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Summary. Restriction fragment length polymorphism
analyses of SLA class I genes were performed on 55 Du-
roc and 24 Hampshire boars from the 1986-87 national
performance tests of each breed. Few boars were inbred.
Southern blotting and hybridization procedures were
performed on genomic DNA isolated from white blood
cells by using Pvull, Bam HI, and Eco RI endonucleases
and a swine MHC class I probe. Genetic variability with-
in and between the two breeds was estimated in terms of
nucleotide diversity, by using a mathematical analysis
based on the different RFLP patterns. The nucleotide
diversity calculated within each breed was less than that
between the two breeds. The results from the nucleotide
diversity analysis suggested that genetic variability was
greater in the Duroc breed than in the Hampshire breed.
A relatively high level of genetic variability was shown in
the class I major histocompatibility complex genes in the

pig.
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Introduction

The pig major histocompatibility complex (MHC) or
swine leukocyte antigen (SLA) complex is comprised of at
least three class I, two class II, and three class III loci
(Vaiman et al. 1978, 1979; Kirszenbaum et al. 1985; Lie et
al. 1987). The total span of the SLA region ranges ap-
proximately from 0.8 cM—1.0 cM (Singer et al. 1983; Vai-
man et al. 1988). DNA sequence analysis of the heavy
chain of an SLA class I gene from a miniature pig (SLAY)
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has revealed that it consists of eight exons spanning
3.6 kb (Satz et al. 1985). The class I gene products, SLA-
A, -B, and -C antigens, each consist of a polymorphic
heavy chain of approximately 44,000 daltons with a non-
polymorphic light chain, §,-microglobulin, of 12,000 dal-
tons (Chardon et al. 1978; Lunney and Sachs 1978). The
number of genes in the SLA class I region has been
estimated to be between 6 and 15 (Singer et al. 1982;
Chardon et al. 1985; Ehrlich and Singer 1986; Lunney et
al. 1986).

Measurement of the variability of different MHC
types has been accomplished classically through serolo-
gical or cellular methods. Recent developments in recom-
binant DNA techniques has enabled examination of the
genetic variation among MHC genes beyond the protein
level, that is, in terms of DNA differences based on re-
striction fragment length polymorphism (RFLP) analy-
sis. Upholt (1977) first attempted to estimate divergence
of DNA sequences by analysis of the fraction of con-
served fragments. Nei and Li (1979) and Nei and Tajima
(1981) justified and refined the models. The average num-
ber of nucleotide differences per site between two ran-
domly chosen DNA sequences was termed “nucleotide
diversity” and was denoted by x to express the degree of
polymorphism in a population at the nucleotide level
(Nei and Li 1979).

The purpose of this paper is to report for the first time
a mathematical analysis of nucleotide diversity and ge-
netic variability in class I MHC genes in two pig breeds,
Durocs and Hampshires, by using RFLP analysis.

Materials and methods

Description of animals

The Duroc breed of swine, which is red in color, originated in the
northeastern section of the United States around 1860. The
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Hampshire breed, which is black in color with a white belt
encircling its belly, originated in Kentucky about 1835. The
Duroc breed is the more populous of the two breeds and is
believed to be genetically more diverse.

During the fall of 1986, blood samples were collected from 70
Duroc boars, ranging from 20—-23 weeks of age, at the National
Duroc Performance Test in the Pure Genetics Swine Test Sta-
tion, located in Ida Grove, lowa. Similarly, in the spring of 1987,
blood samples were collected from 40 Hampshire boars, ranging
from 15-25 weeks of age, at the National Hampshire Perfor-
mance Test in the Farmland Agriservices Inc. Swine Test Station,
located in Lisbon, Iowa. Complete results, after DNA isolation,
restriction enzyme digestion, and Southern blotting, were ob-
tained on a total of 55 Duroc and 24 Hampshire boars. The 55
Duroc boars were from 40 different litters and from 31 farms.
The 24 Hampshire boars were from 17 litters and from 14 differ-
ent farms.

The sophisticated nature of RFLP analysis makes it difficult
to process large numbers of blood samples. The decision to sam-
ple boars from the national tests of each breed was made because
this enabled collection of blood and data from a single location
from a representative sample of each breed. Pedigree analysis of
the boars from each breed revealed that they were generally
unrelated and were representative of the more popular sires and
grandsires of the breed. Therefore, despite the low numbers of
boars used, these samples were thought to be sufficient to exam-
ine the variability in the MHC class I genes.

DN A isolation and gene detection

Ten ml of blood from each boar was obtained by using sterile
method to avoid contamination of the samples. The isolation of
genomic DNA, partial digestion by Pvull, Bam HI, and EcoRI
endonucleases, and blotting and hybridization with an SLA
class I gene probe were performed as described by Flanagan et
al. (1988). The porcine class I gene PD1-A (4.3 kb), described by
Singer et al. (1983), was used as the porcine genomic DNA probe.
Only class I genes were analyzed because no porcine class IT and
class IIT probes were available.

Mathematical analysis of RFLP patterns

Molecular sizes of the restriction fragments were determined by
using size markers of Hind I1I cut lambda DNA restriction frag-
ments. Procedures for quantifying the fragments are in Flanagan
et al. (1988). A series of intervals for molecular size was estab-
lished to allocate all the restriction fragments. The differences
between intervals were set at 5%-10% to avoid allocations of
more than one restriction fragment to an interval. Therefore, the
data set of DNA fragments could be converted to a manageable
matrix form with dimensions of the number of intervals repre-
senting a fragment by the number of animals. The genetic vari-
ability within and between breeds was calculated by estimating
nucleotide diversity (n) based on restriction fragment length
polymorphism patterns. Two methods were used to estimate
nucleotide diversity. The first method was to calculate

Al —(((F? +8F)V2 — Fy )\ (Upholt 1977),

where F is an expected proportion (estimated) of DNA se-
quences that remains unchanged, and r is the number of base
pairs in the recognition sequence for the restriction enzyme used.
The variance was estimated by

V(#) = #(1 — #)/N (Upholt 1977),

where N is the number of independent nucleotide positions in
the cleavage sites. Nucleotides in common at cleavage sites were

counted only once. The second method was to calculate
&= —(2)r)log, P (Nei and Li 1979),
where P = ¢~ is the probability that an original restriction site

remains unchanged by time ¢ when the substitution rate per
nucleotide per unit of time is z, and is estimated by

P=(F(3—2P)"" (Nei 1987).

P, is a trial value gfﬁ and P is obtained by iterating until B = P
is achieved. The F'/* value was used as the first trial value of B,.
The proportion F was estimated by

(Nei and Li 1979)

F=n, /A
for the nucleotide diversity within a population, where n;; is the
number of restriction fragments shared between ith and jth
RFLP patterns, and 7 is the average number of restriction frag-
ments of all the members of a population. The estimated fraction
of DNA fragments that remain the same between the two breeds
was estimated by

F=2n,/(n+n) (Nei and Li 1979),

where n_ is the number of restriction fragments shared between
two RFLP patterns of two different breeds and, n, and n, are the
average numbers of restriction fragments for Duroc and Hamp-
shire breeds, respectively. To estimate total average nucleotide
diversity (r), the following equation was used:

(Nei et al. 1984),

where 7;; is the proportion of different nucleotides between the
ith and jth DNA sequence and n_ is the total number of compar-
isons performed. Net nucleotide differences (%,, those differences
between the two breeds after adjusting for within breed variabil-
ity), were estimated by the following equation:

Ry = Ry — (o + 7,)12 (Nei and Li 1979),

where 7, and 7, are average nucleotide diversity estimates for
each breed and 7, is the average nucleotide diversity estimate
between breeds. The variance of nucleotide diversity was esti-
mated as described by Upholt (1977).

Results

An example of RFLP patterns of some Hampshire pigs
are shown for Pvull in Fig. 1. The same type of results
were collected and tabulated for the other restriction en-
zymes (data not shown). Similar results for Duroc boars
have been reported in Flanagan et al. (1988). Visual com-
parison of the RFLP patterns showed differences be-
tween and within the breeds. The calculated estimates of
nucleotide diversity, based on all three restriction en-
zymes used, within the Durocs and within the Hamp-
shires, were the same using both methods (Table 1).
Likewise, the calculated estimates of nucleotide diversity
between breeds from the two methods were very similar.
A final calculation, the net nucleotide differences between
two breeds (Nei and Li 1979), was made and gave a value
of 0.083. Tt should be noted that this amount is greater
than the variability within breeds (Table 1).
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Table 1. Comparison of nucleotide diversities calculated by using three restriction enzymes® and two different methods

Method Upholt (1977) Nei and Li (1979)

Breed Duroc® Hampshire® Duroc Hampshire
Nucleotide diversity within breeds 0.061 +0.023 0.0434+0.023 0.061 +0.023 0.04340.023
Nucleotide diversity between breeds 0.138+0.030 0.13540.029

2 Restriction enzymes used were Pvull, BamHI and EcoRI
% No. of animals =55
¢ No. of animals =24
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Fig. 1. Example of Southern blot analys1s of Pvull digested
genomic DNA from Hampshire boars after hybridization with a
porcine genomic class I probe, PD1-A. The sizes of the restric-
tion fragments were estimated on the basis of HindIII digested
lambda phage DNA fragments

Discussion

This paper reports the use of two methods (Upholt 1977;
Nei and Li 1979) to calculate nucleotide diversity within
and between two breeds of pigs, Duroc and Hampshires,
based on data from MHC class I RFLP patterns on
Southern blots. Results from computer simulation (Ka-
plan 1983) have indicated that estimates by both methods
are basically identical. Our calculations (Table 1) agree

with this observation. Variability within the Duroc breed
was greater than that within the Hampshire breed but
not significantly so. These results are expected on the
basis of the population size of each breed and pedigree
information from both breeds. There is also a significant
amount of genetic variability between the Duroc and
Hampshire breeds as measured by the net nucleotide
diversity estimates. Variability between breeds is ex-
pected because the breeds have been separated for some
time and the breed societies monitor pedigrees carefully
to prevent inadvertent transfer of genes between the
breeds.

The values for nucleotide diversity seen here for SLA
class 1 genes reflect the characteristically high degree of
polymorphism previously found among MHC genes and
other gene families. For example, use of results of actual
DNA sequences of IgG2a genes that belong to a large
gene family showed an estimated divergence of 0.10
(Schreier et al. 1981). The immunoglobulin genes showed
considerably greater divergence than other genes, which
ranged from 0.002 to 0.019 (Nei et al. 1984). The diversity
seen here for the SLA class I genes is of the same magni-
tude as that for the imunoglobulin genes.

Measurement errors associated with the fragments,
however, can occur. This type of error will tend to in-
crease the estimates of nucleotide diversity. For that rea-
son, more than one enzyme should be used to reduce the
error. Three enzymes were used for these calculations.

The methods described in this paper are based upon
four assumptions: (1) that the four nucleotides are ran-
domly distributed in DNA sequences, (2) that mutations
occur with the same probabilities among the four nucleo-
tides, (3) that mutations are caused solely by nucleotide
substitution, and (4) that the population is in equilibrium
with respect to genetic drift and mutation and without
selection. In reality, it has been reported that the distribu-
tion of the four nucleotides is not random in mtDNA
(Brown 1980), and the rate of nucleotide substitution
varies considerably from gene to gene in a genome and
from region to region in a gene (Nei 1975). But Nei and
Tajima (1983) and Nei et al. (1984) have claimed that the
first two assumptions are not necessary to estimate di-
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vergence between a pair of DNA sequences, as long as
mutations at different nucleotide sites occur independent-
ly and # is small. Furthermore, mutation occures in many
forms other than single nucleotide substitutions. Howev-
er, Nei et al. (1984) have indicated that DNA polymor-
phisms can be studied by the statistical approach they
recommend because other mutational events occur rare-
ly. From the animal geneticist’s viewpoint, it is assumed
that the poulation of a breed is likely not to be in equilib-
rium, because it is subject to selection. It is doubtful,
however, that this selection is focused at the nucleotide
level.

The results reported in this paper suggest that calcu-
lations of nucleotide diversity are useful for comparison
of populations for genetic variability. Such measures are
important in detecting variation and in quantifying the
level of variability present.
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