctmn tubc 200pl o[‘ DNA Prc-Wnsh Buﬂ‘cr was addcd to lhe spm |

column and ccnmfugcd al 10 000 Xg for n mmutc SOOul nf g—DNA Wnsh Buﬂ‘cr wus udded':f:
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1o the spin column and centrifuged at 10,000 xg for a minute. The spin column was then
- transferred to clean micro ccnlfi['ugc tube and 60ul of DNA Elution Buffer was added and.
incubated 2-5 minutes at room {emperature. The spin column was then centrifuged at top
spced for 30 seconds to elude the gDNA. The concentration of eluded gDNA was measured
using a spectrophotometer (Nanodrop 2000) and the purity of the gDNA was verified by the

260/280 absorbance ratio (Thermo Fisher Scientific Inc., Waltham, MA, USA).
4.3.3 Microsatellite markers amplification and analysis

A panel of 12 microsatellites recommended by Food Agriculture Organisation (FAQ)/ISAG-
FAO Advisory Group on Animal Genetic Diversity (FAO, 2011) were used for gcnetic,l
characterization of Tswana pigs. The markers used in the study (with chromosome position)
were: SW2456 (X/Y), S0165 (3), SW225 (13), SW2008 (11), SW35 (4), SW2406 (6), 80335
(11), S0120 (18), S0073 (4), SW2443 (2), SW949 (.X!Y),' and SW2410 (17). Selective
.* amplification bf different micrnsatcllitels was achieved by polymerase chain reaction using
the mcnndcyéler GeneAmp PCR system 9700 (Appiied Bio systems, Forster City CA, USA)
and PCR reagents synthesised by Fermentas Life Stienccs Opelstrasse, Germany. Each 25pl
PCR reaclmn cumpnsed ﬂpprommulcly 100 ng gDNA primers (60 ng each), dNTPs (40 mm
each) IOX ammoma-bascd PCR buffer (25 ul), 1.5 mm Mg Cl 1 unit o_f Taq DNA |
pnlymcmsc and PCR prade deionized water. The PCR reu_cllqn was accdliﬁ'plis]icd'by initial
denaturation for 5 minulcs'at: '94“C, I'ollm(red_by 33 cycles of denatufatibn’ ati94'“IC‘ lfo.r 30

s*cc‘o'rids,; priincf_ aﬂnealini; for 45 seconds at the deSiljed'tempéramre and DNA rgpli@ﬁﬁon at
r72“C fbr 1 miﬁutg “The fi inal. cxiensiun sllcp was run at 72“C for IOIminul*cs 'Tllie }esulting .
PCR producls wcrc dcnalurcd at 9B“C fnr 3 mmutes and mpldly cooled by plncmg on we The

PCR pmducls wcrc scpamlcd by cuplllury clcctmphorcms on ABI Pnsm 310 Gcnctlc- .

Annlyzcr (Appl:cd Bmsystcms, _I‘ostcr cnty, CA, USA) nccurdmg to lhe munufacturcrs .

recnmmendutmns and nllclc sizmg was nclucvcd by usmg lhe mtemul mzc atundard uf



Genescan-3500 LIZ (Applied Biosystems, Foster city, CA, USA). Data on nllclc sizes was
done using Genescan Analysis software v.3.1.2 and the identification of dlﬂ'crent alleles fur |

each marker was performed by Genotyper 2.5 software.
4.3.4 Statistical Analysis

The within breed genetic diversity parameters for Tswana plgs which included observed
heterozygosity (Ho), expected heterozygosity (He), polymorphism information content (PIC)
and'rn:ean number of allclcsh (MNA) wl:rc calculated using Microsatellite Toolkit soﬁxﬁzlrc
(Kim, 2002). The inbrcéding coefficient (Fis;) for each locus was cofnputcd using the prﬁgram
FSTAT (Goudet, 2001). The pmbabllily test approach (Guo and Thompson, 1992)
imf:lemcnted in th.e GENEPOP software (Raymond and Rousset, 1995) was used to test cach

'lucus forr Hardy-Weinberg equilibrium
4.4 RESULTS AND DISCUSSION

All the micrbsatellite mnikcré scrq'cnccl in indigenous Tswana-pigs'wcrc polymorphic (T able
4. 2) A total of 76 alleles were detected in 12 microsatellite markers screened and the allele
size range vancd from 83-107 bp at locus 50073 to 220-234 bp at mnrl.er locus Sw”406 The
number of observed alleles per marker vurled between 3 (Sw2406) and 9 (Sw225) with mean
nuniber of a]leles per marker of 6.33 (Table 4.2). 'I'lle rtlnge of observed number of alleles per -_
.marker and mean numbcr of al]eles per marker observed in thls study are éomparab]c to 3. 38;
8.71 and 6 25 rcspectwely, fuund in lncul Cnollo pig breeds from lhc Americas (Rcwdum et
al., 2014) but lower than lhc range of 5-12 alleles pcr marker and mean numbcr of allcleé per

marker of 7.04 rcported in mdlgenous Andnmnn De51 plg of Indm (De er al 2013) and mean

‘number of a]lelcs per murkcr of 8 45 l’ound in mdlgennus plgs of Muzumblque (Swart et. aI -

| 2010) The range of obscrvcd numbcr ol' ullch.s per murkcr found in llus study is however.
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higher than the range of 3.98- 5.54 rc'pnﬁcd by Swart et al, (2010) in Commercial pig breeds

of South Africa (Landrace, large white and Duroc).

The mean ﬁmnbgr of q]leles per marker of 6.33 found in this stﬁdy is comparable to 6.18
found in indigenous Souﬂ) African Koll?mck breed (Swart ef al., 2010) but higher than 5.72
found in Uruguayan Pampa Rocha pigs (be;tcﬁcgro et al., 2015), 3.93 and 5.97 in Namibia I
and Kune-kune breeds (Swart ef. al., 2010). Effective number of alleles in Tswnnﬁ pigs
ranged between 1.11 (Sw2406) aﬁd 5.01 (S0165) with mean effective number of alleles per
marker of 3.31%1.18. Revidatti et al, (2014) reported a lower mean effective number of
alleles per marker of 3..33i1.56 in Criolli pig breeds of the Americas which is comparable
with the présent study. The mean effective number of alleles per marker in Tswanai pigs is
however lower than the mean effective number of alleles per marker of 5.09£0.20 found in
Andaman DeSi ﬁigs of .India. According io Pandey et al, (2006), FAO specified a minimum
of four :allelels per marker fbr effelcti{re screening of genetic differences between breeds .and |
'a]l t.hel markers uged in this stud? with the cxcepti:;n of Sw2406 exhibited sufficient
polymorphism I_'t;r evaluation of ~gr;':ruf:ﬁt: variation within Brccd-m.d ger_leli:(ﬁ differences

between br_eeds.
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- Table 4.2 Observed and effective number of alleles l‘ound in Tswana Pigs

SW2456 | 205, 207, 191, 209, 211, 189,

W 140, 142, 156,159, 137,136, 134,135,

D6

_

SW225 | 106, 108, 94,96, 118, 112, 116, 110, 114, - 4.35
SW2008 | 94, 98,96,90,88, 92, - 3.13
133, 127, 132, 135, 100, 3.58

SW2406 | 220, 234, 222,

W 173, 179, 273, 171, 177, 175, 151

50120 169, 171, 151, 153, 163, 165

S0073 [ 91,107, 113, 85, 83, 105, 90, 101,
SW2443 | 209, 211, 213, 203, 207, 201,

SW9I49 132 184, 202, 204, 172, 188,
SW2410 | 107,121, 118, 105, 117, 123 48

Na=abserved number of alleles; Ne=effective number of aﬂeles

4.53

2.18

99
93

i
Ln
-

*
L]

~ Apart from the number of alleles per locus and mean number of allcles for all loci, other -
" measures of gcncllc diversity include observed heterozygosity, expected hetemzygosnty and |

polymarphlc ml’onnatlon contcnt (PIC) and such measures in the Tswana plg are dcplcted in-

'Tablc 4.3,

Thc obscrvcd hctcrozygosuy For mdmdunl mnrl-.ers mngcd from 0.16 (Sw2405) to 0 875
(Sw2465) wuh avcmgc nbscrvccl hetcmzygosxty ACroSS all 12 l0c1 ol‘ 0. 647 The expccled_: '

hctcmzygosnty was lower than the observed hclcruzyg_us_lly_ and rungcd l‘mm 0143 (SFY3405) E



to 0.776 (80385.) with mean expected heterozygosity across all loci of 0.603. For markers to
be useful 1 in measuring genctic variation they should have average helerozygosnty between
0. 3 and 0.8 (Takezaki ef al., 1996) and therefore all the markers used in this study with the
exception of Sw2405 were appropriate for measuring genctic variation in Tswana pigs.
.Atcording to Nei and Kumar (2000) observed heterozygosity and expeﬁted heterozygosity
arc '.highly correlated but expected heterozyposity also known as Hardy-Weinberg
heterozygosity is considered a better estimator of the genetic varinbility present in a

population.

More heterozygous loci than expected in Tswana pigs is consistent with Sutamo et al. (2015)
who observed.a similar pattern in most Indonesian Native cattle breeds. Unlike in Tswanﬁ
| pigs, . mpét pig genetic characterization studies report hetémzygotc deficiencies - than
heterozygote excesses (De et al,2013) due to'inbmcding resulting from limited. population
;izcs and selective breeding in pig imﬁmvement programs. The average expected
hetemzygosify of 0.603 and observed hctemzygnsity of 0.647 indicate high leve] of geneltic-
variability or g_enetiﬁ diversity in Tswana pigs since it is interpre'ted as such when the
heterozygosity values exceed 0.5 (Melendez er a!.? 2014). High deprees of genctic diversity

have also been répo_rtcd in indigenous pigs of Cerete-Colombia, Andaman Desi pig, Criollo |
| pig brceds from the Americas, Uruguayan Pampn Rﬁcha pigs and Chinese ?illage pigs with
expected heterozygosity values of 0.527, 0.77, 0.622, 0.603 and 0.826, | rcépeclivdy* -
(l\/lelcndei et al., 20]4' De et al., 2013; Revidatti et al., 2014; Munlen.e.gm et al., 2015 and

Fﬂng et al., 2009) “The cxpcctcd helemzygosnty vuluc of 0.603 found in Tswana pigs lS-I'. |
compamblc to those found in other Snulhern African pig breeds such as. anmnblque; |
md:gcnnus pig, Soulh Afncun Kolbmck and South Afncan Kune-Kunc mlh' Hardy- | _.

| Wcmbcrg hctcrozygnslty values ol’ 0. 692 0.634 and 0 675, reSpcctwcly (Swnrt of aI 2010) |

Comparcd to commcrcml pig brccds, thc avcm[,c cxpcclcd lmtcmzygnsuy of thc ‘“dlgennus-_f R
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Tswana (0.603) is similar to 0.60 of the large white (Chb ef al., 2014) but slightl_y higher than |
O.SBO and 0.531 of the South African Landrace and Duroc breeds, respectively (Swart ef al., .
2010). The high level of genetic variutinn or diversity in Tswana pigs might be attributed to
lack of selective breeding or lmpmvement programs targeted to the brced and possible

existence of population substructure (Genetic uniqueness in terms of alleles of Tswana pigs

coming from different villages).

The polymorphic information content (PIC) values of the 12 markers employed in the

charncterization of Tswana pigs ranged from 0.094 for Sw2405 to 0.569 for S0385 with

0.25 are uninfﬁﬁﬁative. Following the same classification criterion, four mr;,rlx;ers (Sw2008,
80335 80073 and Sw2443) were thhly mfunnauvc scven (Sw2465, S0165, Sw225, Sw33,
. SOI2O Sw949 and Sw2410) were moderately informative and one (Sw2405) was
umnfonnatwe in Tswana pigs. Moderately informative and highly informative markers are

more vanable and therefore more suitable for genetic diversiiy studies in indigenous Tswana

pigs.
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Table 4.3: Measures of genetic diversity in Tswana pigs

'
'

All the 12 microsatellite markers used in the current study were in Hurdy-Wci.nber'g' .

5

 Equilibrium clearly indicating the high genetic stability of indigenous Tswaria pigs kept by -

farmers under extensive management system. The high genctic stability ‘of indigenous . -
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Tswana pigs cgnﬁnﬁ that Tswana pigs arc mostly random mating under  free runnir_lg'
managcme-nt system practised by majority of farmers, is not undergoing any artificial
selectinh (no improvement program for indi.gcnous Tswana pig), the effects of random
genetic drift common in small populations like that of Tswana pigs are negligible- and Tswana
pigs are not subjected to other evolutionary forces such as mutation and migration capable of

altering gene and genotype frequencies and causing significant departures form Hardy-

Weinberg equilibrium.

The within-locus inbreeding coefficient (Fis) ranged between -0.321(S0120) and 0.234
(SW35) with multilocus inbreeding coefficient of the entire population of -0.012; The
negative inbreeding coefficient u.f Tswana pigs might be due td. avoidance of mating among
closely related animals (Hui-Fang et al., 2010) which resulted in signiﬁcaﬁt exceés of
heterozygotes in the population. All the markers with the cxceptipn of Sw35 and S0073
contributed to the negative inbreeding coefficient of the Tswana pigs. Markers Sw35 and
S0073 exhibited significant deficit of heterozygotes probably due to gcpctic drift or ]inkqge
disequilibrium of the marker wilh foct under either natural or artificial selection (Ibeagha-

Awemu and Erhardt, 2005).

4.5 CONCLUSIONS

Moderate levels of genetic diversity and no inbreeding exists within the Tswana pig
population in Southern Botswana. This genetic diversity in the Tswana pigs shows that there

is random mating and the animals are not undergoing any form of artificial selection.
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CHAPTER 5:
GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 GENERAL DISCUSSION

Thc'purpose of this study was to evaluate the prowth and reproductive performance of
indigenous Tswana pigs under intensive management system and to evaluate the genetic

diversity of the Tswana pig population using a pancl of 12 porcine microsatellite markers.

A total of 12 sows of approximately six months of age were loaned from farmers in Kgatleng
and South East districts of Botswana and raised intenSively for evaluation of reproductive
pcrf'nrmﬁncc at first and second parity. From 12 sbws unl}' 10 sows furrowed twice and
average litter size was greater at second parity at 9.25 than at first parity at 7.63. Higher litter
size at sécund paﬁty translated to highcr litter weight at second than at first parity. Higher
litter size and litter weight at second than at ﬁrﬁt pari'ly S cuhsistent with Ncube ef al, (2003)
who ﬁportcd increasing litter size and litter weight with increasing parity in pigs. Higher pre-
weaning mortality was observed at first than at second parity resulting in'smnllcr litter size
and litter weight at weaning at first than at second parity. Higher pre-weaning mortality at
ﬁi‘st than at second parity could be attributed to inexperience and therefore poor nﬁ_nlhering
ability of 1h-e sows at first than at sccﬁnd parity. The overall mean pre-weaning mortality for
both paritics wnsl less than the ncééptublc value of 10% uﬁnd much lower 1:hnn 35% rﬁurtnlity
recorded by. Chabo et al. (2000) on the Large White breed kept at Botswana Collcgc_ of

Agriculture Farm.

Growth perf‘onnnncc was evaluated on o tutal of 128 plglets and gmwlh paramelers cvnlunted .
| mcluded body weight, height ot wﬂhers heart girth c:rcumfercncc hock nnd pelwc‘

c:rcumfcrcnce tzul length and ear lcnglh from dny old to 3 months of agc Tlmrc_ were no
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significant sex differences (P>0.05) in all growth parameters from day old to 3 months of
age. The overall mean birth weight of male and female Tswana piglets at birth was 0.99+0.08
kg which is consistent with that of the Mexican native pig (0.97kg) and Nigerian indigenous
pig (1.02kg) (Lemus ef al., 2003; Ate and chdipé, 2011). Female Tswana pigs were slightly
longer than their male counterparts from birth to post weaning and this is consistent with
Egerszgi (2003) who observed a similar pattern in both Blond Mangalica and Swallow Belly
Mangalica breeds. Male Tswana pigs had slightly higher height at withers than their ape-
matched female cuﬁntcrparts from birth to bost weaning (98 days) and this is contrary to
Subalini (2010) who reported higher height at withers in females than males in Sri'Lzﬁkzm
village pigs. The pelvic width was slightly larger in male Tswana pigs than their female
counterparts from birth up to 42 days of age and thereafter females had larger pelvic widths
than their male counterparts up to 98 days of age. Slightly larger pelvic width in females than
males post-weaning could be attributed to the fact that females reach sexual maturity before
males and thus sex hormones were building up in females resulting in larger pelvic width in
preparation of the birth process. Chimonyo ef al. (2005) reported that female Mukota pigs of
Zimbabwe reach sexual maturity earlier than their male counterparts and with first signs of
oestrus observed at 3 months of age. There were no significant sex differences in ear length,

hock circumference and tail lchgth in Tswana pigs from birth to post-waanmgh (98 days of
ngc) and this is cunmstent with Sudhakar and Gnur (2006) who observed similar results i in

Indian indigenous pips.

In the second study a total of 12 porcine microsatellite markers were used for the assessment
of genetic diversity in the Tswana pig population. Blood samples were collected frorn a total
of 30 pigs sampled from various villages in Kgatlcng, Kweneng and South east dlStl'lCIS for

' the gcnetlc diversity study. All the markers were polymorphic and ylelded a tntal of 76'_

allcles The numbcr of observed allelcs per murker ranged bctwecn 3(SW2406) andl -
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- 9(SW225) with the mean number of alleles per marker of 6.33. The range of observed
number of alleles per marker and mean number of alleles per marker observed in this study
are comparable to 3.38-8.71 and 6.25, respectively, found in local Criollo pig breeds from the

Americas (Revidatti et al., 2014). 1t is however, lower than the range of 5-12 alleles and
~ mean number of alleles per marker of 7.04 rcporlcd in Andaman Desi pig of Indfn (De et al.,
2013) und mean number of alleles per marker of 8.45 found in indigenous pigs of
Mozambique (Swart et al., 2010). The observed heterozygosity for individual markers ranged
between 0.16 (SW2406) and 0.875 (§W2465) with mean heterozygosity across all 12 loci of
0.647. The expected heterozygosity was lower than the observed heterozygosity with a range
of 0.143l (SW2405) to 0.776 (S0385) with a mean of 0.603. The mean exﬁccted
heterozygosity of 0.603 and mean observed heterozygosity of 0.647 indicated a high degree
of genetic variability in Tswana pigs. All the 12 loci studied were also in Hardy-Weinberg
equilibrium indicating high genetic stability in the Tswana pig population. The inbreeding
coefficient of the Tswana pig was -0.012 indicating an excess of heterozygotes in the

population and therefore, negligible levels of inbreeding in the Tswana pig population.
5.2 CONCLUSIONS

There were no significant sex differences in gmwth performance of Tswana pigs from day
old up to 98 days of age. Higher litter size and litter weight and lower pre-weaning mortality
~ were recorded at second than at first parity. Moderate levels of genetic diversity exist within
"~ the Tswana pig population -us izndicalcd by high allelic diversity and high avernge expected
heterozyposity. Tswana pigs possess sufficient genetic variation for futuré genetic

imprﬁvemcnt pmgrammes' to counter the effects of global warming and climate change.
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3.3 RECOMMENDATIONS

(i) Further studies on growth performance (measurement of various growth parameters) of

Tswana pigs from 3 months of age until sexual maturity should be carried out.

(i) The government and Institutions like Universitics should lead efforts towards

conservation of indigenous Tswana pigs.

(ili) Farmers should be encouraged to keep the indigenous Tswana pig for future breed

~ developments in the face of global warming and climate change.
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