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L. M. Winters, D. L. Dailey, P. S. Jordan, 0. M. Kiser, R. E. Hodgson; 
J. N. Cummings, and C. F. Sierk 

THIS IS a report on the second five years' study of inbreeding 
swine by the University of Minnesota Experiment Station in 
cooperation with the Regional Swine Breeding Laboratory. 
Results of the first five years' study are presented in Minnesota 
Experiment Station Bulletin 364. 

The bulletin also contains the following: 
1. An introduction to the general problem of inbreeding. 
2. A review of published results. 
3. The objects of the present experiment. 
4. The method of procedure which includes: (1) the 

breeding program, (2) the rations fed, (3) the records 
maintained, (4) the methods of selection, and (5) q. dis
cussion of results through 1941. 

Changes in procedure, noted in this 
bulletin, were: (1) The age of taking 
final weight was changed from 180 to 
154 days (this was a change in proced
ure for the entire Regional Swine 
Breeding Laboratory). (2) Because of 
feed shortages it was necessary to de
part from the standard rations. 

The departures from standard rations 
always were a handicap to perform
ance. The attempt, however, has been 
to maintain from year to year as uni
form an environment as possible and 
yet to raise the pigs under conditions 
suited to practical swine production in 
this region. The only departur:e from 
these conditions has been that each 
litter has had its own lot, which is 

' The data presented herein were obtained 
with the cooperation of the Regional Swin'e 
Breeding Laboratory, Bureau of Animal In
dustry, U. S. Department of Agriculture, 
Ames, Iowa. 

necessary for litter testing. This pro
cedure may give the pigs some advan
tage over those reared in larger groups. 

Definitions of Terms Used 

Backcross. The mating of a crossbred 
or the descendants of a crossbred popu
lation back to one of the parental 
strains. For example, if animal, of 
A-B breeding are mated to either A 
or B animals, the mating constitutes a 
backcross. 

Closed line. A group of animals, gen
erally a rather small group, closed to 
the introduction of any further outside 
breeding. 

F,. The first generation produced from 
a given mating. 

F,. The second generation from a 
given mating and resulting from the 
intermating of the F, animals. 
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F,. The third generation from a given 
mating and resulting from the inter
mating of the F, animals. 

Fx. A symbol indicating the term 
"coefficient of inbreeding" which in 
turn describes, mathematically, the de
gree to which a given animal or popu
lation has been inbred. 

Fancy points. Characteristics other 
than those affecting utility. Frequently 
sought for in breeding animals. 

Five primal cuts. The five meat cuts 
of a hog carcass that are of major eco
nomic importance. They are ham, loin, 
belly, picnic, and butt. 

Gene. The smallest known physical 
unit of inheritance that is passed from 
parent to offspring. 

Genotype. An individual's genetic 
constitution; it may be similar to or it 
may differ from phenotype. 

The M Line. The oldest and most 
highly inbred line in the Minnesota 
project, made up of registered Poland 
China hogs. This line is located at the 
Southeast Experiment Station, Waseca, 
Minnesota. The line was started in 
1924 by a full-brother x full-sister mat
ing. This practice was continued for 
eight generations at the end of which 
time the performance of the line was 
very low. In 1937 the line was culled 
closely and two sub-lines were crossed, 
somewhat lowering the coefficient of 
inbreeding. Since then the line has 
been bred by the flexible system of 

Line. A term generally used to de
scribe a group of animals that possess 
more similarity in type and ancestry 
than the parental breed as a whole. In 
this bulletin the term is used in a more 
restricted sense-to describe a closely 
related group of animals which may be 
regarded as a family. 

Multiple genes. Several genes. 
Quantitative characters. Characters 

which are measured in quantitative 
terms such as rate of growth, feed per 
unit of gain, etc. They are in contrast 
to qualitative characters such as color, 
swirls, etc. 

Phenotype. The individual's develop
mental attainments such as size, form, 
color, performance, etc.; contrast with 
the definition of genotype. 

Topcross. A term used to describe 
the breeding of the last sire used. 

inbreeding that has characterized the 
Minnesota project. The system is flexi
ble in that no set system, such as full
brother x full-sister or one-sire herd 
scheme of mating, has been used. In
stead the policy has been to stay within 
the line and mate the best to the besf. 
best being determined by performance. 

Table 1 contains a summary of the 
M line's performance from 1942 through 
1946 inclusive. 

The performance of this line has re
mained quite constant, and it is be
lieved that the variances recorded in 
table 1 are largely seasonal. 

Table I. Performance of the M Line by Years 

1942 1943 1944 1945 1946 

Fx 70 72 75 77 77 
Number of pigs born alive per litter ... 6.6 6.1 5.6 5.1 7.2 
Weaning weight, pounds (56 days) . 36 32 39 37 35 
154-day weight, pounds . 172 156 155 142 141 
Feed per 100 pounds gain (on pasture) . 326 333 305 332 312 
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Table 2. Performa nce of the Viola Line b y Years 

f x 

Number of pigs born alive per litter .................................... . 

Weaning weight. pounds (56 d ays) . 

!54-day weigh t. pounds . 

Feed per 100 pounds gain (on pasture) . 

The fertility of this line is lower 
than des ired . While in the early stages 
of pregnancy 25 sows were slaughtered 
and their r eproductive organs r ecov
ered. In every instance a large number 
of eggs had been ovulated and fer
ti lized . Resorptions occurred early in 
embryonic life. It is possible that this 
is a letha l trait of the line, but the 
authors believe that it is due primarily 
to the effects of a faulty environment ; 
low fertility is general at the station 
wher e this line is maintained . To date, 
however , no environmental factor r e
sponsible for this defect has been un
covered. 

While the performance of the line 
appears to have remained remarkably 
constant the line appears to have im
proved in body form. This, however , is 
a qualitative character, and ther e is n o 

1942 1943 

.31 .34 

7.5 8.1 

38 31 

195 !59 

308 299 

positive method 
ser vation . 

The V (Viola ) 

1944 1945 1946 

.38 .36 .37 

7.9 7.1 7.9 

36 32 34 

193 165 175 

295 316 332 

of verifying the ob-

Line. Located at the 
West Central Experiment Station, 
Morris, Minnesota the an imals of this 
line are also registered P oland China 
h ogs . It is the second oldest Poland 
China line in the project. The line takes 
its name from a bred gilt named Viola 
2nd that was purchased for the project 
in the spring of 1937. 

Th EO V (Viola) line was regarded as 
the best of the original P oland China 
lines started in 1936 and 1937 and for 
this reason has been maintained as a 
pure line withou t the introduction of 
any other breeding. 

The performance of the line is given 
by years in table 2. 

The A Line. This line is being made 
by attempting to combine the best of 

• Fig. 1. A group of V line gilts. 
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the three inbred lines at the West Cen
tral Experiment Station, Morris, Min
nesota. The animals of this line are 
registered Poland China hogs. These 
lines were the Western Lady (WL) , 
Black Star (BS) , and Viola (V) , all de
scribed in Bulletin 364. The Western 
Lady and Black Star lines were not 
dropped as pure lines, however, until 
1945; the Viola is being continued. The 
performance of the Western Lady and 
Black Star lines for the years 1942 
through 1944 is given in table 3. 

In 1943 pigs were farrowed from a 
cross of the Western Lady and Black 
Star lines. This formed the foundation 
for the A line. Some Viola breeding is 
now being introduced in the new line. · 
Because the Western Lady and Black 
Star lines rest on a small and some
what common foundation, the cross did 
not reduce the coefficient of inbreeding 
to zero. The Viola and Western Lady 
lines also have a somewhat common 
ancestry so that infusion of the Viola 
breeding will lower the coefficient of 
inbreeding but not bring it to zero. The 
Viola breeding is being introduced by 

first crossing it with the Black Star, 
inbreeding the cross, and then · cross
ing the product with the A line (fig
ure 2) . Table 4, therefore, contains data 
on the performance of the A line 
proper and of the Viola-Black Star 
cross which is now being introduced 
in the A line. The method by which 
this line is being developed is por
trayed in figure 3. 

The B ;Line. This is a registered P o
land China line that originated from 
a cross of the Market Lady (ML) and 
Black Star (BS) (Northwest Station), 
both described in Bulletin 364, and with 
a cross of the Viola line added to a por
tion of the above. The B line is located 
at the Northwest Experiment Station, 
Crookston, Minnesota. The animals are 
r egistered Poland China hogs. 

The performances of the Market 
Lady and Black Star lines for the years 
1942 and 1943 are presented in table 5 
and the performance of the B line is 
given in table 6. 

The method of making the B line is 
essentially the same as that being em
ployed in developing the A line. The 

Fig. 2. A group of A line boars. 
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Table 3. Performance of the Western Lady and Black Star Lines for 1942-44 

Western Lady Black Star 

1942 1943 1944 1942 1943 1944 

Fx .28 .28 .33 .31 .37 .40 
Number of pigs born alive per litter 7.5 6.2 8.0 8.3 6.4 8.7 
Weaning weight, pounds (56 days) ... 38 32 38 39 36 40 
!54-day weight, pounds ................................... 191 158 197 193 177 195 
Feed per 100 pounds gain (on pasture) .. 308 299 297 320 325 334 

Table 4. Performance of the A Line Including Data on the Viola-Black Star Cross 

A Line, basic Viola-Black Star 

1943 1944 1945 1946 1945 1946 

Fx ....... ···················································-···· .13 .28 .28 .38 .09 .33 
Number of pigs born alive per litter 8.4 9.0 7.6 7.8 9.1 8.9 
Weaning weight, pounds (56 days) 30 34 31 33 35 33 
!54-day weight, pounds !55 211 172 183 190 182 
Feed per 100 pounds gain (on pasture) 295 291 312 334 305 345 

Table 5. Performance of the Market Lady and Black Star Lines for the Years 1942 and 1943 

Market Lady Black Star 

1942 1943 1942 1943 

F:-,: .32 .34 .32 .36 
Number of pigs born alive per litter 7.2 8.0 7.2 6.1 
Weaning weight, pounds (56 days) 29 17 27 25 
154-day weight, pounds 174 129 175 149 
Feed per 100 pounds gain (on pasture) .. 310 317 316 313 

Table 6. Performance of the B Line by Years 

1944 1945 1946 

F:-.: .14 .17 .21 
Number of pigs born alive per litter 6.5 6.6 8.1 
Weaning weight, pounds (56 days) 32 33 28 
151-day weight, pounds 185 191 179 
Feed per 100 pounds gain (on pasture) 318 335 312 

Table 7. Performance of the C Line by Years 

1943 1944 1945 1946 

F, .II .32 .10 .20 
Number of pigs born alive per litter 8.3 7.5 5.1 7.2 
Weaning weight, pounds (56 days) 32 29 37 29 
154-day weight, pounds 186 146 195 164 
Feed per 100 pounds gain (on pasture) 346 329 310 368 
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two lines r est on overlapping genetic 
backgrounds (figure 4) but purification 
in the B line has not been advanced 
quite so rapidly nor as far as in the A. 

The C I:.ine. This is located at the 
St. Paul Campus, University of Minne
sota. The animals in the line are also 
registered Poland China hogs. The line 
res ts on a foundation of six inbred lines 
and on three cycles of inbreeding. (The 
Jines that enter ed in the foundation 
differ ed markedly in type and in the 
amounts of inbreeding.) The method 
by which the line was developed is 
illustrated in figure 5. All of the lines 
used in making the A and B lines were 
used h er e, and two additional lines 
were included. The performance for 
this line is given in table 7. Fig. 6. A C line gilt . 

9 
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The Minnesota No. 1 Line. This line 
has been developed at the North Cen
tral Experiment Station, Grand Rapids, 
Minnesota. It rests on a cross of the 
Landrace and Tamworth breeds of 
swine but is not a hybrid nor a cross
bred. By inbreeding and careful selec
tion toward given ends it possesses 
from three to four times the degree of 
purification of most standard breeds. 

The methods by which this line was 
developed and the performance of the 
line during the first five years of its 
development are described in Bulle
tin 364. The same methods of procedure 
were continued except that in starting 
the breeding for 1945 farrow the num
ber of herd boars was increased. The 
primary reason for this change was to 
retard the advance of inbreeding which 
was done to test whether it is possible 
to hold a line of breeding essentially 
as it is in both phenotype and geno
type. Selection of breeding stock was 
continued on the basis of performance 
and this has thrown the choice of ani-

Fig. 7. A Minnesota No. 1 gilt. 

mals within a narrower range than is 
to be expected from random selection, 
with the result that the degree of in
breeding has continued to advance 
faster than is to be expected in a 12-
sire herd. 

The performance of the Minnesota 
No. 1 line is presented in table 8. 

It is the opinion of the authors that 
this line has not changed significantly 
in performance nor type during the 
five-year period. The herd has become 
more uniform in appearance, due in 
part to increased .uniformity of color 
and in part to less variability in super
ficial characters such as ears, snout, 
hair coat, etc. No major change seems 
to have been effected in the characters 
of more fundamental value. 

The animals of this . line ar e reg
istered with the Inbred Livestock 
Registry Association. 

The Minnesota No. 2 Line. This line 
is being developed at the Northwest 
Experiment Station, Crookston, Min
nesota, and at the Northeast Experi-

Fig. 8. A Minnesota No. 2 boar 
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Table 8. Performance of the Minnesota No. 1 Line by Years 

Fx 
Number of pigs born alive per litter 
Weaning weight, pounds (56 days ) ... .. 
!54-day weight, pounds 
Feed per 100 pounds gain (on pasture) 

ment Station, Duluth, Minnesota. It 
rests on a cross of a Canadian-bred 
Yorkshire boar with females of the 
Market Lady and Black, Star lines. 

Neither the performance nor the 
type of the F, and F2 pigs was quite 
what was desired, so in the fall of 1943 
one-half of the F, females were back
crossed to Market Lady and Black Star 
boars. The result was an improvement 
in both type and performance. It so 
happened, however, that the stock bred 
for straight Fa pigs produced a segre
gate type that was very satisfactory. 
The result has been that the line has 
become rather closely anchored to a 
few individuals that were straight Fa 
products. Some of the backcross breed
ing, nevertheless, remained in the herd 
and there is no method of determining 
how much the line may have benefited 
or lost as the result of the backcross. 

The white of the Yorkshire is domi
nant to the Poland China black, so the 
first-cross pigs were all white. In the 
F, population some blacks and some 
black-and-white pigs were produced. 
In the F, a number of very attractive 
black-and-white spotted pigs appeared. 
These pigs gained rapidly and carried 
themselves to give the appearance of 
a high percentage of muscle to fat. No 
significance is attached to the fact that 

1942 1943 1944 1945 1946 

.24 .27 .29 .29 .32 
8.8 9.8 10.2 9.6 9.7 
33 30 31 31 25 

194 166 174 186 184 
306 313 308 311 308 

the last two traits appeared in combi
nation with the spotted color pattern. 
This is probably due to a chance segre
gation of the factors concerned. 

The objective in development of the 
Minnesota No. 2 is the production of 
another lean type of hog that is effi
cient in production and that will cross 
well with the Minnesota No. 1. Pigs 
of ~he Poland China lines, Market 
Lady and Black Star, gained weight 
on rather low feed requirements and 
produced quite satisfactory carcasses, 
yet they were not outstanding-quality 
carcasses, their fertility was not high, 
and the sows were poor milkers. The 
Yorkshire was introduced in the hope 
that it would improve the carcass, 
raise the fertility, and improve the 
sows' milking abilities. 

There was no way of determining 
in advance that the resulting line 
would or would not cross well with 
the Minnesota No. 1. The senior author 
did know, however, from previous ex
perience that in general the Tamworth 
and Yorkshire breeds crossed to good 
advantage. Thus there was some reason 
to expect that lines derived from two 
crossbred stocks, each of which had 
had one of those breeds as one of the 
parental races, might be expected to 
cross well. 

Table 9. Performance of the Minnesota No. 2 Line by Years 

1942 1943 1944 1945 1946 

Fx 0 .20 .21 .19 .23 
Number of pigs farrowed alive per litter . 6.2 9.1 8.5 8.5 8.0 
Weaning weight, pounds (56 days) ... 30 24 32 35 32 
154-day weight, pounds 167 136 178 187 171 
Feed per 100 pounds gain (on pasture) .... 308 281 335 311 336 
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Fig. 9. (Top) The Minnesota No. 1 breeding herd at the North Central Experiment Station. 
Fig. 10 (Middle) A Minnesota No. 2 litter illustrating the segregation that occurred in an early 

generation. 
Fig. 11. (Bottom) A typical Minnesota No. 2 litter . 
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The performance of this line by years 
is given in table 9. 

The Minnesota No. 2 is not quite as 
long in body as the No. 1 but longer in 
leg. It has an erect ear and a rather 
short snout. The color is predominately 
black and white. The bone is light and 
the skin thin. While the Minnesota 
No. 1's are unusually quie t , the No. 2's 
are very active-yet they are not wild. 

In general the same procedures in 
selection were followed in the develop
ment of the No. 2's as in the No. 1's
select for performance and disr egard 
fancy points. They were not adhered 
to quite as closely, however. Wherever 
possible selection was made for super
fic ial characters that differed from the 
No. l 's without sacrificing on perform
ance. This was done because it is gen-

THE ULTIMATE OBJECTIVE in the 
development of inbred lines is that they 
be used in crosses for the production 
of commercial hogs. For this reason the 
worth of a given inbred line should 
not be appraised solely nor in the main 
by its own performance as an inbred. 
In this project, however , culling on the 
basis of performance has been rigor
ous, both of the lines started and of 
the individuals within the lines ; be
cause it is believed that poor-perform
ing lines are too expensive to maintain 
and that the better-performing lines 
are more likely to give better r esults 
in crosses. The practical appraisal of 
the crosses from inbred lines is not 
how much superior their performance 
is over that of the inbred lines used 
in the cross but how well the perform
ance satisfies the requirements of the 
commercial producer and the ultimate 
consumer. 

This test is extremely difficult to 
carry out satisfactorily. The University 

erally believed that most quantitative 
character s a re the result of multiple 
gene effects. It is possible that some 
of the same genes which affect the 
economic traits also affect the super
ficial ones, and it would be odd if 
there was not som e linkage between 
the genes affecting superficial and eco
nomic traits. It was therefore reasoned 
that by developing two lines which 
possessed many economic traits in 
common but differ ed as much as pos
sible in superficial traits, the chances 
of the lines crossing to advantage 
would be increased . The r esults ob
tained to date from crossing indicate 
that the above r easoning was sound. 

The animals of this line w ill be r eg
istered with the Inbred Livestock Reg
istry Association. 

of Minnesota Ex periment Station has 
not had the facilities to maintain the 
inbred lines it has developed to con
duct crossing experiments with the 
lines and to maintain check lots of 
either r egister ed hogs or crossbreds 
froin ou tbred stocks. Even if sufficient 
facilities were available it would be 

Fig. 12. A Minnesota No. 2-M crossbred pig. 
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Fig. 13 . (Top) A group of C-M crossbred pigs. 
Fig. 14. (Middle) A group of 2-l crossbred pigs. 
Fig . IS . (Bottom) A group of V-1 crossbred pigs. 
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Table 10. Performance Data on Crosses within the Poland China Breed (gilts only as dams 

unless otherwise indicated) 

Number Daily Feed per 
Number born Weight , pounds gain, 100 pounds 

Cross of alive pounds. gain 
litters per litter 56 days 154 days 56- 154 days (on pasture) 

BS-ML 6-5 30.9 
c,.M 2 7.0 32.8 
BS·WL 7 (6 sows) 8.4 30.0 
BS·V 6 6.5 34.8 
WL·V 2 (2 sows) 7.0 33.2 
BS-ML 8 5.8 34 .5 
V-M 13 5.9 37.3 
V-BS-WL 3 7.3 29.5 
c ,. V-BS 13 (9 sows) 4.3 34.5 
c ,-c , -Bs 8 5.6 36.8 
(V-BS) (Co-M) 5.3 38.4 

Average .................................................. . 6.33 33.9 

diffic ult to obtain a sample of outbreds 
that would be considered a satisfactory 
sample. In each experiment the ques
tion would arise if some other sample 
of outbreds would not have given a 
more favorable result for the outbreds. 
This is a problem that need not arise 
in the conduct of a trial testing the 
comparative merits of a crossbred and 

184 1.56 343 
172 1 .. 42 378 
155 1.28 308 
186 1.54 308 
176 1.45 312 
193 1.62 344 
161 1.26 323 
191 1.64 302 
186 1.56 308 
194 1.60 325 
196 1.61 311 

181 1.50 324 

a straight-bred herd. In an experiment 
of that kind it is easy to put essentially 
the same breeding in both a crossbred 
and a non-crossbred state. (See Minne
sota Experiment Station Bulletin 320 
or Minnesota Extension Bulletin 180.) 

In appraising the data in tables 10 
and 11 it must be kept in mind that 
the data ar e not selected but include 

Fig. 16. A group of V-2-1 crossbred pigs. 
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Fig. 17. A group of C-1 crossbred pigs. 

the data on every sow carried to far
rowing and on every pig born and 
reared in the project. In the absence 
of better comparative data the follow
ing are taken from Lush and Molin, 
"Litter Size and Weight as Permanent 
Characteristics of Sows," Iowa Bulle
tin U. S. D. A. Technical Bulletin 836; 
obtained from a summary of a survey 
made of Agricultural College and 
U. S. D. A. Herds: number weaned 
per litter, 5.5; and weight at 60 days, 
29 pounds. In order to obtain a com
parable figure on rate of gain 79 feed-

ing experiments conducted by mid
western experiment stations were re
viewed. The rate of gain for the best 
performing lot in each experiment was 
taken : the average for the 79 best lots 
is 1.41. This, when projected on the 
60-day weight of 29 pounds, gives a 
154-day weight of 161 pounds. The 
above figures are inadequate estimates 
of the performance of hogs in th is 
country but they do represent one cross 
section of outbred hogs bred according 
to orthodox methods and fed and reared 
by approved practices. 

Table 11. Performance Data on Crosses of Lines between Breeds {gilts only as dams unless 
otherwise indicated) 

Number Daily Feed per 
Number born Weight , pounds gain , 100 pounds 

Cross of alive pounds, qain 
litters per litter 56 days 154 days 56-154 days (on pasture) 

2-1 Combination 8 7.4 40.4 206 1.68 316 
1-V 15 7.7 39.3 201 1.65 319 
1-M 18 5.9 42.0 194 1.54 333 
C-1 3 5.0 41.5 196 1.57 341 
2-V-1 12 7.0 33.7 183 1.52 313 
2-M 7 (2 sows) 8.5 38.4 183 1.45 343 

2-V 9 (3 sows) 7.4 38.7 186 1.48 300 

Average 6.99 39.1 193 1.56 324 
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DETAILED CARCASS CUTOUTS 
have been obtained on 708 hogs. Much 
better comparative data have been ob
tained on outside hogs than in the case 
of feed lot performance. The two groups 
labeled "selected market run" were 
picked by the men on the market in 
two different years as the "top of the 
market" at the time the runs were 
made. The outbred groups were taken 
from the University of Minnesota pure
bred herds which for years have been 
bred by orthodox methods and are 
very good . representatives of the 
standard breeds. The data on carcass 
cutouts are presented by herd groups 
in table 12 and summarized in table 13. 
Carcass appraisal is handicapped by 
not having any definite standard of 
perfection. The percentage of the fiv'e 
primal cuts in the cold carcass weight 
is probably the best single appraisal 
available, yet that is subject to con
siderable error because of differences 
in quality. Quality of the bacon is of 

special importance. It is possible to 
have a heavy poundage of bacon and 
resultant high percentage but yet have 
bacon of such poor quality that the 
net worth is low. 

Despite these deficiencies in carcass 
appraisal it is perfectly obvious that, 
for example, the carcasses of breed 
No. 2 are inferior to those of the 2-1 
cross. A few of the outstanding carcass 
contrasts between these two groups 
(they are taken because the slaugh
ter weights are essentially the same) 
are: average back fat thickness, 1.82 
and 1.55; carcass length, 28.7 and 30.2 ; 
per cent five primal cuts, 67 .72 and 
71.12 ; loins, 14.08 and 16.42; and per 
cent fat cuts, 22.25 and 17.66, respec
tively. By this method of comparison 
all the cross combinations show up 
very well. Here, however, as in the 
data on performance and observations 
on type it is very clear that the differ
ent crosses yield different results. The 
data taken by individuals within each 

Fig, 18. A group of Minnesota No. 1 carcasses. Note uniformity of length and quality. At 
slaughter this group of hogs varied in live weight from 190 to 246 pounds. 
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Fig. 19. (Top left) A Minnesota No. 1 carcass. Note length of carcass and strength in region 
of loin. 

Fig. 20. (Top right) A carcass from a C-1 crossbred pig. Growth rate and carcass cutout are 
given in table 14. 

Fig. 21. (Bottom left) A carcass from a Minnesota No. 1 hog. Note carcass length and quality. 

Fig. 22 . (Bottom right) A carcass from a Minnesota No. 2 hog. Note uniformity of back fat and 
general uniformity. 



EXPERIMENTS WITH INBREEDING SWINE 19 

Fig. 23. A . Fresh bacon cuts from the carcass shown in figure 20. Note uniformity of thickness 
and streaking of lean . B. A slab of bacon from a 2-1 cross. Note uniformity of thickness 
and indications of lean. C. Pork loin from a 2-1 cross. Note fullness of loin muscle . D. Ham 
cut from a 2-2·1 cross. Note small outer layer of fat and well-distributed fat within lean 
and small bone. E. Cured bacon from c;m M-2-M cross. Note extreme amount of lean. F. 
Cured bacon from a 2-2-1 cross. Note uniformity of thickness and liberal streaking of 
lean. G. Hams from three different types of line crosses. Note fullness of muscles and 
short shanks. 
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group exhibit a remarkable degree of 
uniformity. From this it is clear that 
the individual producer can, if he has 
a preference for a certain type, obtain 
that type with a high degree of cer
tainty by producing pigs of that par
ticular breeding. 

The carcass illustrated in figure 20 
and the accompanying data in table 14 
show very clearly that it is possible, 
with the right genetic constitution, to 
combine a rapid rate of gain with 
superior carcass quality. The data in 
the foregoing tables indicate, further
more, that this combination of traits 
is general rather than the exception 
for the crosses of inbred lines belong
ing to different breeds in this experi
ment. 

Table 15 contains data on some of 
the relationships between different car
cass characteristics. It is to be noted 
that the negative correlation is high 

(-.65) between average back fat thick
ness and the per cent of five primal 
cuts. 

The correlation is raised slightly 
(-.67) when back fat thickness is ad
justed for length of carcass (factor T). 
Length of carcass and the per cent of 
five primal cuts, however, had only a 
low but a significant correlation. The 
deduction cannot be made because of 
these correlations, however, that thick
ness of back fat can be taken as the 
sole measure of carcass merit and that 
length of carcass can be ignored. Length 
of carcass has a relationship to a slab 
of bacon that yields high in the per
centage of high-grade sliced bacon and 
it has a relationship to yield of loin. 
There are many factors that need to 
be considered in complete carcass ap
praisal. The tables referred to in this 
section follow on pages 20, 21, 22, 23, 
and 24. 

Table 12. Carcass Data by Breeds, Lines, and Crosses 

Breeding 

Number of carcasses 

Selected Selected 
market market M 

run run 

33 149 7 
Live weight, pounds ........................ ···················· 230.3 226.1 189.7 
Dressing, per cent* 69.80 67.39 66.08 
Cold carcass weight, pounds ··············· ········ 160.8 152.3 125.4 
Back fat thickness 

Thinnest, inches !.47 !.30 1.11 
Thickest, inches 2.12 2.00 1.43 
Seventh rib, inches 1.84 1.57 1.29 
Average, inches 1.81 !.62 !.28 

Length of carcass, inChes 30.2 29.5 28.9 
Per cent five primal cuts* 66.64 69.51 68.83 

Hams*t 20.34 2!.42 22.66 
Picnics* 8.77 9.49 10.24 
Boston butts* 6.77 7.57 7.12 
Loins* 15.98 15.13 14.94 
Bellies* 14.78 15.90 13.87 

Per cent fat cuts* 20.30 18.45 17.86 
Fat backs* 9.95 8.73 8.48 
Plates* 2.94 2.72 2.49 
Leaf lard* 3.29 3.39 2.52 
Jowls* 4.13 3.60 4.37 

Per cent total trimmings* 13.06 12.05 13.31 
Per cent loss in skinning the hams* .... 

v A B BS 

20 32 4 6 6 
220.2 232.6 234.0 235.7 213.3 

69.98 69.28 71.37 73.34 70.98 
154.3 161.4 167.0 172.8 151.4 

1.26 1.18 1.25 1.52 !.31 
1.87 1.88 1.60 2.00 !.71 
1.44 1.50 !.51 1.77 !.59 
1.53 !.52 1.45 1.76 !.54 

29.9 30.2 31.1 30.7 29.5 
7!.27 70.68 69.68 68.14 68.44 
22.35 2!.71 22.55 21.90 22.56 
9.48 9.44 8.96 9.29 9.56 
7.00 6.71 6.56 6.67 7.01 

14.94 14.32 15.55 14.25 14.91 
17.49 18.51 16.06 16.03 14.40 
16.99 17.29 17.08 20.31 18.83 
8.11 8.06 8.41 10.00 9.60 
2.85 3.06 2.48 3.15 3.05 
2.31 2.45 2.34 2.73 2.1! 
3.71 3.72 3.85 4.43 4.07 

1!.76 12.02 13.24 11.55 12.73 
1.75 !.80 

• Per cent based on the cold carcass weight with leaf out, ham laced, and head bone removed. 
t Regular style. · 
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Table 12. Carcass Data by Breeds, Lines, and Crosses-Continued 

Breeding 

Number of carcasses . 
Live weight, pounds 
Dressing, per cent* 
Cold carcass weight, pounds 
Back fat thickness 

Thinnest, inches 
Thickest, inches 
Seventh rib, inches 
Average, inches 

Length of carcass, inches 
Per cent five primal cuts* 

Hams•t 
Picnics* 
Boston butts* 
Loins* 
Bellies* 

Per cent fat cuts* 
Fat backs• 
Plates* 
Leal lard• 
)owls• 

Per cent total trimmings* 
Per cent loss in skinning the hams* ..... 

Cz 

2 
192.0 

68.88 
132.3 

1.32 
1.63 
1.32 
1.42 

30.0 
69.04 
22.22 
~0.00 

7.47 
15.86 
13.49 
22.36 
12.10 

3.19 
2.93 
4.14 
8.60 

C" 

7 
214.0 

71.09 
152.1 

1.29 
1.81 
1.52 
1.54 

29.4 
69.00 
22.64 
9.55 
6.76 

14.51 
15.54 
18.12 

8.80 
2.98 
2.22 
4.12 

12.88 

c 
71 

214.7 
69.50 

149.2 

1.08 
1.72 
1.36 
1.39 

29.6 
70.89 
22.32 

9.95 
6.69 

15.01 
16.92 
17.49 

8.25 
2.89 
2.40 
3.95 

11.62 
1.89 

VxBS 
MxV CxM xML 

7 
218.9 

69.09 
151.2 

1.30 
1.83 
1.50 
1.54 

29.9 
68.05 
23.13 

9.87 
6.96 

15.13 
12.96 
18.10 

9.54 
2.41 
2.28 
3.87 

13.85 

1 
205.0 

68.29 
140.0 

1.00 
1.40 
1.20 
1.20 

28.5 
70.40 
21.43 

9.82 
7.50 

14.33 
17.32 
15.27 

6.07 
3.93 
1.70 
3.57 

14.33 
1.61 

206.0 
72.23 

148.8 

1.25 
1.75 
1.35 
1.45 

29.5 
71.14 
24.20 

9.74 
6.70 

16.18 
14.32 
15.24 

7.79 
2.29 
1.51 
3.65 

13.62 

Minn. 
No.1 

30 
209.6 

69.21 
145.2 

1.48 
1.92 
1.61 
1.67 

31.0 
70.71 
21.02 

8.53 
6.75 

16.66 
17.75 
18.59 

9.04 
1.99 
4.47 
3.09 

10.70 

21 

Minn. 
No.2 

4 
215.0 

71.28 
153.3 

1.13 
1.50 
1.28 
1.30 

31.8 
71.06 
21.78 

9.44 
7.25 

17.26 
15.33 
16.11 

7.75 
2.45 
2.57 
3.34 

12.83 

• Per cent based on the cold carcass weight with leaf out, ham faced, and head bone removed. 
t Regular style. 

Table 12. Carcass Data by Breeds, Lines, and Crosses-Continued 

Breeding 

Number of carcasses 
Live weight, pounds 
Dressing, per cent* 
Cold carcass weight, pounds 
Back fat thickness 

Thinnest, inches 
Thickest, inches 
Seventh rib, inches 
Average, inches 

Length of carcass, inches 
Per cent five primal cuts"' 

Hams•t 
Picnics* 
Boston butts • 
Loins* 
Bellies• 

Per cent fat cuts• 
Fat backs• 
Plates* 
Leal lard• 
)owls• 

Per cent total trimmings* 

Vx1 Mx1 
1xV 1(lxV) (1xV) 1xM 1(1xM) (lxM) 

22 5 7 23 7 
............ 220.9 

68.92 
152.3 

1.46 
1.87 
1.58 
1.67 

30.5 
68.71 
21.29 
8.73 
6.64 

15.14 
16.90 
19.33 
10.07 

2.71 
2.95 
3.60 

11.96 

197.6 
67.86 

134.1 

1.18 
1.64 
1.40 
1.41 

30.3 
71.22 
20.85 

9.14 
7.24 

16.69 
17.30 
18.28 

9.28 
2.41 
3.33 
3.26 

10.49 

222.9 
68.37 

152.5 

1.36 
1.90 
1.56 
1.60 

30.7 
70.99 
21.08 

8.81 
6.99 

15.26 
18.85 
17.60 

8.62 
2.93 
2.57 
3.47 

11.41 

220.5 
68.95 

152.1 

1.42 
1.97 
1.55 
1.65 

30.3 
67.82 
22.13 
8.71 
6.62 

14.85 
15.51 
20.27 
10.29 

2.73 
3.54 
3.71 

11.91 

204.8 
67.92 

139.1 

1.28 
1.66 
1.39 
1.44 

30.1 
71.05 
21.15 

9.03 
7.00 

16.79 
17.08 
17.88 

9.79 
2.13 
2.95 
3.01 

11.07 

224.4 
68.65 

154.1 

1.30 
1.81 
1.51 
1.54 

30.0 
70.46 
21.72 

8.88 
6.80 

14.87 
18.20 
18.42 

8.88 
3.26 
2.73 
3.55 

Per cent loss in skinning the hams* ...... 2.00 1.83 
11.12 

1.87 

1xC 

22 
209.6 

68.83 
144.4 

1.24 
1.76 
1.39 
1.47 

30.7 
71.74 
21.69 

9.22 
7.03 

16.39 
17.40 
17.65 

8.52 
2.37 
3.12 
3.64 

10.62 
1.74 

2xM 

7 
220.9 

68.81 
152.1 

1.14 
1.67 
1.33 
1.38 

30.2 
71.19 
21.58 

9.14 
7.07 

15.83 
17.57 
16.04 

7.65 
2.68 
2.03 
3.68 

12.78 
1.68 

• Per cent based on the cold carcass weight with leaf out, ham faced, and head bone removed. 
t Regular style. 
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Table 12. Carcass Data by Breeds, Lines, and Crosses-Continued 

Breeding 

Number of carcasses 
Live weight, pounds 
Dressing, per cent"' .................................. . 

Cold carcass weight, 'pounds 
Back fat thickness 

Thinnest, inches 
ThiCkest, inches 
Seventh rib, inches 
Average, inches 

Length of carcass, inches 
Per cent five primal cuts• 

Hams*t 
Picnics• 
Boston butts* 
Loins* 
Bellies* 

Per cent fat cuts* 

Fat backs* 
Plates* 
Leaf lard* 
Jowls* 

Per cent total trimmings* 
Per cent loss in skinning the hams* ... 

M 
(2xM) 

24 
210.4 
69.27 

145.7 

!.08 
1.79 
1.33 
1.40 

29.5 
71.72 
21.98 

9.42 
7.11 

15.32 
17.89 
16.36 
7.29 
3.05 
2.13 
3.88 

1!.93 
1.71 

2xV V(2xV) 2xML 2xBS 

6 
200.0 
69.42 

138.8 

1.13 
!.57 
1.17 
1.29 

29.9 
71.76 
21.75 
10.15 
6.93 

17.Dl 
15.92 
15.54 
8.19 
2.31 
!.56 
3.48 

12.70 

6 
220.7 
67.49 

149.1 

1.28 
1.73 
1.43 
1.48 

29.9 
71.10 
21.81 

9.62 
6.94 

15.08 
17.65 
16.23 
7.55 
3.01 
1.97 
3.70 

12.68 
1.59 

2 
213.0 
74.20 

158.3 

1.13 
!.57 
1.25 
1.32 

31.5 
70.04 
23.00 

8.98 
7.20 

16.89 
13.98 
17.21 
8.48 
2.73 
2.12 
3.89 

12.75 

254.0 
71.65 

182.0 

1.25 
1.75 
!.SO 
!.SO 

32.0 
70.88 
21.64 

8.52 
6.29 

16.07 
18.37 
18.55 
8.96 
2.78 
2.41 
4.40 

10.57 

2xl 

21 
209.4 
68.84 

144.3 

1.30 
1.81 
1.46 
!.53 

30.8 
70.06 
20.32 

8.76 
6.86 

16.94 
17.18 
18.01 

9.41 
2.49 
2.84 
3.27 

11.93 
1.65 

2(2xl) 

4 

213.3 
66.62 

142.0 

1.15 
1.95 
!.58 
1.56 

29.5 
72.17 
21.40 

9.06 
6.89 

15.90 
18.92 
17.31 
7.91 
3.13 
2.63 
3.63 

10.52 
1.66 

2(Vxl) 

216.0 
69.21 

149.5 

1.40 
1.70 
1.50 
1.53 

31.0 
69.65 
21.57 

9.20 
6.39 

16.49 
16.05 
16.27 
8.03 
2.13 
2.43 
3.68 

14.09 

* Per cent based on the cold carcass weight with leaf out, ham faced, and head bone removed. 
i" Regular style. 

Table 12. Carcass Data by Breeds, Lines, and Crosses-Continued 

Breeding 

Number of carcasses 
Live weight. pounds 
Dressing, per cent* 
Cold carcass weight, pounds ..... 
Back fat thickness 

Thinnest, inches 
Thickest, inches 
Seventh rib, inches 
Average, inches 

Length of carcass, inches 
Per cent five primal cuts* 

Hams't .. 
Picnics"" 
Boston butts* 
Loins* 
Bellies* 

Per cent fat cuts* 
Fat backs* 
Plates* 
Leaf lard* 
Jowls' 

Per cent total trimmings* 
Per cent loss in skinning the hams* ... 

V(2xl) 

4 
209.8 
69.10 

145.0 

1.28 
2.05 
1.63 
1.65 

29.9 
72.23 
21.78 

9.30 
6.98 

15.71 
18.47 
18.39 
8.63 
3.30 
2.38 
4.08 
9.40 
1.72 

1x2(Vx1) 

206.0 
68.81 

141.8 

1.35 
1.65 
1.35 
1.45 

30.5 
70.29 
20.77 
8.36 
5.75 

17.95 
17.46 
18.98 
10.72 

1.87 
3.04 
3.35 

10.73 

Vx1 
2(Vx1) 

2 
212.5 
69.06 

146.8 

1.15 
1.65 
1.40 
1.40 

30.6 
72.38 
21.03 

9.96 
7.04 

14.96 
19.40 
16.18 

7.36 
2.68 
2.38 
3.76 

11.46 
1.78 

Schechter 
herd:j: 

34 
200 (approximately) 

137.2 

1.07 
1.74 
1.43 
1.41 

29.85 
71.41 
21.65 

9.32 
7.41 

15.84 
17.18 
18.26 

7.89 
2.59 
2.96 
4.82 

10.33 
1.59 

* Per cent based on the cold carcass weight with leaf out. ham laced, and head bone removed. 
t Regular style. 
:j: Minnesota No. 1 lop-crossed pigs. 
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Table 13. Summary of Carcass Data 

Breeding 

Number of carcasses 
Live weight pounds 
Dressing, per cent* 
Cold carcass weight, pounds 
Back fat thickness 

Thinnest, inches 
Thickest, inches 
Seventh rib, inches 
Average, inches 

Length of carcass, inches 
Per cent five primal cuts* 

Hams*t 
Picnics* 
Boston butts* 
Loins* 
Bellies* 

Per cent fat cuts* 
Fat backs* 
Plates* 
Leal lard* 
Jowls* 

Per cent total trimmings* 

Selected 
market 

run 

182 
226.9 

67.83 
153.84 

1.33 
2.02 
1.62 
1.65 

29.6 
68.99 
21.22 

9.36 
7.42 

15.28 
15.70 
18.79 

8.95 
2.76 
3.37 
3.70 

12.23 
Per cent loss in skinning the hams* 

Out- Out- Out-
bred bred bred 

Breed 1 Breed 2 Breed 3 

15 
221.6 

71.31 
157.9 

1.25 
1.91 
1.53 
1.57 

29.9 
69.99 
22.04 
9.28 
6.78 

15.l! 
16,78 
19.29 

9.35 
2.89 
2.87 
4.19 

10.72 
2.02 

32 
210.2 

71.39 
150.0 

1.52 
2.17 
1.78 
1.82 

28.7 
67.72 
20.86 

8.53 
6.87 

14.08 
17.39 
22.25 
11.24 
3.80 
2.97 
4.24 

10.02 
2.10 

45 
227.2 

70.41 
!60.0 

1.50 
2.35 
1.95 
1.93 

29.8 
68.66 
20.62 

8.68 
6.27 

!3.82 
19.27 
21.66 
10.46 
3.43 
3.72 
4.04 
9.68 
2.22 

Project 
Poland 
China 

line 

!55 
216.2 

70.06 
151.8 

1.26 
1.74 
1.48 
1.49 

29.9 
69.55 
22.32 

9.61 
6.89 

14.92 
15.81 
18.48. 

9.09 
2.90 
2.45 
4.04 

11.97 
1.81 

Minn. 
No.1 

30 
209.6 

69.21 
145.2 

1.48 
1.92 
1.61 
1.67 

31.0 
70.71 
21.02 

8.53 
6.75 

16.66 
17.75 
18.59 

9.04 
1.99 
4.47 
3.09 

10.70 

Minn. 
No.2 

4 
215.0 

71.28 
153.3 

1.13 
1.50 
1.28 
1.30 

31.8 
71.06 
21.78 

9.44 
7.25 

17.26 
15.33 
l6.ll 
7.75 
2.45 
2.57 
3.34 

12.83 

23 

Poland 
China 
line 

crosses 

13 
210.0 

69.87 
146.7 

1.18 
1.66 
1.35 
1.40 

29.3 
69.86 
22.92 

9.81 
7.05 

15.21 
14.87 
16.20 
7.80 
2.88 
1.83 
3.70 

13.93 
1.61 

• Per cent based on the cold carcass weight with leaf out, ham laced, and head bone removed. 
t Regular style. 

Table 13. Summary of Carcass Data-Continued 

Breeding 

Number of carcasses 
Live weight, pounds 
Dressing, per cent* 
Cold carcass weight, pounds 
Back fat thickness 

Thinnest, inches 
Thickest, inches 
Seventh rib, inches 
Average, inches 

Length of carcass, inches 
Per cent five primal cuts• 

Hams*t 
Picnics• 
Boston butts* 
Loins• 
Bellies* 

Per cent fat cuts* 
Fat backs* 
Plates* 
Leal lard• 
)owls* 

Per cent total trimmings• 
Per cent loss in skinning hams* 

No. 1-2 
com~ 

bina
tion 

25 
211.4 

67.73 
143.2 

1.23 
1.88 
1.52 
1.55 

30.2 
71.12 
20.86 
8.91 
6.88 

16.42 
18.05 
17.66 

8.66 
•2.81 
2.74 
3.45 

l 1.23 
1.66 

No.1-
2-V 

com
bina
tion 

209.4 
68.99 

144.5 

1.26 
1.78 
1.46 
1.50 

30.3 
71.63 
21.19 

9.21 
6.59 

16.21 
18.44 
17.85 

8.90 
2.62 
2.60 
3.73 

10.53 
1.75 

Schech-
ter No. 1-V No. 1-M No. 1-C No. 2-M No. 2-V 

herd:j: 
com
bina
tion 

34 
200§ 

137.2 

1.07 
1.74 
1.43 
1.41 

29.85 
71.41 
21.65 

9.32 
7.41 

15.84 
17.18 
18.26 
7.89 
2.59 
2.96 
4.82 

10.33 
1.59 

corn
bina
tion 

34 
213.8 

68.38 
146.3 

1.33 
1.80 
1.51 
1.56 

30.5 
70.31 
21.07 

8.89 
6.96 

15.70 
17.68 
18.40 

9.32 
2.68 
2.95 
3.44 

11.29 
1.92 

com
bina
tion 

38 
216.6 

68.51 
148.4 

1.33 
1.81 
1.48 
1.54 

30.1 
69.78 
21.67 

8.87 
6.81 

15.50 
16.93 
18.86 

9.65 
2.71 
3.07 
3.42 

l 1.37 
1.87 

com
bina
tion 

22 
209.6 

68.83 
144.4 

1.24 
1.76 
1.39 
1.47 

30.7 
71.74 
21.69 

9.22 
7.03 

16.39 
17.40 
17.65 

8.52 
2.37 
3.12 
3.64 

10.62 
1.74 

com
bina
tion 

31 
215.7 

69.04 
148.9 

1.11 
1.73 
1.33 
1.39 

29.9 
71.46 
21.78 

9.28 
7.09 

15.58 
17.73 
16.20 

7.47 
2.87 
2.08 
3.78 

12.36 
1.70 

com
bina
tion 

12 
210.4 

68.46 
144.0 

1.21 
1.65 
1.30 
1.39 

29.9 
71.43 
21.78 

9.89 
6.94 

16.05 
16.79 
15.89 

7.87 
2.66 
1.77 
3.59 

12.69 
1.59 

• Per cent based on the cold carcass weight with leal out, ham laced, and head bone removed. 
t Regular style. § Approximate. :j: Minnesota No. 1 top-crossed pigs. 
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Table 14. Data on Performance and Carcass of Individuals Selected to Illustrate That a High 
Rate of Gain and Carcass Quality Can Be Combined 

Breeding C-1 
Number of animals 
56-day weight, pounds 56 
145-day weight, pounds 225 
Average rate of gain, 56-154 days, pounds 1.91 
Cold carcass weight 148 
Back fat thickness, average 1.40 
Carcass length 31.9 
Per cent five primal cuts 75.44 

Hams 23.07 
Picnics 10.05 
Boston butts 7.46 
Loins 16.28 
Bellies 18.58 

Per cent fat cuts 15.10 
Fat backs 7.76 
Plates 2.32 
Leaf lard 1.98 
Jowls 3.04 

Total trimmings 11.10 

Table 15. Correlations and Regressions from Hog Carcass Data 
(Using Total Variance and Covariance)* 

Factors 

F/A 
F/A·C 
FIB 
F/B·A 
F/B·C 
F/C 
F/C·A 
FIT 
F/T·A 
F/U 
F/U·A 

708 hogs from 50 

Correlations 

different breeding 
-.38 
-.51 
-.65 
-.57 
-.66 
+.13 
+.38 
-.67 
-.61 
+.45 
+.48 

" All correlations are highly significant factors: 
A= cold carcass weight. 
B = average back fat thickness. 
C = length of the carcass (aitch bone to first rib). 

r2 

groups 
.15 
.26 
.42 
.32 
.44 
.02 
.14 
.45 
.37 
.21 
.23 

2-1 

7 
49 

214 
1.92 

134 
1.45 

30.9 
69.89 
20.19 

8.75 
6.86 

18.99 
15.10 
17.24 

8.45 
2.30 
2.83 
3.66 

12.87 

Regressions 

-.05 
-.08 

-5.22 
-5.01 
-5.28 
+.25 
+.72 

-156.54 
-144.35 

+2.19 
+2.16 

F = 5 primal cuts in per cent of cold carcass weight. 
T = average back fat thickness -7 length of carcass (ratio of back fat thickness to carcass 

length). 
U = cold carcass weight + average back fat thickness. 

carcass length 
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THE DATA presented in the foregoing 
pages demonstrate that the inbred lines 
produced in this project have not de
teriorated, as is so often believed to 
be the result of inbreeding. The ex
planation offered for this is that the 
factors affecting performance have 
been emphasized in the selection of 
breeding _stock. 

It was possible to select rigorously 
because fertility and survival were 
high. It can be assumed that they were 
high not only because of satisfactory 
genetic foundations but because the 
herds have been free of serious infec
tious diseases such as erysipelas and 
brucellosis and because the men en
trusted with caring for the herds per
formed their tasks well. With a low 
degree of fertility and survival the 
breeder has little opportunity for rigor
ous selection. 

As the development of the lines has 
progressed it has become very clear 
that the respective lines became more 
uniform both in appearance and in 
performance. Visitors make frequent 
mention of this point and the records 
verify their observations. It is exactly 
what is to be expected from the meth
ods employed. 

It is clear to those working with 
the project that the Poland China in
bred lines being developed from com
binations of two or more inbred lines 
are being developed with both greater 
ease and more speed than the original 
inbred lines. Furthermore they are 
superior to the original lines. These 
results give at least indirect evidence 
that the first cycle of inbreeding was 
successful in sorting (segregating) the 
genetic material so that more effective 
selection was possible. 

The data also demonstrate that the 
crosses, taken as a whole, are an im-

provement over the inbred lines. Satis
factory comparable data on outbred 
stock are not available, but what data 
are available indicate that both the 
inbred lines and the crosses appear 
well by comparison. The same can be 
stated regarding carcass evaluation. 
These deductions can be made even 
though no single figure is available as 
a satisfactory summation of the worth 
of any group in either performance or 
carcass evaluation. 

By the above methods of comparison 
it is clear that crosses differ in per
formance and in carcass value. This 
is to be expected and one of the major 
jobs of the future is to determine as 
accurately as possible the comparative 
values of the different line combina
tions. The data presented in the fore
going are meager in that respect, but 
the data that are available demon
strate that some of the crosses are at 
least very encouraging. A few of the 
most encouraging combinations are the 
Minnesota 2-1 and the V-2-1. It is to 
be noted that both these crosses per
formed well in the feed lot. Hence it 
is not necessary to have a slow-growing 
pig in order to produce a superior 
carcass. The right combination of ge
netic factors is, however, necessary. 

The data also make clear that the 
crosses of lines between breeds, on 
the average, yield results superior to 
the crosses of lines within the Poland 
China breed. This is true both in per
formance and in carcass merit and is 
not surprising. The significance of this 
is discussed later in connection with 
figure 24. 

The M and V lines furnish interest
ing comparative results in crosses. The 
1-M and 1-V crosses produce essen
tially identical results both in perform
ance and in carcass yield. The 2-M and 
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Fig. 24. A diagrammatic illustration of the in
terrelationship between breeds and inbred 

lines. See pages 25 and 26 for a discus
sion of its interpretation and 

significance. 

2-V crosses produce essentially the 
same results in both performance and 
carcass results (tables 11 and 13). 
When the M and V lines were crossed 
the performance of the cross was 
scarcely as good as that of the straight 
V's and only slightly superior to that 
of the straight M's. These results indi
cate that the basic genes responsible 
for performance and carcass merit of 
the M and V lines must be essentially 
identical. 

This is very interesting because rep
resentatives of the two lines differ 
markedly in appearance, and the ori
gins of the two lines are such that it 
would be expected that they should 
differ about as much as could be ex
pected of two lines within the Poland 
China breed. The M line was budded 
off the Poland China breed in 1924. 
The V line was budded off the Po:and 
China breed in 1937 and 1938 and from 
stock that shows no special relation
ship to the stock from which the M 
line arose except that they were reg
istered Poland China hogs. 

These results indicate that perhaps 
there are only a relatively small num
ber of major genes responsible for the 

factors of performance and carcass 
quality. If a large number of major 
genes are concerned, it is difficult to 
visualize the M and V lines producing 
these results in crosses. 

Figure 24 is presented in an attempt 
to better portray the principles in
volved in the development of breeds 
and inbred lines and the crossing of 
breeds and inbred lines. 

This presentation is based largely 
on the generally accepted genetic prin
ciple that genetic diversity is condu
cive to hybrid vigor. 

The development of inbred lines is 
actually only carrying breed develop
ment one step farther. In figure 24 the 
outer circle represents the genetic 
boundaries of the species; it contains 
all the genetic material of the species. 
Each of the breeds is merely a closed 
population within the species. Circles 
I, II, and III represent three different 
breeds and a certain amount of over
lapping of genetic material. The smaller 
circles 1, 2, 3, 4, 5, and 6 represent in
bred lines. By the process of budding 
off smaller groups within each breed 
the opportunity for genetic diversity 
by crossing is increased. In the illus
tration several circles exhibit no over
lapping. This is merely for illustrative 
purposes; it is difficult to visualize any 
two lines within a species that do not 
possess many identical genes. 

A study of the circles, however, 
makes it clear that two small circles 
located within different breed circles 
are less likely to overlap than two 
within the same breed circle. At the 
same time the figure illustrates that 
because two lines originate in different 
breed groups they will not necessarily 
differ more genetically than two origi
nating within the same breed. Let it 
be assumed, for instance, that lines 1, 
2, and 4 originated entirely within 
breed I. The amount of overlapping 
between lines 1 and 2 and between 4 
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and 5 is about the same. Thus it might 
be expected that the two crosses will 
exhibit about the same amount of in
creased vigor, but on the whole the 
opportunity for genetic diversity is 
greater when the lines originate from 
different breeds as for example a cross 
of any of the lines with line 6. 

In this connection it should be 
pointed out that the genetic purity of 
the lines may have no relationship to 
the amount of hybrid vigor resulting 

A REPORT on the results of the sec
ond five years of a swine inbreeding 
project at the University of Minnesota 
Experiment Station is presented. The 
results are in accord with those of the 
first five years. (The results of the first 
five years are given in Minnesota Bul
letin 364.) 

The advance of inbreeding has not 
been accompanied by any noticeable 
decline in any of the factors of per
formance in the lines as maintained. 
The explanation offered for the results 
of this experiment that differ from 
many others reported elsewhere is that 
selection for performance in this ex
periment has been rigorous. A further 
explanation is that the flexible system 
of mating used from the outset in this 
experiment made it possible to utilize 
superior animals to better advantage. 

The coefficients of inbreeding for all 
the lines, except possibly the M line, 
are low by contrast with those de
veloped in laboratory animals and 
corn. They are high, however, in con
trast to those in most registered breeds 
of livestock. No evidence is available, 
however, to indicate that high co
efficients of inbreeding are necessary 

from the cross. Two lines may each 
have a high degree of genetic purity 
but may not cross to advantage. On 
the other hand two lines may have a 
relatively low degree of purity and 
cross well. For example, the M-V cross 
was one of the poorest performers, 
while the 1-2 and 1-C crosses were 
good. The purity of the lines may, 
however, be expected to be somewhat 
indicative of the repeatability of a 
certain type of cross. 

to the successful use of inbred lines 
in commercial livestock production. A 
closed line with a high amount of re
lationship but a relatively low amount 
of inbreeding may serve practical pur
poses as well as a line with a very high 
amount of inbreeding. 

Taken as a whole hybrid vigor is 
evinced when the lines are crossed, 
and as is to be expected some crosses 
show more increased vigor than others. 
The crosses of lines between breeds 
show more vigor than the crosses of 
lines within the Poland China breed. 

The carcasses from the crossed lines 
are distinctly superior to the carcasses 
from the parental inbred lines or the 
outbreds used as a check. The car
casses from the crosses of lines be
longing to different breeds are superior 
to those within the Poland China breed. 

Superior carcasses were obtained 
from pigs that made very rapid gains. 
Slow-growing animals, because of ge
netic or environmental influences, are 
not necessary to the production of 
superior carcasses. A high negative 
correlation was found between thick
ness of backfat and the per cent of 
five primal cuts. 
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