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‘Combining Abilities
r in Crosses Among

SIX INBRED LINES OF SWINE |

By H. 0. Hetzer, B, E. Cowstocek,! J. H. Zeller, R. L. Hicer, and W. R. Harvey,
Anjmal Husbandry Research Divislon, U.8. Department of Agriculture.”

N umerous studies on the effects of crosshreeding swine have made

use of inbred lines both in erosses with other inbred lines and in
crosses with noninbreds {Dickerson et al., 1946 ; Chambers and What-
ley, 1951; Bradford et al.,, 1958).2 While the results of these studies
genernlly show an advantage in the performance of crosses over that
of their parents, little information is available in the literature con-
cerning the general combining ability of different lines or the rela-
tive merit of specific crosses. It inbred lines ave to be used to best
advantage by producers of market hogs, some effort must be made in
obtaining such information.

The primary purpose of this study was to obtain estimates of gen-
eral and specific combining abilities and maternal effects from single
crosses among six inbred lines of swine maintained at the Agricultural
Resenrch Center, Beltsville, Md. Results comparing the performance
of the single crosses with that of their inbred parent lines have been
reported by Hetzer et al. (1951) and are not included here. In gen-
eral, both prenatal and postnatal mortality were lower among crosses
than among inbreds, crosses exceeding inbreds by 1.2 pigs, or 14 per-
cent, in litter size at birth and by 1.7 pigs, or 29 percent, at 56 days.
Crosses differed little from inbreds in individual pig weight at birth,
but crosses grew faster until they exceeded inbreds by 2.7 pounds, or
10 percent, at 56 days and by 9.3 pounds, or 6 percent, at 140 days. In
total litter weight at 56 days the advantage for crosses was 64 pounds,
or 40 percent. QCarcass data showed that crosses tended to have a
slightly higher dressing percentage, a slightly lower yield of lean cuts,
and more fat than did inbreds.

REVIEW OF LITERATURE

Combining ability, as used by plant and animal breeders, is usually
subdivided into general and specific combining ability. According
to Sprague and Tatum (1942), general combining ability refers to
the average performance of a line in hybrid combinations, while
specific combining ability applies to crosses that do relatively better
or worse than would be expected on the basis of the average per-
formance of the lines involved. In crosses among unselected lines

' Formerly professor of statistics, Unlversity of North Carolina, and now pro-
fessor of animal breeding, University of Minnesota.

?The authors are indebied to J. X. King and W. H. Peters for assistance with
the calcwlations.

? References to literature cited (p. 25} are indicated by the names of the zuthor
(or authers) followed by the year of publication.
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of corn, these workers found general combining ability to be more
important than specific combining ability, an indication that in such
lines genes with additive effects on yield are either more common or
produce greater effects than dominant genes or genes with epistatic
effects. In contrast, In crosses among inbred lines previously selected
for general combining ability, the variance for specific combining
ability, attributable largely to dominance and epistatic effects, was
generally greater than that for additive effects.

Henderson (1948, 1953) developed mathematical models and for-
mulas for estimating and testing general, maternal, specific, and sex-
linkage effects in swine crosses involving multiple classtfications with
disproportionate subelass numbers. In studies ot 8 litter character-
istics in single crosses amonyg 12 inbred lines of Poland China swine,
he found that differences in general combining ability at most ac-
counied for only 5 percent of the variability among crosses, whereas
from 5 to 15 pereent of the vaviation could be ascribed to specific
offects. Neither sex linkage nor possible line difforences in mothering
abilities contributed to the variability among crosses. Henderson also
investigated the relative efliciency of linecross and topeross tests for
estimating combining abilities and concluded that linecross tests not
only estimate genemT combining ability move efliciently but also fur-
nish information concerning maternal, specific, and sex-linkage effects.

In a study of single crosses among nine highly inbred strains of
mice, Eaton ¢t al. (1950) found that ling differences in transmitted
influence or general combining ability were important for individual
weight but not for litter size or litter weight. Maternal effects were
important for both litter size and individual weight, while specific
linecross effects were important only for viability and total litter
weight. Glazener and Blow (1951}, studying topcrosses involving
cight inbred lines of chickens, reported significant positive regressions
of topcross performance on inbred performance for brotler weight
and for feathering and concluded that a large portion of the line vari-
ance of these traits was the result of genes which act in an additive
manner. Incontrast, Wyatt (1958), also working with chickens, found
littlo relation between topcross performance and inbred performance
for body weight at § weeks. Fe concluded that differences between his
lines woere due primarily to factors other than additive genes. Craig
and Chapman (1953) correlated the average body weight of eight
inbred lines of rats with those of their single crosses and toperosses to
an outbred control strain and found the lines’ own performance to be
ns reliable as topcrossing for predicting the relative value of inbred
lines in other crosses. Specific combining ability appeared to be rela-
tively unimportant in their experiment.

Durham et al. (1952) compared the performance of topeross pigs
sired by boars from eight inbred lines with pigs sired by noninbred
boars m 44 Wisconsin farm herds. Collectively, topcrosses and
straight breeds did not differ significantly in weight at 154 days, but
there was some evidence that the lines differed in their general com-
bining ability both for this trait and for sow productivity. Hetzer,
Comstock, and Zeller (1953}, in summarizing some of the results from
crossing noninbred Berkshire, Chester White, Hampshire, and Poland
China boars with sows of the six inbred lines represented in the
present study and with inbred Danish Landrace sows, gave constants
representing breed differences in transmitted influence and line differ-




COMBINING ABILITIES IN CROSSES AMONG SWINE 3

ences in direct maternal and transmitted influence for litter weight at
56 days of age. Although both breed and line differences in the con-
stants obtained were fairly large, ranging from 14.5 to —12.9 pounds
for breeds and from 21.6 to —16.8 pounds for lines, only differences
for litter weight at birth between lines were statistically signifieant.
Substantial but nonsignificant differences in specific effects were in-
dicated for all traits studied.

Recently, Cobb (1958) studied the results from toperossing boars
of the snine seven inbred lines used by Hetzer et al. (1953) on purebred
Berkshire, Chester White, Hampshire, and Poland China sows on
Pennsylvania farms. Topeross and purebred litters were farrowed
and raised on the same farms, and on some farms data were also
available on the productivity of topcross and purebred gilts. Differ-
ences between breeds were signifiennt for litter size and litter weight,
but topeross groups did not differ significantly for either trait. How-
ever, the topeross groups differed significantly for pig weight at 140
days, daily gain to market weight and certain carcass characteristics,
indicating that the lines differed in their ability to combine with pure-
breds for these traits.

Dinkel (1955) studied the value of a line’s own performance for
gt‘edicting single and multiple cross (})erformance with respect to in-

ividul pig weight at 154 days, and reported a correlation of 0.57
between line average and average of all single crosses involving that
line. The correlation between inbred line performance and multiple
cross performance was slightly lower, 0.50, while the correlation be-
tween siugle cross and antipIe cross was 0.38. Dinkel’s results were
basedd on 3,041 inbred pigs and 1,399 single cross pigs from crosses
among the 12 inbred Poland China lines previously used by Hender-
son {1948). Dinkel concluded that an inbred Iine’s own performance
15 useful In predicting single and multiple cross performance. He
added that differences in mothering ability seemed mmportant enongh
to be considered in the planning of single and multiple crosses. Magee
and Hazel {1959) studied the 154-day weights of tlgl'ee—line Cross plgs
involving the same 12 inbred lines of Poland China swine. They re-
ported differences in general combining ability to be the most impor-
tant genetic source of variation, anccounting for 4 percent of the
variation among pigs of the same season-farm group. Neither mater-
nal effects nor specific combining effects were statistically significant
in their data.

MATERIAL AND METHODS

The data used in this study came from 218 litters representing all
the possible reciprocal crosses among six inbred lines that had been de-
veloped by the IU.S. Department of Agriculture from crosses of the
Danish Landrace with six other breeds of swine. Of the 218 litters,
82 were farrowed in the fall of 1947, 102 in the fall of 1948, and 34
in the fall of 1950.

The inbred lines were the TLandrace—-Chester White (I.-CW},
Landrace-Duroc {L-D)}, Landrace-Poland China {L-PC), Land-
race-Large Black (L-LB), Landrace—Duroc-Hamphire (L-D-H),
and Yorkshire-Duroc-Landrace-Hampshire { Y-D-IL-H). The first
four lines were formed from crosses madn from 1934 through 1936,
while the latter two lines were established in 1939 by crossing stock
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from a Landrace X Hampshire cross made at Miles City, Mont., with
stock from each of the I~D lines and @ line that had been started n
1985 from n Danish Yorkshire X Duroc cross. Except for certain
generations in the early years in which the individual’s coat color
constituted the primary criterion of selection in five of the six lines,
selection was primarily based on such traits as prolificacy, pig via-
bility, rate of growth, and carcass qualily as reflected by the meat
type conformation of the Landrace. Because of differences in the
number of introduced Landrace animals following the initial crosses,
the proportion of Landrace germ plasm possessed by the lines when
they were closed to outside blood in 1943 and 1944 varied considerably,
ranging from about 75 percent in the LD, L-LB, L-PC, and L-D-H
lines to abont 15 percent in the L-CW line and 5 percent in the
Y-D-I~H line. All Landrace animals used in developing the lines
came from a single group of 7 boars and 16 sows imported from Den-
mark in 1934. Fowever, some of the lines had no commeon Landrace
ancestors and, hence, were considered to be unrelated. The average
coefficients of relntionship between the various pairs of lines are given
in table 1, together with the average inbreeding (Wright, 1922) of the
females used to produce the single cross litters.

TaBue 1.—Average coefficients of inbreeding and relgtionship among
inbred lines, for the 8 years 1947, 1948, and 1960'

Relationship coefilelant

Line Inbroeding

coellictent
I~D 1~-LB 1-PO I~-D-H Y-D-L-H
I~CW o e G 411 0.012 ¢ 018 0.014 0. 020 0. 00D
LD . L1908 4L 140 . 1356 . 246 (18
I~LB_ .- S T F, 123 121 LHY
I-PC_ .. -5 2 FUURN S EUUPUE (YRR 108 000
DB . .. 112 T S PRI HPRONPRIPN N 031
Y-D-L-H_ ... I 1-T: 75 IR [EUEURNRUIPN [EPRRUPRERIN) (ORI I

t See p. 3 for meaning of line symbols.

In 1947 and 1948, litters were obtained from each of the 30 possible
single cross combinations, but in 1950 only 28 combinations were rep-
resented. One boar was used from each hine to sire litters in 1947 and
1950, while in 1948 two boars were used from each line. Only one boar
sired litters in ¢ years. A total of 23 boars were used as sires in the
3 years. The number of females used as dams varied from 23 to 35
between lines. There were 182 females in all, including 146 that pro-
duced one litter each and 36 that produced two litters each. The num-
ber of litters produced per cross ranged from 5 to ¢ (table 2).

The traits studied were litter size, litter weight, and individual pig
weight at birth and at 21 snd 56 days of age; individual pig weight
at 98 and 140 days of age; daily gain from weaning to = final weight
of about 295 pounds; and six carcass yields and measurements. The
carcass traits were: (1)} total carcass yield or dressing percent-
8 &2) yield of lean cuts {sum of trimmed hams, loins, pienic
shounlders, and shoulder butts), {3} yield of trimmed belly or bacon,

4) yield of preferred cuts (sum of lean cuts and bacon}, (5) yield of
at cuts {sum of fat back, leaf fat, plates, and cutting fat), and (6)
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average backfat thickness based on measurements at five locations. All
cuts were weighed fo the nearest one-tenth pound and each was ex-
pressed as a percentage of live weight at slaughter. Slaughter weight
averaged 211.0--0.35 pounds.

Tanue 2.—Distribution of litters by line of sire and line of dam *

Lina of sive
Linte of dam Total

L-OW L-D I~LB L-¥Q L-D-H }|Y-D-L-H

Number A umbr.r‘ Number Number Number Number
6 b 6 & 6

! Sce p. 3 for meaning of line symbols.

Post-weaning growth and earcass data wers obtained only for pigs
farrowed in 1947 and 1948. The plan here was to have each of the 30
different crosses represented by one barrow and one gilt from each of
two litters in each of the 2 years and to self-feed these pigs in groups
of four each under record-of-performance conditions. Xctua,liy thres
of the crosses were rapresented by 7 instead of 8 pigs, giving 957 pigs
from 118 litters for which rate of growth data were obtained after
weaning. Since the pigs were grouped so as to have all pigs in & pen
g8 nearly the same age as possiﬁle, information on feed requirements
was not obtained for each cross separately and hence is not included
here. Carcass datn were obtained on 234 pigs, including 24 crosses
represented by 8 pigs each and 6 by 7 pigs each. Feeding and manage-
ment practices were as uniform as it was possible to keep them, and
they compared favorably with those uzed in good commercisl herds.
Data on the carcass traits were obtained in accordance with slaughter-
ing and cutting procedures as described by Hankins and Hiner (1937).

The least squares method of fitting constants for multiple elassifica-
tions with disproportionate subclass numbers was used to obtain esti-
mates of the line characteristics for the birth, 21-day, and 56-day data.
The line characteristics studied were the ﬁeneml and specific combin-
ing ability effects of the lines and line differences in maternal effects.
To eliminate any bias due to possible confounding effects caused by
year of birth, age of dam, inbreeding of dam, and inbreading of litter,
constants were fitted simultaneously for the effects of these variables.
In order that the same set of equations could be used in analyzing the
litter and pig weights at the three ages, the analyses pertaining to in-
dividual pig weight were accomplished by dividing the weight of each
litter at a given age by the number of pigs at the same age.

While linear regressions appeared to be adequate for measuring the
effects of inbreeding of dam and inbreeding of litter, examination of
the data, as well as results reported by other workers (Lush and
Molli, 1942; Henderson, 1948) 1ndicated the regressions of litfer size
and litter weight on age of dam to be curvilinear. Since the age-of-



http:211.0�0.35

6 TECHNICAL BULLETIN 1237, U.S. DEPT. OF AGRICULTURE

dam effect was most pronounced at younger ages, the sows were classi-
fied into the following four age groups: first Htter, from 10 to 1L.5
months; first litter, from 11.6 to 13.5 months; second litter, from 17 to
19 months; and third or later litter, from 22 to 48 months.

The following mathematical model was used to describe the effects
of the variables studied :

yl]kln=P-+g1 +gj +S|j+lnl +Z};+ﬂ..1 +b14—1+b2.¢—3+euk1n
where

i,j=1,2,....,6 lines

k=1, 9, 3 years of birth

1=1,2, 3, 4 ages of dam

n=1, 3, . .. litters per cross-yeir-age-of-dam class

Yisan 18 the record of the n-¢2 litter of a cross between the i-£A and
J-tA Iines produced in the k-t year by a sow in the 1-¢4 age class. The
g's are the gencral combining ability effects of the i-¢A and j-zh lines
I any cross and s, represents the specific combining ability of the i-¢2
and j-£& lines.  The my’s are maternal effects that are common to all
litters having the i-£A line as female parent, the z.’s are effects as-
socinted with year of birth of litter, the a,’s ave age-of-dam effects and
b, and b, ave partial regressions of the litter or pig trait on the dam’s
inbreeding (X,) and litter’s inbreeding (X.), respectively. The pop-
ulation mean that is represented in the records of all litters is desig-
nated by p; and the residual or error variation that is peculiar to
litters within a particular cress, year, and age-of-dam class by e, jin.
The relations among the g’s, sy, m's z,’s and a,’ are such that

E|g|=2”5“231ﬂl:=Ekzk=zlﬂ.1:0.

Letting S;; equal x+g,+g,+s5,, the total reduction in sum of
squares due to fitting all constants included in the model was obtained
by first absorbing the 153, equations into the equations for the other
variables, fitting constants for all variables including the 8,,’s, multi-
plying the right-hand side of the equations by their appropriate con-
stants, and suinming the products over all equations,

Preliminary tests of significance of year-of-birth effects, age-of-dam
effects, line differences in maternal eftects, and differences in inbreed-
ing of dam and inbreeding of litter were next carried out. Sums of

uares for these effects were obtained from the equation SS=C'DC
where S8 refers to a specific sum of squares, (’ 1s the transpose of
the column vector (C) of constants for a particular class of effects,
and D is the matrix inverse of the section of the variance-covariance
mverse pertaining to the corresponding class of effects. The sums
of squares associated with the general and specific combining ability
effects were then obtained by subtracting the reductions in sums of
squares when these variables were ignored from the reduction in sum
of squares with all variables included. Since the results of these
latter analyses, as indicated in the discussion of table 5, strongly sug-
gested that specific combining ability effecis contributed very little,
if any, to the variation in the litter and pig data at the three ages,
analysis of these data was completed by ignoring specific effects and
obtaining constants and sums of squares for the remaining variables
s outlined for the preliminary tests of significance mentioned above

The error term used for carrying out tests of significance in each
cuse was the residual mean square remaining after the fitting of con-
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stants for all variables ineluded in the original model. It includes
mostly the variance due te individual differences between sows and
other offects peculiar to each litter within a particular cross, year of
birth, and age class of dam.

Since almost identical numbers of pigs were fed and slaughtered
from the various crosses each year, the methods used to analyze the
post-weaning growth and carcass data were essentially those given by
Henderson {1948) for balanced single cross experiments. Thus, the
30 different crosses were considered to include eight pigs each; this
greatly reduced the computations vequired for estimating genetic
parameters and for testing hypotheses.

Because of differences In sex ratio, estimates of the effecis of sex
were first obtained for each charncter. All litters represented by
equal numbers of barrows and gilts were used, and the data were
adjusted for all characters showing a significant sex difference to the
mean of the two sexes. In addition, the 98- and 140-day welghts were
adjusted to o mean age of dam of 20.4 months and the daily gain data
to n mean initinl weight of 32.0 pounds, by means of simple intra-year-
and-cross regressions computed from the original data. Backfat
thickness—the only carcass trait that showed a significant regression
on slaughter weight—was also adjusted to » mean slaughter weight
of 211.0 pounds. While larger bodies of data or more refined methods
may have provided more appropriate adjustment of the data than
those used here, the use of adjustment factors developed from the
same data to which they are applied should not of itself mtroduce any
systematic evrors. Hence, adjustment of the data as indicated here
appeared justified in view of the time saved in analyzing them on the
assumption of o completely balanced design.

The mathematical mode! nsed for the post-weaning growth and
carcass data was

}"umu:,ﬂ-']'g: +gs+s+my F 2z +Eia e

where the constants designated by g, s, m, and z are as defined under
the model for the litter traits, fiy. 13 the effect of the 1-24 litter in the
ti-th cross and k-zh year, and the ey, are pig effects within litter.
Inbreeding of dam and inbreeding of litter were ignored largely be-
cause inbreeding cffects were found to be essentially nil in the pre-
weaning data. TEstimates of the effects of years, on the other hand,
were obtained directly since the various crosses were represented by
gssentially equal numbers in the 2 years for which post-weaning
growth and carvcass data were available. While it was not feasible to
obtain expected values of the least squares mean squares for the pre-
weaning data, estimates of the relative importance of line differences
in maternal eflects and of general and specific combining effects were
obtained for the post-weaning growth and carcass data as described by
Henderson (1948} for cempletgly balanced designs.

RESULTS AND DISCUSSION
LITTER SIZE AND PIG WEIGHT AT THREE AGES

The constants fitted for the effects of years, age of dam, line differ-
ences in maternal influence, and the regressions for litter size, litter
weight, and pig weight on inbreeding of dam and inbreeding of litter
are pl‘esenteg in table 3 along with the number of litters for each

305360—~H1——2
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classification. Estimates of the constants representing the general
and specific combining sbilities of the lines are shown in table 4. All
estimates are given as deviations from their respective means except
for the regressions that represent average changes in the dependent
variables for each unit change in each of the independant variables.
The mean squares associated with the several variables are shown in
table 5.

YEAR-OF-BirTH EFFECTS
Year-of-birth offects were significant or highly significant for litter

weight at each of the three ages and for pig weight at birth and at 56
days, but: they lacked significance for litter size af cach age and for pig
weigltt 2t 21 days. However, all of the litter and ig traits u.veragea
lower in 1948 than in either of the other ¢ years, infﬁcat.ing that yearly
fluctuations in weather conditions and yearly difterences in the inei-
dence of disease and parasites that affected the herd’s seneral state of
health had similar effects on all traits studied. Annual changes in the
g:netic merit of the lines may also have contributed to the d;Terences

tveen gears, but it is doubtful that such changes were very important

in these data.

Acge-oF-DaM ErrecTs

Age-of-dam effects were highly significant for all litter and pig
traits. No adjustment was made for the upward bias which pre-
sumably was introduced in the estimates of age effects for older sows
because of selection practiced on the basis of their previous record.
The importance of this bias is not known, but it should not be large
becanse of the relatively low repeatability generally reported for these
traits. The effect of age of dam was most pronounced 1n sows farrow-
ing their first litter at approximately 1 year of age. Thus, gilts far-
rowing between 10 and 11.5 months of age produced an average of
1.03 pigs less at birth and raised 0.93 pig less to weaning than did
gilts between 11.6 and 13.5 months. Litter size at the three ages con-
tinued fo increase with age of dam until the oldest group averaged
approximately 2.5 years. Sows in this age group produced litters
that had 0.71 pig more at birth, 1.03 pigs more at 21 days, and 1.15
pigs more at 56 days than litters from 1.5-year-old sows.

The estimates of the age-of-dam effects on litter size and litter
weight agree rather well with those obtained by other workers. For
example, Olbrycht (1943), Stewart (1945), and Henderson (1948) re-
portes that gilts farrowing their first litfer at or under 1 year of age
produced from 1.1 to 1.5 pigs less at birth than those over 1 year of
age. Johannson { 1929} also found that the number of pigs in the
first litter increased with age of sow at farrowing to about 15 months.
Squires et al. (1952} studied ovulation rates and embryonic mortality
in gilts, and found that for each inerease of 10 daysin age of gilt when
bred, 0.5 more embryo was present 25 days after conception. The in-
crease of 19 pounds in litter weight at weaning, reported by Hender-
son (1948} for gilts farrowing their first litter over 1 year of age, is
identical with the increase of 19.0 pounds found in this study. Afso,
the increase of 31 pounds which Lush and Molln (1942) found in
litter weight at weaning from the first to the second litter coineides al-
most exactly with the 29.9-pound increase found here for litters from
L.5-year-old sows compared with those from gilts between 11.6 and
13.5 months of age.
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Tasue 3.—Least squares estimates of the effects of year of birth, age of dam, line differences in maternal influences, and
inbreeding of dam and litter on litter and pig traits at three ages *

: Litter size at— Litter weight at— Pig weight at—
‘Effects studied Litters

21 days Birth 21 days 56 days 21 days 56 days

: Number Number Pounds Pounds Pounds Pounds Pounds
General mean_ __. ... e 218 0. 40 7. 89 28.2 85. 8 245. 4 2. 10. 99 31. 34

Year of birth: )
82 . —-. 04 —. 2 . .30 .06

102 . —. 42 .31 .33
34 . . 46 .01 27

. —1.18
11.6-18.5_ o eim il do.... . —. 25
17.0-19.0. o olll do_... ) . .20
22.0-48.0. - .onlivnas eezodoo_ .
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1 Computed by ignoring specific combining ability effects among lines.
? See p. 3 for meaning of line symbols.




TaBLE 4.—Least squares estimates of the general and specific combining effects of lines on litter and pig traits at three ages

Fffects studied ! Litter size at— Litter weight at— Plg welght at—
“fTects studie

21 days 50 days 1 2 days 56 days. 21 days

General combining effects: 2 Number Number ) ) Pounds
L-CW 0. 33 0. 59 0. 2.1 . 13.; . —0. gg
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! See p. 3 for meaning of line symbols,
2 .Computed by ignoring specific combining ability effects among lines.




TaBLE 5.—Mean squares from least squares analyses for birth, 21-day, andk56‘-day data®

Pigs per litter at— Litter weight at— Pig weight at—
Source of varlation Degrees.of
freedom !

i Birth 21 days 56 days Birth 21-days 56 days i 21 days

122, 5% | 1,867% | 25 812%*
696. 1%* 0 341%% 60, 084**
147. 2 451 3,703
.2 322 2, 879
84. 8 680 | 10, 112*
79. 5 1,134 | 10, 423*
16.3 433 3,071
38. 8 514 4 421

*
*
*
*
*
X

1
3

*
¥
3]

. PN

Inbreeding of dam.
Inbreeding cf litter
Maternal line effects
General combining-effects
Specific combining effects

€D OV QR = bt 00 DO
DD 00O
B NW,
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~J00 DD ki i I D
0 DO O O R 0O G
ONNO D = ~ID

=
@

1'All mean squares except those for specific combining effects computed on assumption of zero differences in specific effects.
*=Qignificant at 5-percent level. . '
*#*=Significant at 1-percent level.
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INFLUENCE oF INBREEDING OF DaM anD INBREEDING OF LITTER

The average inbreeding coefficients of dams varied from 12.6 to 45.1
percent, whife those of litters varied from 0 o 17.2 percent between
crosses and years. The correspondin% intra-cross-and-year standard
deviations were 6.3 and 0.7 percent, which showed that inbreeding of
litters within crosses differed little compared with that of dams,

None of the regression coeflicients for the litter and pig traits on in-
breeding of dams and inbreeding of litters were signiﬁfc):ant, except the
regression of litter weight at birth on inbreeding of dam which was on
the borderline of significance at the 5-percent level of probability.
However, all but one of the regressions were negative—an indication
that both inbreeding of dams and inbreeding of litters tended to cause
a decline in performance. The small positive regression of litter size
ot birth on inbreeding of litter does not agree with earlier findings of
Hetzer et al. (1940), Comstock and Winters (1944), and Blunn and
Baker (1949), but ngrees with Stewart’s a":%1945) conclusions that the
inbreeding of the litter has little or no adverse effect on prolificacy.
Results of regression analyses by Blunn and Baker (1949), on the
other hand, suggest that the inbreeding of litters is more important
then the inbreeding of daums in influencing litter performancs after
birth. The declines per 10 percent inbreeding of litters and dams
reported by these workers were 0.88 and 0.27 pig, respectively, for
litter size at 21 days, 0.36 and 0.30 pig for litter size at 56 days, and
14.4 and 12.4 pounds for litter weight at 56 days.

Line DIFFERENCES IN MATERNAL EFFECTS

Since the six lines were orossed reciprocally, the data provided an
OE orfunity for obtaining estimates of line differences in maternal
abl

ties. Although acting directly through the environment 2 sow
provides for her offspring, maternal effects as used here were prob-
abgr largely genetically determined, since all sows and pigs were kept
under essentially the same environmental conditions each year.

Line differences in maternal effects were signifiennt or approached
significance at the 5-percent level only for litter weight at birth and
for litter and pig weight at 56 days. However, except for litter size
at 21 and 56 days, the mean squares for the remaining litter and pig
traits were all large enough, compared with their error mean squares,
to suggest that line differences in maternal effects were real in thess
data. As shown in table 3, the differences between the best and poor-
est lines averaged 2.05 pigs for number farrowed, 1.55 pigs for number
alive at 21 days, and 1.53 pigs for number weaned at 56 days. For
litter weight the range in line of dam influence was 5.1 pounds at birth
and 13.4 and 48.9 pounds at 21 and 56 days. 'The corresponding ranges
for pig weight were 0.41, 1.52, and 5.4 pounds. The Y-D-L-H and
L~PC sows ranked highest for litter size at birth and L-CW sows
lowest. Y-D-L-H and I-PC sows were also superior to sows of the
other lines in litter and pig weight at weaning. Since inbreeding
has been shown to have a rather marked deleterious effect on sow
productivity {Dickerson et al., 1946; Hetzer et al., 1951), it appears
that the relatively poor maternal abilities of the L-CW line for litter
size were largely due to the fact that it was the most highly inbred
line, as shown in table 1,
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The ranking of the lines for litter weight corresponds more closely
with that for %itter size than for pig weight, which indicates that line
differences in litter weight were more largely determined by line dif-
ferences in prolificacy and pig viability than by differences in indi-
vidunl pig weight, This agrees with results reported by Cobb
(1958), who found that breed diiferences in litter weight at weaning
are largely due to differences in pig survival.

Previous studies of maternal effects in crosses involving inbred lines
of swine include those of Henderson (1248) on preweaning per-
formance, of Magee and Huzel (1959) on body weight at 154 days, of
Squiers et al. (1952) on ovulation rate, of Warren and Dickerson
(1952) on preweaning performance, feed lot performance, and carcass
quelity, and of Bradford et al. (1958) on body weight at 56 days
and 5 months of age. Neither Henderson nor Magee and Hazel found
line differences in maternal in{luence to be significant sources of varia-
tion in their datn. Warren and Dickerson, on the other hand, found
rather large and significant differences in maternal influence on body
weight at weaning and at 154 days, on daily gain to markei weight, -
and on backfat thickness.

GENERAL AND Spectric COMBINING ABILITY

As shown in table 5, none of the mean squares for general combin-
ing ability were significant, except the one for litter weight at wean-
ing which was significant at the 5-percent level and those for litter
weight at birth and 21 days which bordered on significance at this
lavel. However, all except the mean square for Ltter size at birth
were larger than their corresponding error mean squares. Although
not definitely conclusive, this would indicate that some of the varma-
tion in these traits can probably be ascribed to additive genetic effects.

Line differences in general combining effects between the best and
poorest lines averaged 0.92 pig for litter size at birth, 1.06 pigs for
litter size at 21 days, and 1.19 pigs for litter size at 56 days. For litter
weight the range was 3.9 pounds at birth, 15.8 pounds at 21 days, and
44.7 pounds at 56 days, while for pig weight at the same ages the
ranges were 0.2, 1.1, and 3.3 pounds, respectively. The L-CW and
L—]% lines generally were best or second best in general combining
ability for litter size and litter weight at the three ages while the
L-1.B and Y-D-L-H lines werc poorest or next to tha poorest for
these traits. In individual pig weight at weaning, the L-D line was
best, followed by the L-LB, Y-D-L—H, L-D-H, L-CW, and L-PC
in that order. While differences in rank of the lines for individual
Eig welght and litter size may reflect differences in the genetic makeup

etween the lines for the two traits, if significant, the observed dis-
cordance in rank probably was exaggerated by the fact that pig
weights were not adjusted for differences in litter size.

The constants for the lines’ general combining effects on litter size
and litter weight at weaning can be compared with those reported by
Cobb (1558) from crosses involving boars of the same six lines used
in the present study with outbred sows of four breeds on Pennsyl-
vania farms. Both the correlations between the two set of constants
for litter size and those for litter weight were small but positive—
0.32 and 0.10, respectively—which suggests that the ranking of the
lines did not differ significantly between locations.
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Specific combining effects were not significant for any of the litter
or pig traits at the three ages. Only the mean squares for litter size
at 21 and 56 days were larger than their corresponding error mean
squares, but both were substantinlly smaller than the mean squares
pertaining to the general combining effects for these traits. The same
wus true for the specific combining variances for all of the other traits,
indicating that specific combining etfects did not exist or, if present
at all, that they were negligibly small. The small differences in
specific combining effects on the litter and pig traits studied here is
rather surprising in view of the marked heterosis effects exhibited by
the same traits in the various crosses as a whole, as indicated earlier
m this report. Additional data would seem to be necessary to resolve
the apparent inconsistency between the two sets of vesults.

POST-WEANING GROWTH AND CARCASS DATA

While least squares procedures as described by Henderson (1948)
for balanced single cross designs were used to obtain estimates of line
characteristics for the post-weaning growth and carcass traits, tests
for the effects of year of birth, sex, and sex linkage were carried out by
analysis of varianco methods given by Snedecor (1956).

TesT FOR SEX LINKAGE

The results of the analyses of variance for testing for the presence
of sex-linked genes are shown in table 6. Comparison of the inter-
action mean squares for sex among reciprocals within pairs of crosses
with those for error is of primary interest in this connection. When
adjusted values for the traits previously found to exhibit a significant
sex difference were used, none of the interaction variances were large
enough for significance, most of them actually being much smaller
than those for ervor. Thus, the results provide no evidence for the
presence of sex linkage.

YEeAr-oF-BirRTH EFFECTS

As shown in the upper part of table 7, year-of-birth effects were not
significant for pig weight at 98 or 140 &a-)'s of age, but they were sig-
nificant for daily gain.” They were also significant at the 5 or 1 percent
level for all carcass traits, except percentage yield of lean cuts.
Fluctuations in weather conditions appear to be the most likely cause
of the year effect on daily gain, although changes in average genetic
merit may have been partly responsible.

ErrFecT oF SEX

Barrows were 0.2 and 3.2 pounds heavier at 98 and 140 days of age
and gained 0.02 pound more per day than gilts, but these differences
were not significant and were much smaller than the differences of
5.4 pounds in weight at 140 days and 0.06 pound in daily gain re-
ported by Cobb (1938) for topcrosses invoning the same lines on

Pennsylvania farms. Sex differences, on the other hand, were highly
significant for all carcass traits except percentage yield of total carcass.
Gilts dressed out slightly lighter and averaged 0.4 percent less bacon,
1.0 percent less fat cuts, and 0.4 centimeter less backfat, but yielded
1.2 percent more lean cuts than barrows. These results agree rather
closely with those reported by Hetzer et al. (1950, 1956), Freeden
{1953), Anderson (1955}, Cobb (1958), and others. '




TaBLE 6.—Analysis of variance for testing for sex linkage in post-weaning growth and carcass traits’

Mean srjuares

Weight and gain ftems Carcass items

Degrees of .
Source of variation freedom Welght at-— Yield as percent of slaughier weight : Bucklat
ackiat

Daily gain thickness
i L 10 . Preferred cuts ) .

98 days 140 days | 225 pounds Total Tat cuts
clireass A

Bacon Total

14| 103. . 0..009 1 06
15 64. . . 008 1. 11
Sex . nan e 1 . 48. . 013 .51
Puirs of crosses X SeX. ccuicmimmnon- 14 30. 48, . 002 .55
Reciprocaly in pairg X sex.icacon s 15 42, 4 . 004 . 46
Error ? . 98 47, . . 007 . 46

. 1 Based on litters represented by equal numbers of males and females, using unweighted means adjusted to zero sex difference for
items showing significant sex difference,

2 Obtained by multiplying within sex, cross, and year mean squares by reciprocal of harmonic mean. of subclass numbers. Nore:
Error mean squares for carcass data based on 92 degrees of freedom.
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TasLe 7.—Estimates of effects of year of birth, sex, line differences in maternal nfluences and of various other factors on
~ post-weaning growth and carcass traits

Weight and gain items Carcass items

Weight at— Yield as percent of slaughter weight

o Backfat
- Daily galn Preferred cuts ] thickness
98 days 140 days Fat cuts

Lean Bacon

Eflects studijed

number d Number]  Percent Percent Percent

General mean.! , 237 7 . . 234 1 80.1 38.8 10, 6
Year of birth: )
119 . . . 117 | —. 4%* . —. H¥*

118 . . . 117 HE L . . B¥*

. 2**

116 N .6 . 113

.1

.1

Line differences in direct
maternal influences: 2

e
OISO
=Wk O S

AP ol

&

Regression on 3—
’Age of dam..months. _
Weight at 56 days
pounds.. ..
- Slaughter weight
) pounds._.

!‘Adjusted to & mean age of dam of 20.3 months, except daily gain adjusted to a mean initial weight of 32.0 pounds and carcass items
adjusted to a mean slaughter weight of 211.0 pounds, and zero sex differences.

2 See p. 3 for meaning of line symbols.

3 Regressions for weight items were computed on a between litters within cross and year basis, while regressions for daily gain and
carcass items were computed on a between pigs within sex, cross and year basis.

* Numbers represent degrees of freedom for corresponding regressions,

*—Significant at 5-percent level. **={Significant at l-percent level.
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REcRESSIONS

The regression coeflicients used to sdjust the 98- and 140-day pi%
weights for differences in age of dam are shown in the lower part o
table 7, together with those for daily gain on weight at 56 days, and
these for the various carcass traits on slaughter weight. The regres-
sions for both 98-day weight and 140-day weight as well as those for
daily gain were positive and significant or highly significant. They
show that an incresse of 1 month in the dams’ age resuited in 0.55
+(,167 pound increase in weight at 98 days and 0.82:0.235 pound
increase in weight at 140 days, while each pound iucreass in weight at
56 days resulted in 0.006=0.0023 pound increase in daily gain. For
the carcass traits, only the regression for backfat thickness was large
enough for significance at the 1-percent level. It indicates that for
each 1-pound increase in slaughter weight backfat thickness increased
0.0170.0064 centimeter.

LinE CHARACTERISTICS

The constants derived from the least square analyses are presented
in table 7 for maternal line effects while those for general and specifie
combining effects are preseated in table 8. The mean squares asso-
ciated with the threo sets of effects are given in table ¢ along with
those for litter within crosses and years and those between littermates.
Litter differences for weight at 98 and 140 days of age, for daily gain,
for yield of total carcass, for yield of lean cuts, ange for yield of five
preferred cuts and fat cuts were all significant or_highly significant.
Although the mean squares for yield of bacon and backfat thickness
wers not significant, both wers Jarger than those within litters, which
suggests that litter differences were real in these data. Consequently,
the litter mean squares were used as error terms in testing the signifi-
cance of the other effects.

Line Differences in Maternal Effects—The mean squares for line
Cifferences in maternal effects were significant or highly significant
for weight at 140 days, yield of total carcass, yield of bacon, and yield
of fat cuts. The lack of significance of maternal effects for daily gain
js not surprising because daily fain was adjusted for differences in
56-day weight and hence would not be expected to show maternal
effects. The existence of maternal effects for 140-day weight, on the
other hand, can be interpreted as reflecting maternal line effects on
weaning weight because both 98-day and 140-day weights are partly
made up of pig weight at 56 days. The posifive correlation of 0.51
obtained between the estimates of maternal effects for 56- and 140-
day weight is in agreement with this explanation. However, the exist-
ence of maternal effects for total yield of carcass, yield of bacon, and
yield of fat cuts cannot be explained on the same basis since none of
these traits can be considered as having been subject to direct maternal
effects that could reasonably be attributed to differences in lactation
or mothering ability. While sex linkage or factors acting through
the cytoplasm of the egg might be invoked as a possible explanation,
the resu?ts provide no critical evidence for sex-linked genes or cyto-
plasmic inheritance in these data. On the other hand, estimates of
maternal line effects for pig weight at 56 days gave rather large posi-
tive correlations with those for total yield of carcass (0.82), yield of
fat cuts (0.79), and backfat thickness (0.92), thereby suggesting that




TasLe 8.—Lstimates of general and specific combining effects of lines on post-weaning growth and carcass traits

Welght snd gain itemns

Careass items

Welght at —

Yield as perceat of slaughter weight

Efferts studied 4 Bagxlat
Daily pain thickness
to 225 Total car- Preferred cuts
08 days 140 days pounds cass Fat cuts
Lean Bacon Tatal
(,eneml combmmb efiects: Pounds Pounds Pounds Percent Percent | Percent Percent Percent Cimn.

i 3.6 8.5 0. 06 .2 0.9 —0.3 . 6 -0.6 —0.13
4 4 3.6 ~, 00 .5 —. 1 .0 -1 .9 12
— 0 —2,0 ~, 06 —. 0 -2 —. 2 - 4 .4 10
-—3. 3 —~3.3 .02 1 .4 .2 .6 ~. 4 —. 16
~5. 6 —7. 4 —. 03 —. 41 10 .2 -, 8 .4 .12
.0 1. 6 .00 — 3 —.0 .1 .1 —. 0 -, 04
CY 4.0 4.5 .02 .2 -2 —, 1 —. 3 .3} —. 00
) .6 -, 6 —. 01 ~. 6 —.2 ~.0 —. 2 ~. 3 -, 01
( 3.5 1.2 -, 01 .0 .D -2 4 -3 —. 17
I~-CW X L—D—Il ....................... -2, 1 7 .03 .1 —. 3 .1 —. 3 .3 .18
I-CW X YD-I—-H.. .. - . .. | —6.0 —5.8 -, 03 .3 .2 .2 .4 —. 0 .00
LD X L-LB.eocincnin ek lemm—n —3.3 —1.9 —. 01 .1 .0 —. 0 .0 o1 -. 00
LD X I-PC. o e iiidanionann —. 6 —. 1 .03 —. 2 —.3 .1 -2 .0 06
I-D X L~D-H it ea —3.6 —7.4 —. 04 —. 0 .6 —. 2 .4 —. 3 —. 02
LD X Y-D=I~H. v omiwiiiiimnn 3.5 4.9 .00 —.1 —. 2 2 .1 —.1 —. 03
L-LB X L-PC._ i i ~. 6 .0 .01 . D 5 .1 .6 ~.0 10
L-LB X I-D-H_ e iiniio s 1.9 4.0 —. 00 0 —.2 —. 0 -2 .0 —. 09
L-LB X Y-D-L-H.. _oiiiiim s 1. 4 —1.6 .01 .0 —. 1 —. 0 —-—. 1 .2 -—. 00
L-PC X L-D-H___ .. .. . ... 02 = 4 —. 01 —. 1 ~. 4 .2 —.2 .2 —.05
L-PC X Y-D-L~H. il —2.5 —. 7 —., 01 -~ 2 —.3 —. 3 —. 6 .2 . 06
LD-H X Y-D-L-H. e vaimonee 3.6 3.2 .03 —: 0 .3 —.1 .2 ~. 3 —. 03

! See p. 3 for meaning of line symbols.
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TABLE 9.—Mean squares for maternal and general and specific combining effects of lines on post-weaning growth and
‘ carcass traits

Source of varlation

Degrees
of

freedoin

Welght and gain i{ems

Carcass items

Welght at~—

98 days

140 days

Daily gain
ta 225
pounds

Yield as percent of slaughter welght

Total
careass

Preferred cuts

Lean

Bacon

Potal

Fat cuts

‘Backfat
thickness.

Maternal line effects i
General combining effects_ ... _.__
Specific combining effects

Litters within crosses and years!._.
Within litters 1 il

57
119

388. 9
587. 4%*
232. 4
171, 3*
104.2

938, 1%
1, 251. G**
296, 0
338. 3%
237.0

0. 047
. 069*
. 012
. 020%*
. 013

4. 41%
3. 61
1. 55
1. 75%
1.15

2. 73
15. 98%*

12,94

2. 63**
1.-00

2. 36**
1. 79%%
. 64*

. 31
.23

2. 84
11, 68%*
3.28
2. 93**
L 52

1 9. 32%*

16, 32**
1,21
2. 55**
1. 30

0. 419
. 642**
. 167
. 187
. 137

" Adjusted for linear regression on age of dam, except mean squares for daily gain adjusted for regression on 56-day weight, and
those for earcass items adjusted for linear regression on slaughter weight, using data adjusted to zero sex difference for items showing
- significant sex difference. NoTe: Within litter mean squares for daily gain and carcass items are based on 118 and 116 degrees of free-

dom, respectively.
*=QBignificant at 5-percent level.
**=Gjpnificant at 1-percent level.
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line differences in maternal effects on these traits were largely due to
déﬁerences in pig weight at 56 days rather than to direct maternal
effects,

This interpretation agrees with the positive correlations reported
by Dickerson {1947) and other workers between rate of gain In the
feed lot and thickness of backfat. On the other hand, McMeekan
(1940%, by centrolling the plane of nutrition, found that pigs on a
JTow plane during the early stages of growth were significantly fatter
when slaughtered at 200 pounds weight, than pigs that were started
on a high plane o, nutrition, Based on results from reciprocal crosses
of inbred Poland China lines with other inbred and nonmbred stocks,
Warren and Dickerson (1952} also reported significant line-of-dam
effects on a number of post-weaning traits, including pig weight at 154
da{s of age, daily gain from weaning to market weight, and thickness
of backfat.

As shown in table 7, the differences between the best and poorest
lines avernged 10.1 pounds for weight at 98 days, 174 pounds for
waight at 140 days, and (.12 pound for daily gain. For carcass traits,
tho range in line-of-dam effects avernged 1.1 percent for yield of total
carcass, 1.0 percent for yield of lean cuts, 0.8 percent for yield of bacon,
0.8 percent for yield ofy. ive preferred cuts, 1.7 percent for yield of fat

cuts, and 0.32 centimeter for backfat thickness. The Y-D-L-H line
ranked highest for weight both at 98 and 140 days of age and for daily
gain, whils the L-CW Tine ranked lowest for these traits. The L-CW
also ranked lowest in maternal effects for yield of lean cuts, but ex-
ceeded all other lines for yield of bacon and yield of fat cuts.

General and Sgeciﬁc Combining Ability—Line differences in gen-

eral combining ability for weights at 98 and 140 days of age and for
daily gain were all significant or highly significant. They were alse
highly significant for all carcass traits except total carcass yield,
which did not differ significantly between lines. As shown in table
8, the range in general combining effects between the best and poorest
lines was 10.0 pounds for weight at 98 days, 15.9 pounds for weight
ub 140 days, and 0.12 pound for daily gain. For carcass traits, the
range in general combining effects between lines was 0.9 pereent for
total yiala for carcass, 1.9 percent for yield of lean cuts, 0.5 percent
for yield of bacon, 1.4 percent for sum of preferred cuts, 1.5 percent
for yield of fat cuts, and 0.28 centimeter for backfat thickness. The
I-CW line ranked highest in general combining ability for daily
gain, followed by the L-PC, Y-D-L-H, L-D, L~-D-H, and L-LB lines
m that order. The L-CW line also ranked highest for yield of lean
cuts and for sum of five preferred cuts, and was followed in order by
the L-PC, Y-D-I-H, E—D, L-LB, and L-D-H lines. The L-D,
IL-1LB, and L-D-H lines were the least desirable in general combining
ability for carcass quality, both as indicated by the relatively low
vields of lean cuts and the relatively high yields of fat cuts exhibited
by their progeny.

Results reported by Cobb (1958} from toperosses involving boars of
the same six lines on Pennsylvania farms show that Y-D-IL-H and
I~D-H topcrosses were the two best groups in both 140-day weight
and daily gain, and L-D topcrosses were the poorest. In this study,
the same three lines ranked third, sixth, and second for 140-day
weight and third, fifth, and fourth for daily gain. In percentage of
lean cuts I~CW and L-PC crosses were the most desirable while the
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L-D-H crosses were the least desirable in both studies. The results
for the other carcass traits showed similar agreement between the two
studies, The fact that the constants for line offects in Cobb’s study
contained some farm effects may explain the apparent diseordance in
rank between lines, although sampling errors due to the relatively
small number of animals tested from each line probably were partly
responsible.

ifferences in specific combining abilities were large enough for
significance at the 5-percent level only for yield of bacon. Most of
the mean squares for specific effects for the other post-weaning growth
and carcass traits were actually smaller than their corresponding
ervor terms, indicating that in these data, specific combining effects
were very small, if present at all. The absence of any indication of
differences in specific effects for these traits thus agrees with the
results obtained for the preweaning litter and pig traits.

Variance Components—Estimates of the relative importance of
differences in maternal effects and in geperal and specific combining
ability effects, compared with the variances due to litter and intra-
litter differences, were obtained from variance component analyses
as suggested by Henderson (1948} for balanced single cross designs
and are illustrated in table 10. The results of these analyses are pre-
sented in table 11. Intra-litter differences appeared to be the most
mmportant single source of variation for all traits, accounting for
slightly less than one-half of the variance in yield of lean cats to
nearly three-fourths of the variances in 140-day weight and backfat
thickness. Litter sffects generally were small compared with intra-
litter variation but, except for yield of bacon, they were nearly two to
six times Iarger than those associated with any of the next most
important source of variation. The litter variance actually varied
from less than one-tenth for yield of bacon to nearly two-fifths for
vield of lsan cuts.

TasLe 10.—Analysis of variance model for estimating variance compo-
nents for post-weaning growth and carcass traits

Senreo of variation Degrees cf Theoratical composition of mean
freedom SQuares
Maternal tine effects__________ .. ____ 5| E+2D+424M
General combining effects_________._.__ 3 { E4+2D49.684384G
Specific combiniag effects_____ - 9 | E42D+ 168
Litters within crosses and years. R 57 | E4+2D
Pigs within Hbters . _________________ 118 | E

Maternal effects appeared to be absent for both yields of lean cuts
and for total yield of preferred cuts, but accounted for about one-
fifth of the variance in yield of bacon. For the remaining traits
estimates of maternal effects accounted from about one twenty-fifth o
the variance in daily gain to about one-tenth of the variance in yield
of fat cuts. General combining effects appeared to be small compared
with maternal effects for total yvield of carcass and yield of bacon
but they were the most. important genetic source of variation for yield
of lean cuts, yield of fat cuts, and total yield of preferred cuts, ac-
counting from about one-tenth to nearly one-sixth of the variance in
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'I'anLe 11.—Estimates of variance components (V.0.) and percentage of variance due to maternal line effects (M),
general combining effects (G), specific combining effects (S), differences betwzen litters within crosses and years ( L),
and differences between littermates (E).

Mauternal effects (M) Genersl coinbining Specifie combining Litters (L) Litter mates (E)
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these traits. For 98-day weight, 140-day weight, daily gain, and
backfat thickness genera comEinmg effects differed little from ma-
ternk: ¢flects, the portions of the varlunces due to general effccts vary-
ing from about one-twentieth to nearly one-fiftcenth for thess traits.

he spparent absence of differsuces in specific combining ability
suggested by the tests of significance in faliula 9 is reflected by the
results in table 11, which show that specific effects at best accounted
for only about one-twentieth of the variability in auny of the traits.
Thus only in yield of bacon was there a suggestion that diflerences
in specific combining ability existed in those data. These results are
in distinet contrast with those of other workers, notably Henderson
(1948) who reported differences in specific combining ability to be
more important. in his data than differences in general combining
ability or in maternal effects.

CORRELATIONS

The correlations between the average inbreeding coeflicients of the
lines and the estimates of the general and maternnl abilities of the
lines nre shown in table 18, The correlations between the calculated
inbroeding of tho lines and tho cstimates of maternal effects were
negative for all litter trails, ranging from -0.27 for litter weight at
birth to —0.91 for litter size at 56 days. In conirast, the eorrelations

Tanus 12.—Correlations reluting estimales of lLine differences in ma-
ternal effects and general combining ability cffects with inbreeding
cocfficients of lines?

Ohusrvation Fru g
Birth to weaning:
Litter size at—
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LA E 4 SO —. 27 . 58

b QY T — 47 .12

50 days_ oo iaeann e mmmmm e —. 35 L12
Pig weight at—

Birkh. . oo aaoao mam e — e . 66 .37

b S 1% - U e G4 -, 51

5O yS. . oo aamiaaaas .48 —. 54

Waeaning to 225 pounds:
Pig weight at—

B dAayS-cuc v cieieimaoan s e —. 20 .20

140 days. ... .. e mm—— e ena—aa - —., 32 .58

Daily gain. e oo e aemaiam e —. 42 . 82

Carcass Datn:

Yield as pereent of slaughter weight!

Total carcass..._ . et imecmmmam e . Of —. 08

Preferred cuts:

LA e it camam e e —. 87# .58

BACOn . e m e .42 -, 36

Totnl. v e e ewm e —. 56 .53

ot cubs o e .- . B7* —. 72

Backfat thickness. . ... . . cooooiiumamnan. . 47 —. 61

1 Contpurted by using zero for Hne with kirgest negative constant for M and O and expressing constants for
other lines wy dovintions frein 2org. .
*m Signifteant st Spereent level,
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with maternal effects were positive for all preweuning mensures of
liig weight but negative for the threo post-weaning growth measures.
‘he ditference in signs between these two sots of correlations pre-
sumably is partly due to the fact that individual pig weights to wesn-
ing are negatively correlated with litter size ang 5mt the data wers
not adjusted for these correlations. For the carcass dain, estimates
of maternal effects wore positively correlated with inbreeding of the
lines for total yicld of carcass, for yield of bacon, for yield of Tat cuts,
and for bnckfrt thickness. The correlation between the two variables
on the other hand, was negative for yield of lean and for total yieid
of preferred cuts.
nterestingly enongh, all of the correlations between tho caleulated
inbreeding of the lines and the estimates of general combining abilities
were of opposite sign from the corresponding corvelations with the
estimates of maternal effects, except for pig weight at birth which
gavo a positive correlation of inbreeding with both the estimantes of
goenernl combining ability and those of maternal effects. Fowever,
this rather consistent difference in signs between the corresponding
correlations probably is largely automatic, becanse of the negative
correlations that one would expect betweon estimntes of general and
maternal effects where, as in this study, the two sets of estimates were
calculirted from the snme sets of equations. Thus, with the probable
excoption of litter size and yields of lean and fat cuts, which gave
significant correlations between inbreeding of lines and estimates of
maternal effects, the results provide no convineing evidence that the
inbreeding practiced in de\'OIOFiIIg the lines affected either their ma-
ternal or general combining abiities.

SUMMARY AND CONCLUSIONS

The results of single crosses among six inbred lines of swine devel-
oped at the Agriculturnsl Research Center, Belisville, Md., were
studied to obtain estimates of the general and specific combining abili-
ties and maternal abilities of the six lines. T&m data were also ana-
lyzed to estimate the effects of cortain environmental factors. A totul
of 218 litters farrowed during the fall of 1947, 1948, and 1950, and
representing all of the 30 possible reciprocal crosses were availy ble for
study. Tho characteristics studied weve litter size, litter weight and
individual pig weight at birth and at 21 and 56 days of age, individual
Fig weight at 98 and 140 duys of age, daily gain from weaning to a
inal weight of about 225 pounds, and six carcass yields and mensure-
ments.

Differences in year of birth were significant or highly significant
for all traits, except litter size at the three nges, individual pig weight
at 21, 98, and 140 dl:tys, and yield of lean cuts. Age of duin had ahigﬁl ;
significant effect on both litter size and litter weight as well as on af’l
measurements of individual pig weight. In agreement with estimates
obteined by other workers, age-of-(fnm effects were most pronounced
among sows farrowing their first litter at approximately 1 year of age.
Intrg-cross-and-year differences in inbreedin;]r of dam bordered on
significance at the 5-percent level only for litter weight at birth,
although most of the regressions on inbreeding of dum and inbreeding
of litter were negative. Sex had no significant effect on post-weaning
growth rato or on total carcass yiold but had a highly significant effect
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on all other carcass traits studied. Gilts averaged 0.4 percent less
bacon, 1.0 percent less fat cuts, and 04 centimeter less backfat, but
vielded 1.2 percent more lean cufs than barrows. There was no
evidence that sex-linked genes contributed to the variation in the
post-weaning growth and carcass traits.

Line differences in maternal abilities had no demonstrable effect on
litter size, but they were statistically significant for litter weight and
Pi% weight at 56 days. Materna! influences were also significant for
individus]l pig weight at 140 days, total yield of caresss, yield of
bacon, and yiold of fat cufs, accounting for 7 to 21 percent of the
variation in these characteristics. The mean squaves associated with
line differences in general combining abilities were larger than their
corresponding error terms for most litter traits, although only for
litter weight at 56 days were these diflerences significant. IHowever,
general combining effects were significant or hig}ﬁy significant sourees
of variation in all post-weaning growth measures as well as in all
careass traits except total yield of carcass. They accounted for 5 to
7 percent of the variation in the three rate-of-growth mensures and
for 3 to 16 percent of the variation in the six carcass traits, There
was no evidonce of differences in specific combining effects for
any of the traits except yield of bacon. The results thus suggest that
differences in specific effects wers unimportant in these datn. The
results also suggest that differences in general combining effects and
maternal influences were about equally important in their contribu-
tion to the variation of most of the traits for which variance com-
ponent estimates were obtained.

Correlations of least squares estimates of general combining effects
and maternal effects with average inbreeding coefficients of the lines
suggested that the inbreeding practiced when the lines were being
developed affected adversely maternal abilities for large litter size
and high yields of lean cuts, while it had the opposite effect on yields
of fat cuts.
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