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fI Combining Abilities 
in Crosses Among 

SIX INBRED LINES OF~SWINE 
By H. O. IIetzer, R. E. Comstock,' J. H. Zeller, R. L. Hiner, and W. R. Harvey, 

Animal' Husbandry Research Division, U.S. Department of Agriculture.' 

Numerous studies on the effects of crossbreeding swine have made 
use of inbred lines both in crosses with other mbred lines and in 

crosses with noninbreds (Dickerson et a1., 1946; Chambers and "What
ley, 1951; Bradford et a1., 1958).3 'While the results of these studies 
generally show un advantage in the performance of crosses over that 
of tileir parents, little information is available in the literature con
cerning the genera] combining ability of different lines or the rela
tive merit of specific crosses. If inbred lines are 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 obta.in estimates of gen
eral amI specific combining abilities and maternal effects from single 
crosses among six inbred lines of swine maintained at the Agricultural 
Research Center, Beltsville, Md. Results comparing the performance 
of tlle single crosses with that of their inbred parent lines have been 
reported by Hetzer et a1. (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 I;"igs, or 29 percent, at 56 days. 
Crosses differed little from inbreds in mdividual 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. Carcass data showed that crosses tended to have a 
sl ightly 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 mto general and specific combining ability. According 
to Sprague and Ta,tum (1942), ~eneral 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 ~r
formance of the lines involved. In crosses among un!elected lines 

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

• The authors are indebted to J. X. King and W. H. Peters for assistance with 
the calculations. 

3 References to literature cited (p. 25) are indicated by the names of the &ullior 
(or authors) followed by the year of pUblication. 
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of corn, these workers found general combininO" ability to be more 
important than flpecific comhimng ability, an indication that in such 
lines genes with additive effects on yield are either more common or 
produce greater effects than dominant /Yenes or genes with epistatic 
effects. In contrast, in crosses among inbred lines previously selected 
for general combining ability, the variance for specific combining i 

n.bility, attributllble largely to dominance and epistatic effects, was 
generally greater than that for !\(lditive effects. 

Henderson (1948, 1953) developed mathematical models and for
mulas for estimating and testing general, mater;utl, specific, and sex
linkage effects in swine crosses involving multipIl:.\ classifications with 
disproportiolUtte subclass mnnbm:s. In studies ot 8 litter character
istics in single crosses among 12 inbred lines of Pok,nd China swine, 
he found that differences in geneml combining ability at most ac
counted for only 5 percent of t.he vltriability among crosses, whereas 
from 5 to 15 percent of the variation could be ascribed to specific 
effects. Neither sex ,linkage nor possible line differences in mothering 
abilities contributed to the variabIlity among crosses. Henderson also 
illvestign.ted the relative efficiency of linecross and topcross tests for 
ostimating combinin·l' abilities and concluded that linecross tests not 
only est.iIUltte geuerltY combining ability more etliciently but also fur
nish information concerning maternal, specific, und sex-linkage effects. 

In It study of single crosses among !line highly inbred strttins of 
mice, Eaton et a1. (1950) found that line differences in transmitted 
influence or general combining ability were important for individual 
weight but not for litter size or litter wejO"ht. ~faternal effects were 
important for both litter size and individual weight, while specific 
lineeross efl'ects were important only for viability and total litter 
weight. Glazener and 1310w (1951), studying topcrosses involving 
ei¥ht inbred lines of chickens, reported significant positive regressions 
ot topcross performance on inbred performance for broiler weight 
!lnd for feathering and concluded that It large portion of the line val'i
:l.llce of these traits was the result of genes which act in an additive 
maImer. In contrast, Wyatt (1953), also woddn/Ywith chickens, found 
littla relation between topcross performance and inbred performance 
for body weight at 8 weeks. He concluded that dift'erences between his 
lines were due primarily to factors other than additive genes. Craig 
and Ohapman (1953) correlated the averttge body weight of eight 
inbred lines of rats with those of their single crosses and topcrosses to 
an ontbl'ed control strain und found the lines' own performance to be 
as reliable as topcrossing for predicting the relative value of inbred 
lines in other crosses. Specific combinrng ability appeared to be rela
tively unimportant in their experiment. 

Durham et a1. (1952) compared the performance of topcross 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. diil'er significantly: in weight Itt i54 days, but 
there was some evidence that the lines dIffered in their general com
bining ability both for this tmit and for sow productivity. Hetzer, 
Comstock, and Zeller (1953), in summarizing some of the results from 

A 
crossin~ noninbred Berkshire, Chester White, Hampshire, and Poland 
China tloars with sows of the six inbred lines represented in the 
present study lmd with inbred Danish Lal1(lrnce sows, gave constants 
representing breed differences in tmnsmitted influence and line differ



3 COMDINIING ABILITIES IN CROSSES AMONG SWINE 

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 fn,irly large, ranging from 14.5 to -12.9 pounds 
for breeds and from 21.6 to -1(i.8 pounds for lines, only differences 
for litter weight at birth between lines were statistically significant. 
Substantial but nonsignificant differences in specific effects were in
dicated for all traits studied. 

Recently, Cobb (1958) studied the results from topcrossing boars 
of the same seven inbred lines used by Hetzer et al. (1953) on purebred 
Berkshire, Chester 'Vhite, Hampshire, and Poland China sows on 
Pennsylvania farms. Topcross 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 O'ilts. Differ
ences between breeds were significant for litter size andlitter weight, 
but topcross groups did not dlffer significantly for either trait. How
eyer, the topcross groups differed significn,ntly for pig weight at 140 
d.ll.'ys, daily gain to market wei~ht and certain carcass characteristics, 
indicating that the lines differeCl in their ability to combine with pure· 
breds for these traits. 

Dinkel (1955) studied the value of a line's own performance for 
predicting sillgle and multiple cross performance with respect to in
dividual Vig weight at 154 days, and reported a correla,tion of 0.57 
between hne average and average of all single crosses involving that 
line. The correln,tion between inbred line performance and multiple 
cross pedol'mance was sli~htly lower, 0.50, while the correlation be
tween single cross and mUltiple cross was 0.38. Dinkel's results were 
based on 3,541 inbred pigs and 1,399 single cross pigs from crosses 
among the 12 inbred Poland Chinn, lines previously used by Hender
son (1948). Dinkel concluded that an inbred line's own performance 
is useful m :predicting single and multiple cross J?el'formance. He 
added that dIfferences in mothering ability seemed Important enough 
to be considered in the planning of single and multiple crosses. Magee 
and Hazel (1959) studied the 1M-day weights of three-line cross pIgS 
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, accounting for 4 percent of the 
variation among pigs of the same season-farm group. .Neither mater
nul efl'ects nor speclfic combining effects were statistically significant 
in t.heir 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 U.S. Department of Agriculture from crosses of the 
DIl,nish Lanch'ace with six other breeds of swine. Of the 218 litters, 
82 were farrowed in the fnll of 1947, 102 in the fall of 1948, and 34 
in the fall of 1950. 

The inbred lines were the Landrnce-Chester White (L-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-T....-H). The first 
four lines were formed from crosses mad/} 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 L-D lines and a line that lmd boon started in 
1935 from a 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, rr.te of growth~ and carcass quality as reflected by the meat 
type conformation of the Lauch·ace. Booause 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, 
rn.nging from ttbout 75 percent in the L-D, L-LB, L-PC, and L-D-H 
lines to about 15 percent in the L-CW line and 5 percent in the 
Y-D-L-H line. All Landrllce animals used in developing the lines 
came from a single group of 7 boars and 16 sows imported from Den
mark in 1934. However, some 'Of the lines had no common Landrace 
ancestors and, hence, were considered to be unrelated. The average 
coefficients of relationship between the various pairs of lines are given 
in tn,bIe 1, together with the average inbreeding (Wright,1922) of the 
females used to produce the single cross litters. 

TABLE L-Average coefficients of inbreeding and relationship among 
inbred lines,Jor the 3 years 1947, 1948, and 1950 1 

Relationship coefficient 
LInn ~;:\~f'------~-----'----~------~-----

L-D L-LB L-PO L-D-H Y-D-L-H 

L-CW______________ _ 0.411 0.012 O. 018 O. 014 0.020 0.000L-I> _______________ _ 
.198 .140 .135 .246 .018L-LB______________ _ .187 .123 .121 .000L-PC______________ _ .248 .108 .000Ir--D-H_____________ _ .263 .031Y-D-L-H__________ _ .283 

1 See p. 3 for meaning of line symbols. 

In 194'7 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 line to sire litters in 1947 and 
1950, while in 1948 two boars were used from each line. Only one boar 
sired litters in 2 years. A total of 23 boars were used as slres 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 9 (table 2). 

The traits studied were litter size, litter weight, and individual pig 
weight at birth and at 21 and 56 days of age; individual pig weight 
at 98 and 140 days of age; daily gain from weaning to a final weight 
of about 225 pounds; and six carcass yields and measurements. The 
carcass traits were: (I) total carcass yield or dressing percent
age, (2) yield of lean cuts (sum of trimmed hams, loms, picnic 
shoulders, and shoulder butts), (3) yield of trimmed belly or bacon, 
(4) yield of preferred cuts (sum of Jean cuts and bacon)", (5) yield of 
fat cuts (sum of fat back, leaf fat, plates, and cutting tat), and (6) 
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Il.verage oackfat thickness based on measurements at five locations. All 
cuts were weighed to 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. 

TABI,E 2.-Dt.stribution oj litters by line oj sire and line oj dam 1 

Llno of sire 
Line of d!l21 Total 

L-OW L-D L-LB L-l'O L-D-H Y-D-L-H 
-

Numb" Numb" Nltfnbtr Number Nl£mber NumberL-CW______ 
-------- 6 5 6 6 6 29L-D________ 8 -------- 8 7 8 7 38L-LB_______ 8 8 -- - - ---- 8 7 8 39L-PC__ ~____ 9 7 6 -------- 8 8 38L-D-H__ . __ 7 7 9 5 -------- 7 35 

Y-D-L-H.•• 7 7 9 8 8 39 

TotaL____ 39 35 37 I 31 37 36 218 

1 Sec p. 3 for meaning of line symbols. 

Post-weaning growth !lnd carcass data were obt.ained only for pigs 
farrowed in 1947 and 1948. 1'he plan here was to han. 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 thfl8e pigs in groups 
of four each under record-of-performance conditions. Aetually, three 
of the crosses were represented by 7 instead of 8 pigs, giving 237 pigs 
from 118 litters ior which rate of growth data were obtamed after 
weaning. Since the pigs were grou,Ped so as to have all pigs in a pen 
as neariy the same age as possible, mformation on feed requirements 
was not obtained for each cross separately and hence is not included 
here. Carcass data 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 u:;ed in good commercial herds. 
Duta 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 classifica
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 general 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 inbre,?.ding 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 lmear 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 re:ported by other workers (Lush and 
MoUn, 1942; Henderson, 1948) mdicated the regressions of litter size 
and litter weight on age of dam to be curvilinear. Since the age-of

http:211.0�0.35
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dam effect was most pronounced at younger ages, the sows were classi
fied into the following foUl' age groups: first litter, from 10 to 11.5 
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 monL~s. 

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

Yljl,ln=p.+gl+gj+Slj+111I+zk+al+blX1+bzXz+eljkln 
where 

i, j = 1, 2, ...., 6 lines 
k=l, 2, 3 years of birth 
1= 1, 2, 3, 4 ages of dam 
n = 1, ~, ... Iitters per cross-yellr-age-of-dam class 

Yljkln is the record of the n-th litter of a cross between the i-th and 
j-th lines produced in the k-th year by a sow in the l-ih age class. The 
g's nre the genl'ral combining abiJjty effects of the i-th and j-th lines 
111 lmy cross and Slj represents the specific combining ability of the i-th 
and j-th lines. The m('s are maternal effects that are common to all 
litters having the i-th line as female parent, the Zk'S are effects as
sociated with year of birth of litter, the ai's are age-of-dam effects and 
bI and b2 are partial regressions of the litter or pig trait on the dam's 
inbreeding (Xt ) and litter's inbreeding (X2 ), respectively. The pop
ltlation mean that is reprpsented in the records of all litters is desig
nated by p. i and the residual or error variation that is peculiar to 
litters withm u, particular cross, year, and age-of-dam class by eljkln. 
The relations among the gl'S, Slj'S, 1111'S z/s and ai's are such that 

2:.g l=2: IJ SIj=2: llll l=2:t Zt = 2: 1a l=0. 

Letting Slj equal p.+gl+gj+slJ, the totnl reduction in sum of 
squares due to fitting all constants included in the model was obtained 
by first absorbing the 15S IJ equations into the equations for the other 
variables, fitting constants for all variables including the SIj'S, multi
plying the right-hand side of the equations by their appropriate con
stants, and summing the products over all equations. 

Prelimina.ry tests of significance of year-of-birth effects, age-of-dam 
effects, line din'erences in maternal effects, and differences in inbreed
ing of d~m and inbreeding of litter were next carried out. Sums of 
squares for these effects were obta,ined from the equation SS=C'Dq 
where SS refers to !t specific sum of squares, C' IS the transpose at 
the columll vector (C) of constants for a pal'ticula.r class of effects, 
and D is the matrix. inverse of the section of the variance-covariance 
inverse perta.ining to the corresponding class of effects. The sums 
of squares associated with the general and specific combining ability 
effects were then obt.aillecl by subtracting the reductions in sums of 
squares when these variables were ignored from the reduction in sum 
of squares with an variables included. Since the results of these 
latter analyses, as indicated in the discussion of table 5, strongly sug
gested that specific combining ability effeets contributed very little, 
if any, to tll(} variation in the litter ttlld pig data at the three ages, 
analysis of these data, was completed by ignoring specific effect.s and 
obtaming constants and sums of squares for the remaining variables 
as out.lined for the preliminary tests of significance mentioned above 

The error term used for carrying out tests of significance in each 
case was the residual mean square remaining after the fitti'ng of con

http:Prelimina.ry
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stants fOl~ all variables included in the original model. It includes 
mostly the variance due to individual diii'erences between sows and 
other o.ffects peculiar to each litter within tl. particular cross, year of 
birth, and age class of dam. 

Since nlmost identical numbers of pigs were fed and slaughtered 
from the various crOE:ses each year, the methods used to analyze the 
post-weaning growth und carcass dab, were essentially those given by 
Henderson (1V48) for balanced single cross experiments. Thus, the 
30 different crosses were considered to include eight pigs each; this 
greatly reduced the computations required for estimating genetic 
parameters and for testing hypotheses. 

Because of (lift'erences in sex ratio, estimates of the effects of SeX 

were lirst obtained for each cha~·ncter. All litters represented by 
equal numbers of barrows and gIlts were used, and the data were 
adjusted Tor all chal'llcters showing It sigllificlmt sex difference to the 
mean of the two sexes. In addition, the 98- and 140-day weights were 
adjusted to a melm age of dam of 20.4 months and the daily gain data 
to It mean initial weight of 32.0 pounds, by means of simple intra-year
and-cross regressions computed from the original data. Bacldat 
thickness-the only carcass tmit tlmt showed a significant regression 
on slaughter weight-was also adjusted to a menn slaughter weight 
of 211.0 pounds. While larger bodies of data or more relined methods 
may have provided more appropriate adjustment of the data than 
those lIsed here, the use of adjustment factors develoJ?ed from the 
same data to which they are applied should not of itself mtroduce any 
systematic errors. Hence, adjustment of the dnta ns indicated here 
appeared justified in view of the time saved in analyzing theni on the 
assumption of a completely balanced design. 

The mathematimtl model used for the post-weaning growth and 
carcass data was 

)'llkl1l p.+gl +gl+Sll +ml +zk+fllkl +elll<111 
where the constants designated by g, S, 111, and z are as defined lmder 
the model for the litter traits, fllkl is the effect 01 the l-th litter in the 
ij-th cross and k-th year, and the ellkln are pig effects within litter. 
Inbreeding of dam and inbreeding of litter were ignored largely be
cause inbreedincr effects were found to be essentially nil in the pre
weaning dltta. Estimates of the effects of years, on the other hand, 
were obtained directly since the various crosses were represented by 
essentially equal numbers in the 2 years for which post-weaning 
growth and carcass data were available. "While it was not feasible to 
obtain e.xpected values of the least squares mean squares for the pre
weaning data, estimates of the relative importance of line differences 
in maternal effects and of general and specific combining effects were 
obtained for the post-weaning growth and carcass data as described by 
Henderson (1948) :1:01' completely balanced designs. 

RESULTS AND DISCUSSION 
LITTER SIZE AND PIG WEIGHT AT THREE AGES 

The constants fitted for the ~ffects of years, age of dum, 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 presented ill talile 3 aJong wit,h the number of litters for each 

505300-61--2 
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classification. Estimates of the constants representing the general 
and specific combining abilities of tJle lines 'are shown in table 4. All 
estimates are given ns deviations from their respective means except 
for the re~ressions that represent average changes in the dependent 
vltl'iables tor each unit change in each of the independ.mt variables. 
The mean squares associated with the several variables are shown in 
table 5. 

YEAR-OF-BIRTH EFFECTS 

Year-of-birth effects were significant 01' highly significant for litter 
weight at each of the three ages and for pig weight at birth and at 56 
dttys but. they lacked significance for litter size at ench age and for pi~ 
weigjIt 'at 21 days. However, all of the litter and pig traits averaged 
lower in 1948 than in either of the other 2 years, indicating that yearly 
fluctuations in weather conditions and yearly differences in the inCI
dence of disease and parasites tJlat affected the herd's general state of 
hea1th had simihtr effects on all traits studied. Annual changes in the 
genetic merit of the lines may also have contributed to the (hfferences 
betwe8Il years, but it is doubtful that such changes were very important 
in these dltta. 

ACE-OF-DAM EFFECTS 

Age-of-da.m effects were highly significant for all litter and pig 
traits. No ac1justment. was made for the upward bias which pre
sumably was introduced in the estimates of age effects for older sows 
because of selection pra.cticed on the basis of their previous record. 
The importance of tJlis billS is not known, but it should not be large 
because of the relatively low repeata.bility generally re'{lorted for these 
traits. The effect of age of dam was most pronounced III sows farrow
ing their fil'.5t litter at approximately 1 year of age. Thus, gilts far
rowing between 10 and 11.5 months of age producec1 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 to increase with age of dam until the oldest group averaged 
approximately 2.5 years. Sows in this age group produced litters 
that hnd 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
ported that gilts farrowing their first litter at or under 1 year of age 
produced from 1.1 to 1.5 pigs less at birth than those over 1 year of 
n,ge. Johannson (1929) also found that the number of pigs in the ~ 
ffrst 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 increase of 10 days in age of gilt when 
breo, 0.5 more embryo was present 25 days after conception. The in
crease of 19 pounds in littet· we~~ht 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. Also, AI 
the increll8e of 31 pounds which Lush and ~fol1n (1942) found in 
litter weight at weaning from the first to the second litter coincides al
most exactly with the 29.9-pound increase found here for litters from 
1.5-year-old sows compared with those from gilts between 11.6 and 
13.5 months of age. 

http:independ.mt


'fABLE 3.-Least squares estimates oj the effects oj year oj birth, age oj dam, line differences in maternal influences, and 
inbreeding oj dam and titter on litter and pig traits at three ages 1 

C"l 

Litter size nt- Litter weight nt- Pig weight nt o 
~ E!Tects studied Litters 

Birth 21 days 56 days BIrth 21 days 56 days Birth 21 days 56 dnys 
l;d

Z 

General mean ________ ~ __________ ._ Number 
218 

Number 
10. 40 

Number 
7.80 

Numbu 
7.93 

Pound. 
28.2 

Pound. 
85.8 

Pound. 
245.4 

Pound. 
2.82 

Pound. 
10. 99 

Pound. 
3l. 34 

~ 
Year of birth:1947 __________________________ 

1948 _________________ - ________ 
1950 __________________________ 

Age of dam:
] 0.0-11.5 _____________ months__ 
11.6-13.5 _______________ do____ 
17.0-19.0 _________ • _____do____ 
22.0-48.0_______________ do_.___ 

82 
]02 
34 

20 
27 
86 
85 

.10 
-.07 
-.03 

-1. 53 
-.50 

.66 
1. 37 

-.0·1 
-. -12 

.46 

-1. 18 
-.25 

.20 
1. 23 

-.04 
-.52 

.56 

-1. 15 
-.22 

.11 
1. 26 

.6 
-1.7 

l.1 

-4.8 
-3.1 

1.9 
6.0 

2. 3 
-6.6 

4.3 

-16.1 
-10.7 

4.4 
22.4 

-.2 
-24. 7 

24. 9 

-41. 7 
-22.7 

7. 2 
57.2 

-.01 
-.13 

.14 

-.08 
-.17 

.03 

.22 

.30 
-.31 

.01 

-.62 
-.99 

.31 
1. 30 

.06 
-l. 33 

1. 27 

-1. 10 
-2.27 

.42 
2.95 

~ 

I 
z 
C"l 
~ 

Line differences in direct mllternal o 
effects: 2lr-CW________________________

L-I>__________________________ 
L-LB ________________________ 
L-PC________________________ 
L-I>-H_______________________ 
Y-I>-L-H _____________________ 

29 -1.17 
38 -.03 
39 .12 
38 .23 
35 I -.03 
39 on 

.00 

-1. 08 
.07 
.47 
. 15 
.26 
.13 

-1. 04 
-.10 

.49 

.26 

.21 

.18 

-2.0 
-2.4 

1.8 
-.1 
-.0 
2. 7 

-8.5 
-7.0 

4.9 
4. 1 
2. 6 
3. 9 

-27.6 
-29.8 

15. 8 
18.4 
4.1 

1\).1 

.18 
-.23 

• OS 
-.05 
-.02 

.04 

.39 
-1. 02 
--.37 

.47 
. .03 

.50 

.57 
-3.34 
-.68 

1. 53 
-.13 
2.05 

Ul 

~ 
~ 
o 
2: o 

Regression on inbreeding of dllm:
Linear_________________ percent__ 218 J -.04 -.00 -.01 -.1 -.2 -.7 -.01 -.02 -.06 ~ R~ession on inbreeding of litter: 

mear_________________percent__ 218 .01 -.00 -.03 -.0 -.6 -1.7 -.00 -.08 -.14 ~ 1 

1 Computed by ignoring specific combining ability effects among lines. 
, See p. 3 for meaning of line symbols. 

eo 
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'f.-\.BLE 4.-Least squares estimates oj the {Jl;neral and specific combining effects oj lines on litter and pig traits at three ages o 

Litter sIze al- LItter weIght at- PIg welgbt 8t- ~ 
r:lTecls studIed I 

Birth 21 days 56 days Btrtb 21 days 56 days Btrth 21 days 66 days ia 
>General combining effects: 2 	 Number Number NumlJ.r P')Und. Poundl Pound. Pound. Poun,u Poundl t'L-C\V ________________________________ 0.3:.1 0.59 O. 56 2.1 3. 6 13. 3 0.10 -0.46 -0.87L-D__________________________________ 	 t:j.23 .48 .52 1.4 10. 0 29.5 .03 .. 62 L89L-LB_________________________________ -.26 -.37 -.34 -L8 -5.8 -12.3 -.08 .16 .62L-PC_________________________________ 

.44 .08 .04 -.2 -3.1 -9.8 -.13 -.51 -1. 41 	 ~ 
L-D-H________________ ..__ • ___________ 	 t!l-.26 -.31 -.15 -.6 -.6 -5.5 .05 .24 -.25
y-D-.L-H._______________- _____________ -.48 -.47 -.63 -.9 -4.1 -15.2 .03 -.05 .02 ~ 

Spec~C~~~t~.b~~~~~s~--- ________________ .66 -.46 -.32 .4 -.9 -8.7 -.16 .38 -.4.0 .... 
L-CW X L-LB________________________ 	 t"-.27 -.41 -.31 -.1 -2.4 -2.3 .05 .35 1. 15 Co>L-CW X L-PC________________________ -.21 -.12 -.28 .1 2. 5 4. '1 .04 .49 1. 60 --t
L-CW X L-D-H______________________ .64 .65 .69 1.4 5.0 10.6 -.09 -.25 -1. 66
L-CW X y-D-L-IL___________________ -.83 .35 .21 -1.8 	 -4.1 -4.0 .16 -.97 -.70 q 

tJlL-D X L-LB_________________ ._________ .10 -.27 -.32 .0 -3.4 -8.1 .00 -.18 .02L-D X L-PC__________________________ 	 ~.44 1. 03 1. 09 1.4 6. 8 26. 9 .01 -.42 -.82 t!lI.r-D X I.r-D-H ________________________ -1. 30 -.09 -.35 -1.5 -1.8 -6.4 .21 -.02 1. 18 
L-D X Y-D-L-H_____________________ .10 -.21 -.11 -.3 -.8 -3.7 -.07 .24 .02 ~ 
L-LB X L-PC________________________ o-.45 .42 .32 -1.2 .1 -2.6 -.01 -.56 -1. 28 "'JL-LB X L-D-H_______________________ .50 .51 .53 1. 1 5. 8 12.9 -.02 -.08 -.69
L-LB X Y-D-L-H____________________ .11 -.24 -.22 .2 -.0 .1 -.02 .46 .79 	 ~ 

!:IlL-PC X L-D-IL______________________ -.12 -1. 25 -1.07 -1.5 -11. 7 -26.7 -.04 .28 .89 8L-PC X Y-D-L-H____________________ .34 -.08 -.08 1.2 2. 2 -1.9 -.01 .20 -.40 

L-D-H X Y-D-L-H___________________ .28 .18 .19 .6 2. 7 9.6 -.06 .06 .29 	 ~ 
!:Il 

-- -----.--.~--- ~----. 	 t!l 

1 See p. 3 for meaning of line symbols. 

2 Compu.ted by ignoring speeific combining ability effects among lines. 




----
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C'l o 
~ 

TAnr,E 5.-Mean sQuares.from least squares analysesjor birth, 21-day, and 56-day datal 	 ~ 
a3 

Pigs per litter at- Litter weigh t at-	 Pig weight at >Source o( variation Degreeso( t:Ij 
freedom... ,-, Birth 21 days 156 days Birth 21 days 56 days Birth 21 days 56 days ~ 

" ! 
~ 

Years_______________________ 2 O. 5 7.6 12.0 122. 5* 1,867* 25 812** 0.75* 5.9 73.9* &1
Age of dam _________________ 3 41. O*"" 29.2** 30. 4** 696.1** 9,341** 60: 084** .95** 33. 7** 175.1**
Inbreeding of dam___________ 1 8. 8 .1 .4 147. 2 451 3, 703 .30 4.1 26.6 Z
Inbreeding cf litter___________ 1 .0 .0 1.1 .2 322 2,879 .03 6.6 20.5 C'lMaternal line effects __________ 7.25 3.7 3. 9 84. 8 680 10,112* .31 6.0 69.1* ::>:l
General combining effects _____ 5 5. 1 7.5 7.9 79.5 1, 134 10,423* .25 4.5 39.3 o 

rpSpecific combining effects _____ 9 1.8 6. 1 5. 8 16.3 433 3,071 .00 2. 7 19.6Error_______________________ 
191 I 6.9 4. 8 4.7 38. 8 514 4,421 .22 3.0 24. 2 ~ 

I All mean squares except those for specific combining effects computed on assumption of zero differences in specific effects. ~ 
*= Significant at 5-percent level. o 
**=Significant at I-percent level. o 

Z 

~ 
t?j 

..... ..... 
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INFLUENCE OF INBREEDING OF DAM AND INBREEDING OF LITTER 

The averll;ge inbreedin¥ co~fficie~ts o~f dams varied from 12.6 to 45.1 
percent, while those of htters varIed nom 0 to 17.3 percent between 
crosses and years. The corresponding 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 coefficients for the litter and pig traits on in
hreeding of dams and inbreeding of litters were significant, except the 
regression of litter wei~ht at birth on inbreeding of dam which was on 
the borderline of signIficance ut the 5-percent level of probability. 
However, all but one of the regressions were ne~ative-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 
at birth on inbreeding of litter does not agree with earlier findings of 
Hetzel' et a1. (1940), Comstock and Winters (1944), and Blunn and 
Baker (1949), but agrees with Stewart's (1945) conclusions that the 
inbreeding of the litter has lit.tle 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. 
than the inbreeding of dams in influencing litter ferformanee after 
birth. The declines per 10 percent inbreeding 0 litters and dams 
reported by these workers were 0.38 and 0.27 pi~, 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 crossed reciprocally, the data :provided an ~ 
opportunity for obtaining estimates of line differences III maternal 
abilities. Although acting directly through the environment a sow 
provides for her offspring, maternal effects as used here were prob
ably largely genetically determined, since all sows and pigs were kept 
under essentially the same environmental conditions each year. 

Line differences in maternal effects were significant or approached 
significance at the 5-J?ercent level only for litter weight at birth and 
for litter and pig weIght at 56 days. However, except for litte:-: 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 these 
data. As shown in table 3, the differences between the best and poor
est lines averaged 2.05 pigs for number falTowed, 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 rangeH ~ 
for pig weight were 0.41, 1.52, and 5.4 pounds. The Y-D-I.;-H an~ 
L-PC sows ranked highest for litter SIze at .birth and L-CW SOW!I ~ 
lowest. Y-D-L-H and L-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 aI., 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. 

I 
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The ranking of the lines for litter weight corresponds more closely 
with that for litter 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
vidual pig weight. This agrees with results reported by Cobb 
(1958), who found that breed differences in litter weight at weaning 
are largely due to diJferences in pig survival. 

Previous studies of maternal effects in crosses involving inbred lines 
of swine include those of Henderson (1948) on preweaning per
formance, of Magee and Hazel (1959) on body weight Itt 154 days, of 
Squiers et Ill. (1952) on ovulation rnte, of ·Warren and Dickerson 
(195~) on pl'eweanillg performance, feed lot periormfl;nce, and carcass 
qutil1ty, 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 influence to be significant sources of varia
tion in their data. 'Varren and Dickerson, on the other hand, found 
rather large and significant differences in maternu.l influence on body 
weight at weaning and at 154 days, on dll-ily gain to market weight, 
and on back fat thIckness. 

GENERAL AND SPECIFIC COMBINING ABILITY 

As shown in tllble 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 
weI~ht at birth and 21 days which bordered on significance at this 
Jevel. However, all except the mean sql1are for litter size at birth 
were larger than their corresponding error mean squares. Although 
not definitely conclusive, this would indicate that some of the varia
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 pi&, 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 t.he range was 3.9 pounds at birth, 15.8 pounds at 21 dltys, and 
44.7 pounds at 56 days, while for pig weight at the same ages the 
ran$es were 0.2, 1.1, and 3.3 POlllds, respectively. The L-CW and 
L-lJ lines generally were best or second best in general combining 
ability for litter size. and litter weight at the three ages while the 
L-LB and Y-D-L-H lines were :poorest or next to the 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 tIlIlt order. 'Vhile differences in rank of the lines for individual 
pig weight and litter size may reflect differences in the genetic makeup 
between the lines for the two traits, if significant, the observed dis
cordance in rank probably was exaggerated by the fact that pig 
weiO'hts were not adjusted for differences in litter size. 

The constants for the lines' ganeral combinin&, effects on litter size 
and litter wei~ht at weaning can be compared WIth those reported by 
Cobb (1958) trom 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 0.10.1 respectively-which suggests that the ranking of the 
Jines did not uiffer significantly betweenlocatbns. 
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Specific combining effects were not significunt for any of the litter 
or pig traits at tho three ages. Only the mean squares for litter size 
ut 21 Itnd 56 days were larger than their corresponding error mean 
squares, but hoth were substantially smaller than the mean squares 
pertainin~ to the general combining effects for these traits. The same 
wus tl"Ue for the S])ecific combining variances for all of the other traits, 
indicating tllltt specific combining effects did not exist or, if present 
at all, that they were negligibly small. The smull differences in 
specific combining effects on the litter and pig traits studied here is 
mther surprisin~ in view of the marked heterosis effects exhibited by 
the same tl"Uits mUle various crosses us a whole, as indicltted earlier 
in this report. Addit.ional data would seem to be neceSsltry to resolve 
the apparent inconsistency between the two sets of results. 

POST-WEANING GROWfH AND CARCASS DATA 

'YhHe least squares procedures as described by Henderson (1948) 
for halanced 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 
IUlIllysis of variance methods given by Snedecor (1956). 

TEST FOR SEX LINKAGE 

The results of the analyses of "ari:mce for testing for the presence 
of sex-linked genes are shown ill table 6. Comparison of the inter
action mean squares for sex among reciprocals wlthin pairs of crosses 
with those for error is of 1?rimary interest in this connection. 'Vhen 
adjusted values for the h·alts previously found to exhibit a significant 
sex di fJerellce were used, none of the interaction 'Variances were large 
enough for significnnce, most of them actually being much smaller 
than t-hose for er1"Or. Thus, the results provide no evidence for the 
presence of sex linkage. 

YEAR-OF-BIRTII EFFECTS 

As shown in the uPl?er pInt of table 7~ year-of-birth effects were not 
significant for pig wmght at 98 or 140 days 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 appenr to be the most likely cause 
of the year effect on daily gain, although changes in average genetic 
merit may have been pn,rtIy responsible. 

EFFECT OF SEX 

Barrows were 0.2 and 3.2 pounds heavier at 98 and 140 days of age 
und 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 (1!J58) for topcrosses involving the same lines on 
Pennsylvania farms. Sex differences, on the other hand, were highly 
significnnt for all carcass traits except percentage yield of total carcnss. 
Gtlts dressed out slightly lighter and averaged 0.4 percent less bucon, 
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 a1. (1950, 1956), Freeden 
(1953) ! Anderson (1955), Cobb (1958), and others. 
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TA,nLE 6.-Analysis oj variance for testing for sex linka,ge in post-weaning growth and carcass traits l ~ 
t= 
Z 

Mean srtuares ~ 
WeIght and gain Items 	 Carcass Items >

t= 
Degrees oC 

Source oC varIation Cree<lorn WeIghtllt--	 YIeld lIS percent oC slaughter weight ~ BllckCat 
Dullygnln thickness ~ 

to • ProCerred cuts M 
98 days HO days 225 pounds Total }'st cuts Ul 

ct\rCI1SS 
Lcau Jlacon 'rotnI Z 

a 
.~Pairs of crosses ____________ • _______ 14 103.3 :1 58. !) 0.009 1. 06 2. 44 O. 15 2.62 1. 38 O. 56 oReciprocals ill crosses ______________ 15 64. 7 87.2 .008 1.11 .4<1 .28 .25 1. 62 .92 (f1Sex__________ - ____________________ 

1 .7 148.8 .013 . 51 .00 .00 .00 .00 .00 ~ Pairs of crosses X sex ______________ 1'1 30.8 48. 3 .002 .55 .19 .08 .25 .78 .37 	 (f1 

Heciprocals in pairs X sex __________ 15 4.2.8 77.4 .004. • <Hj .12 .07 .. 18 .37 .21 
Error~ 

98 '17.3 97.1 .007 .46 .46 . 12 .43 .501 . 50 	 ~. 

o 
Z 

I Based on litters represented by equal numbers of males and fenlllles, using unweighted means adjusted to zero sex difference for o 
iteml'; showing significant sex difference. 

~ Obtained by mUltiplying within sex, cross, and year mean squarc.9 by reciprocal of harmonic mean of subclass numbers. NOTE: 
Error mean squares for carcass data based on 02 degrees of freedom. ~ 

t!i 

i-' 
c.n 
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'f.-\BLE 7.-Estimates oj effects ojyear oj birth, sex, line differences in maternal infil1~nces and oj carious other jactors on 
pOllt-weaning growth and carcass traits ..... 

~ 

Weight and gain items Carea.ss items 

Weight at- Yieid as percent or slaugbter weigbt 
Effects studied 

j 
~ 

Pigs Backtat ~ ,Pigs rod Daiirgaln slaugh. Prererred cuts tbickness a
lIS days 140 days tcred Totr.! }'at cuts > 

carcass t"' 
Lean Bacon Totsl 

c:I 
c:: 

numbtr Poundl Pound. POUM. zr,.TUTllbe.r Perunt Percellt Ptrcellt Percent Percent em.General mean 1__________ 237 83.7 158.7 1. 65 234 80. 1 38.8 10.6 49.4, 15.3 4.4 ~ Year of birth: 1947_______________ ~ 119 -1.1 -.2 -.03* 117 -.4** .1 -.5** -.4** .2* . 1 **1948 ___________ . ___ Z118 1.1 .2 .03* 117 .4** -.1 .5** .4** -.2* -.1** 
Sex: Barrows ____________ ~116 . 1 l.6 .01 113 . 1 -.6** .2** -.4** .n-** .2**Gilts _______________ --I121 -.1 -1.6 -.01 121 -.1 .6 -.2** .4 -.5** -.2** "" 
Line differences in direct qmaternal influences: 3L-CW___ • _________ 39 -5.0 -9.0 -.06 39 .4 -.6 .4 -.2 .8 .04 fIlL-I> _______________ 

39 -3.2 -4.0 -.02 39 -.7 -.0 .0 -.1 -,9 -.16L-I.B _________ .- ___ t:140 -1.6 -2.0 .02 39 .2 .4 .2 .6 -.4 -.10L-PC______________ t!l 
40 .7 2.7 -.02 38 .0 .,3 -.4 -.1 -. i .14L-D-H____________ 40 4.0 3.9 .02 40 -.3 . I -.3 -.2 .0 -.07 ~ 

Y-I>-L-H__________ 3U 5.1 8. 4 .06 39 .4 -.2 . 1 -.1 .6 .16 
Regression on 1-

o 
""l 

A~e of dam __ months__ '57 .55** .82** ________________ 
>"ei~ht at 56 days o

pounds__ '116 ___ . ______ ::;l---------- .006*1"----- -------- -------- -------- -------- -------- -------
• Slaughter weight a

pounds__ ____________________ '113 .002 -.014 .005 -.009 .035 .017**----- -L-------- - --_.- 

1 Adjusted to a 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. 

tzj
2 See p. 3 for meaning of line symbols. = 
1 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 betll-een pigs wit.hin sex, cross and ye.'lr basis. 
, Numbers represent degrees of freedom for corresponding regressions. 
*'"'iSignificant'at 5-percent level. **= Significant at I-percent level. 

http:Carea.ss
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REGRESSIONS 

The regression coefficients used to adjust the 98- and 140-day pig 
weights for differences in age of dam are shown in the lower part of 
table 7, together with those. for dtdly gain on weight at 56 days, and 
those for the various carcass traits on slaughter weight. The regres
sions for both 98-duy weight and 140-day weight as wl'lll as those for 
daily gain were posItive and significant or highly significant. Thev 
show that IUl i~lcrease of 1 n~onth in the dams' D.ge resulted in 0.55 
±0.167 pound lIicrease in weIght at 98 days and 0.S2±0.235 pound 
increase; in weight at 140 days, while each pound increase in weight at 
56 days resulted in 0.0(;(j±0.0023 pound increase in daily gain. For 
the CM'cass trn,its, only the regression for backfat thiclmess was large 
enough for si~nificance at the I-percent level. It indicates that for 
each I-pound mcrease in slaughter weight buckfat thickness increased 
0.017±0.00G4 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 specific 
combining effects are prese~lted in table 8. The mean squares asso
ciated with the three sets of effects are given in table 9 along with 
those for litter within crosses n,nd 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, and for yield of five 
preferred cuts and fat cuts were all significant or highly significant. 
Although the mea,n squares for yield of bacon and backfat thickness 
were not significant, both were larger 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 Dijfe1'enocs in Maternal Ejfcots.-The mean squares for line 
l~ifferences in maternal effects were significant or highly significant 
for weight at 140 days'lield of total carcass, yield of bacon, and yield 
of fat cuts. The luck 0 significance of maternal effects for daily gain 
is not surprising because daily gain 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 positive 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 cun be considered as having been subject to direct maternal 
effects that could reasonably be attriouted to differences in lactation 
or mothering ability. 'While sex linkage or factors acting through 
the cytoplusm of the egg might be invoked as a ,l>ossible explanation, 
the results provide no critical evidence for sex-Imked genes or cyto
plasmic. inheritance in these data. On the other hand, estimates of 
maternal1ine 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 



'fABLE 8.-Estimates oj general and specific combining effects oj lines on post-weaning growth and cat'cass traits 
I-" 
00 

WelghL and gain Items Cnrcass items 

gtrcl·ts studied I 
Welghtut-

OS days I 140 days 

Dallygnln 
to 225 

\Jounds 
I 'l'olnlcnr

cuss 

Yield as percent 01 sluuglller weight 

I_ean 

Preferred cuts 

Daoon Total 

x'at cuts 

Backlat 
thickness 

>-3 
t>.l 

@ 
2l 
d:.
t"' 

Geneml combining cf.·ects: 
L-C\V_ _. _.. _.. ' ...... _• __ .......... , _... ..._ 
L-D ____ ._ .. __ ..... __ ._" ._ ... _.... _ 
L-LB•.. ____ ._ ... " .. ,.. ___ •.. __ ..... _ 
J.r-PC____ .._. ___ .• '"_._ •.•. _._ ... _.. ' 
L-D-Jl. _ ... _.. _... _.......... _.. _............ __ ... .. 
Y-D-L-'JL..__ • _____ .... __ • ____ ' .-•. __ '" 

Specific combining effects: 
L-CW X I.-D___ ._ .- ..• _.... ____ .. _._ 
L-CW X L-LB. ___ •.. ___ • __ ._ ••• __ ... _
L-CW X L-PC ___________ .... _____ _ 
L-CW X L-D-H__._ .. _. _____ • ____ ._ .. 
L-CW X Y-D-J.r-l-L. _____ • '. _.... "•.• 

Pou'ndJ 
3. {j 
'1. 4 

-.0 
-3.3 
-5.0 

. 0 

4.0 
.{j 

3. 5 
-2.1 
-6.0 

Pounds 
8.5 
3. () 

-2.0 
-3. :3 
-7.4. 

1.0 

4.5 
-.(j 
1.2 
.7 

-5.8 

Pounds 
O.O(j 

-,00 
-.Of) 

.02 
-.03 

.00 

.02 
-.01 
-.01 

.03 
-.0:3 

Percent 
O. 2 
.5 

-.0 
. 1 

-.4 
-.3 

.2 
-.6 

.0 

.1 

.3 

Percellt 
O. 0 

-.1 
-.2 

.4 
-1.0 
-.0 

-,,2 
-.2 

.5 
-.3 

.2 

Percent 
-0.3 

.0 
-.2 

.2 

.2 

. 1 

-.1 
--.0 
-.2 

.1 

.2 

Percent 
O. 0 
-.1 
-.4 

.6 
-.8 

.1 

-.3 
-.2 

.4 
-.3 

.4 

Percent 
-0.6 

.9 

.4. 
-.4 

.4 
-.6 

.3 
-. :3 
-.3 

• :J 
-.0 

Om. 
-0.13 

.12 

. 10 
-.10 

12 
-.04 

-.00 
-.01 
-.17 

.18 

.00 

t;:j 

E 
~ 
.... 
to.:> 
t» 

'" 
q 
fn 
'=' 

L-D X L-LB________ .. __ •. _..... ". ___ .. __
L-D X I.r-l)C ________________________ _ 
L-D X L-D-IL ____________________ .. _ 
L-D X Y-D-L-H..__________________ _ 

-3.3 
-.6 

-3.6 
3. 5 

-1.0 
-.1 

-7.4 
4.9 

-.01. 
.0:3 

-.04 
.00 

. 1 
-.2 
-.0 
-.1 

.0 
-.3 

.6 
-.2 

-.0 
.1 

-.2 
.2 

.0 
-.2 

.4. 

.1 

. 1 
-.0 
-.3 
-.1 

-.00 
.06 

-.02 
-.03 

l'l 

~ 
~ 

L-LB X L-PC_______________________ _ 
L-J"B X l.r-D-IL __________ .. ____ • ____ _
L-LB X Y-D-L-IL ___ • ______________ _ 

-.0 
1.9 
1.4 

.0 
4. 0 

-1.6 

.01 
-.00 

.01 

.5 

.0 

.0 

.5 
-.2 
-.1 

.1 
-.0 
-.0 

.6 
-.2 
-.1 

-.0 
.0 
.2 

.10 
-.09 
-.00 

:.
o 
::d 
d 

L-PC X L-D-H ____________________ __ 
L-PC X Y-D-L-IL__________________ _ .2 

-2.5 
-·.4 
-.7 

-.01 
-.01 

-.1 
-.2 

-.4 
-.3 

.2 
-.3 

-.2 
-.6 

.2 

.2 
-.05 

.06 
~ 
§ 

L-D-H X Y-D-L-JL ________________ _ 3. 6 3. 2 .03 -.0 .3 -.1 .2 -.3 -.03 
t!:I 

I See p. 3 {or meaning of line symbols. 
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TAm,E 9.-1Vlean squares for maternal and general and specific combining effects of lines on. post-weaning growth and ~ 
tilcarcass traits 
~ . 

Weight and gain Hems Carcass items a3 
>Degrees Weight at- Yield as percent of slaughter weight tilSource of variation of 

freedom Daily gain Dackfat s:to 225 Preferred cuts thickness 
US days 140 days pounds 'fotai Fat euts ::3 

carcass t'J 
Lean Bacon 'rotal rJl , zI 

Maternal line effects ______________ 5 388. 9 938. ] oF 0.047 4.41* 2. 73 2.36** 2. 84 9. 32** 0.419 
General combining effects _________ 5 587.4** 1,251. 6** .069* 3.61 15.98** 1. 79** 11. 98** 16. 32** .642** C'l

e:cSpecific combining efTpcls. ________ 9 232. 4 296.0 .012 1. 55 2. 94 .64* 3.28 1. 21 .167 o 

I,itters wHhin crosses and years 1___ 57 171. 3* 338. 3* .026** 1. 75* 2. 63** .31 2. 93** 2. 55** . 187 [fJ 


Within Iitlers 1___________________ gj119 104.2 237. 0 .013 1. 15 1. 00 .23 1. 52 1. 30 .137 
r.tl 

--_._- --_.-

I Adjusted for linear regression on age of dam, except mean squares for daily gain adjusted for regression on 56-day weight, and ~ 
those for carcass items adjusted for linear regression on slaughter weight, using datl\ adjusted to zero sex difference for items showing o 
significant sex difference. NOTE: \Vithin litter mean squares for daily gain and carcass items are based on 118 llnd 116 degrees of free Z 
dom, respectively. C') 

*=Significant at 5-percent level. [fJ 

**=Significllnt at I-pCl'cent level. :.:l 
Z 
t>j 

I--' 
CO 
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line differences in maternal effects on these traits were largely due to 
differences 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 thicknp.ss of backfat. On the other ht\.11d, McMeekan 
(1940), by controlling the plane of nutrition, found that pigs on a 
low plane during the early staO'es of growth were significantly fatter 
when slaughtered at 200 POtUl~S weight, than pigs that were started 
on a high plane 0": nutrition. Based on results from reciprocal crosses 
of inbred Poland China lines with other inbred and. nOlllnbred stocks, 
'Warren and Dickerson (1952) also reported significn,llt line-of-dam 
effects on a nun~ber o~ post-weaninf; tralts, including pig weight at 154 
days of age, dally gam from weulllng to market WeIght, and thickness 
of backfat. 

.As shown in table 7, the differences between the best and poorest 
lines averaged 10.1 pounds for weight at 98 days, 17.4 pounds for 
weight at 140 days, and 0.12 pound for daily gain. For cal'cass traits, 
tho range in line-of-dam effects averaged 1.1 percontfor yield of total 
carcnss, 1.0 percent for/ield of lean cuts, 0.8 percent for YIeld of bacon, 
0.8 percent for yield 0 five preferred cuts, 1.7 percent for yield of fat 
cuts, and 0.32 centimeter for backfn,t thickness. Tl1e Y-D-L-H line 
ranked highest for weiyO'ht both at 98 and 140 days of age and for daily 
gain, while the L-GW , ine ranked lowest for these traits. The I.r-GW 
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 Specific Oombining Abilit1/.-Line differences in gen
eral combining nbility for weights at 98 and 140 days of age and for 
daily gain were all SIgnificant or highly significant. They were also 
highly si~ificnnt for all carcass traits except total carcass yield, 
which diel not differ significantly between lines. As shown in table 
8, the range in general combining effects between the bBst and poorest 
lines wus 10.0 pounds for weiO'ht at 98 days, 15.9 pounds for weight 
at 140 days, and 0.12 pound for daily gain. For carcass traits, the 
1"!tnO'e in O'enern1 combming effects between lines was 0.9 percent for 
tota1 yiel~ for carcass, 1.9 percent for yield of lean cuts, 0.5 percent 
for yield of bacon, 1.4 l)ercent for sum of preferred cuts, 1.5 percent 
for yield of fat cuts, and 0.28 centimeter for backfat thickness. The 
L-CW line ranked highest in general combining ability for daily 
~ttin, followed by theIr-PC, Y-D-Ir-H, Ir-D,Ir-D-H, and L-LB lines 
III 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-L-H, L-D, Ir-LB, and L-D-H lines. The L-D, 
I.-LB, and Ir-D-H lines were the least desirable in general combining 
ability for carcass quality, both as indicated by the relatively low 
yields of lean cuts and the relatively high yields of fat cuts exhibited 
by their progeny. 

Results reported by Cobb (1958) from topcrosses involving boars of 
the snme six lines on Pennsylvania farms show that Y-D-L-H !tnd 
Ir-D-H topcrosses were the two best groups in both 140-day weight 
and daily gain, and Ir-D topcrosses were tlle 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.r-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 effects in Cobb's study 
contltined some farm effects may explain the apparent discordance in 
rank between lines, although sampling errors due to the rellttively 
sman number of animals tested from each line probably were partly 
responsible. 

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

JTmiance Oomponents.-Estimates of the relative importance of 
differences in maternal effects and in ~el)eral 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. Intrn,-litter differences appea:red to be the most 
important single source of variation for all traits, accounting for 
slightly less than one-half of the variance in yield of lean cuts to 
nearly three-fourths of the variances in 140-day weight and backfat 
thickness. Litter effects generally ivere small compared with intra
litter variation but, except for yield of bacon, they were nearly two to 
six times l!l.rger than those associated with any of the next mOl'lt 
important source of variation. The litter variance actually varied 
from less tlum one-tenth for yield of bacon to nearly two-fifths for 
yield of lean cuts. 

'fABLE 10.-Analysi~ of variance model for estimating variance compo
nents for post-weaning growth and carcass traits 

Source or vnrlntlon 

Ma!.crnalline efTects__________________ 
General combining effects______________ 
Specific combining effects______________ 
Litters within crosses and years_________
Pigs within litters_____________________ 

Degrees cr 
·rreedom 

5 
5 
9 

57 
118 

Theoretical composItion or mean 
squares 

E+2D+24M 
E+2D+9.6S+38.4G 
E+2D+16S 
E+2D 
E 

Maternal effects I\ppeared to be absent for both yields of lean cuts 
and for totnJ yield of preferred cuts, but accounted for about one
fifth of the Yllriance in yield of bacon. For the remaining traits 
estimates of maternal effects accounted from about one twenty-fifth of 
the Yllriance in da.ily gain to about one-tenth of the variance in yield 
of fa.t cuts. General combininO' effects appeared to be small compared 
with maternal effects for totaY Jield of carcnss and yield of bacon 
bnt they were the most. important !,renetic 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 

http:E+2D+9.6S+38.4G
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'l'ADLE ll.-Estimates oj variance component.~ (V.O.) and percentage oj variance due to maternal line effects (JI), o 

general combining effects (G), specific combining effect.s (8), differences betw~efl, litters within crosses and years (L), > 
t"' 

and diiferetlCes between littennates (E). bl 
c:1 
§:

!llnternal effects (M) Oen~11l1 combining SpeciO~ comhlnlng Utrers (L) Litter mates (E) t>j
effects (0) etrcct.5 {S) "3 

Observation 
I 	 Z 

V.C. Percent V.C. Percent V.C. Percent V.C. Percent \'.C. Percent 

~ -
t.O 

Weight at-	 ~--t
98 days_______________ pOUllds-_ 	 21 659.1 5 9.9 7 3.8 2 33.5 10·1. 2140 days________________ do____ 25.0 8 23.8 7 O. 0 0 50.6 15 237. 0 70 d 

Daily gUill __________________ do____ .0009 4 .0011 5 .0000 0 .0006 30 .0131 61 fn 
Yield us percent of slaughter weight:

Total carcass__________________ 	 t::I . III 7 .048 3 .000 0 .298 18 1. 152 72 t'l 
PreferredLean cuts:cuts. .004 0 .343 16 .020 1 .816 37 .998 46 ~ Bacon____________________ 

.085 21 .033 8 .021 5 .037 9 .233 57
TotaL____________________ 	 o

.000 0 .230 10 .022 1 .706 28 1. 516 61 ~Fat cuts ______________________ .282 11 .358 14 .000 0 .628 24 1. 298 51 :.Backfat thickness _________ crn __ .097 5 .118 6 .000 0 .248 14 1. 370 75 	 o 
::d .... 
o 

S 
~ 
t'l 
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these traits. For 98-day wei .. ht, 140-<1ay wei~ht, daily O"llin, and 
backfllt thickness general comi;iumg effects differed little 'from mu
ternl-<; c~ffects, the porbons of the vadances due to general on'ects vary
ing from about one-twentieth to nearly one-Hfteellth for these trn.its. 

The u,pplnent absence of difl'orences in specific combining ability 
sugO"ested by the tests of signifimUloo in table !) is reflected by the 
reslilts in tuble 11, which show thnt specific efl'ects at best nccounted 
for only about one-twent.ieth of the variability in Imy of the traits. 
Thus only in yield of bacon WU'3 there a suggestion that diil'erences 
in specific combining ability existed in these data. These results are 
in distinct contmst with those of other workers, notably Henderson 
(1948) who reported differences in specifi.c combining Itbilit,y to be 
more important in his datI\, than dill'erences in geneml combining 
Itbility or in materJlltl effects. 

CORRELATIONS 
The correlations bet.ween the Iwerage inbreeding coetlicients of the 

linE'S and the estimates of the genem} and Ilmternnl abilities of tho 
lines IU·O shown in table 12. The correlations between the calculated 
inbreeding' of the lines and the estimates of maternal effects were 
negat.ive for all littet· trails, rltnging from -0.27 for litter weight at 
birth to -0.91 for litter size at 56 c1a,ys. In contrast, the correlntiollR 

T.\DLEl 12.-00rrelatiolls relat·ing l'stimates oj line £l·z;fferences in ma
ternal effects and general combining ability e.ffects with inbreeding 
coe:.ificients oj lillI'S 1 

Obs~r\,lItion rIM no 

Birth to weaning: 

Litter size ut 

B~th ____ ._. ___ •• ___ ." •. __ ". __ • __ ._._~_ -0,62 O,2:J
21 dnys__ .•• - • __ •. ___ •• "__ " _"., ___ . __ _ -.90* .4056 dnys____________ • ____________ _ -.!)1* , :J2 

I.itter weight at llirth. ___ ._. ________________________ _ -.27 .58
21 dnys _• ____ .... ____ " .. _•• , __ •• _,, _____ ._ -.47 . 12 56 dnys _. __________ •. , __________ • _•• __ _ -.35 .12 

Pig weight at 
B~th____ • _____ ._. _________ •• _,, ____ • __ _ 

. 66 .3721 duys_________________ • _____________ _ 

.6·1 -.5156 _____ • __ ,, _________ •• __ ._. ____ _dnys_~ .48 -.50 
Wenning to 225 pounds:

Pig weight nt 08 dnys ____ • _.• _0 _____ • "._. _______ _ -.20 .20140 duys______________________ • ______ _ 
-.32 .58"Daily gain ___ .. ___ .. ___ .. _________ • _____ " • ___ _ -.42 8'}• w 

Carc!\Ss Datu: 

Yield as percellt of sluughtcr weight:
Totnl curcn;ss___ • _________ " ___ .. _ ........ __ 
 . 56 -.08 

PreferredLean cuts: ______ ._ •• ___ • ________ -- __ _•• Bacoll ________________________ •• __ _ -.87* .58 
_42 -.36 

TotaL ... _.. ___ .. __ .. _ ......... '" ....... __ • -.56 .53
I!'at cuts _____ ., __ .. _______ .• ______ .. _ .87* -.72 
llackfat thiekness_ ... _, _ .. __ .. ___ ... _.. __ .. ". .47 -.6·1 

1 Complltet! by using zero Cor lInn with IlIrg~st n~glltl\·o t'OllStnnt ior";\f nntl 0 1\1\(1 expressing const'\nL~ Cor 
other lines 'L" <lo\"ll\tlolls Crom zero. 

··Slgnifimnt lit 5-perccnt 10\"01. 
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with nmternnl ell'ccts were posit.ive for all preweauing mensures of 
pig weight but negative for the three post-weaning growth mensures. 
The difference in signs between these two sets of correlations pre
sumltbly is partly due to the fact that individwtl pig wei~hts to wenn
ing aro neglttively correlated with litter size and tluLt the datu were 
not adjusted for t.hese correhttions. For the cllrcnss data, est.imntes 
of mlLtorMI e/rects were positively correlnted with inbreeding of the 
Hnes for total ylold of carcass, for yield of bacon, for yield of fnt; cuts, 
Ilnd for hnckfnt t;hickness. The correlation between the two vnl'lttbles.z 
on UtA other hl\nd, WI\S negative fOl' yield of lean and for total yiela 
of profm'red cuts. 

Interestingly enough, all of tJle correlations between the cn.lculat.ed 
inbreeding of t.he lines und the est,imates of geneml combining n.bilit.ies 
were of opposite sign from the corresponding correltLtions with the 
estimates of lIllltenin.! e/fect.s, except fOl' pi~ weight at birth "which 
gave It positive cOl'l'elation of inbreeding With both the est-imat.es of 
geneml combining ability and those of maternltl effects. However, 
this mther consistent difference in signs between the corresponding 
correln.tions probn.bly is htrgely automntic, because of the neO'ative 
correlations that ono would expect betweon est.imates of generl~ Ilnd 
maternal offects where, as in thiS study, tho two sets of estnllutes were 
calculttted £l'om the same sets of equations. Thus, with t.he probnble 
exception of lit.tor sizo Ilnd yields of lean and fut cuts, wInch gave 
siglllficu.nt cOL'l'elations between inbreeding of lines and estimat.es of 
maternal effects, tho results provide no convincing evidence thnt the 
inbreeding practiced in developing the lines affected either their ma
ternal or geneml combining abilities. 

SU~DfjU~Y AND CONCLUSIONS 

The results of singlo crosses n.mong six inbred lines of swine devel
oped at the Agricultural Uesearcli Cent,er, Beltsville, Md., were 
Rtudicd to obtain estimntcs of the general and specific combining abili
tics and maternal nbilities of the six lines. The da.ta were also anl\
lyzed to estimnte tho e/rects of certain environmental factors. A totnl 
of 218 litters flll'l'owed during the fall of 1947, 1948, and 1950, and 
represonting nil of the 80 pOSSible l'eciprocal crosses were avn.iInble for 
study~ Tho chnrnctedst.ics studied were Jitter size, litter weight and 
individual pig weight at bidh und Ilt 21 und 56 days of age, individual 
pig weight nt 98 Iwd 140 days of age, daily gain from welming to a 
finnl weight, of Itbout 225 pounds, Imd six curcnss yields and measure
ments. 

Differences in year of birth were significant. or highly significant 
for.llll ha.its,. except litte.r size Ilt the three uges, individual pig wei~ht 
nt 21, 98, and 140 days, nnd yield of lean cuts. Age of da;n had a highly 
significant effect on both litter size nnd Jitter weight as weU as on nIl 
meaS1ll'ements of individual pig weiO'ht. In agreement with estimates 
obtained by other workers, nge-o'f-cf:ull effects were most pronounced 
among sows farrowhlg their first Jitter at approximlttely 1 year of age. 
Intra-cross-n.nd-year differences in inbreeding of dam bordered on 
significance at the 5-percent level only for litter weight at birth, 
u..lthough most of the regressions on inbreeding of dltm and inbreeding 
of Jitter were negative. Sex hlld no signifknnt effect on post-weaning 
growth rate or on totH] carcnss yield but had a highly significnnt effect 

,. 
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on all other carcass traits studied. Gilts Rveraged 0.4 percent less 
bacon, 1.0 percent less fRt cuts, Rnd 0.4 centimeter less bRckfat, but 
yielded 1.2 percent more leRn cuts thRn barrows. There WRS no 
evidence tlmt sex-linked genes contributed to the variation in the 
post-weaning growth Rnd carcass traits. 

Line differences in maternal abilities hnd no demonstrable effect on 
litter size, but they were statistically significant for litter weight and 
pill' weight at 56 days. Maternal influences were ruso significant for 
lU~ividua.1 pig weight at 140 dRYS, total yield of CRrcuss, yield of 
bRcon, Rnd yield of fttt cuts, Rccounting for 7 to 21 percent of the 
vRriation in these cltamcteristics. Th(>' mean squares associated with 
line differences in general combining abilities were larger than their 
corresponding error terms for most litter traits, although only for 
litter weight Ilt 56 days were these differences sirrnificant. However, 
genernl combinin~ effects were significant or higlil'y significant sources 
of variation in !\ll post-weaning growth measures as well as in all 
CRl'cnSS tmits except total yield of carcass. They accounted for 5 to 
7 percent of Uie variation in the three rn.te-of-growth mensures and 
for 3 to 16 percent of the variation in the six CRrcass traits. There 
was no evidence of di ffel'ences in specific combining effects for 
any of the traits except yield of bacon. The results thus suggest that 
differences in specific effects were unimportant in these data. 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 combinin&, effects 
and mn.ternal effects with average inbreeding coefficients of tne lines 
suggested that the inbreeding practiced wIlen the lines were being 
developed affe.cted 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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