10
11
12
13
14
15
16

17

bioRxiv preprint doi: https://doi.org/10.1101/066209; this version posted July 27, 2016. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Origin and phylogenetic status of the local Ashanti Dwarf pig (ADP) of Ghana based

on evidence from mtDNA analysis, MC1R, and Y-chromosome haplotypes

Osei-Amponsah, R.*?, Skinner, B.M.2, Adjei, O.D., Bauer, J% Larson, G*, Affara, N.A% and

Sargent, C.A%*

!Animal Breeding and Genetics Research Group, Department of Animal Science, University
of Ghana, Legon;

“Mammalian Genetics Research Group, Department of Pathology, University of Cambridge,
Tennis Court Rd., Cambridge, CB2 1QP, UK;

3School of Archaeology, Dyson Perrins Building, South Parks Rd, Oxford, OX1 3QY, UK

*Corresponding author

Running title: Genetic origins of the Ashanti Dwarf Pig of Ghana

Keywords: local pigs; D-Loop, gene sequencing; SNP genotyping


https://doi.org/10.1101/066209
http://creativecommons.org/licenses/by/4.0/

18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41

bioRxiv preprint doi: https://doi.org/10.1101/066209; this version posted July 27, 2016. The copyright holder for this preprint (which was

not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Abstract

The Ashanti Dwarf Pig (ADP) of Ghana is an endangered pig breed with hardy and disease
resistant traits. Characterisation of animal genetic resources provides relevant data for their
conservation and sustainable use for food security and economic development. We
investigated the origin and phylogenetic status of the local ADP of Ghana and their crosses
with modern commercial breeds based on mtDNA, MC1R and Y-chromosome sequence

polymorphisms, as well as genome-wide SNP genotyping.

The study involved 164 local pigs sampled from the three agro-ecological zones of Ghana.
Analyses of the mitochondrial D-loop region and Y-chromosome sequences revealed both
European and Asian genetic signatures, with differences between the geographical zones.
Black coat colour is the most predominant within the breed, with dominant black MC1R
alleles of both Asian and European origin contributing. European alleles for spotting are
present at a low frequency in the sample set, and may account for the occurrence of spotted
piglets in some APD litters. PCA analysis of SNP data revealed a strong location and breed
effect on clustering of local Ghanaian pigs. On a global level, Ghanaian local pigs cluster

closely with European pigs of commercial origin, such as the Large White.

The presence of both European and Asian contributions, with differences between
geographical zones probably reflects trading and colonial influences.. Understanding the
effects of admixture on important adaptive and economic traits of the ADP and other local
breeds in Africa is critical for developing sustainable conservation programmes to prevent

the decline of these genetic resources.
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Introduction

Pigs (Sus scrofa) display enormous phenotypic diversity in terms of shape, colour, size,
production and reproduction abilities. Indigenous pig breeds in China, for instance, are well-
known for their unique reproductive and lactation performance, good meat quality, strong

adaptability and disease resistance traits (Wang et al., 2010).

The Ashanti Black Forest Dwarf Pig of Ghana, commonly called the Ashanti Dwarf Pig
(ADP), is a local breed with relatively good adaptive traits raised at the subsistence level in
mixed farming systems in Ghana (Tachie-Menson, 1990; Ahunu et al., 1995). The ADP is
hardy, tolerant to endemic diseases, survives under poor management conditions and heat
stress, and is also able to handle fibrous feeds much better than exotic breeds (Darko and
Boadu, 1998; Barnes and Fleischer, 1998). Ghana’s report on Animal Genetic Resources
(AnGR) indicates that, apart from the ADP, there are various locally adapted exotic breeds
as well as crosses between the exotics and the local ADP (APD, 2003). Thus, in spite of its
relatively low cost of production, the ADP has over the years faced a threat from exotic

breeds such as the Large White, Landrace and Duroc (Barnes and Fleischer, 1998).

Genetic characterisation of the ADP, including an understanding of its historical origin,
remains unknown whilst phenotypic distinctions between purebred and F; crossbred pigs is
often not possible because of the dominant black colour of the ADP (Osei-Amponsah et al.,
2015). An assessment of the origin and genetic diversity of the ADP and its relationship with
exotic breeds will be a major step toward the development of sustainable conservation and
improvement programmes to prevent its decline and extinction (Amills, 2011). This will also
provide more information on the breed and help in identifying it as a breed critical for

preservation (Eggén, 2012).
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A number of approaches have been developed to study the origin, genetic variation and
unique attributes of animal genetic resources providing valuable information for their
conservation.. Mitochondrial DNA (mtDNA) has been used to produce phylogenetic trees at
several taxanomic levels, from within species to among orders (e.g., Larson et al., 2005;
Haile et al., 2010). MtDNA is maternally inherited, haploid, non-recombining and its
evolutionary rate of base substitution is much faster than that of nuclear DNA (Avise, 2000).
Thus it can be used to follow the maternal contributions within the porcine domestication
process (Kim et al., 2001: Fang et al., 2006). In contrast, fragments of sequence from the Y
chromosome have been analysed to study paternal lineages in domesticated pigs (Ramos et
al., 2009; Cliffe et al., 2010). These studies show that there is more than one porcine Y
chromosome lineage in domestic breeds and European wild boar based on the
combinations of major alleles on the non-recombining portion of the Y chromosome (NRY).
Four different major Y chromosome populations can be identified based on the SRY gene
which is responsible for sex determination in mammals (Gubbay et al., 1990; Sinclair et al.,
1990; Koopman et al.,, 1991). Mitochondrial, SRY and additional NRY sequence
polymorphisms are described in this study as part of the analysis of the genetic origins of the

ADP.

Coat colour is another important trait in characterization of animal breeds (Switonski et al.,
2013) and among the genes affecting this trait, the melanocortin receptor 1 (MC1R) locus is
the most consistently polymorphic (Margeta et al., 2013). MC1R is primarily expressed in
melanocytes and plays a key role in melanogenesis by determining the switch between
production of red/yellow pheomelanin and dark eumelanin (Robins et al., 1993). Mutations in
the MC1R gene affect coat colour in pigs (Kijas et al., 1998; 2001); loss-of-function
mutations are associated with recessive red coat colour or spotting, whereas dominant black
colouring is linked with mutations affecting MC1R signalling (Margeta et al., 2013). As black
is the dominant colour of the ADP, sequences from ADP or local cross-bred animals, were
compared against the porcine reference genome and matched to haplotypes defined in

4
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96 Fang et al. (2009). The distribution of Asian and European dominant black alleles differs by

97  region and by classification (ADP or cross-breed), with both European and Asian haplotypes

98 represented.

99
100 Based on the selected DNA regions, results suggest the ADPs have both European and
101  Asian ancestry, with a difference between animals from the north and south of the country. A
102  further study performed using the Illlumina Porcine SNP60k BeadChip provided genome
103  wide data for comparison with the deposited genotypes of animals collected across the
104 globe (Burgos-Paz et al., 2012). Using a PCA analysis, local pigs appear to lie on the edge
105 of the cluster of commercial European pigs such as Large White and Landrace. An Fsr
106 analysis identified regions of the genome differing between ADPs and European commercial
107  pigs, Chinese pigs and Duroc. Within these regions, we identified intervals with the genes
108 LCORL and PLAGL1, previously associated with height and body size in other species
109 (reviewed by Takasuga, 2016). This comparison provides targets for future sequencing
110  approaches.

111

112
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Results
For investigation of the genetic relationships, and evaluation of local Ghanaian pigs, 165
animals were sampled from the agro-ecological zones as shown in figure 1. A full list of
samples can be found in Supplementary_Table_S1.xIsx.
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Figure 1: Map of Ghana showing regions where pigs were sampled. (UWR = Upper West
Region; NR = Northern Region; AR = Ashanti Region; ER = Eastern Region; CR = Central

Region; GAR = Greater Accra Region)

Mitochondrial Haplotype Analysis of Sequences

Mitochondrial DNA sequence analyses of 140 animals were used to develop a Bayesian
phylogenetic tree (Figure 2). Ghanaian local pigs clustered into 2 clades made up of 14
haplotypes, of which 8 clustered with European and 6 with Asian Sus scrofa haplotypes. Six
of the sequences had perfect matches to existing entries in the GenBank database, whilst
the remaining 8 were unique to this study (see Supplementary_Table_S2.xIsx). The majority
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128  of sequences from animals sampled in this study fell into three haplotypes (haplotypes 3, 8,
129  13: 75%). Two fall into the European clade (haplotypes 3, 13) and one into the Asian clade

130  (haplotype 8).

131
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133  Figure 2: A Bayesian phylogenetic tree based on analysis of the mitochondrial D-loop
134 region. The African warthog was used as an outgroup. The panel shows the local haplotypes
135  (in blue) clustering with sequences of Asian origin, and those (in orange) clustering with the
136  sequences of European origin. To the right of each haplotype, the number beside the bar
137  gives the total for individuals that share the haplotype, and the bar shows the regional

138 distribution.
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139 Mitochondrial genetic distances between ADPs and other pig breeds

140 The clustering of haplotypes into European and Asian clades was confirmed using base
141  substitution data, with smaller genetic distances observed between the two major European
142  haplotypes identified in this study compared to the genetic distances between the major
143  Asian and European haplotypes (Table 1). Globally, the mitochondrial sequences from the

144  ADP of Ghana were closer to European than Asian sequences, as shown in Table 2.

145
ADP 3 8 13
haplotype
3 0.008 | 0.008
8 0.026 0.003
13 0.026 0.004
146

147 Table 1: Mean genetic distances between the three predominant mtDNA haplotypes
148 representing the majority of the animals sampled (see figure 3). The number of base
149  substitutions per site from averaging over sequence pairs between haplotype groups are
150 shown. Standard error estimate(s) are shown in the upper diagonal (italicised). Haplotype 3

151 is within the Asian clade; haplotypes 8 and 13 are within the European clade.

152

Breed ADP Asian European |Pacific Sus African
outgroups |Warthog

ADP 0.005 0.003 0.005 0.007 0.013
Asian 0.027 0.005 0.004 0.006 0.014
European |0.018 0.027 0.005 0.007 0.014
Pacific 0.026 0.022 0.025 0.006 0.014
Sus 0.043 0.038 0.042 0.033 0.012
outgroups
African 14 095 0,009 |0.096 0.095 |0.090
Warthog

153

154  Table 2: Within breed genetic distance of various Sus groups from mtDNA comparisons.

155 The number of base substitutions per site from averaging over all sequence pairs between
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156  groups is shown. Standard error estimate(s) are shown in italics in the upper diagonal; ADP
157 = Ashanti Dwarf pig.

158

159 SRY Sequencing and chromosome Y haplotypes

160 SRY sequences were obtained from 33 males: 21 from animals selected from the
161  designated ADP populations and 12 from local crossbred animals. All but two animals had
162 the SRY haplotype found to predominate in European animals as described in Cliffe et al.
163  (2010). Two animals, one from the ADP population, and one from the crossbred population,
164  both of the Ashanti region (AR), had haplotypes previously observed in Tamworth and some
165  Asian breeds (Cliffe et al., 2010). No novel SRY sequences were detected.

166

167  Thirty three males (22 ADP, 2 exotic and 9 local crossbred) were identified from the genome
168 wide genotyping panel. One individual had previously been classified as female (animal
169  163), but appears to be karyotypically male based on both chromosome X and chromosome
170 Y SNP data. One individual originally assigned as male in the records appeared to be
171 female, based on the SNP data (animal 149). All other animals were genotyped in
172  agreement with the recorded genders. Of the genotyped panel, 22 DNA samples from males
173  were in common with those selected for SRY sequencing. The extended Y chromosome
174  haplotypes were in agreement with the previously identified SRY haplotypes for all of these
175  animals (Supplementary Table S3.xIsx).

176

177  Coat Colour in Ghanaian local pigs

178  The ADP of Ghana, although predominantly black, displays other coat colours and patterns.
179 These can be observed even in the offspring of selected “purebred” black-coated ADPs,
180 suggesting the interplay of multiple coat colour genes in the phenotypic outcome

181 (Supplementary_Figure S3.pdf). Analysis of the collected data shows that the local animals


https://doi.org/10.1101/066209
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/066209; this version posted July 27, 2016. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

182 include spotted, white or belted animals, as well as those with black coats
183  (Supplementary_ Figure_S4.pdf).

184

185  Since black coat colour is largely determined in mammals by the dominant alleles of the
186 MCI1R gene, the nature and origins of these alleles in Ghana were investigated through DNA
187  sequence analysis.

188

189 MCIR gene distribution in Ghanaian local pigs

190 Intotal, 86 Ghanaian pigs were fully or partially sequenced for the MC1R gene and promoter
191 region. Control sequences from purebred red Duroc, and Large White animals were included
192  and compared with the reference porcine genome.

193

194  The identifiable haplotypes for MC1R represented the European 301 (EP?; dominant black),
195  Asian 201 (E®*; dominant black), European 501 (E’; spotting) and European 401 (red)
196 variants of the gene. Sequence signatures for the respective promoters were confirmed by
197  BLAST analysis of our data with MC1R entries in the public databases. Using these four
198 major identifiable haplotypes, genotypes were predicted in the Ghanaian population,
199 (Supplementary_Table_S4.xIsx). For animals with incomplete or inconclusive sequence
200 information, alleles were assigned of ‘Asian’ or ‘European’ origin based on the available
201 data. Four animals (5, 143, 150, 158) have single base sequence deviations that do not fit
202  the previously reported alleles. These may represent local variants of the major haplotypes,
203  especially as the same sequence data are observed twice in animals from the Upper West
204  Region (UWR; 150 and 158): further work with additional samples from local Ghanaian pigs

205 s required to confirm these observations.

206
207  As with the mitochondrial data, the occurrence of Asian alleles was higher in animals from
208 the Guinea Savannah zone than those from the other regions. Further discussion of the

209  distribution of alleles is given in Supplementary Information.

10
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210 Genotyping Analysis

211  Genotyping data were used to perform comparisons using PCA analyses, genome wide
212  levels of homozygosity, and an Fsr comparison of the ADPs against other world pig breeds.
213

214  The PCA analysis of local Ghanaian animals is shown in Supplementary_ Figure 6A.pdf.
215 ADPs form two main groups, based on geographical location: those from the Guinea
216 Savannah zone are the most tightly grouped, followed by those from the Coastal zone
217  (particularly GAR), with the Forest zone animals being more diffusely scatted across the
218 plot. In general, the crossbred pigs tended to be closer to the exotic (European breed)
219 animals, as might be predicted based on known introduction of European breed genetics.
220  When data from other world pig breeds are included, the Ghanaian pigs cluster more closely
221 with European commercial breeds than with Asian pig breeds (Supplementary
222  Figure_6B.pdf).

223

224 Fsr analysis

225 We performed an Fst analysis between two ADP subgroups and between the ADPs and
226  European and Chinese breeds. The first ADP subgroup was selected from the Guinea
227  Savannah zone, and formed a distinct cluster in PCA analysis (Supplementary
228  Figure_6A.pdf set 1).

229  The second subgroup came from the Coastal zone (Supplementary_ Figure_6A.pdf set 2).
230 The two major subgroups of ADPs (Guinea Savannah and Coastal) comprise 17 animals
231  each.

232  Genome averaged Fst values are consistent with the mitochondrial data: the ADPs are
233  genetically more similar to European Commercial breeds than to either Duroc or Chinese
234  Dbreeds (Table 3)

235

11


https://doi.org/10.1101/066209
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/066209; this version posted July 27, 2016. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

236  Table 3: Genome average Fsr values for each of the two ADP populations (GSZ: Guinea
237  Savannah zone; CZ, coastal zone) tested against European commercial breeds, Duroc and

238 Chinese breeds.

239
setl set 2
(GS2) (C2)
subset 2 0.131
European 0.085 0.105
Chinese 0.334 0.319
Duroc 0.196 0.191
240
241

242 Comparison of ADPs against European commercial breeds may help to identify regions that
243  distinguish these local pigs from their most similar relatives. Forty two genomic intervals
244  contain SNPs with high Fsr (SNP Fsr in 99" percentile, within a 100kb window with average
245  Fsr greater than the 95" percentile) between both ADP subgroups compared independently
246  against the European commercial breeds. The intervals and gene content are summarised
247 in Supplementary_Table S5.xIsx, which also indicates regions of difference against
248 Chinese, Duroc, and between ADP groups. Notably, several of the genes in the regions
249  distinguishing ADPs from European breeds relate to skeletal morphology and body size (e.g.
250 LCORL, IMPAD1, STIMZ2; for LCORL see Supplementary_Figure S5.pdf), and two regions
251  have genes related to melanin production (KIT, TRPM1).

252

253  Few significant categories of genes clusters were identified using the DAVID analysis,
254  although genes identified at the peak SNP of Fst regions in both ADP sets against other pig
255  populations can be grouped according to human gene-disease associations
256  (Supplementary_Tables_S6 & S7.xIsx). Here, cardiovascular and haematological functions
257  are the most represented association classes with genes from the ADP comparison against
258 the European breeds. Comparisons with the Duroc, and between the two ADP groups,

259 identify genes that relate to behaviours (e.g. chemical dependency) in humans, and notably

12
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260 the same genes are also implicated in metabolic functions. No groupings were identified in
261 the peak gene list from ADP comparisons with Chinese breeds.

262

13
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263 Discussion

264  The Ashanti Dwarf Pig (ADP) has often been held as an example of a local pig breed with
265  important genetic characteristics worthy of preservation and conservation. In this study, we
266  show that many of the animals described by local Ghanaian farmers as ADP in fact derive
267  from pigs of different ancestries, and the pure Ashanti pigs themselves may exist in far fewer
268  numbers than previously thought.

269

270  Although the history of local African pig breeds is largely unknown and controversial (Blench,
271  1999), they have been reported to display both European and Far Eastern genetic
272  signatures with a west versus east geographical distribution (Ramirez et al., 2009). Africa
273  was explored and colonized by the Europeans in the 15" century onwards which may
274  explain why many pigs demonstrate genetic signatures mostly of European origin (Ramirez
275 etal., 2009). The presence of Asian signatures could be attributed to the ancient introduction
276  of Indian and Far Eastern livestock to the Eastern coast of Africa (Hamite et al., 2002;
277  Muchadeyi et al., 2008). However, Europeans imported a few Asian breeds during the 18™
278  and 19" centuries and modern European breeds are on average 30% Asian genetics (White
279 et al., 2011; Bosse et al., 2014). Thus more recent introductions may also account for the
280 presence of Asian haplotypes in local Ghanaian pigs.

281

282  Mitochondrial sequences

283  Analysis of SNP polymorphisms in the D-loop sequence of mtDNA is widely used to study
284 genetic and phylogenetic relationships within population of farm animals (Molnar et al.,
285 2012). MtDNA has been used to describe variation in putative wild ancestor and modern
286  domestic livestock populations including pigs (Ursing and Arnason, 1998; Bruford et al.,
287  2003; McCann et al., 2014). In other studies, significant differentiation between European
288 and Chinese domestic pigs has also been revealed by mtDNA analyses (Giuffra et al., 2000;

289  Okumura et al., 2001, Watanobe et al., 2001, Kim et al., 2002). Therefore, in order to get an

14
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290 overview of the phylogenetic information content, our sequences were aligned and
291  compared with sequences from other European and Asian swine breeds. The presence of
292  both European and Asian MtDNA haplotypes in all six regions sampled indicates an
293 admixed local pig population in Ghana. However, there is a distinct gradient with Asian
294  sequences more common in the Guinea Savannah Zone, and European sequences on the
295  coast. Here, the predominance of European mtDNA haplotypes may be explained by the
296 influence of Europe on Ghana as a result of colonization and imports of European breeds by
297  the Ghanaian government in the recent past to boost pig production.

298

299 Y chromosome Analysis

300 Results of the present study on the paternal ancestry of local pigs in Ghana show that
301 almost all the tested samples had Y chromosome signatures commonly found in multiple
302 European breeds, with only two animals having SRY sequence data comparable to the
303  Tamworth. The extended Y haplotype signature observed in Tamworth was confirmed in the
304 single male genotyped on the Illumina panel. However, such Y chromosome data cannot
305 rule out non-European origins or admixture, since the observed Y lineages are also found in
306  Asian pig breeds (Cliffe et al.,2010) .

307

308 Coat colour

309 Coat colours of domestic animals mainly represent human needs or cultural preferences and
310  result from strong artificial selection and domestication bottlenecks (Innan and Kim, 2004). A
311  series of alleles of the MC1R gene have been identified in pigs. Kijas et al., (1998, 2001)
312 reported that six major allelic variants corresponded to five different patterns of expression.
313  The wild-type (E") allele, found in wild boars, corresponds to haplotypes 0101 (MC1R*1) and
314 0102 (MC1R*5). The dominant black colour results from two different mutations, each of
315 which evolved independently in Asia and in Europe. Large Black and Black Meishan pigs

316 carry the Asian dominant black allele (E®) corresponding to 0201 (MC1R*2: Leul02Pro,

15
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317 Val95Met); whereas Hampshire pigs carry the European dominant black allele (EP?)
318 corresponding to 0301 (MC1R*3: Aspl24Asn). Landrace, Yorkshire and Pietran carry the
319  spotting allele (E7) corresponding to 0501 (MC1R*6: nt67insCC, Asp124Asn) which causes
320 black spotting on a red or white background (Fang et al., 2009; Margeta et al., 2013). The
321 black spots are attributed to the recovery of MC1R protein function via somatic mutations
322 leading to restoration of the open reading frame (Kijas et al., 2001). The Duroc breed carries
323  the red coat colour allele (e) corresponding to 0401 (MC1R*4: Alal64Val and Ala243Thr)
324  (Dun et al., 2007).

325

326  Unlike Chinese domestic pigs which displayed low diversity of MC1R (Yang et al., 2010),
327  Ghanaian local pigs show considerable variation in this gene. This indicates either acquired
328 mutations (Kijas et al., 1998) or an admixed population. Interestingly, the distribution of
329 Asian and European dominant black variants broadly mirrors that of the mitochondrial data:
330 ADP samples from the Guinea Savannah show a higher percentage of the Asian allele
331 (almost 70% of all MC1R variants), and ADP samples from the coast a higher percentage of
332  the European allele (almost 40% of all variants). The E” allele, is also common in the local
333  Ghanaian population, mainly in crossbred animals, but also in those classified as ADPs. In
334 general, local crossbred pigs carrying at least one E” allele had white or spotted coats,
335  whilst crossbred pigs of other genotypes were black, belted and white. The presence of
336  white coated crossbhred animals genotyped here as homozygous for dominant black alleles
337 is also indicative of the influence of epistasis between coat colour loci, for example the
338 dominant white KIT allele, in the local population.

339

340 Genome-wide analysis

341 The lllumina Porcine SNP60k BeadChip (Ramos et al., 2009) has been used to identify SNP
342  associated with, for example, reproduction traits in the Finnish Landrace pig breed to provide
343 valuable candidates for possible marker-assisted selection (Uimari et al., 2011); detail a

344  genome wide overview of “indigenous” local pig populations (Burgos-Paz et al., 2012) and
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345 determine population structure, linkage disequilibrium (LD) pattern and selection signature in
346 Chinese and Western pigs (Ai et al., 2013). In this study, we have used the same chip to
347 investigate the polymorphisms present in the local Ghanaian pig populations. The principal
348 component analysis (PCA) of the local pig populations revealed distinct clustering based on
349 the origin of the samples from across the three agro-economical zones. Based on biological
350 knowledge, PCALl probably represents geographical distribution, and PCA2 genetic
351 distance. At the whole genome level, ADP from Greater Accra may be genetically similar to
352 animals from the Guinea Savannah zone. Crossbred animals are generally closer to the
353  exotics (European commercial breeds), and ADPs from the forest zone (AR and ER) and the
354 CR seem to be the most diverse. In the PCA analysis that used data from breeds collected
355 from Europe and China, all Ghanaian local pigs, irrespective of classification, overlapped
356 and clustered with the commercial European breeds represented by the inclusion of data
357 from Large White and Landrace samples.

358

359 Fst data shows genes that may underlie the phenotypic distinctiveness of
360 ADPs

361 The Fsr analysis reveals regions of the genome that have greater or lesser genetic similarity
362 between populations. The regions we identified distinguishing ADPs from European
363 commercial breeds contain intervals with genes known to relate to body size and shape,
364  previously reported as genomic intervals undergoing selection in pigs and other mammals
365 (Rubin et al, 2012; Takasuga, 2016). These may help explain the short stature of the ADPs
366 compared to other breeds, and will be useful targets for more detailed study.

367

368 We propose that pigs from the southern part of Ghana should be more admixed due to
369 colonisation, and relatively more activity in terms of trade and movement of people and
370 animals to that part of the country. Correspondingly, pigs from these regions show more

371  variation both in mitochondrial DNA and MC1R sequences than those from the northern
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372  Guinea Savannah. Animals from the Northern part of the country have higher percentages of
373  Asian signature sequences at the selected loci, but it is currently unclear if this is indicative
374  of historic breeding bottlenecks or points to two distinct geographical origins of the animals
375 currently classified as Ashanti Dwarf Black pigs.

376

377 Conclusions

378 Local ADPs of Ghana display genetic signatures indicative of both European and Asian
379 origins at the loci described here. Although the ADP is nominally a black coated breed, the
380 recent occurrence of spotted piglets in APD litters may be due to epistatic interactions, or a
381 low frequency of the recessive E° allele in the selected populations introduced through
382 unrecorded crossbreeding with other local pigs. The data presented suggest that
383  morphology alone cannot be used to adequately characterise Ghanaian local pigs. It will be
384  necessary to sample a larger population of local pigs in Ghana to find out how the adaptive
385 and economic traits of the ADP have been affected by crossbreeding, and define allelic
386 variants of value to the longer term animal breeding programme in Ghana.

387
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388 Materials and methods

389 Samples and DNA extraction

390 A total of 165 pigs made up of local ADPs, crossbreds and exotic pigs were sampled from
391 six regions in the three agro-ecological zones of Ghana, namely the coastal savannah,
392  forest and guinea savannah zones (Figure 1) between August 2013 and October 2013.

393  The samples were obtained from a total of 54 local pig farmers and 6 institutional pig farms.
394  Further details are in Supplemental Materials, table S1. The farmers/managers were
395 interviewed to obtain information on the husbandry practices, such as their experience in
396 keeping the local breed, and if they have ever crossbred their local stock with exotics. Ear
397 tissues of sampled pigs were obtained using an ear notcher (Supplementary_Figure_S1.pdf)
398  with assistance from animal production officers, veterinary technicians and extension agents
399 of the Ministry of Food and Agriculture (MOFA). The samples were stored on field in
400 RNAlater (tissue collection stabilization) solution (Ambion, USA) and later transported to the
401 Biotechnology Laboratory of the School of Agriculture, University of Ghana, Legon. Genomic
402 DNA was extracted from the ear tissues using the QIAGEN DNeasy Blood and Tissue Kit
403 following the Manufacturers’ protocol after which the quality of the DNA obtained was tested
404 using a spectrophotometer and stored at -80°C. The DNA samples were subsequently
405 transported to the laboratory of the Mammalian Genetics Group of the Department of
406  Pathology, University of Cambridge for sequencing and genotyping.

407

408 DNA amplification and sequencing

409 MtDNA sequencing

410 A segment of the D-loop region (approximately 680 bp) of the mtDNA was amplified from
411 140 local animals (81 classified as ADP and 59 classified as cross-bred) using the following
412  primers pairs: L15387 (5'-CTCCGCCATCAGCACCCAAAG-3' forward) and H124n (5'-
413 ATRGCTGAGTCYAAGCATCC-3' reverse) (Larson et al., 2005). PCRs were set up using

414 the manufacturer's recommended conditions with Qiagen HotStarTaqg® DNA polymerase in
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415 the presence of buffer Q. All reactions were carried out in 20 pL volumes, with 0.5 uM
416  primers, and 20-50 ng DNA. The touchdown PCR was set at 95°C for 15 min for the initial
417 denaturation and Tag activation. This was then followed by 35 cycles at 94°C for 1 min to
418 denature the template DNA, 1 min at the annealing temperature and another 1 min at 72°C
419 The annealing temperature started at 62°C, decreasing by one degree per cycle until 53°C
420 was reached. The remaining cycles were completed at an annealing temperature of 53°C. .
421  The samples were held at 72°C for 10 min and chilled at 4°C until removed from the PCR
422  machine.

423

424  PCR products were purified following agarose gel electrophoresis using ExoSAP-IT (USB
425  Corporation, USA) following the manufacturer's recommendations Amplicons were
426 sequenced using Big Dye version 3.1 (Applied Biosystems). The sequencing program
427  consisted of 30 cycles of: 96°C for 10 sec, 55°C for 5 sec and 60°C for 4 min. The products
428 were then run on an ABI 3100 capillary sequencer at the sequencing facility in the
429  Department of Biochemistry, University of Cambridge. Traces were edited using Chromas
430 version 2.2 (Technelysium Pty Ltd) before comparing in Sequencer (Genecodes
431  Corporation). Sequences from different animals were also viewed using the MultAlin
432  program (http://prodes.toulouse.inra.fr/MultAlin/MultAlin.html), and within the ClustalW?2
433  program (http://www.ebi.ac.uk/Tools/clustalw2/). Edited consensus sequences and
434  polymorphisms associated with this study are deposited in GenBank under accession
435  numbers KU306949-KU306962.

436

437 MCIR sequencing

438  Two primer pairs were used to amplify the majority of the single exon MC1R gene. The first
439 par was MF1 (5 -GTGCGGCGGCTCTGGGCTCCAA forward) and MR1 (5 -
440 CCCCCACTCCCCATGCCTCCTG reverse) whilst the second primer pair was MF1 (5" —
441 GTGCGGCGGCTCTGGGCTCCAA forward) and MR2 (5' -
4472 ACACCATGGAGCCGCAGATGAGC reverse). PCRs were carried out in a DNA thermal
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443  cycler [Perkin ElImer (Norwalk, CT) 9600] in a total volume of 20 pl containing 25 ng genomic
444  DNA, 1.0 Mm MgCl,, 50 Mm KCI, 10 Mm Tris-HCI, pH 8.3, 200 pM dNTPs, 0.5 units Ampli-
445 Taq Gold [Perkin Elmer (Norwalk, CT) 9600], and 0.5 uM each of forward and reverse
446  primer. To activate AmpliTagq Gold, initial heat denaturation was carried out at 94°C for 10
447  min followed by 32 cycles each consisting of 45 sec at 94°C, 45 sec at 53°C and 45 sec at
448  72°C. The final extension lasted for 7 min at 72°C. Sequencing reactions were purified, run
449  and analysed as above.

450

451  SRY Sequencing

452  Primers capturing the entire open reading frame of the SRY gene were used to amplify DNA
453  products from male pigs as previously described (Cliffe et al. 2010). Samples were purified,
454  run and analysed as above.

455

456  Analysis of mtDNA sequence data

457  Sequences from the Ghanaian samples were trimmed to remove the amplification primer
458 sequences, then aligned against each other to define 14 unique haplotypes. Reference
459  sequences for each of the haplotypes were taken through the analyses defined below.

460

461  Sequence comparisons of the D-loop mtDNA were performed for indigenous Ghanaian pigs
462  and selected porcine mtDNA sequences from the GenBank. The corresponding sequence of
463 the African Warthog (Phacochoerus aethiopicus) (GenBank: AB046876) was used as
464  outgroup. Sequences were aligned using Muscle. Evolutionary analyses were conducted in
465 MEGA6 (Tamura et al., 2011). Genetic distances within and between breeds were
466 calculated as the number of base substitutions per site from averaging over all sequence
467  pairs between groups. Standard error estimate(s) were obtained by a bootstrap procedure
468 (500 replicates). Analyses were conducted using the Tamura-Nei model (Tamura and Nei,
469  1993). The rate variation among sites was modelled with a gamma distribution (shape

470  parameter = 0.33). The analysis involved 53 nucleotide sequences. All ambiguous positions
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471  were removed for each sequence pair. There were a total of 573 positions in the final
472  dataset.

473

474 A Bayesian phylogenetic tree was constructed from the aligned sequences The analysis
475 was performed in MrBayes, using five million generations with sampling every 5000
476  generations. Traces were checked in Tracer (http://tree.bio.ed.ac.uk/software/tracer/) and
477  burn-in generation was set at 1000. The final tree was visualised and annotated using

478  FigTree (http://tree.bio.ed.ac.uk/software/figtree/).

479

480 SNP Genotyping and quality control

481 In this study, genomic DNA of 71 animals were genotyped using the Illlumina PorcineSNP60
482  BeadChip following to the manufacturer’s protocol. One animal was genotypes twice as an
483 internal control. Raw data were visualized and analyzed with the Genome Studio software
484  (lllumina, San Diego, CA, USA).

485

486  The SNP genotype calls were exported and loaded in PLINK (Purcell et al., 2007) to perform
487 the PCA analysis. 61565 SNPs were present at the start of the analysis. The filtering
488  parameters were as follows: the maximum missing rate per SNP was set at 10%, minimum
489  allele frequency at 5%, and maximum individual missing rate at 10%. 3305 variants were
490 removed due to missing genotyping data, 6951 due to minor allele frequency threshold, and
491 4 samples due to individual missing SNP rate. After filtering the 51309 SNPs remained, with
492 67 individuals successfully typed.

493

494  The present raw dataset was also merged with data from a previous study using pig breeds
495 selected from the Americas, Europe and Asia (Burgos-Paz et al., 2013). For this study,
496 based on potential origins of local pigs, historic and current trading routes, a subset of
497  European commercial, Iberian, European wild boar and Asian populations was selected for

498 integration. The two sets were merged resulting in a starting set of 240 individuals with
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499 45673 SNPs in common. The same filters were applied as above, excluding 3 individuals
500 and 1445 SNPs, and leaving 237 individual and 44228 SNPs for the PCA analysis.

501

502 Based on the PCA analysis, subsets of tightly grouping ADP populations from the Guinea
503 Savannah and Coastal zones were selected for further characterisation. Each of the two
504  subpopulations comprised 17 animals. Each animal was analysed in PLINK (Purcell et al.,
505 2007) for long stretches of homozygosity, using a sliding window of a minimum run of 100
506 SNPs. The animals within the same groups were compared for

507

508 The male samples were also differentiated by comparing SNPs on their Y-chromosomes to
509 European and Asian boars.

510

511 Fst Analysis

512  Comparisons of Wright's Fst s (after Weir and Cockerham,1984) for animals from different
513  geographic regions was performed within PLINK (Purcell et al., 2007) with the 45673 SNPs
514 identified above. The sex chromosome markers, and SNPs which were fixed in any of the
515 populations under comparison were removed. In total, 39848 markers remained for
516  comparison of each of the ADP subgroups against the Chinese and European breeds, and
517 32793 remained when comparing the two ADP subgroups to each other. The resulting Fst
518 data was analysed in R. The raw Fsr values were smoothed using a sliding 100kb window,
519 and regions with high Fst were identified. The threshold to consider a SNP as being of
520 interest were: the individual SNP Fsr was greater than 99% of all Fsts, and the smoothed
521 Fst was greater than 95% of all Fsrs.

522

523 Regions identified by the analysis were scrutinised for gene content in Ensembl. The
524  comparative genomics options allowed identification of any transcripts not fully annotated in

525 the current pig genomic build. Gene lists created from these intervals of interest were further
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526 analysed in DAVID v6.8(beta) (https://david-d.ncifcrf.qov/). Genes were classified using
527 known disease classes in humans, to provide the maximum information.

528

529 Data Access

530 Mitochondrial sequences are deposited under accession numbers KU306949 to
531 KU306962. SNP data is deposited under GEO accession number GSE84604.

532
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