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ABSTRACT

To assess the relative influences of sex linkage and maternal

effects, sire-son, sire-daughter, dam-son, and dam-daughter correlations

of Birth Weight and weaning and post-weaning (to a year of age)

Body Weight, Gain, Average Daily Gain, Heart Girth, Body Length,

Hip Width, Hip Height, Fat Thickness, Type Score, Condition Score,

and Frame Score of 1903 Angus calves and 1126 Polled Hereford calves

were calculated after least-squares adjustment to remove variation

in weaning and post-weaning traits due to differences in age of

dam and age of calf. Sex-linkage effects appear to be important

in Weaning Body Weight, Weaning Gain, Weaning Average Daily Gain,

Post-Weaning Weight, Life-Time Average Daily Gain, Post-Weaning

Heart Girth, and Post-Weaning Hip Width in Angus. None of the

traits seem to show any important sex-linkage effect in Polled

Herefords. Maternal effects appear to be important only in Post-

Weaning Body Length in Angus and Weaning Fat Thickness, Post-

Weaning Weight, Life-Time Average Daily Gain, Post-Weaning Type

Score, and Post-Weaning Condition Score in Polled Herefords.

Sex-linkage and/or maternal effects are appreciable in Weaning

Weight, Weaning Gain, Weaning Average Daily Gain, Weaning Heart

Girth, Weaning Body Length, Post-Weaning Weight, and Life-Time

Average Daily Gain in Angus. However, in Polled Herefords, sex-

linkage and/or maternal effects together are important in Birth

Weight, Weaning Hip Width, Weaning Fat Thickness and Post-Weaning

m
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Type Score. Sex linkage and sex linkage confounded with maternal

effects as one value appear to be greater in Angus than in Polled Here-

fords with respect to the majority of the traits while maternal effects

appear to be greater in Polled Herefords than in Angus with respect

to most of the traits. The majority of the assessments decrease

in both breeds between weaning and post-weaning with respect to

sex-linkage effects, maternal effects, and sex-linkage and/or

maternal effects with some differences between the two breeds,

possibly due to the fact that Angus are earlier maturing than

Polled Herefords in both sexes, and the heritability of rate of

maturing in Angus appears, from research of others, to be more than

twice that in Polled Herefords.
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CHAPTER I

INTRODUCTION

If parent and offspring of opposite sex consistently resemble

one another with respect to some traits more than do parents and

offspring of the same sex, sex-linked genes affecting the traits

may be responsible for such a phenomenon. Wright's (1921) coefficient

of relationship is a correlation between genotypes of individuals

related in the same manner as the pair in question. However, the

calculation is based on the slightly erroneous assumption that

all of the heredity is autosomal, that is, that a gamete produced

by a diploid individual contains a sample half of that individual's

heredity. For sex-linked genes, however, the asymmetrical chromosomal

complement of males and females makes it necessary to distinguish

the sexes of the relatives. There are four kinds of parent-offspring

relationships: father-son, father-daughter, mother-son, mother-

daughter. Since a mammalian male transmits none of his sex-linked

heredity to his sons and all of his sex-linked heredity to his

daughters and since all of a mammalian male's sex-linked heredity

was received from his dam, the coefficient of relationship between

mammalian parent and offspring of opposite sex would be slightly

larger than the coefficient of relationship between mammalian

parent and offspring of the same sex if sex-linkage were taken

into account in the calculations. To the extent that the heredity

of quantitative traits in mammals is sex-linked, this effect would
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be expected to cause correlations between phenotypes of parent

and offspring of opposite sex to be larger than those between

phenotypes of parent and offspring of the same sex. Of course,

part of the correlation between phenotypes of mammalian dams and

offspring of both sexes is caused by maternal effects, and this

must be taken into account in any consideration of parent-offspring

correlations. Evidence for sex-linkage and maternal effects in

the heredity of quantitative traits was sought by calculating

all possible correlations between phenotypes of parent and off

spring of the same sex and comparing them with all possible

corresponding correlations between phenotypes of parent and

offspring of opposite sex, using data accumulated on body measure

ments and weight and gain variables in the Plateau Experiment

Station Angus and the Tobacco Experiment Station Polled Hereford

herds. Appropriate comparisons of these correlations were considered

as tests of the hypothesis that sex-linked heredity influences

the phenotypic expression of quantitative traits in beef cattle.



CHAPTER II

REVIEW OF LITERATURE

Among the very early investigators who held that the sire

has a greater influence on the quality of the offspring than does

the dam. Cole (1925) may be mentioned. Among the investigators

who considered the dam to be of greater importance is Gaines (1922)

who believed performance to be transmitted by the female rather

than by the male. Gowen (1920) believed that the offspring receives

its characters from the sire and dam in equal proportions. Graves

(1925), Copeland (1927) and Gowen (1927) all indicated sire and dam to

be of equal importance in the transmission of factors for milk traits.

On the whole, the evidence Smith and Robinson (1933) summarized,

mentioned here with others, indicated equal transmission by the

two parents. Lawritson, et (1919) concluded that factors

for good records are transmitted by the sire to his daughters and

by the dam to her sons.

Of the sex chromosomes of a mammalian female, neither can

come from her paternal grandsire. Hence, a study of correlations

between individuals and their grandparents might produce evidence

of sex-linkage. If the phenotypic correlations with each of the

four grandparents are approximately equal, then sex-linked factors,

if any affect the trait in question, play no important part. If, on

the other hand, they do have an appreciable effect, the correlation
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between females and their paternal grandsires should be less than

correlations with other grandparents. Smith and Robinson (1931)

and Madsen (1932) published positive evidence relating to the part

that sex-linked factors may play. The results of all of these

investigations show that, of the four grandparents, the paternal

grandsire has less influence upon the yield of his granddaughters

than do the other grandparents. The diagram in Figure 1 shows

how each of the grandparents affects grandoffspring with respect

to sex-linked genes.

Gowen (1933) reported that in comparisons of the correlation

between sire's conformation and that of his daughters with the

correlation between dam's conformation and that of her daughters,

the average correlation between daughters and sires for like

measurements was 0.39 and that between dams and daughters was 0.45.

These correlations are not significantly different. The conformation

traits included in this study were: weight, wither height, depth

at withers, heart girth, paunch girth, width at hips, body length,

and rump length.

Pahnish ̂  al^. (1961) drew attention to several reports

on different traits in cattle showing evidence of a greater influence

of sires on female progeny than on male progeny. They obviously

felt justified in the belief, shared by most writers on the subject,

that, as sex-linkage has for so long been accepted as unimportant in

quantitative inheritance, it is unlikely to appear suddenly in

several traits at once.



XX

XX

XY

XX

Paternal grandsire (No transmission of
X-chromosome; perfect transmission of
Y-chromosome to the grandson).

Paternal granddam (No transmission of
X-chromosome to the grandson).

XY Maternal grandsire (As important for sex-linked
genes as a parent is for other genes).

Maternal granddam (Her importance, with respect
to sex-linked genes, is midway between the
importance of parent and grandparent for
autosomal genes).

XY Paternal grandsire (No transmission of sex-
linked genes to granddaughter).

XX Paternal granddam (Equal to dam so far as
X-chromosome is concerned).

Maternal grandsire (His importance, with respect
to sex-linked genes, is midway between that of a
parent and a grandparent for autosomal genes).

Maternal granddam (Same as grandparent for
autosomal genes).

FIGURE 1. Effect of Grandparents on Grandoffspring. From Lush (1945)
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Beilharz (1963) advanced the hypothesis that sex chromosomes

have an effect on the organism that is greater than that of normal

autosomes, and discussed at length in a paper published a year earlier

(Beilharz, 1962) the calculated correlations and regressions in

volving 223 cows' lifetime records, own first lactation, mother's,

each grandmother's, and mother's and father's paternal half-sisters'

(half-aunts) lifetime performance. The results showed that the

correlation with mothers' performance is significant and the

greatest of the relationships with relatives. The next highest

correlation, significant in fat tests, is that with half-aunts

on the maternal side. The correlation with half-aunts on the father's

side is very low, and this regression, in the case of both milk

yield and fat test, is slightly negative. This is a result one

would expect with sex linkage.

For autosomal genes, the correlations between parent and off

spring and between full sibs are the same, all being 0.5 in a random

mating population. This value of 0.5 is expected when variation

in the trait studied is determined by autosomal genes with additive

effects. Obviously, there is no genetic correlation between mammalian

sire and son produced by sex-linked genes because the son receives

his sire's Y chromosome which is believed to carry little or no

euchromatin in most mammalian species. The contribution of sex-

linked genes to the correlation between mammalian dam and daughter

is the same as in the case of autosomal genes because the daughter

receives an X chromosome from each parent, just as she receives



one member of each pair of autosomes from each parent. Accordingly,

the genetic parent-offspring correlations in mammels with respect

to sex linkage can be reasoned to be as follows:

Father-son r = 0

Father-daughter r =

Mother-son r 1 /2

Mother-daughter r = 1/2 (Li, 1955)

Contributory genes located on the X chromosome increase certain

correlation coefficients (i.e., those for father-daughter, mother-son,

and sister-sister pairs) and reduce others (i.e., those for father-son

and brother-sister pairs). Genes located on the Y chromosome would

reverse this trend in the parent-offspring pairs, but they would

accentuate the reduction of the brother-sister coefficients.

Penrose (1967) presented correlation coefficients expected for

traits determined by genes with additive quantitative effects as

shown in Table 1.

TABLE 1. Correlations Expected for Additive Quantitative Traits

Sex-Chromosomal Genes

Autosomal X Alone X and Y With Y Alone

Type of Pair Genes Effective Equal Effects Effective

Father-son 0.5 0.00 0.50 1.00

Father-daughter 0.5 0.71 0.50 0.00

Mother-son 0.5 0.71 0.50 0.50

Mother-daughter 0.5 0.50 0.50 0.50

Brother-brother 0.5 0.50 0.75 1.00

Brother-sister 0.5 0.35 0.25 0.00

Sister-sister 0.5 0.75 0.75 0.75
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Mather and Jinks (1963) reported that the characteristic

of sex-linked inheritance is that the sister-sister correlation is

higher than that between brothers (and may be much greater than

0.5 which is the maximum value for autosomal genes) but the cross-sex

correlation is lower than either same-sex correlation. The actual

value of the correlation coefficients will, of course, vary with

the effect of autosomal genes and nonheritable agencies affecting

the characters, but, assuming these to be the same in both sexes,

the magnitude rank: r^b, rgb hold.

Garn and Rohman (1962) reported observations on the correlation

between sibs with respect to three characters which may be considered

as reflecting developmental timing in man, and they showed that

the correlation between sisters is markedly higher than sibs

of unlike sex, which, in turn, is slightly higher than that between

brothers (Table 2).

TABLE 2. Garn and Rohman Correlation Coefficients

Characters Sister-Sister Sister-Brother Brother-Brother

Ossification rate 0.62 0.40 0.39

Ossification timing 0.54 0.47 0.40

Tooth calcification 0.41 0.24 0.22
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It may not be generally realized that failure to detect

evidence for sex linkage in quantitative characters is not evidence

for the absence or unimportance of sex linkage. Beilharz (1961)

showed that the conditions in which an experiment can demonstrate

absence of appreciable sex linkage are rather strict. For instance,

both sexes of progeny must be studied and compared for sex linkage to

be separated from nongenetic maternal influence (cytoplasmic trans

mission and maternal environment). In some poultry studies, the

criterion for the presence of sex linkage was a greater influence

of the sires than of the dams on pullets. It is obvious that,

in many cases, a true genetic difference between sire's and dam's

influence may have been masked by the simultaneous presence of non-

genetic maternal influence. Some studies involved data on one

sex only while other studies included data on both sexes and claimed

evidence of important sex linkage in several traits.

Generally, the best criterion for demonstrating the importance

of sex linkage is the comparison of the relative amounts of influence

the heterogametic parent has on the two sexes of progeny. For

some traits, this may have to be evaluated through breeding tests.

In mammals, there are several reports of important maternal influ

ence on body weight, in which the progeny have not been separated

into sexes. In these reports, it is impossible to separate genetic

sex linkage from non-sex-linked maternal effects. Some workers

combine both sexes into one population for analysis so that

sex linkage must overcome non-genetic maternal influence before

it can be seen as an increased sire influence (Beilharz, 1960).
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Similarly, in birds, there are reports in which, because

sexes have not been separated, or only one sex weighed, differences

in non-additive gene effects between reciprocal crosses cannot

be analyzed into sex linkage or other gene interaction (Kan et al.,

1959; Morely and Smith, 1954). Beilharz (1962) stated that in

many reports of body inheritance, which show no evidence of sex

linkage, one or more of the following reasons may apply:

1. Sex linkage is not detectible due to the nature of the

data, e.g., unsexed progeny.

2. X chromosomes of a breeding population may be uniform

for factors determining body weight.

3. Genotype-environment interactions may obscure sex-linked

genes affecting body weight; e.g., McDonald (1957 a and b) showed

that dietary cysteine determined whether a particular sex-linked

genetic difference in growth rate was observed in poultry.

Kidwell et (1960) estimated the relative importance

in rats of additive, non-additive, maternal, and sex-linkage effects

in inheritance. This study showed sex linkage negligible by the

method of Henderson (1948).

Brumby (1960) concluded that in mice, sex linkage is

unimportant in body weight inheritance.

Damon et al. (1961) reported that in beef cattle, there

is little, if any, influence of sex-linked genes on 180-day weight,

slaughter calf grade, slaughter grade, rate of gain or weight per

day of age.
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Shahroudi (1972) found that in beef cattle (Angus and Hereford),

generally, sex-linked effects were small and nonsignificant in

his study of different periods of cumulative weight and different

periodic gains, in addition to birth weight, weaning weight, and

suckling gain. However, this effect was highly significant on

weaning weight and the second 42-day periodic gain. The constant

estimated for sex-linkage effect was quite large in weaning weight.

As a cause of variation in weaning weight, sex-linkage effect

accounted for 3.24 percent of the total variation.

Many reports, including Morris and Skaller (1958) in chickens,

Johnson and Asmundson (1957) in turkeys. Falconer (1951) and Chai

(1958) in mice, and Yao and Eaton (1954) in rabbits, made no reference

to sex linkage in body weight inheritance. Other studies in poultry,

e.g.. Hale (1959), Morris (1959), and Yao (1959), failed to show

evidence for sex linkage.

Henderson (1961) reported that hatching power in chickens

is not sex-linked. In other words, the dam and sire are of equal

importance in the transmission of hatching power.

Beilharz (1960) suggested sex-linked inheritance of body

weight in poultry and rabbits. A year later Beilharz (1961) presented

some evidence of important sex linkage in body weight in mice and

sheep.

Many studies suggest the presence of sex linkage in poultry;

e.g., Ghigi (1948), King and Bruckner (1952), Osborne (1953, 1955),

and Goodman and Jaap (1961), reported that sex-linked genetic effect
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appeared to be important in egg weight in fowl. Other studies, e.g.,

Ubbels and Albada (1948), Greenwood and Blyth (1951), Warren (1958),

and Kawahara (1965) found a possibility of sex-linked genes affecting

sexual maturity in poultry.

Niesel (1941) reported that the correlation of the performance

of ancestors of the cock with performance of the progeny was 0.67 + 0.08,

while the correlation of the performance of ancestors of the hens

with that of the progeny was 0.38 ̂  0.12. He considered this to be

evidence of strong sex-linked inheritance of laying capacity as opposed

to autosomal influences.

Kaufman (1948) explained that the difference in body size

between Greenleg and Bantam fowls may be due to the cumulative

action of two pairs of genes, one autosomal, the other sex-linked.

Also, Brunson et (1956), Jaap and Grimes (1956), Jerome et al.

(1956), Beilharz (1960), and Khan et ̂ ., (1973) agreed that sex-

linked genes affect body weight. Hay (1950) indicated that sex-linked

genes may be operating to regulate fertility in the fowl. Godfrey

(1953, 1957) suggested that sex-linked genes affect growth rate in

the fowl.

Thomas ̂  al_. (1958) reported that comparisons of heritability

estimates from male and female progeny data for the characters

of body weight at different ages, gain, feed consumption, and feed

conversion during different periods provide some evidence that sex-

linked genes are of considerable importance in the expression of

these characters in broilers.
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Redman and Shoffner (1961) reported that sex linkage, as

Indicated by average sire variance components, was present in specific

gravity of eggs, egg shell color, and egg weight.

Goodman and Jaap (1961) stated that sex-linked genetic effects

appeared to be of importance in egg production, as well as egg

weight and egg shape index at 40 weeks of age. Egg shape index

at 30 weeks of age did not show any appreciable sex linkage.

Hole ̂  (1958) stated that the sire influenced age at

first egg, plumage, and the moult to a greater degree than did

the dam, which may indicate sex linkage. Shell quality did not differ

appreciably in crossbreds and purebreds.

Boyer et (1963) reported that an appropriate diet permits

the manifestation of sex-linked variability in meat traits.

Merritt (1966) found, in the fowl, estimates of heritability

of male's 42-day weight, 63 day body weight, breast angle, keel length,

and shank length based on the sire component of variance to be

only slightly smaller than the corresponding estimates for females,

but the difference between male and female estimates based on the

dam component are, except for breast angle, more than twice the

appropriate standard error and statistically nonsignificant. These

differences are consistent with relatively large sex-linkage effects.

Coll in and Hans (1968) found that liver weight is affected

by sex-linked genes.

Lokanath ̂  (1978) stated that sex-linkage and maternal

effects accounted for 6.95 and 3.78 percent, respectively, of the

variation in hatchability.
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In the biometrical area, investigation of genotypic corre

lations between relatives under the assumption of autosomal transmission.

Fisher's (1918) and Wright's (1921) papers are the classical ones.

Fisher (1918) obtained many ancestral and collateral-relative corre

lations under conditions of random mating considering dominance

and interaction among loci. Wright (1921) obtained correlations

among relatives of many kinds in populations randomly or assortively

mating or in which inbreeding was occurring with gene effects

additive, i.e., no dominance or non-allelic gene interaction.

Charles (1933) found collateral and ancestral correlations of sex-

linked transmission, irrespective of sex. In this study, he considered

the correlation between relatives without regard to the sex of

the individuals in each pair or to the sex of their common ancestor

and concluded that sib correlations might be higher than parent-

offspring correlations when there is dominance with respect to

autosomal genes or when there is a contribution of sex-linked genes,

irrespective of dominance effect. Wright (1933) evaluated the

correlation between uniting gametes and between zygotes in terms

of gene frequencies and finite population numbers of males and

females to study the changes in heterozygosis. Wright (1935) dealt

with the simple formula for the inbreeding coefficient (F) and

coefficient of relationship (r^i ^2^■ These were derived also

by Wright (1951) under the assumption of sex-linked inheritance,

using a path coefficient analysis. Lush (1948) presented a formula
for the correlation between parent and offspring under the assumption
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of t autosomal genes and £ sex-linked genes using the method of

path coefficients. Kempthorne (1954) solved the general problem

of partitioning the total genotypic variance and obtaining the

genotypic covariance between relatives. Cockerham (1956) stated

a few simple effects of autosomal linkage on covariances among

relatives.

Penrose (1967) concluded that there is no indication of any

influence from genes on the X or Y chromosomes in the hereditary

variations of the finger-tip ridge-count in humans, using in his

study, correlations between parent and offspring and between sibs.

Thomas ̂  aj_. (1958) pointed out that, in poultry, com

parison of the sire and dam components of variance shows that the

distribution of the additively genetic variance arising from genes

on the sex chromosome is different from that from genes on autosomes.

Considering only sex-linked genes in the analysis of female progeny,

one-half of this variance is in the sire component, none is in

the dam component, and the remainder is in the variance between

full sibs. Thus, the genetic variability due to sex-linked genes

contributes only to heritability estimated from the sire component

estimated from female progeny.

In the analysis of only male progeny, the additively genetic

variance is distributed one-quarter each to the sire component

of variance and the variance between full sibs, and the remaining

one-half to the dam component of variance. In contrast to the results

for female progeny, the effect of sex-linked genes in male progeny
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is to make heritability from the dam component of variance larger

than that from the sire component of variance.

Heritability in the narrow sense, i.e., the proportion of

variation due to additively genetic variation, is usually calculated

as follows, assuming that the variation is not sex-linked:

h2 = 4S or h2 . "D
S+D + Q S + D + Q

where,

S = estimated component of variance due to differences between

sires,

D = estimated component of variance due to differences between

dams,

Q = estimate of variance between full sibs,

and,

S + D + Q = total phenotypic variance.

The logic for this calculation is the fact that the additively

genetic variation in a population mating at random comes from various

sources as follows: one-forth from sires, one-forth from dams,

and one-half from chance during the reduction division in game-

togenesis (Wright, 1921). These formulas apply whether the population

is of mixed sexes or of a single sex.

Where additively genetic variation is assumed to stem from

the segregation of X-chromosome loci only, the situation in a

population of males differs from that in a population of females.
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Using Wright's approach, as before, the following solutions are

obtained from completely sex-linked additive variation in a randomly

mating population:

1. In the male (X_) additive variation is derived as follows:

None from sires (S)

1/2 from dams (D)

1/2 from chance

2 2D
Thus, the heritability estimate is hp, =

D S + D + Q

2. In the female (XX) additive variation is derived as

fol1ows:

1/2 from sires (S)

1/4 from dams (0)

1/4 from chance

Thus, the heritability estimates are:

^2 2S .2 40h = or h = .
S S + D + Q S + D+ Q

The effect of sex-linked genes on the comparison of estimates

of heritability from progenies of different sexes is not straight for

ward. Heritability based on the sire component of variance should be

highest when estimated from female progeny since the sire is assumed to

contribute no sex-linked genes to male offspring. The larger

heritability from the dam component of variance, however, should be

estimated from the male progeny because one-half the additively

genetic variance falls into the dam component of variance estimated
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from male progeny and only one-forth into that estimated from

female progeny.

Estimates of heritability of certain traits in beef cattle

appear to be higher in heifers than in bulls (Diven ̂  al_., 1960;

Pahnish, et al_., 1961; Roberson, ̂  , 1963; Pahnish, et al.,

1964; Al-Mallah, 1975; and Chihasz, 1980). A possible reason for

these differences could be sex-linked genes contributing importantly

to the phenotypes of the traits.

Differences in reciprocal crosses depend primarily on sex-

linked traits and maternal effects in animal breeding experiments.

Eisen et al. (1966) established four biological models for detecting

sex linkage and maternal effects from homogametic and heterogametic

female species with male or female progenies. It was found that

neither the statistical models used by Henderson (1948) or the one

used by Griffing (1956) is adequate to separate maternal effects

from sex-linked effects. Two of Eisen's models which correspond

to beef cattle breeding experiments are:

1. Homogametic female species with male progeny:

Yij = m + Ai+ Aj + Mj + Lj + Sij + Etj

2. Homogametic female species with female progeny:

Yij = m + A-j + L-j + Aj + Mj + Lj + S^j + Eij

where,

Y-jj = mean of quantitative variable measured on individuals

resulting from crossing i^h and jth lines,
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At, Aj = the cumulative additive effect of autosomal genes

in the i^l^ and lines,

L-j, Lj = the cumulative additive effect of sex-linkage in

the i^l^ and lines,

Mj = the average maternal effect in line,

Sij = specific combining ability,

Eij = error.



CHAPTER III

MATERIALS AND METHODS

The data used in this study were collected from two breeds

of cattle, Angus and Polled Hereford. A total of 1903 Angus calves

were born from 1969 to 1980 at The University of Tennessee Plateau

Experiment Station at Crossville. A total of 1126 Polled Hereford

calves were born from 1969 to 1980 at The University of Tennessee

Tobacco Experiment Station at Greenville. These two herds

were the experimental material in Tennessee's contribution to

project S-10, the Southern Regional Beef Cattle Breeding Project.

A limited breeding season was used at both stations, the

calves being born in January, February, and March each year. Calves

were kept with their dams until weaning without creepfeed. Cows

were segregated according to the sex of the calf they were nursing

on approximately July 1 of each year. At weaning, the calves were

placed in dry lots according to sex and size. At this time, the

feeding regimes of heifer and bull calves were different. The

heifer calves were each fed daily a ration of corn silage ad libitum,

two pounds of hay, two pounds of grain, and one-half pound of protein

supplement. This ration was designed to produce an average daily

gain of about one pound per day which would consist of a limited

amount of fat. The bull calves were fed a more liberal ration.

They were fed daily corn silage ad 1ibitum with about two pounds

of hay and about one pound of a 14-percent protein grain mixture

20
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per Cwt of live weight. These rations were fed until the first

of April, at which time the yearling replacement heifers were placed

upon pasture, and no more supplemental feeding was provided until

the next winter.

A total of 3029 calves' records was available for this study.

The variables recorded were Birth Weight, Weaning Weight, Post-Weaning

Weight, Weaning Gain, Post-Weaning Weight, Weaning Average Daily

Gain, Post-Weaning Average Daily Gain, Life-Time Average Daily

Gain, Fat Thickness, Frame Score, Type Score, Condition Score,

and four body measurements taken at weaning and post-weaning times,

including Heart Girth, Body Length, Hip Width, and Hip Height.

The description of these variables is as follows:

1. Birth Weight, unit, lb

2. Weaning Weight, at average of 231 days of age, unit, lb

3. Post-Weaning Weight, at average of 365 days of age, unit, lb

4. Weaning Gain, calculated by subtracting Birth Weight

from Weaning Weight, unit, lb

5. Post-Weaning Gain, calculated by subtracting Weaning Weight

from Post-Weaning Weight, unit, lb

6. Weaning Average Daily Gain, calculated by dividing the

Weaning Gain by Weaning Age, unit, lb

7. Post-Weaning Average Daily Gain, calculated by dividing

the Post-Weaning Gain by the difference between Post-Weaning Age and

Weaning Age, unit, lb
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8. Life-Time Average Daily Gain, calculated by dividing the

difference between Post Weaning Weight and the Birth Weight by the

total number of days from birth to the end of the Post-Weaning

period, unit, lb

9. Fat Thickness, the ultrasonically measured thickness of

subcutaneous fat, unit, mm

10. Type Score, a subjective estimate of general conformation,

subjective score, 1 to 16.

11. Condition Score, the conventional subjective appraisal

of fatness, subjective score, 1 to 16.

12. Frame Score, subjective score, 1 to 5.

13. Heart Girth, body circumference just posterior to the

front legs, measured with a metal tape, unit, in

14. Body Length, the distance down the midline of the back

from the center of the top of the shoulder to the posterior prominence

of the pin bone as measured with a metal tape, unit, in

15. Hip Width, the horizontal distance between the lateral

prominences of the hip bones, measured with a metal tape, unit, in

16. Hip Height, the vertical distance between the ground and

the dorsal edge of the hip bone as measured with a precision caliper,

unit, in

Data were analyzed with an IBM 360/65 computer using Statistical

Analysis System (SAS) programs. All records were adjusted by using

constants obtained by least-squares procedures to remove variation

due to differences in age of calf and age of dam. All possible
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correlations between phenotypes of parent and offspring of opposite

sex and of the same sex were obtained. Estimates of the part of

correlation caused by sex linkage and/or maternal effect were ob

tained by subtracting sire-son correlations from dam-son correlations,

the part of correlation caused by maternal effect alone was obtained

by subtracting sire-daughter correlations from dam-son correlations,

and the part of correlation caused by sex linkage alone was obtained

by subtracting sire-son correlations from sire-daughter correlations.

The sum of the last two differences should equal the first one.

The null hypothesis, HQ:ri=r2, was tested by using Fisher's

Z transformation, the following test statistic for the equality of

two correlations was used.

1 + ri 1 + r2
1/2 1 og0 ]^ _ - 1/2 1 ogg 1 -^2

z = -

V
_1 _L
ni - 3 + n2 - 3



CHAPTER IV

RESULTS

Obviously, there is no genetic correlation between mammalian

sire and son produced by sex-linked genes because the son receives

only his sire's Y chromosome which in most mammalian species is

believed to carry little or no euchromatin. The contribution of

sex-linked genes to correlation between mammalian dam and daughter

is the same as in the case of autosomal genes because the daughter

receives an X chromosome from each parent, just as she receives

one member of each pair of autosomes from each parent. Accordingly,

the genetic parent-offspring correlations in mammals with respect

to sex-linkage can be reasoned to be as follows:

Father-son r = 0

Father-daughter r

Mother-son r =^Jl/2
Mother-daughter r = 1/2 (Li, 1955)

Thus, it seems logical to expect the father-daughter correlation

to be larger than the father-son correlation if sex-linked heredity

affects the trait in question.

Among sire-offspring correlations (Tables 3-6) involving

weaning and post-weaning data on all the performance and measurement

variables in both breeds, values of the sire-daughter correlations are

larger than those of sire-son correlations in general, and significant

differences which were observed in weaning Body Weight, Weaning

24
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Gain, Weaning Average Daily Gain, Post-Weaning Weight, Life-Time

Average Daily Gain, Post-Weaning Heart Girth, and Post-Weaning Hip

Width in Angus could result from sex linkage of some genes which

affect the traits in question. None of the comparisons show any

important differences in Polled Herefords.

Part of the correlation between phenotypes of dam and offspring

could be caused by maternal effect. Consideration of differences be

tween dam-son correlation and sire-daughter correlation is the only

way to assess maternal effect unconfounded with sex-linkage (Tables 3-6).

These differences were significant only for Post-Weaning Body Length

in Angus and for Weaning Fat Thickness, Post-Weaning Weight, Life-

Time Average Daily Gain, Post-Weaning Type Score, and Post-Weaning

Condition Score in Polled Herefords.

Dam-son correlation and sire-son correlation should be the

same unless sex-linkage and/or maternal effects (transmitted

cytoplasmically or from maternal environment) are involved. Appreciable

differences in these correlations were observed (Tables 3-6) in Weaning

Weight, Weaning Gain, Weaning Average Daily Gain, Weaning Heart Girth,

Weaning Body Length, Post-Weaning Weight, and Life-Time Average Daily

Gain in Angus. However, in Polled Herefords, sex-linkage and/or

maternal effects together were significantly important in Birth

Weight, Weaning Hip Width, Weaning Fat Thickness, and Post-Weaning

Type Score.

There is no logical explanation for significant negative

differences as measures of sex-linkage effect, maternal effect, or
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sex-linkage and/or maternal effect together except, that in both breeds,

the males were earlier maturing than the females even though the

bulls were 60 percent heavier at maturity, and these differences

are greater in Polled Herefords than in Angus (Brown et £l_., 1972).

Sex-linkage effect appears to be greater in Angus than in

Polled Herefords for most of the traits studied, but Table 7 shows

the relative magnitude of measures of sex-linkage effect calculated

from weaning correlations as compared to those calculated from

post-weaning correlations with +'s indicating a greater value in

the post-weaning data, e.g.. Body Weight, Heart Girth, and Hip

Width in Angus. This may be caused by differences in maturity

between linear growth variables and thickness growth variables

(Guilbert and Gregory, 1952). However, sex-linkage effect in Body

Weight, Heart Girth and Hip Width, along with Average Daily Gain and

Condition Score appear to decrease from weaning to post-weaning in

Polled Herefords. This may be explained by the fact that Angus are

earlier maturing than Herefords in both sexes, and the heritability

of rate of maturing in Angus is more than twice that in Herefords

(Brown ̂  , 1972).

Maternal effects appear to be greater in Polled Herefords

than in Angus on most of the traits. Table 8 shows that Body Length,

Fat Thickness and Type Score in Angus appear to be subject to greater

maternal effect at post-weaning than at weaning, while maternal

effect on other traits decreases from weaning to post-weaning. In

Polled Herefords, the variables which show greater maternal effect

at post-weaning are Body Weight, Heart Girth, and score variables.
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TABLE 7. Correlation Differences Between Post-Weaning and Weaning
Variables with Respect to Sex-Linkage Effect

Sex-Linkage Effect^

Angus Polled Hereford

Body Weight

Gain

Average Daily Gain

Heart Girth

Body Length

Hip Width

Hip Height

Fat Thickness

Type Score

Condition Score

Frame Score

+

+

+

1+ indicates greater affect in post-weaning data.
- indicates smaller effect in post-weaning data.
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TABLE 8. Correlation Differences Between Post-Weaning and Weaning
Variables with Respect to Maternal Effect

Trai t

Maternal Effect^

Angus Polled Hereford

Body Weight

Gain

Average Daily Gain

Heart Girth

Body Length

Hip Width

Hip Height

Fat Thickness

Type Score

Condition Score

Frame Score

+

+ +

+

+

1+ indicates greater effect in post-weaning data.
- indicates smaller effect in post-weaning data.
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These differences between the two breeds and the variables could

be explained on the same basis as sex-linkage effect differences.

Sex linkage confounded with maternal effects as one value is

greater in Angus, in general, than in Polled Herefords for the majority

of the traits, and these values decrease in both breeds between

weaning and post-weaning (Table 9).
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TABLE 9. Correlation Differences Between Post-Weaning and Weaning
Variables with Respect to Sex-Linkage and/or Maternal
Effect

Trai t

Sex-Linkage and/or Maternal Effect^

Angus Polled Hereford

Body Weight

Gain

Average Daily Gain

Heart Girth

Body Length

Hip Width

Hip Height

Fat Thickness

Type Score

Condition Score

Frame Score

+

+ +

+

+

indicates greater effect in post-weaning data.
- indicates smaller effect in post-weaning data.



CHAPTER V

DISCUSSION

Only two reports from the review of literature were of

studies in beef cattle, namely, Damon ̂  al_. (1961) and Shahroudi

(1972). In both reports, the two sexes were combined and used to

detect maternal effect and sex-linkage, using the statistical

models of Henderson (1948) in the study of Damon et £]_. (1961) or

a combination of Eisen's (1966) two models in Shahroudi's (1972)

study. Thus, the estimate of variation due to maternal effects would

actually include variation due to true maternal effects plus that

resulting from sex-linkage effects.

Only Birth Weight and Weaning Weight from the list of

variables considered in the present study were included in Shahroudi's

(1972) report. His results with respect to sex-linkage agree with

the present study Angus results shown in Table 3, and, with

respect to maternal effect, he found an important effect in both

traits. Tables 3 and 4 do not show any important maternal effect

alone on these two traits, while they do show an important effect

on Birth Weight in Polled Herefords and on Weaning Weight in Angus

for sex-linkage and/or maternal effects as one value.

In general, when sex-linkage plays a significant role in the

inheritance of a beef cattle trait, the rate of genetic progress

35
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from selection could be increased by concentrating attention on

the daughters (the homogametic sex progeny) of prospective sires.

If evidence indicates an important contribution of sex-linked genes

to the heredity of a quantitative trait in beef cattle, bulls

possessing the most desirable sex-linked genes would be those whose

daughters have the highest averages for the trait in question. Thus,

ranking of bulls as prospective sires would be based, to a greater

extent, on the ranking of their daughter averages for such traits

than for traits which do not appear to be influenced significantly

by sex-linked genes.



CHAPTER VI

SUMMARY

Data on birth weight and on weaning traits and post-weaning

traits were recorded from 1903 Angus calves and 1126 Polled Hereford

calves born during a period of twelve years (1969 to 1980). The

traits were Birth Weight, Body Weight Gain, Average Daily Gain,

Heart Girth, Body Length, Hip Width, Hip Height, Fat Thickness,

Type Score, Condition Score, and Frame Score

All records were adjusted by using constants obtained by

least-squares procedures to remove variation due to differences

in age of calf and age of dam. All possible correlations between

phenotypes of parent and offspring of opposite sex and of the same

sex were calculated. Measures of the influence of sex-linkage and/or

maternal effects were obtained by subtracting sire-son correlations

from dam-son correlations, a measure of maternal effects alone

was obtained by subtracting sire-daughter correlations from dam

son correlations, and a measure of sex-linkage effects alone was

obtained by subtracting sire-son correlations from sire-daughter

correlations.

Sex-linkage effects appear to be important in Weaning Body

Weight, Weaning Gain, Weaning Average Daily Gain, Post-Weaning

Weight, Life-Time Average Daily Gain, Post-Weaning Heart Girth,

and Post-Weaning Hip Width in Angus. None of the traits seemed

to show any important sex-linkage effect in Polled Herefords.
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Maternal effects appear to be important only in Post-Weaning

Body Length in Angus and Weaning Fat Thickness, Post-Weaning Weight,

Life-Time Average Daily Gain, Post-Weaning Type Score, and Post-

Weaning Condition Score in Polled Herefords.

Sex-linkage and/or maternal effects are appreciable in

Weaning Weight, Weaning Gain, Weaning Average Daily Gain, Weaning

Heart Girth, Weaning Body Length, Post-Weaning Weight, and Life-Time

Average Daily Gain in Angus. However, in Polled Herefords, sex-

linkage and/or maternal effects together are important in Birth

Weight, Weaning Hip Width, Weaning Fat Thickness, and Post-Weaning

Type Score.

Sex-linkage and sex-linkage confounded with maternal effects as

one value appear to be greater in Angus than in Polled Herefords with

respect to the majority of the traits while maternal effects appear

to be greater in Polled Herefords than in Angus with respect to

most of the traits.

The majority of the assessments decrease in both breeds

between weaning and post-weaning with respect to sex-linkage effects,

maternal effects, and sex-linkage and/or maternal effects with

some differences between the two breeds. All the differences between

the two breeds may be due to the fact that Angus are earlier maturing

than Polled Herefords in both sexes, and the heritability of rate

of maturing in Angus appears to be more than twice that in Polled

Herefords.
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