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Biochemical polymorphism in five pig breeds in South Africa
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Electrophoresis was used to study the genetic diversity within and between five pig breeds (Large White, Lan-
drace, Duroc, Wild pig and Chester White) in South Africa. They were compared with regard to gene and pheno-
typic allele frequency differences at 11 protein and enzyme coding loci. Two monomorphic loci were identified
namely haemoglobin and ceruloplasmin. The average heterozygosity values ranged from 0.091 to 0.381; the
percentage of polymorphic loci ranged from 18.18 to 81.82 in the Wild pig and the Large White breeds respec-
tively, and the mean number of alleles per locus ranged from 1.18 (Wild pig) to 2.91 (Landrace). The genetic dis-
tance values were between 0.056 and 0.288; with the smallest distance between the Large White and the
Landrace breeds and the largest distance between the Duroc and Wild pig. The results are discussed with spe-
cific reference to genetic divergence between breeds within this species where interbreeding often occurs.

Elektroforese is gebruik om die genetiese diversiteit te bepaal binne- en tussen vyf varkrasse (Groot Wit, Lan-
dras, Duroc, Wilde vark en Chester Wit) in Suid Afrika. Hulle is vergelyk ten opsigte van hul geen en fenotipiese
alleelfrekwensieverskille by 11 proteien- en ensiemkoderende lokusse. Twee monomorfiese lokusse is geiden-
tifiseer naamlik hemoglobien en seruloplasmien. Die gemiddelde heterosigositeitswaardes strek vanaf 0.091 tot
0.381; die persentasie polimorfiese lokusse is tussen 18.18 en 81.82 in die Wilde vark en die Groot Wit rasse
respektiewelik, en die gemiddelde aantal allele per lokus strek vanaf 1.18 (Wilde vark) tot 2.91 (Landras). Die
genetiese afstandwaardes is tussen 0.056 en 0.288; met die kleinste afstand tussen die Groot Wit en die Lan-
dras rasse en die grootste afstand tussen die Duroc en Wilde varke. Die resultate word bespreek met spesifieke
verwysing na genetiese divergensie tussen rasse van hierdie spesie waar inteling dikwels voorkom.
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Introduction were studied using gene frequency data obtained from elec-
trophoretic analysis at the following 11 structural gene loci
that code for soluble blood and serum proteins and enzymes:
transferrin (TF), glucose phosphate isomerase (GPI), phos-
phogluconate dehydrogenase (PGD), haemoglobin (HB),
protease inhibitor 1, 2 (PI-1, -2), postalbumin-1A (PO-1A),
-2 (PO-2), serum amylase (AM), haemopexin (HPX) and
ceruloplasmin (CP).

Blood samples were collected from pigs over a period of

The study of polymorphic proteins, together with blood
groups, has been used for parentage control, studies of
genetic structure of breeds and populations (i.e. estimation of
heterozygosity in populations, estimation of genetic distances
between breeds, linkage studies and gene mapping), and in
the search for relationships between genotypes at polymor-
phic loci and production traits (Stratil 1995). The theoretical
basis for this field of application is that, from a genetical point . .
of view, breeds can be defined as populations which differ four years at: 11 Large White stud pig breeders (four from
from each other in the relative distribution and frequencies of the Western Cape, four. from Kwazulu Nata! and three from
certain genes (Hesselholt 1969). Gauteng); 10 South African Landrace stu.d pig breeders (five,
four and one breeder each from the provinces named above);
and six Duroc stud breeders (two, three and one breeder each
from the different provinces). Population sizes were as fol-
lows: Large White (1123), Landrace (845), Duroc (302),
Wild pig (2) and Chester White (12). The Duroc is a rela-
tively recent breed and was introduced into this country in
1980/81. Of the four domestic pig breeds, the largest of the
herds had in excess of S00 sows whereas the smallest herd
consisted of only 16 sows. The ratio of boars to sows was
50:50 in all the domesticated breeds except for the Landrace
where the ratio was 40:60. A minimum of 44 animals, from
the larger herds per breeder was evaluated and the character-
istics for which they were selected included feed conversion
ratio, average daily gain, backfat thickness and reproductive
. traits. The sample size for Chester White was small as there is
Materials and Methods only one herd in South Africa, and only a few Wild pig indi-
The genetic relationships between South African pig breeds  viduals exist.

Breed comparisons in pigs are greatly facilitated by the
large number of genetically controlled polymorphic systems.
In the present study, five pig breeds are compared with regard
to gene and phenotype frequencies with biochemical genetic
markers used for standard routine parentage control analysis.
Not only are these results of academic importance, but the
amount of inbreeding and/or the extent of outbreeding during
the two and a half decades since the previous estimate by
Meyer (1972) should give an indication of the ffect on active
selection since some of the loci studied are directly linked to
the production characteristics selected for, with differences in
allele frequencies indicating each breed's particular identity
(Van Zeveren 1995).
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Samples were analysed by horizontal starch, agarose and
polyacrylamide gel-electrophoresis (PAGE) using the buffer
systems and gel concentrations described by Shaw & Prasad
(1970) and Gahne & Juneja (1985). Tris was used in the
buffer in the two-dimensional PAGE system (pH 8.6-9.0) to
separate allele products for TF, PI, PO, CP and HPX. AM
and HB were separated on starch and GPI and PGD were
separated on agarose gels using a phosphate buffer with
EDTA and magnesium chloride (pH 7.2).

The BIOSYS-1 computer programme (Swofford &
Selander, 1981) was used to calculate individual heterozy-
gosity values per locus (h), average heterozygosity (H), coef-
ficients of heterozygote deficiency or excess (), Chi-square
(x?) values, mean number of alleles per locus (4), percentage
of polymorphic loci (P), Wright's (1978) fixation (F) indices
and genetic distances (D) between all five pig breeds.
Genetic distance and phylogenetic analysis (DISPAN; Ota
1993) was used to construct a phylogenetic tree using the
unweighted group-method with the arithmetic mean
(UPGMA) of Sneath & Sokal (1973), the genetic distance
measure of Nei ez al. (1983) and neighbour-joining and boot-
strap tests (1 000 replications).

Results

Two monomorphic loci were encountered namely HB and
CP. The relative allele frequencies for the five pig breeds, d,
h and F values for polymorphic loci are listed in Table 1.
Gene diversity (d) values ranged from -1.0 (Wild pig:
PO-1A) to 0.5 (Wild pig: PI-2) and A& values ranged from
0.121 (Landrace: TF) to 0.811 (Large White: PO-1A). The
relative allele frequencies for the Wild pig were fixed, with
only heterozygotes at PI-2 and homozygotes at the other
enzyme coding loci, with the exception of PO-1A, where
each individual studied was monomorphic for alternative
alleles. The highest allele frequencies common to most of the
breeds studied were: the B-allele at TF, GPI, and AM,; the S-
allele (PI-2) and the F-allele (PO-1A) (Table 1). Distinct
allele frequency differences between breeds were obtained at
the other polymorphic loci studied (e.g. the highest allele fre-
quency values were obtained at PI-1*s and HPX*d in the
Duroc compared to PI-1*a and HPX*b for the other breeds).
In the domesticated breeds, the Large White breed had the
highest allele frequency for the A-allele at PGD and the Lan-
drace at PO-2*f. The Wild pigs had the least genetic varia-
tion, followed by Chester White, then Duroc, Large White
and Landrace breeds. At PI-1 the S-allele occurred most fre-
quently in the Duroc; at PI-2 the I-allele was found most fre-
quently in the Chester White breed; at PO-2 the S-allele had
the highest frequency in the Large White, Duroc and Chester
White, while the D-allele occurred most frequently in the
Duroc at the HPX locus. The HPX*a, b, ¢ and d alleles cor-
responded to HPX*0, 1, 2 and 3, respectively, as referred to
in some literature (e.g. Vackova et al. 1996). The loci where
allele frequencies conformed to expected Hardy-Weinberg
proportions are marked with asterisks in Table 1 (i.e., Lan-
drace: TF; Duroc: TF, GPI and PO-2; Wild pig: PI-2; Ches-
ter White: TF, GPl, PGD, PI-2, PO-2 and HPX).
Deviations that occurred, were a result of deficiencies of
heterozygotes, except at the PI-1 locus in the Large White
breed where a slight excess of heterozygotes (d = 0.071) was
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found (Table 1).

At the stress susceptibility markers, the following allele
frequencies were observed: in the PGD system the Landrace,
Duroc and Chester White breeds showed high frequencies
for the B-allele, whereas in Large White and Wild pigs, the
A-allele was predominant; at PO-2 the S-allele occurred
most frequently in the Large White, Duroc and Chester White
breeds; whereas at the GPI system the B-allele occurred fre-
quently in all the domesticated breeds, but was monomorphic
in the Wild pigs.

Wright’s measure of differentiation among all breeds (Fsr)
ranged from 0.061 to 0.366 (Table 1). The loci that contrib-
uted most to population differences were PGD, PI- 1, PO-2
and HPX, where Fst values were 0.366, 0.273, 0.306 and
0.244 respectively. Mean F values of populations relative to
the total population, Fis, is 0.177; 0.341 for the total popula-
tion and its subpopulations (Fir) and Fsr = 0.200 for the
amount of differentiation among subpopulations relative to
the limiting amount under complete fixation.

The H value was the highest (38.1%) for the Large White
and only 9.1% for the Wild pigs; P ranged from 18.18-81.82
for these breeds and A was only 1.18 for the Wild pigs com-
pared to 1.91-2.91 for the domesticated pigs (Table 2). The
unbiased D (Nei 1978) values between breeds ranged from
0.056 to 0.288 (Table 3); with the smallest distance between
the Large White and the Landrace breeds and the largest dis-
tance between Wild pigs and Duroc. The mean genetic dis-
tance is 0.112, and the phylogenetic relationships between the
breeds studied are illustrated in the dendrogram (Figure 1).
Figure 1 reflects the above-mentioned results, with the Wild
pig as basal, the Large White and Landrace breeds (which
were the most outbred) grouped together and the domesti-
cated breeds linked in the order of greatest to least genetic
variation.

Discussion
Genetic variation

Ideal Hardy-Weinberg populations do not actually occur in
nature owing to various factors which can shift the equilib-
rium and disrupt the stability of a population, giving rise to
change in the genetic structure. Furthermore, significant devi-
ations of allele frequencies may occur owing to crossing and
linking, inbreeding, sampling error, population bottle-necks
and random genetic drift. Since the pig breeds studied do not
represent natural populations and because of directed selec-
tion of domesticated stock, it came as no surprise that allele
frequencies deviated from the expected Hardy-Weinberg pro-
portions at most loci (Table 1). However, it is interesting to
note that the Wild pigs displayed very little polymorphism at
enzyme coding loci (probably owing to the small sample size
studied), and that distinct differences were encountered for
allele frequencies at the stress susceptibility markers (GPI,
PGD and PO-2). Deficiencies of heterozygotes were encoun-
tered at these loci (Table 1). All of the breeds had similar
allele frequencies at five of the polymorphic loci studied
(TF, GPI, P1-2, PO-1A and AM), and the remaining poly-
morphic loci may, therefore, serve as markers to define the
breeds (Table 1). This is also reflected by the high Fsr values
obtained at these loci.

Our results not only compare well with those of
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Table 1 Relative allele frequencies, F values for polymorphic loci, coefficients of
heterozygosity deficiency or excess (d) and individual heterozygosity (h) values
are listed after each locus for five pig breeds in South Africa

Locus Allele White Land. Duroc Wild Chest. Fig Fir Fgr
TF A 0.302 0.060*  0.172* 0.042* 0.011 0.115 0.106
B 0.692 0.936 0.823 1.000 0917
C 0.006 0.004 0.005 0.042
d -0.030 0.025 -0.042 0.022
h 0.430 0.121 0.293 0.156
GPI A 0.497 0.127 0311* 0318+  -0.064  0.103 0.157
B 0.503 0.873 0.689 1.000 0.682
d -0.070  -0.095 -0.109 0.400
h 0.500 0.222 0.428 0.434
PGD A 0.674 0.485 0.145 1.000 0.273* 0.123 0.444 0.366
B 0326 0.515 0.855 0.727
d -0.122  -0.123  -0.190 -0.125
h 0.440 0.500 0.248 0.397
Pl-1 F 0.604 0.581 0.430 1.000 1.000 0.064 0.320 0.273
S 0.396 0419 0.570
d 0.071 -0.140 -0.124
h 0.478 0.487 0.490
Pi-2 F 0.098 0.115 0.008 0.008 0.077 0.069
I 0354 0.442 0316  0.500*  0.708*
S 0.548 0.443 0.676 0.500 0.292
d 0381 -0.144 0128  0.500 -0.420
h 0.565 0.595 0.444 0.500 0413
PO-1A A 0.021 0.007 0.624 0.662 0.101
B 0.083 0.016 0.003
D 0223 0.379 0.139 0.500 0.167
E 0.035 0.074 0.003
F 0.273 0.203 0.434 0.500 0.750
G 0.003 0.005
I 0.124 0.086 0.137
R 0.039 0.034 0.161 0.083
] 0.199 0.196 0.123
d -0.602 -0457 058 -1000 —0.603
h 0.811 0.763 0.733 0.500 0.403
PO-2 F 0.341 0.604  0270* 1.000 0.292* 0.089 0368 0.306
N 0.659 0.396 0.730 0.708
d —0.156 -0.143  -0.052 -0.034
h 0.449 0.478 0.394 0413
AM A 0.101 0.094 0.119 0.173 0.061
B 0.899 0.902 1.000 1.000 1.000
c 0.004
d -0.105  -0.135
h 0.181 0.178
HPX A 0.016 0.037 0.156 0.362 0.244
B 0.795 0.542 0.176 1.000 0.750*
C 0.018 0.062 0.384 0.167
D 0.171 0.359 0.440 0.083
d -0.160  -0.105  -0.192 -0.207
h 0338 0.573 0.628 0.403
Mean 0.177 0.341 0.200

* Polymorphic loci where allele frequencies conformed to expected Hardy-Weinberg proportions; White: Large
White; Land.: Landrace; Wild: Wild pig; Chest.: Chester White.
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Table 2 Average heterozygosity (H) values and
mean number of alleles per locus (A), with stand-
ard errors thereof and percentage of polymorphic
loci (P)

Breed H(SE) A(SE) P
Large White 0381 (£0.073)  2.82 (20.67) 81.82
Landrace 0356 (20.079) 291 (x0.67) 81.82
Duroc 0333 (£0.076)  2.45 (x0.51) 72.73
wild pig 0.091 (20.061) 118 (x0.12) 18.18
Chester White  0.238 (£0.061)  1.91 (20.25) 63.6

Table 3 Nei's (1978) unbiased genetic distance values
(above diagonal) and genetic identity values (below
diagonal)

Large Chester
Breed White Landrace  Duroc Wildpig  White
Large White - 0.056 0.105 0.118 0.082
Landrace 0.946 ~ 0.077 0.078 0.082
Duroc 0.900 0.926 - 0.288 0.102
Wild pig 0.889 0.925 0.750 - 0.127
Chester White  0.921 0.921 0.903 0.881 -

populations of the same breed in other countries, but also with
th results previously reported by Meyer(1972) for 131 Large
White and 578 Landrace pigs in South Africa. For example,
the highest allele frequencies were obtained at the following
loci: A-allele (PGD: Large White); B-allele (GPI: Large
White, Landrace, Duroc; PGD: Duroc; AM, HPX, TF and
CP: Large White, Landrace, Duroc); F-allele (PO-2: Lan-
drace; PI-1: Large White; PO-1A: Large White, Duroc) and
the S-allele (PO-2: Large White, Duroc; PI-2: Large White,
Duroc) (Imlah, 1965; Hesselholt er al., 1966; Hesselholt,
1969; Meyer, 1972; Oishi et al., 1979; Gahne & Juneja, 1985;
Vogeli et al., 1985; Kamyczek et al., 1995; Vacova et al.,
1996). We have obtained more variation compared to Meyer's
results at the AM locus (e.g. allele frequency for the A-allele
= 0.101 in the present study compared to 0.023); the HPX
locus (0.016 and 0.171 for the A- and D-alleles respectively
compared to 0.004 and 0.053); and at the TF locus (0.302
compared to 0.99 for the A-allele, and 0.006 compared to
zero for the C-allele); with less variation at the HPX B-allele
and no variation at the CP A-allele in the Large White breed
(Table 1). In the Landrace breed, we have obtained less varia-
tion at AM and CP, but more at TF and similar frequencies
at the HPX locus compared to values reported by Meyer
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(1972). These minor differences may be the result of directed
selection, different populations studied, improved analytical
methods and/or different sample sizes studied.

The values of A, P and H were the lowest in the Wild pigs
(probably because of the small sample size and inbreeding)
and were increasingly higher for the Chester White, Duroc,
Landrace and Large White breeds (Table 2). This is the result
of a lack of alleles at one locus (AM) in Landrace and in pro-
gressively more loci in Duroc and Wild pigs respectively,
compared to that of the Chester White (Table 1). Neverthe-
less, sufficient genetic variation exists within the domesti-
cated breeds for selection purposes. This result is in
agreement with results reported by Cepica et al. (1995) for
corresponding breeds (i.e. H values for Duroc, Landrace and
Large White were 0.326, 0.370 and 0.382 respectively).

Genetic differentiation

Genetic data, produced by protein electrophoresis, can be
used by systematists to determine whether samples are from
different gene pools, representing different species (review:
Thorpe & Solé-Cava 1994). This review gives details of
methods for distinguishing and identifying cryptic and sibling
species. The distinction is due to genetic differentiation,
which is to be expected for populations that are geographi-
cally separated so that little or no gene flow can occur
between them. The criterion which must be applied if electro-
phoretic data is to be used, is to assess the level of differentia-
tion found between populations (i.e. a test of whether or not
they are from the same gene pool). Wright’s (1978) fixation
index is such a measure. The mean Fsr value of 0.200 for
polymorphic loci (Table 1), is an indication of the relatively
large genetic differentiation between the populations studied.
The Fis value (0.177) obtained in the present study also
reflects the above phenomenon since values of Fis are less
(close to zero) in most natural populations where random
mating within subpopulations occurs (Nei 1986). In addition,
the Fir value of 0.341 (which quantifies inbreeding owing to
population subdivision), is indicative of relatively effective
barriers to gene flow between the populations studied. This is
not surprising because each breeder protects his breed from
outbreeding in order to maintain typical breed characteristics.

Another statistically based measure to describe genetic dif-
ferentiation is D values. We have obtained the largest D value
between the Wild pig and Duroc breeds (0.288; Table 3) and
the smallest value between the Landrace and Large White
breeds (0.056). Our results are also similar to those of
researchers for corresponding breeds in other countries (e.g.
Cepica et al., 1995; Janik et al., 1995), with large D values

9g ————— Large White

68 ‘- Landrace

Duroc

Chester Uhite

vild pig

Figure 1 Phylogenetic relationships between five pig breeds in South Africa. Bootstrap numbers are listed at nodes.
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between the Duroc and Large White compared to smaller val-
ues between the Duroc and Landrace breeds.

The phylogenetic relationships between the breeds studied
are summarised in Figure 1. The groupings reflect the allo-
zyme results, showing the Wild pig as basal, with the other
breeds diverging progressively as a result of more alleles
gained. The grouping of the Large White and Landrace
breeds is expected because South African pig stud breeders
use F, sows (Landrace x Large White) to form the pivot of the
crossbreeding programme in the majority of commercial pig
farms. This practice has invariably narrowed the genetic base
of these breeds.

Conclusions

The present study shows that our results compare well with
those of other researchers, and that domesticated pig breeds in
South Africa have not changed drastically regarding their
allele frequencies at polymorphic enzyme loci. This is an
important result since uncontrolled interbreeding would nar-
row the gene pool, to render previous selection efforts futile.
Furthermore, the results for the pig breeds where large sample
sizes were involved are important for the future monitoring of
gene flow in populations to determine levels of inbreeding
and crossbreeding in each breed, and to enhance the global
information on domestic animal diversity.
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