
ALTERNATIVE SWINE INDUSTRY BREEDING SYSTEMS 

GARY L. BENNETT*

UNITED STATES 

SUMMARY

Genetic aspects of integrated swine crossbreeding systems are reviewed. 
Differences among breed crosses arise from differences in additive breed 
effects as well as differences in heterosis. Among systems utilizing similar 
amounts of heterosis, the difference between the most efficient and average 
crosses within a system will determine the best crossbreeding system. Breed 
role is only important in contributing to differences among static crosses. A 
better understanding and quantification of biological processes in pigs should 
aid in the prediction of specific cross performance and utilization of 
grandmaternal effects. It is always possible to increase selection response 
in static crosses because component breeds express maternal and direct effects 
in different ratios. Crossbreeding systems offer the opportunity to use 
single gene genotypes in various proportions. Predicted differences in 
specific crossbred systems are unlikely to be fully realized because 
parameters are estimated with error.

INTRODUCTION

Crossbreeding of swine is exploited widely to take advantage of 
heterosis, breed differences, and complementarity. Individual and maternal 
heterosis are large (Sellier, 1976; Johnson, 1981) and paternal heterosis 
(Buchanan and Johnson, 1984; Neely et al., 1980; Wilson et al., 1977) is 
likely important for many component and most composite traits. Crossbreeding 
systems have been developed to maintain heterosis at high levels either in a 
terminal population or in the combination of ancestral and terminal 
populations (Dickerson, 1973). That all pigs are not produced by the 
crossbreeding system with the highest heterosis is evidence that other 
genetic, managerial, and economic considerations are important in choosing 
among crossbreeding systems.

Specific combinations of breeds within a crossbreeding system differ due 
to additive effects of breeds and complementarity. Systematic procedures for 
estimating and subsequently predicting the effect of a breed in a specific 
cross have been developed (e.g., Dickerson, 1973). This has allowed 
comparison of numerous possible crosses based on limited experimental evidence 
(Bennett et al., 1983b; Quintana and Robison, 1984; Wilson and Johnson, 1981).

Choosing among specific crosses and crossbreeding systems requires 
consideration of many genetic factors. These factors are reviewed for swine 
crossbreeding systems.

GENETIC COMPONENTS

Heterosis. Heterosis - defined as the difference between the averages of 
reciprocal first-crosses and parental breeds - arises from dominance and from 
interactions among alleles at different loci. Simpler experiments can be
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conducted to estimate heterosis if caused by dominance than are necessary if 
interloci interactions (epistasis) are important. The net effect of epistasis 
is that degree of heterozygosity is not an adequate predictor of performance. 
Dickerson (1973) has determined maximum heterosis loss from unlinked two-loci 
additive by additive epistasis among certain crosses. Kinghorn (1980),
Sheridan (1981), and Hill (1982) have discussed the effects of other types of 
epistasis on crosses. Little evidence is available to substantiate the cause 
of heterosis or estimate its retention in advanced generations of swine.

Heterosis needs to be evaluated not only on the terminal cross but on an 
integrated breeding-system basis. Costs and returns are important both to the 
industry and to each producer. The efficiency arising from use of heterosis 
in an integrated system should be transmitted to the producer of slaughter 
pigs through the cost of replacement breeding stock. However, in many cases, 
breeders, breeds, and bloodlines have "brand name" recognition temporarily 
delaying the accurate transmission of efficiency to the slaughter pig 
producer.

Some swine crossbreeding systems that will be examined more closely are:
1. Two-breed static (2BST) - boars of one breed bred to sows of a second 

breed (B x A).
2. Three-breed static (3BST) - boars of one breed bred to sows resulting 

from the cross of a second and third breed (C x BA).
3. Four-breed static (4BST) - boars from the cross of two breeds are 

bred to sows from the cross of two other breeds (DC x BA).
4. Two-breed paternal backcross (2PBX) - sows from the cross of two 

breeds are bred back to the boar breed (B x BA).
5. Two-breed maternal backcross (2MBX) - sows from the cross of two 

breeds are bred back to the sow breed (A x BA).
6 . Two-breed average rotation (2BAR) - two breeds are used alternately 

with equal numbers of replacements from each (A -B).
7. Two-breed optimal rotation (2B0R) - same as 2BAR with an optimal 

number of replacements kept from each sire breed (Merrell et al., 
1979).

8 . Three-breed average rotation (3BAR) - three breeds are used in 
succession with equal numbers of replacements from each (A-B-C).

9. Three-breed optimal rotation (3B0R) - same as 3BAR with an optimal 
number of replacements kept from each sire breed (Merrell et al., 
1979).

To obtain approximations, it was assumed that straightbred females produced a 
lifetime average of 3 . 5 replacements, one to replace the straightbred female 
and 2.5 for first-cross production. Crossbred females were assumed to produce 
(3.5 + litter heterozygosity x 0.25 + female heterozygosity x 0.50) 
replacements. Boar populations were ignored.

Proportions of heterosis and recombination loss utilized by integrated 
crossbreeding systems are shown in Table 1 weighted by the proportion of 
litters in each subpopulation. The average advantage due to heterosis depends 
on the relative value of individual (h1) and maternal (hM) heterosis 
(including individual heterosis for sow's performance) and recombination loss. 
Under different production-marketing systems, Bennett et al. (1983) estimated 
the economic value of ĥ  to range from .5 to 1.2 times the value of h . 
Assuming equal economic values for ĥ  and hr, all two-breed systems except 
2BST utilize similar amounts of economic heterosis while all three- and 
four-breed systems utilize 25 to 30 percent more economic heterosis than the 
two-breed systems. Assuming that as much as one-half the first-cross 
heterosis was lost in F3 matings would not significantly affect these 
conclusi ons.
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TABLE 1. INTEGRATED CROSSBREEDING SYSTEM INDIVIDUAL (h1) 
AND MATERNAL (hM) HETEROSIS AND INDIVIDUAL (r1)

AND MATERNAL (rM) RECOMBINATION LOSS

Subpopulation proportions

System Granddam Dam Offspring hi

2BST .29 .71 .71
3BST .08 .19 .73 .92
4BST .08 .19 .73 .92
2PBX .08 .19 .73 .56
2MBX .08 .19 .73 .56
2 BAR .50 .50 .67
2B0R .20 .80 .67
3 BAR .33 .33 .33 .86
3B0R .04 .19 .77 .86

_hM

.00

.73

.73

.73

.73

.67

.67

.86

.86

_ r ±

.00

.18

.36

.18

.18

.22

.22

.29

.29

.00

.00

.00

.00

.00

.22

.22

.29

.29

Additive Breed and Heterosis Variation. Within a crossbreeding system, 
specific breed combinations vary due to breed and heterosis differences. 
Variances among unrelated breed combinations within integrated crossbreeding 
system can be approximated from the coefficients of additive breed and 
specific heterosis variances and covariances shown in Table 2 assuming that 
the distribution of breed and heterosis effects is multivariate normal. Breed

TABLE 2. COEFFICIENTS FOR HETEROSIS AND BREED EFFECT VARIANCES 
AND COVARIANCES APPROXIMATING VARIANCE AMONG UNRELATED CROSSES 

WITHIN INTEGRATED CROSSBREEDING SYSTEMS

Additive breed effects Speci fi c heterosis effects

System Var(gl) Var(gM) Covtgl, gM) Var(h1) Var(h^) Cov(hI, hM)

2BST .54 1.00 1.29 .51 .00 .00
3BST .34 .54 .66 .30 .53 .28
4BST .27 .54 .66 .17 .53 .28
2PBX .54 .54 .92 .31 .53 .81
2MBX .60 .54 1.12 .31 .53 .81
2BAR .50 .50 1.00 .44 .44 .89
2B0R .52 .52 .96 .44 .44 .89
3BAR .33 .33 .67 .25 .25 .49
3B0R .38 .38 .63 .32 .32 .42

and heterosis effects were weighted by the proportion of litters in which they
occurred. Optimizing the rotations slightly increased the coefficients of
direct and maternal breed effect variances and decreased the coefficient for 
their covariance. Between the two backcross systems, the 2MBX system has a 
greater coefficient for variance of breed direct effects but also for 
covariance between direct and maternal breed effects.

Breed effects are usually estimated for individual traits but can be 
calculated for economic merit or other measures of total performance. These 
additive breed effects are then useful for investigating different specific
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crosses. Bennett et al. (1983b) estimated the economic effect of six U.S. 
breeds on 2BST systems as sire or dam breed. Assuming that the dam breed 
differences estimate material breed effect plus two-thirds direct breed effect 
(includes purebreds) and that sire breed differences estimate one-third direct 
breed effect, the variance of maternal breed effects was 10 to 25 times 
greater than direct breed effects and they were negatively correlated. Large 
maternal breed effect variance allows the better 2BST crosses to partially 
compensate for a lower level of heterosis. Bennett et al. (1983b) found that 
the range within system was greatest for 2- and 3BST and along with 3BST's 
high heterosis use, the best 3BST cross was better than any other cross.
Wilson and Johnson (1981), on the other hand, evaluated three breeds with 
direct economic effects variance of about 2.7 times maternal effects variance 
and a positive correlation. Consequently, 2BST- and backcrosses were more 
variable than 3BST crosses (all crosses were related) and the best cross was a 
backcross. When direct breed effect variance is much greater than maternal 
breed effect variance, the variance within all two-breed systems will be 
similar but greater than all three- and four-breed systems allowing the best 
two-breed combinations to partially compensate for their lower level of 
heterosis. Figure 1 illustrates the combination of heterosis and additive 
breed effect variance on breed combinations 1.5 standard deviations better 
than the mean when maternal is larger than direct variance or they are equal. 
Heterosis parameters were obtained from Bennett et al. (1983a) and the first 
parameter set from Bennett et al. (1983b). Of course, breed and heterosis

Porameter
Set h1 hM <r2g1 cr2gM

1 - 4 . 3  - 4 . 5  I 9 -2
2 - 4 .3  - 4 . 5  6 6 - 2

Crossbreeding System

Figure 1. Cost reduction among better integrated crosses from 
heterosis and between cross selection.
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effects do not have to be normally distributed and if only a limited number of 
breeds are considered, many of the breed combinations are related. This is 
less true of two-breed systems than three- and four-breed systems.

Heterosis variation also contributes to differences between breed 
combinations. Crosses within two-breed backcross and rotational systems 
differ most due to specific heterosis. Direct and maternal heterosis 
differences will be positively correlated to the extent that they are related 
to genetic distance (Glodek, 1974).

Among those considered, 4BST is the only system utilizing paternal 
heterosis. Offsetting possible improvements from paternal heterosis is the 
reduced variability from direct breed and heterosis effects and the 
possibility of greater recombination loss compared to the 3BST system.

Breed Role. Strategic and unequal use of breeds contributes to increased 
variability within some systems. This increased variability includes sire-dam 
heterosis (Moav, 1966) and some aspects of .comp 1 ernentarity (Fitzhugh et al., 
1975). An integrated systems measure of the relative importance of breed role 
is the proportional increase in variance between unrelated crosses, i.e., 

n(a + b R2 + crIM R)/(l + R2 + 2 rjM R) - 1 
where r ^  is the correlation between direct and maternal breed effects, R is 
the ratio of maternal to direct breed effect standard deviations, n is the 
number of breeds, and a, b, and c are the coefficients of direct and maternal 
breed effect variances and their covariance, respectively.

The importance of breed role is dependent on R and r ^  as shown in Table
3. Only 2-, 3- and 4BST systems show moderate or greater increases in

TABLE 3. PROPORTIONAL INCREASE IN VARIANCE 
AMONG CROSSES DUE TO BREED ROLE

Additive breed effect variation

System

R3 : 
b
rIM:

1.0 3.0

-.5 0 -.5 0

2BST .79 .54 1.17 .91
3BST .65 .32 .80 .56
4BST .92 .62 1.37 1.05
2PBX .24 .08 .15 .08
2MBX .16 .14 .08 .09
2BAR .00 .00 .00 .00
2B0R .12 .04 .07 .04
3BAR .00 .00 .00 .00
3B0R .32 .14 .22 .14

® Ratio of maternal to direct breed effect standard deviations. 
b Correlation between direct and maternal breed effects.

variance among unrelated crosses. These values include the value of knowing 
breed direct and maternal effects separately rather than as a combined breed 
effect. There is little advantage in estimating direct and maternal effects 
separately for back- and rotation-crosses, since there is little opportunity 
to differentially use direct and maternal breed effects.
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Heterosis Prediction. There is some suggestion of heterosis variation in 
the swine crossbreeding literature (Johnson, 1981). This may result from 
differences in genetic distance between breeds (Glodek, 1974). Additionally, 
joint effects among direct, maternal, and grandmaternal breed effects 
(Dickerson, 1969) may appear to be heterosis differences when possible joint 
effects are ignored in the statistical model. It is not surprising that joint 
effects are ignored in statistical models. With just four breeds there are 12 
parameters for direct, maternal, and grandmaternal additive breed effects, 18 
parameters for individual, maternal, and grandmaternal heterosis, and 372 
possible two-factor joint effect parameters.

A seemingly useful way of dealing with joint effects is to account for 
them using biological models. To the extent that we understand the biological 
processes of the pig, it may be possible to predict some of the joint effects
among individual, maternal, and grandmaternal breed effects and among breed
effects for different traits. An example will help to illustrate this 
possibility. Bennett et al. (1983a) using a bioeconomic model (Tess et al.,
1983) determined that individual and maternal heterosis for litter size at
birth and weaning and pig weight at weaning could largely be attributed to 
heterosis for litter size at birth and milk yield expressed in dams and to 
heterosis for viability and growth expressed in piglets. This is a case where 
there is interaction between two maternal performance levels and two piglet 
performance levels. Ignoring the effects of heterosis on piglet growth, a 
simplified model provides a reasonable approximation to the relationship 
between number of pigs born (NB) and the number of pigs weaned within a breed
group. The model is number weaned equals the lesser of

NB x (1 - SDL) or NB x ((1 + 4K)1/2 - 1)/2K 
where SDL is piglet death loss in an adequate postnatal maternal environment
and K is SDL times the squared ratio of NB to sow's maternal ability.
Maternal ability (SMA) is defined as the maximum number of pigs for which a 
sow can provide adequate postnatal maternal environment. Some hypothetical 
breeds and estimates of direct and maternal heterosis from two- and three-way 
crosses and heterosis retained in some two-breed composites are shown in Table
4. Even though no variation in heterosis of NB, SDL, or SMA was assumed, 
moderate variation in heterosis of number weaned resulted. Average heterosis 
retained was slightly more (.84) than the expected half average direct plus 
maternal heterosis (.83). Half direct plus maternal heterosis for each breed 
combination correctly ranked heterosis retained in the three composites but 
did not predict the magnitude of differences very well. Bradford et al.
(1980) has identified areas of interaction between dam and offspring for 
litter size in mice that may well lead to similar results.

Attempts to accurately estimate specific heterosis from experiments will 
be hampered by relatively few pigs and litters in specific crosses. 
Incorporating biochemical measures of genetic distance and biological models 
into prediction equations seem to be appropriate ways of increasing the 
accuracy of predicting specific crosses.

Selection Response. Subsequent selection response is another component 
of choosing among crossbred systems. Table 5 gives the proportion of 
undiscounted direct and maternal expressions (McClintock and Cunningham, 1974) 
of each breed weighted by number of litters. Specialization of selection 
objectives and selection procedures are possible when different breeds express 
some traits in different proportions. Complete specialization of maternal and 
direct selection objectives is suboptimal since any breed expressing maternal 
effects also expresses direct effects at least 56 percent as often. Smith 
(1964) has shown that selection in separate lines is never worse than
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TABLE 4. CALCULATED DIRECT, MATERNAL AND RETAINED HETEROSIS FOR NUMBER 
OF PIGS WEANED FOR SOME HYPOTHETICAL BREEDS ASSUMING A COMPLEX 
RELATIONSHIP AMONG NUMBER BORN (NB), PIGLET MORTALITY (SDL)

AND MATERNAL ABILITY (SMA)

Mating NB

Sow

SMA
Piglet
SDL

Number
weaned

Direct (I), 
maternal (M) 

or
retained (R) 
heterosi s

AxA 9.5 6.0 .24 6.68
BxB 8.5 8.0 .30 5.95
CxC 10.5 7.0 .30 7.18
DxD 10.5 7.0 .20 7.86
AxB 8.5 8.0 .20 6.80 )
BxA 9.5 6.0 .20 6.95 ) .56 (I)
AxC 10.5 7.0 .20 7.86 )
CxA 9.5 6.0 .20 6.94 ) .47 (I)
BxC 10.5 7.0 .23 7.63 )
CxB 8.5 8.0 .23 6.55 T .53 (I)
DxAA 9.5 6.0 .15 7.36
DxBB 8.5 8.0 .18 6.97
DxCC 10.5 7.0 .18 8.02
DxAB 10.0 8.5 .165 8.35 1.19 (M)
DxAC 11.0 8.0 .165 8.80 1.11 (M)
DxBC 10.5 9.0 .18 8.61 1.12 (M)
AB composite 9.5 7.75 .235 7.27 .96 (R)
AC composite 10.5 7.25 .235 7.71 .78 (R)
BC composite 10.0 8.25 .265 7.35 .79 (R)
Heterosis 1.0 1.5 -.07

TABLE 5. PROPORTION OF DIRECT AND MATERNAL EXPRESSIONS FROM EACH BREED 
WEIGHTED BY NUMBER OF LITTERS IN WHICH EACH IS EXPRESSED

System Breeds

A B C D

I M I M I M I

2BST BxA .64 1.00 .36
3BST C x (BxA) .36 .64 .28 .36 .36
4BST (DxC) x (BxA) .36 .64 .28 .36 .18 .18
2PBX B x (BxA) .36 .64 .64 .36
2MBX B x (AxB) .28 .36 .72 .64
2 BAR AB .50 .50 .50 .50
2 BOR BA .40 .60 .60 .40
3BAR ABC .33 .33 .33 .33 .33 .33
3 BOR CAB .33 .48 .19 .33 .48 .19

selection for a single objective jrf selection in the separate lines is 
optimal. Selection is likely to be more expensive with two lines than one but 
this may be partially offset if the complete testing procedures are not
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duplicated in each line. For instance, feed consumption might be collected in 
a line predominantly expressing direct effects, while a predominantly maternal 
line may want to keep records on litter production in multiplier herds for 
subsequent transfer of females back to the nucleus. Unlike standard 
rotations, optimal rotations allow for some specialization of selection 
objectives.

The structure of some crossbreeding systems is more appropriate for some 
types of selection procedures. Selection for reproductive traits by intensive 
screening of multiplier herds (Bichard and Seidel, 1982) is more likely to be 
cost effective (i.e., no additional litters devoted only to testing) in the 
dam breed of the 2BST and the grandmaternal breeds of the 3- and 4BST and 
two-breed backcrosses because of larger populations of purebred females in 
these systems. Progeny-test selection can be easily incorporated into sire 
and maternal sire breeds as well as rotational sire breeds without adding test 
populations.

Grandmaternal Effects. Johnson (1981) found no evidence of significant 
grandmaternal additive breed effects in a review of North American swine 
crossbreeding experiments. This may be due to a real lack of grandmaternal 
effects or to low precision. If grandmaternal effects do exist, it is 
important to understand the mechanism of the effect to properly account for it 
in crossbreeding systems.

Two possible mechanisms for grandmaternal effects are the roller coaster 
effect described by Robison (1972) and congenital transmission of either 
cellular components or disease agents. The roller coaster effect likely 
arises from either uterine or lactation restrictions on pigs from large 
litters in one generation resulting in smaller litters the next generation 
which in turn do not face restrictions. Third generation females subsequently 
farrow larger litters. Crossbred dams may be less restricting than purebred 
dams but they also have larger litters. In purebred sows producing crossbred 
litters, litter size at birth is not changed so that uterine restrictions are 
not different from the purebred litter, but lactation may be restricting since 
more survive. Because heterosis differences in litter size are small relative 
to differences used to experimentally evaluate ttie effect, whether this is an 
important effect will depend on the specific levels of reproduction, 
lactational or uterine restriction, and whether prenatal or postnatal 
environment is the mechanism.

Another possible mechanism for grandmaternal effects is congenital 
transmission of cellular components or disease agents. Mitochondrial 
transmission has been indicated in pigs by Dzapo and Wassmuth (1984) and a 
review by Robison (1972). Congenital (vertical) transmission of disease 
agents from dam to offspring has been documented in chickens (Spencer et al., 
1977) and its effects on selection have been investigated (Harris et al., 
1984). In the crossbreeding context, congenital transmission of cellular 
components would result in all cellular components in all subpopulations of 
static and backcrosses originating from the purebred female ancestor. In 
rotation crosses, the breed with the desired cellular components can be used 
as the dam of the initial cross. Then subsequent crosses will all contain the 
cellular components of the initial dam. This results in an extra degree of 
selection for rotational crosses because the cellular component can be 
selected independently of other breed genetic attributes. In static crosses 
the purebred maternal parent must be selected on a combination of genetic and 
cellular attributes. In fact, it may be advantageous to start off a rotation 
cross with a breed not in the normal rotation if transmissible cellular 
components are important. This would be particularly useful if an important
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aspect of heterosis is interaction between nuclear and mitochondrial DNA 
(Dzapo and Wassmuth, 1984; Robison, 1972). Vertical disease transmission, if 
there is also some interprogeny (horizontal) transmission, is probably not a 
valid reason for selecting one breeding system over another. Its effects in 
any system will depend on management, detection, and expression of the 
disease. Incidence of avian leukosis disease can apparently be reduced by 
performance selection of dams (Gavora et al., 1980). This may give an 
advantage to nucleus herds under intense selection but it is unlikely to 
persist through the multiplier herds to the commercial level. More 
importantly, this aspect of grandmaternal effect has potential for biasing 
dial lei cross parameters.

Maintenance of Heterozygotes. Genetic polymorphisms, either 
phenotypically, immunologically, or biochemically determined, are likely to 
become a bigger consideration in mating plans as more work is directed toward 
their detection. Desirable homozygous genotypes present no particular 
problems in incorporating them into crossbreeding systems as long as the 
desirable allele is present in each breed. The long-term breeding objective 
would be to fix the desired allele in each contributing breed. A more 
difficult problem is a desirable heterozygote with benign or undesirable 
effects in the homozygotes. Table 6 shows some combinations of homozygous 
breeds and the expected genotypic distributions by crossbreeding system. The

TABLE 6. PROPORTION OF SPECIFIC GENOTYPES MAINTAINED 
IN SOME CROSSBREEDING SYSTEMS

System Breeds

Breed genotype Dam genotypes Offspri ng genotypes

A B c NN Nn nn NN Nn nn

2BST BxA NN nn 1.00 .29 .71
3BST C x (BxA) NN NN nn 1.00 .27 .73

NN nn NN .27 .73 .44 .56
NN nn nn .27 .73 .08 .56 .36

2PBX B x (BxA) NN nn .27 .73 .08 .56 .36
2MBX B x (AxB) nn NN .27 .73 .44 .56
2B0R BA NN nn .27 .66 .07 .07 .66 .27
3B0R CAB NN NN nn .63 .36 .01 .15 .74 .11

NN nn NN .36 .61 .03 .63 .36 .01
NN nn nn .11 .74 .15 .03 .61 .36

best optimal three-breed rotation slightly exceeds the best three-breed static 
system in the proportion of the population that is heterozygous. This 
difference increases as the multiplier portion of the system increases. Only 
static systems and one backcross system allow a high degree of both dam and 
offspring heterozygosity without also having both homozygotes. This is an 
advantage when one homozygote is undesirable (Webb and Jordan, 1978).

GENERAL DISCUSSION

Optimal crossbreeding system selection depends on the amount and cause of 
variability among breeds. Integrated static systems utilize less heterosis 
than rotational systems but offer wider selection within the system because
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they utilize more sire-dam heterosis. Accurate estimates of direct and 
maternal breed effects are necessary to make use of sire-dam heterosis and 
identify efficient static breed combinations. Breed performance adjusted for 
differential inbreeding is adequate to determine efficient breed combinations 
in backcross and rotational systems.

Introduction of exotic breeds or genes changes the means and variances of 
direct and maternal breed effects. Selecting exotic breeds primarily on a 
single aspect such as meat quality or reproduction will make the correlation 
between direct and maternal breed effects tend toward -1.0. Where rotational 
crosses were formerly competitive, static crosses may be required to take 
advantage of the new genotypes. Biotechnical transfer of exotic pleiotropic 
genes with both desirable and undesirable effects will create the same 
situation. The introduction of exotic genes without pleiotropic effects may 
allow breeds formerly low performing in one aspect but high in another to be 
high performing in both. This reduces breed variation and tends to favor 
rotational crosses over static crosses.

Selection gains likely will be greater for static systems compared with 
rotation or backcross systems using the same number of breeds. Alternatively, 
similar selection gains in static and rotation systems can be made with less 
investment if the complete testing program is not duplicated in all breeds in 
the static crosses.

Understanding biological relationships will help define the role of 
grandmaternal effects in crossbreeding and may help predict the performance of 
specific crosses. General estimation and prediction formulas may not be 
adequate to explain the nature of breed contributions to specific crosses.

Single genes are not a major factor in efficient pork production with the 
possible exception of the halothane gene (Webb and Jordan, 1978). Use of 
homozygotes is straightforward but heterozygote utilization is more complex. 
Crossbreeding systems offer various ways of maintaining heterozygotes.
Choosing among systems depends on whether or not one of the homozygotes is 
undesirable and whether the gene is expressed in the dam or offspring.

Results in this paper have been derived as though breed parameters were 
known. In contrast, estimates are actually used to predict differences in 
efficiency. Predicted differences likely need to be discounted by some 
unknown factor because selection among specific crosses will also tend to 
select the best combination of estimation errors. Predicted increases in 
performance or efficiency from changing breed combinations will likely 
overestimate actual increases.
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