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Figure I-A change in the germ plasm (mutation) of 
the polled bull's ancestors caused him to be born without 
horns. This is often used as an example in illustrating 
simple genetic crosses. (Courtesy of American Hereford 
Association and American Polled Hereford Breeders' 
Association. ) 
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Improving 
Through 

Livestock 
Breeding 

JOHN F. LASLEY AND FRANK J. RICE 

Livestock breeders often hear the expression " like 
begets like." What is mean t by that expression? If 
" like begets like," why is it that when a Hampshire 
boar is mated to a Hampshire sow, both of which 
show a desirable width of belt, their pigs often vary in 
the width of their belts from none to one which covers 
one-half of the body? Anyone who has been around 
livestock knows that on many occasions a good dam, 
when mated to a good sire, will produce offspring of 
poor quality. These observations make it clear that 

Figure 2-Two Hampshire barrows of excellent type 
demonstrating differences in belt width due to factors m· 
herited in the germ plasm. Wide variations in color often 
appear in pure breeds in spite of the fact that the breed is 

"like does not always beget like." 
It is true, however, thadn certain cases "like does 

beget like." For instance, when a polled bull is mated 
to a group of horned cows, all of the offspring will 
be po ll ed if the bull is pure for that one character. 

The branch of science which deals with the snldy 
of the abili ty of a parent to pass on to its offspring the 
qualities it possesses is called genetics. Genetics deals 
with heredity variations and how these may be used 
in livestock improvement. 

uniform in many other characteristics. Variations of this 
kind are undesirable from the standpoint of breed type 
but probably do not affect the performance. (Courtesy of 
American Hampshire Swine Record Association.) 
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Principles of Genetics 
Bodies of all animals are made up of small mi

croscopic building blocks called cells. The cells are 
composed of two parts; the cytoplasm and the nucleus. 
The nucleus is the heart and brai:. of the cell. It con
tains small microscopic threads called chromosomes. 
It is the chromosomes that carry the genes, which are 
responsible for the expression of the character seen in 
an individual. Thus, a chromosome is like a string of 
beads with the genes being the individual beads. 

Chromosomes are present in pairs in the animal's 
body. One chromosome of each pair is received from 
each of the parents. Each individual, in turn, will pass 
on to each of it's offspring one-half of each pair or 
chromosomes that it possesses. This process by which 
the chromosome number in the germ cells of an in
dividual is halved is known as meiosis. As can be seen 
in Figures 3 and 4, when the germ cells start to divide · 
there is a doubling of the number of chromosomes 
(tetrad stage). Then two divisions occur whereby the 

Primordial Germ Cells 

Spermatogonia 

Primary Spermatocyte 

Secondary Spermatocyte 

Spermatids 

Spermiogenesis 

Period of Division 
(mitosis) 

Figure 3 -Spermatogenesis. 

original number of chromosomes is reduced by one
half. From each primary spermatocyte four sperma
tozoa are produced. However, only one egg is pro
duced for each original female germ cell. . 

Now let us see just how these genes work to 
bring about the expression of given characters. Take, 
for example, the condition of horns in cattle. The 
symbol (P) will be used to designate the gene for ab
sence of horns and (p) to represent the gene for horns. 
Now if a pure polled Hereford bull (PP) is crossed on 
a group of horned cows (pp), what type of calves will 
be produced? 

Polled bull · 
(genes PP) 

·Horned cow 
(genes pp) 

Genes in Sperm -P~ x ~ P - Genes in Egg 

Pp~ 
(Genes in Offspring) 

If the calves receive one-half of their genes from 
the bull and one-half from the cow, it can be seen from 
the above diagram that the calves will receive the P 
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Ovum 

Growth Period 
(synapsis & tetrad formation) 

Figure 4-0ogenesis. 
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gene from the sire and the p gene from the dam as 
these are the onl y types of ge nes that the sire and 
dam are able to transmit. The polled characteristic 
(P) happens to be a dominant one. T herefore, the 
ca lves all will be poll ed, although they will not be 
pure for this characteristic. T his ability of the polled 
gene to block ?ut the expression of the horned ge~e 
is call ed domtnance. The horned gene then IS saId 
to be recessive to the polled gene. When twO genes 
affect ing the character different ly are found in the 
same location on a pair of chromosomes in the same 
cell, it is spoken of as a heterozygote, and the an imal 
is said to be heterozygous for this cond ition as is the 
case in calves from the polled bull and horned dam. 
T hese twO genes are called alleles of one another be
cause they both affect the same character ist ic of the 
individual but in different ways. When the same gene 
is located on. both of the chromosomes within a cell , 
as in the case of a horned animal (pp) , the condition 
is spoken of as a homozygote, and the animal is sa id 
to be homozygous for this gene. 

Well , now, what would happen if we were to 
mate two of these polled calves together? As can be 
seen by the preceding diagram, two types of sperm 
and eggs are possible in such a mating. One sperm or 
egg wi ll carry the gene P and the other gene p. To 
determine the possible types of offspring from such a 
mating, we shall set up a "checkerboard" with the 
possible types of eggs shown across the top and .the 
possible types of sperm shown down the left SIde. 

Polled bull Pp x Polled cow Pp 
Genes from Eggs 

P P 

P PP Pp 
Polled Polled 

p Pp pp 
Polled Horned 

Figure 5-Boar spermatozoa magnified about 1,000 
times. The spermatozoa carry the genetic factors contri
buted by the male. One spermatozoa unites with one egg 
to restore the normal number of chromosomes for the 
new individual. Thus, in anyone offspring, one-half of its 
inheritance comes from its sire and one half from its dam. 

By combining the genes from the eggs and the 
sperm in all possible combinations it can be seen that 
one-half of the possible offspring have genes similar 
to those of their parents, while one-fourth have genes 
similar to the poll ed grandparent, and the other one
fourth have genes similar to the horned grandparent. 
The expression of these genes as shown in each of the 
sq uares (Pp) is called the genotype of the indi vid ual. 
That is to say, it is a means of expressing what genes 
the individual actuall y possesses. The outward ap
pearance of the individual, regardless of it's genotype 
is called it's phenotype. Now let us see what pheno
types are found in the mating just made between twO 
Pp individuals. The three indi viduals having the gene 
P will be polled and the other one will have horns. 
Thus, the phenotypic ratio is 3 polled:l horned . How
ever, a look at the checkerboard will show that the 
genotypic ratio is 1 PP:2 Pp :1 pp, 

On occasions there are mod i ncations of rh is sim
ple two-gene inheritance as, for example, the case of 
coar color in Shorthorns. Three different coat colors 
appear in the Shorehorn breed. These are red , white 
and roan. When a red bull is mated to a wh ite cow 
the calf will be roan. When a roan bull is used on a 
group of roan cows his offspring will be colored in the 
ratio of1 red: 2 roan:1white. It should be noted that 
thi s is the same as the ge notypic ratio for a single 
inheritance faeror. In this instance, the heterozygote 
is able to express itself phenotypically. This type of 
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Figure 6-These rams were born with short tails be
cause of a change in certain hereditary factors in the germ 
pLasm of their ancestors and not because the tails of their 
ancestors were docked_ Such a change is known as a mu
tation and sometimes appears quite suddenly in farm ani
mals. 

inheri tan e is called incomplete dominance, or blend
ing inheritance. 

Let us now consider a slightly more complicated 
type of inheritance where two different traits are stud
ied. In horses we find that black co lor is dominant 
over chestnut, and the ability to trot is dominant over 
the pacing gait. What types of offspring can be ex
pected from mating a homozygous black trotter stal
lion to a chestnut pacer mare? First of all, consider 
what genotypes these two individuals will have. The 
stallion would be of the genotype BBTT and the mare 
bbtt. 

Black Trotter Stallion 
BBTT 

x 

BbTt 

Chestnut Pacer Mare 
bbtt 

All Black Trotters 

Figure 7 - Here is a trotter in action. Its ability for 
trotting is a dominant characteristic. Pacing and trotting 
gaits ar.e inherited, although both are greatly influenced 
by envIronment. 

The offspring would be heterozygous for both 
traits. The next question is what kinds of indfviduals 
can be expected from the mating of two of these 
heterozygous individuals. If we set up a checkerboard 
here as in the last case we get sixteen possible sperm
egg combinations. 

Eggs 

BT Bt bT bt 

BT BBTT BBTt BbTT BbTt 
black black black black 

trotter trotter trotter trotter 

Bt BBTt BBtt BbTt Bbtt 
black black black black 

trotter pacer trotter pacer 

bT BbTT BbTt bbTT bbTt 
black black chestnut chestnut 

trotter trotter trotter trotter 

bt BbTt Bbtt bbTt bbtt 
black black chestnut chestnut 

trotter pacer trotter pacer 

A careful study of the above diagram shows that 
there are 9 black trotters, 3 black pacers, 3 chestnut 
trotters and 1 chestnut pacer. 

As stated previously, all chromosomes occur in 
pairs and the majority of our domestic animals have 
between 20 and 30 pairs of chromosomes. However, 
there is one pair of chromosomes that does not al
ways appear as identical mates; these chromosomes 
are called the X and Y chromosomes. When two X 

Figure 8-The pacing gait is a recessive characteris
tic. Thus, when the pacer and pure trotter are mated, their 
offspring are always crotters, as illustrated in the diagram 
of a black-trotter x chestnut-pacer matIng. 
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chromosomes are found together the individual is 
a female, and when X and Y chromosome come 
together it is a male. These chromosomes are generally 
referred to as the sex chromosomes. From this it can be 
seen that the male is the one that controls the sex of 
all the offspring. It is these chromosomes that are re
sponsible when the male offspring resemble more 
closely their mothers than their fathers. The Y chro
mosome of the male does not carry major genes. 

We have discussed already one type of variation 
in the expression of genes (roan color in Shorthorns), 
but there are numerous other types of gene variations. 
In most animals there is a color gene C; this gene is 
necessary for the expression of color. When it appears 
as the homozygous recessive, albinism results. Such 
overshadowing of one gene by another which is not 
its allele is called epistasis. Another epista.tic gene that 
affects coat color is found in some animals; this is the 
gene for dilution of color (D). 

This can be illustrated best by coat color in palo
mino horses. When a chestnut stallion (bbdd) is 
mated to a cremelo mare (bbDD) a palomino colt 
(bbDd) will result every time. When two palominos 
are mated together it is possible to get one-half palo
mino colts and one-fourth chestnut and one-fourth 
cremelo. 

In this instance, the gene D is the controlling 
factor. When it is present in the homozygous reces
sive state (dd), color is present in the full amount 
(chestnut) . However, when in the heterozygous 

condition (Dd) a dilution results in the palomino 
color and when in the homozygous dominant (DD), 
absence of color is expressed as a white coat color. 

Another factor that causes unexpected ratios is 
called sex influence. The inheritance of horns in sheep 
is such a case. The gene H is dominant in rams but 
recessive in ewes when in the heterozygous condition. 
The following table gives the genotype and phenotype 
found in both sexes. 

Ram Ewe 
Genotype Phenotype Phenotype 

HH horned horned 
Hh horned hornless 
hh hornless hornless 
In Roumania there is a breed of sheep called 

Tzourcana. Within this breed are found both gray and 
black individuals. When the black animals are bred 
together only black offspring are produced. When the 
gray individuals are bred together 1 black and 2 gray 
offspring are produced. As will be remembered a ratio 
of 1 red: 2 roan: 1 white offspring was produced when 
two roan Shorthorns were crossed. On this basis, these 
gray sheep would be expected to produce some white 
offspring. The reason that none are found in this breed 
is that a gene is linked on the same chromosome with 
the gene for white coat color, causing the death and 
resorption of the fetus in a very early stage of develop
ment. This gene that causes death of the animal is 
called a lethal gene. 

Applying Genetics to Improve Farm Animals 

The previous section pointed out that when two 
individuals heterozygous for one pair of genes were 
mated, three different genotypes were produced in 
their offspring. Furthermore, when indiviauals hetero
zygous for two traits were mated, 9 different genotypes 
were possible in the offspring. If this is extended still 
further, it will be found that 243 different genotypes 
can be produced in the offspring of two rarents which 
were heterzygous for 5 different pairs 0 genes. Thus, 
the more different pairs of genes involved, the larger 
the number of genotypes produced. This greatly com
plicates the problem of selection for the improvement 
of breeding animals. 

Most of the economically important traits in our 
farm animals are affected by many pairs of genes. This 
explains, in part at least, why it is so difficult to de
velop breeding principles that will bring about rapid 
improvement. Nevertheless, our present knowledge 
of genetics and animal breeding points out ways of 

livestock improvement through breeding practices. 
The breeder has at his disposal three basic tools 

to bring about genetic improvement in his farm live
stock. These are selection, crossbreeding and inbreeding. 
How well a person is able to use these tools depends 
largely upon his understanding of the factors which 
are involved in each of these methods of breeding. 

Research has pointed out that genes cannot ex
press themselves without an excellent environment. 
Mediocre animals can be fair producers in a good en
vironment, though their limit is reached by the good 
genes they inherit. Improvements in environment are 
not inherited and cannot be passed on from one gen
eration of animals to another. Improvements in hered
ity are permanent, with each generation building 
upon the previous one. Improvements in environment 
make their improvement felt upon the animals first 
used and henceforth remain stationary unless new im
provements are added to those already imposed. 
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Selection 
One of the first tools used by livestock producers 

in their improvement programs is that of selection. 
Selection is the choosing of animals that are to be 
kept for breeding, based on their appearance ~n~ pro
duction records. Unfortunately the large maJonty of 
farmers keep meager records. The most emph~s~s 
placed on selection is for breed type. However, It IS 
not always the best looking animals that do the best 
job in the feed lot, nor do they always produce the 
big litters or the heavy, fast gaining calves and lambs. 

A number of methods may be used for determin
ing which animals to save for replacements. The three 
most common ly used are the tandem method, t.he 
method of independent culling levels and the selectIOn 
index. The tandem method is one in which selection 
is practiced for only one trait at a time, with the ex
clusion of all others until satisfactory improvement has 
been made for that trait. It is then disregarded and 
selection is made for another trait until it likewise is 
improved. The disadvantage of this method of selec
tion is that while selection is made for one trait, others 
may deteriorate. Once selection is stopped, the average 
of the herd will tend to return to what it was before 
selection was started. 

The second method, that of the independent 
culling levels, is more desirable because here a floor 
is set for each trait to be improved. Any animal falling 
below this minimum standard is culled regardless of 
what other good traits it may have, thus maintaining 
selected improvement. By using this method, more 
than one trait is selected at a time and improvement 
is faster than in the first method. 

The selection index is the most efficient method 
of selection yet devised. A selection index gives a sing
le numerical value that is assigned to each animal in
dicating its genetic wort h. Th is numerical value is 
determined on the basis of the economic importance 
and the heritability of the trait. An index tends to 
balance the strong points of the animal against its 
weak points. Progress from selection without the use 
of such an index generally is reduced by the tendency 
of the herd manager to shift the relative emphas is 
placed on the traits ftom one year to the next. 

Figure 9-Selection by sight for breed type receives 
the most emphasis. This method is useful, esp cially in 
early stages of herd improvement, but the best looking 
animals are not always the best performers. 

The chief advantage of the selection index is that 
it emphasizes traits of high economic importance and 
heritability and provides an objective measure for 
comparing individuals. It has the disadvantage of 
being difficult to compute; also some animals must 
be culled without regard to the index because of some 
important defect. 

In selecting animals for replacements in the breed
ing herd, much emphasis should be placed on selec
tion of sires as they leave a larger number of offspring 
in their li fetime than do the females. In the case of a 
one-sire herd, he is responsible for o ne-half the in
heritance of all the offspring produced. For this rea
son a mistake in selecting the sire can greatly handi
cap a breeding program. 

When selecting animals for the breeding herd, 
it is well to combine the method of selection for de
sired type and use of the selection index. It is best to 
select twice the number of animals desired for re
p lacements on the basis of their index and then, from 
this group, select the one-half showing the best breed 
type. Although the greatest theoretical progress is 
not made by this method, some progress will be made. 
At the same time, the desired type of animals will be 
produced for purebred or commercial purposes. 

The disadvantage of selecti ng animals on their 
appearance alone is that little or no relationship exists 

Figure LO-Simple, inexpensive s ales can be used 
to obtain weight records on young farm animals . A re
cord of the weaning weight of the young gives an indica
tion of the milk producing ability ot the dam and the 
growi ng ability of the offspring. Both are important in 
selection for improved performance in the herd. 
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between outward appearance and desirability and the 
more economically important characters. In addition, 
the genes of an animal may be hidden by an unfavor
able environment. Too much emphasis often is placed 
upon characteristics that are of value only for their 
beauty. It is unfortunate, too, that sometimes even 
packer-buyers fail to realize that a line back or a red-

necked animal can produce as desirable a cut of beef 
as ani mals that conform to the "desired" type. 

Selection is the mOSt effective during the first 
generation that it is practiced. In succeeding genera
tions, improvement resulting from selection may de
cline progressively until it may even become difficult 
to maintain the previous improvement. 

Heritability 
All livestock producers have observed that off.. 

spring from the same dam are not alike phenotypical
ly, even when she is bred back to the same sire time 
after time. In the case of swine this fact becomes evi
dent within litters. These individuals do not receive 
the same genes from their parents, but they do re
ceive a large number of the same genes. For example, 
fuJI brothers have 50 per ent of their genes in common 
and half brothers 25 per ent. The performance of an 
animal is due partly to its genes and partly to the en
vironment to which it is subjected. That portion that 
is due to genes is called the heritability. Estimates of 
heritability have been worked out at the agricultural 

Figure 11-These Duroc barrows from the same litter 
varied considerably in ty,pe and meatiness. Though they 
received one-half of their Inheritance from a common sire 
and one-half from a common dam, the genes they receiv
ed were different because of segregation, independent 

ex peri men t stations for a large number of traits for 
farm livestock. These estimates are given in Table l. 
It should be understood that these estimates do not 
apply 100 percent in every small herd. They are the 
ones most likely to be correct in a large number of 
cases. 

Just what do these estimates tell us? This ques
tion may be answered by using the heritability esti
mate given for birth weight in beef catrle (53 percent) 
as an example. This means that, on the average, 53 
percent of the di fference found between di fferent 
grou ps or herds in birth weight is due to genes and 
47 percent is due to the environmental conditions 

assortment, recombination of genes and pairs of genes 
and other hereditary causes. In addition, environment. 
beginning with the time of conception, could have been 
different for the two full brothers. causing visible differ
ences at the time of slaughter. 

l ., _ . ..:...:...... -, .':l":::., 
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Beef Cattle 
Birth weight 

Trait 
TABLE 1 

Weaning weight (205 days) 
Final feed lot weight 15 mos. 
Gain in feed lot 
Average daily gain (steers) 
Weaning score 
Slaugh~er steer grade 
Carcass grade 
Area of eye muscle 
Length of estrus cycle 

Swine 
Birth weight 
21 day weight 
56 day weight 
154 day weight 
180 day weight 
Rate of gain 

Birth to weaning 
Birth to 200 pounds 
Weaning to 300 pounds 

Litter size at birth 
Live pigs farrowed 
Lltter size at weaning 
Weaning weight of litter 
Economy of gain 
Market score to slaughter 

Sheep 
Birth weight 
Yearling staple length 
Yearling weight clean wool 
Yearling weight grease wool 
Yearling body score 
Yearling body weight 
Face covering 
Neck folds 
Body folds 
Weaning weight 
Staple length at weaning 
Type score at weaning 
Number functional nipples 
Number of nipples 

Heritability 
Percent 

53 
28 
86 
65 
19 
28 
45 
33 
68 
61 

14 
24 
15 
15 
20 

14 
21 
43 
14 
15 
17 
18 
26 
33 

30 
36 
38 
28 
12 
40 
56 
39 
37 
27 
35 
10 
24 
14 

under which the dams of those animals were raised. 
Environmental conditions refer to differences in man
agement practices and to difference in extremes of 
weather conditions to which each dam is subjected. 

This information can be used to improve the per
formance of breeding herds. For example, if the aver
age birth weight for the herd is 70 pounds and ani
mals that averaged 80 pounds at birth were saved for 
breeding, then the reach or selection differential would 
be 10 pounds. That is to say, by saving these animals 
an attempt is being made to increase the average birth 
weight of the next calf crop by 10 pounds. However, 
only 53 percent of this 10 pounds is due to genes. Ten 
pounds times 53 percent gives 5.3 pounds. Adding 
this amount to the average birth weight of the herd 
the parents came from gives an average of75.3 pounds. 
This, then, is the expected average birth weight of the 
next calf crop from the selected parents. 

The heritability of a given trait usually is referred 
to as either high or low, depending on the degree to 
which the offspring resemble their parents and their 
close relatives. Whether a trait is highly or lowly herit
able is of utmost importance in a well organized breed
ing program. When a trait is highly heritable, say 
above 30 percent, fairly rapid progress can be made 
by selecting breeding stock for that trait on the basis 
of their own performance. However, when the trait 
in question is lowly heritable, other means must be 
resorted to in selecting breeding animals. 

Among the methods used when the heritability 
of a trait is low are progeny testing, selection indexes, 
and performance testing. These three methods are 
described more fully in another section. 

Repeatability 

Repeatability is a measure of the ability of ani
mals to repeat their production records from year to 
year. On the average, the first record of a heifer is 
about 40 percent accurate as an indication of.what her 
future records will be. Thus, if a heifer produces 100 
pounds more milk during her first lactation period 
than the average of all the heifers of that age in the 
herd, she should average 40 pounds better than the 
average of the herd over the years. To .avoid culling 
some potentially good producers because of low first 
records, it is advisable to cull only those :ullmals that 
have the poorest records and keep those which are 
borderline cases for a second lactation. As the first 
half of the lactation period is a good indication of 
what the whole lactation period will be like, it is pos-

sible to cull poor producers early in their second lacta
tion before their maintenance cost exceeds their pro
duction returns. 

As is the case with heritability estimates, repeat
ability is a measure of the combination effects of he
redity and environment. To give the animal held back 
for a second lactation a better chance to prove herself, 
it would be advisable to average her two records, thus 
leveling off the differences due to good or poor envir
onment. As the number of records is increased, the 
average of these records more nearly indicates the true 
producing ability of the animal. The repeatability for 
a single lactation record is 40 percent, for the average 
of two records 57 percent, for three records 66 percent, 
and for four records 73 percent. 
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TABLE 2 -- WEANING WEIGHTS OF CALVES PRODUCED 
BY 3-YEAR OLD HEREFORD HEIFERS COMPARED TO 

AVERAGE WEANING WEIGHTS OF THEIR NEXT 
FOUR CALVES 

Gro p 

1 
IT 

m 
IV 
V 

Calves 
in Group 

(%) 

8 
22 
37 
23 
10 

Avg. 
Weight 
of 1st 

calf at 
Weaning 

(lbs.) 

321 
349 
383 
409 
441 

Koger, NMex PB 1026 

Avg. 
Weight 
of Next 

4 at 
Weaning 

(lbs.) 

404 
417 
430 
443 
456 

1948 

Table 2 summarizes a lO-year study conducted at 
rhe New Mex ico Agriculrural Exper iment Star ion to 

determine whether or not it was possible to predict a 

TABLE 3 

Trait 

Milk records 
Number pigs farrowed 
Number pigs weaned 
Weight of litter at weaning 
Fleece weight 
Angora fleece weight 
Egg production 
Type of dairy cows 
Weaning weight (beef) 
Weaning grade (beef) 
Weaning weight (sheep) 

Repeatability 
Coeffic ient 

.40 

.16 

.17 

.19 

.50 

.40 

.45 

.45 

.50 

.25 

.22 

beef heiter's future production by the performance of 
her first ca lf. In this study the three-year-olds produc
ing the lightest calves also produced lighter than aver
age calves at their next four pregnancy and lactation 
periods. 

Progeny Testing 
In cases in w hich the heritability of a characteris· 

tic is low, the rate of improvement wi ll be slow if the 
on ly means used to select the breeding animals is visu
al. With the trend of consumer preference toward 
meatier pork and the increased competition of vege
table shorten ings with lard it becomes increasingly 
important that we produce more desirable market 
animals. The producer cannot determine the carcass 
merit of an animal directly, but there is a simple meth
od of arriving at its approximate carcass worth. This 
method is to make a study of his progeny by breeding 
the boar to be tested to a small group of sows and 
slaughter ing the pigs at market weight to determine 
their carcass desirability. This will give an indication 
of what kind of offspring the boar will produce. If the 
boar's progeny prove desirable, he can be used exten
sively the nex t breeding season with assurance that 

Figure 12 -Brilliant Miss Royality (89568) a sow 
who has produced 11 consecutive P. R. litters during her 
lifetime. She weaned 11 litters of pigs with an average of 
10 .2 pigs per liner and tota l litte r weight f 387 P unds 
at 56 days. Although there seems to be only a small a· 
mount of correlation between type and production in 
many farm animals, the record of this sow demonstrates 
that both can be obtained in the same individual. (Cour
tesv of American Hampshire Swine Record Association). 

the breeding herd is progressing toward the desired 
goal. This type of selection is called a progeny test. 

Progeny testing indicates the true breeding word1 
of an anim al by the characteristics shown in it's off
spring. This type of tesring is best for characteristics 
that are shown on ly in one sex, such as milk produc
tion, egg lay ing capacity, and litter size. Another 
place where progeny testing can be used effectively is 
in checking for characteristics that are measured after 
death; for example, carcass desirability. 

Some methods of progeny testing are the get-of
sire classes in sh w rings, analysis of existing records 
(DHIA records), and test crossing on other breeds or 
strains. 

As shown in an earlier section, each animal re
ceives a sample one-half of the inheritance of its darn 
and a sample one-half of the inheritance of its sire. 
To even out this chance combination of genes, more 
than one or two animals must be used in a progeny 

Figure 13-Ringgold Lady Dora (753156) was the 
first sow of any breed to produce 9 P. R. litters. She is 
picrured here with her 9th P. R. litter. This sow further 
demonstrates the maximum of performance which breed
ers should strive for in their breeding animals. (Courtesy 
of American Hampshire Swine Record Association.) 
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TABLE 3 

Trait 
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12 MISSOURI AGRICULTURAL EXPERIMENT STATION 

Pedigree of Brilliant Miss Royalty 895658 11 - S TAR P R 439 
Raised 11 consecutive litters all PR qualified. 
Av. 11.72 Farrowed 

10.18 Raised 
387.4 lbs. at 56 days 

Transformer's Masterpiece 
326965 3-STAR PR 21 
Has 28 dau. with 52 litters. 
Av. 11.15 pigs Farrowed; 

9.67 pigs Raised; 
358.35 lbs. at 56 days 

Mt. Ararat Brilliant 
Beauty 710908 
5-STAR PR 164 
5 PR litters 
Av. 11.8 pigs Farrowed 

9.8 pigs Raised 
356.5 lbs. at 56 days. 

Litter mate to Mt. Ararat 
Bright Beauty 
3-STAR PR 116 

Transformer 286723 
1-STAR PR 22 
9 dau.: 19 litt(!r s 
Av. 11.15 Farrowed 

9.67 Raised 
358.35 lbs. at 56 days 

Kasters Queen 
707876 

Mt. Ararat Quicksilver 
283503 

American Beauty 654280 
1 - STAR PR tested sow 
Av. 9 pigs Farrowed 

8 pigs Raised 
376 lbs. at 56 days 

Steam Roller 256561 
2-STAR PR 12 
'17 dau.:23 litters 
Av. 10.8 Farrowed 

10 Raised 
370.48 lbs. 56 days 

Harper's Sue 3rd 
639384 

{

Master Roller 
277319 
Dolls Gal 
666442 

The Mercury 
267327 
Cesor's Brilliant 
Princess 651608 
Century of Earlham 259101 
8 tested dau.: 12 PR litters 
Av. 11.58 Farrowed 

9.75 Raised 
372 lbs. at 56 days 

Rambler Beauty 630074 
3 - STAR PR 28 
4-PR litters 
Av. 10.75 Farrowed 

8 Raised 
348.75 at 56 days 

{

Century Hi Roller 
Sire of 4 PR boars 

Lady Flash 

{
Harper s Hi Hope 
Highway Sue 

f
Gardners Roller 
Betsy Clan 
Wicks Clan 
Nebraska Doll 1st 

{

The Clipper Deluxe 
Powder pliff 
Main Answer 
Lady Brilliant 4th 
Century Hi Roller 
Sire of 4 PR boars 

Lady Brilliant 4th 
The Clipper Deluxe 

Fair Lady 

Figure 14- The pedigree of Brilliant Miss Royality (89568) shows that some of her ancestors also 
had good production (P. R.) records. 

test. In most instances five animals will be sufficient to 
overcome this sampling error. The transmitting ability 
of an animal can be evaluated more correctly if the en
vironmental effects are evened out over a group. The 
number of individually fed steers necessary to give a 
reasonably good test of a bull's ability to transmit 
efficiency of feed utilization is approximately eight. 
The above conditions hold true only if the dams of 
the progeny used in the test are not selected animals 
but are a random cut of the herd on which the male 
is to be used. If the females are above average for the 
herd it will be necessary to double the average of the 
progeny performance and substract the average per
formance of the dams. 

One of the disadvantages of progeny testing is 
that it is slow. It is necessary to get records on a male's 

progeny before he can be used extensively in the herd. 
This tends to increase the generation interval (average 
age of parents at time offspring are born) and thus 
slows up the rate of improvement within the herd, in 
comparison to cases where the trait is highly heritable 
and can be selected for directly. However, in cases 
where heritability is low this proves to be the quickest 
method of selection. For these reasons, progeny testing is 
recommended in cases of low heritability, while visual selec
tion is better for traits that are highly heritable. 

The process of progeny testing can be speeded up 
somewhat by testing the males at an earlier age than 
they would ordinarily be used for breeding. By hand 
mating them to a few females harmful effects that 
might occur from using them at such an early age can 
be prevented. 

Performance Testing 

When the heritability of a trait is high, it often 
is possible to measure the ability of the animal to 
transmit this trait to its offspring by testing the trait 
in the animal itself. For example the heritability of 
gain of cattle in the feed lot is .65. By placing a group 
of bulls on feed at an early age and growing them out, 
it is possible to select the faster, more economically 
gaining bulls to use in the breeding herd. These bulls 
will then produce offspring that will do well in the 

feed lots and will be in demand by the livestock feeder. 
In a study conducted at the New Mexico Experi

ment Station the animals that did the best on the 
range also did the best in the feed lot. The same was 
found to be true for feeder grade and final grade. Thus, 
it is possible to select breeding animals for desirable 
feed lot performans:e on the basis of what they do on 
pasture. 
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number of individually fed steers necessary to give a 
reasonably good test of a bull's ability to transmit 
efficiency of feed utilization is approximately eight. 
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it is possible to select breeding animals for desirable 
feed lot performans:e on the basis of what they do on 
pasture. 
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Sire Rings 
Too often farmers send sires to market just as 

soon as the sires' daughters become o ld enough to 
breed, in order to prevent inbreeding. This practice 
has resulted in considerable loss of good genetic ma
terial for li vestock improvement. Actually, a sire is 
not proved until his daughters come into production. 
Rather than being slaughtered, a si re that has proven 
himself to be of high genetic merit shou ld be used 
more extensively. It is true that his usefulness in a 
particular herd may be over when his daughters are 
of breeding age but he should be sent to another herd 
for breeding purposes. 

To be proven, a sire must have completed a satis
factory production record of so me kind. For example, 
he may be considered proven if he has six offspring 
who have completed one year's record. This may be a 
lac tation record, or one of li tter size, egg production, 

or birth and weaning weights. A sire so tested may be 
said to be proven whether his offspring records are 
good or poor. Before buying a proven si re, do not 
neglect to find out if he has been proven as a good 
or a poor producer. 

Under the supervision of Professor P. E. Neale, a 
group of New Mexico sheepmen have formed si re 
rings in which each member supp lies a si re and each 
year or two the si res are rotated among the members 
of the ring. In this manner, a sire that has proven him
self can be used a number of seasons. A sire that does 
not prove to be desirable is eliminated and one with 
proven abi lity as a good producer is substirutcd. This 
sa me procedure could be a great help in Missouri for 
gro ups of small one-sire beef, sheep, and swi ne pro
ducers. 

Fertility 
Fertility in our domestic animals is of the utmost 

importance to every livestock breeder. For example, 
about 10 percent of the swine in America are sterile. 
It is expensive to raise a female on ly to discover that 
she is barren . Constant selection pressure for this trait 
is necessary or it will soon result in heavy financial 
losses. 

Some of the genes for ferti li ty, as the gene for 
dwarfism in cattle, may affect both sexes alike. Others, 
such as cryptochidism or underdeveloped reproductive 
tract in the fem ale, are confined to one sex. 

Females that fail to produce offspring the first 
season should be branded or marked in such a way 
that they can be identified readily. Any animal that 
does not produce young the second season should 
be disposed of immediately. The semen of any sire 
intended for use in the breeding herd should be check
ed before the breeding season begins to insure that 
he is in the proper breeding condition. 

Dwarfism is a source of worry to some cattle pro
ducers at the present time. Dwarfism may be eliminat
ed from a herd by proper breeding tests in which cows 
and bulls carrying the genes for this defect are identi
fied . However, it is difficult, if not impossible, for 
the average stockma n of Missouri to carry out such 
breeding tests because of the large number of animals 
reguired for this purpose. 

The first step in preventing the appearance of this 
condition in the herd is to select a bull free of genes 
whic h cause dwarfism. As long as a bull that does 
not carry the gene, or genes, for this trait is used, no 
dwarf calves will appear in the herd, even though some 
of the cows may be carriers. The fact that no dwarf 

calves are produced by such a bull does not elimi nate 
the carrier cows that could produce a dwarf a lf any 
time they are bred to a carrier bull. In addition, one
hal f of the cal ves produced by carr ier cows are them
selves carriers, even though they are not actually 
dwarfs. Thus, the genes for dwarfism could be carried 
in a herd for many years without a single dwarf calf 
being born. 

The best method at present for testing a bu ll is 
to mate him to a group of 13 cows that are known 
carriers of the gene. The chances are 1 in 20 that a bull 
carrying the gene will not produce at least one dwarf 
ca lf from these matings. If no dwarf calves are pro
duced the anima l breeder can be reasonably sure that 
the bull is free of the gene for this defect. 

Progress is being made now in the development 
of a method for identifying the dwarf gene carriers by 
a study of the profile of their heads. Work also is 
underway to determine by means of a blood test which 
an i mals carry the dwarf gene. 

Figure 15-Dwarfism in one form or another is pres
ent in many breeds of cattle as illustrated by these animals. 
Dwarfism is inherited and can be eliminated from a herd 
by breeding and selection methods described in this chap
ter. 
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Cross breedin g 
Crossbreeding may be defined as the mating of 

purebred animals of two different breeds. Crossbred 
plants and animals usually show more vigor and 
growthin ess than their purebred parents. This occurs 
so often that it has been given the special name of 
h yb rid vigor or heterosis. Although there are some 
excepti ons, the degree of heterosis in crossb red ani
mals usuall y ca n be expected to be large w hen the 
parents are very different in their genetic makeup. 

Corn breeders have made use of the principle of 
heterosis in producing the h yb rid seed co rn whi ch 
now is being used so extensively on the farm. An ex
treme form of inbreeding (self-fertilization) is used for 
several ge nerat ions. This causes the various lines to 
drift apart geneticall y and "fixes" or purifies the in
heritance, undesirable as well as desirable, in each of 
the lines produced. The pure lines that survive are 
then crossed, experimentally, to determine the crosses 
that will produce the greatest amount of hybrid vigor. 
Out of the many lines started, a few may be found 
that are superior in crosses. The large number of plants 
and lines that must be discarded because of undesir
able characteristics which are "fixed" by such rapid 
inbreeding is not a great disadvantage in the case of 
corn, because the cost of the breeding stock is relative
ly low. 

The animal breeder, on the other hand, is faced 
with a more difficult problem in developing inbred 
lines. Unlike the plant breeder, he is confronted with 
the problem of space in which to raise hi s an imals 
and the higher COSt of maintenance. The number of 
lihes that he is able to maintain at one time is also a 
limiting factor in animal breeding. Furthermore, the 
most rapid rate of inbreeding with animals is less than 
one-half as intense as the self-fertilization that can be 
used by the corn breeder. Even a mild rate of inbreed
ing in animals usually requires such drastic culling 
that completely acceptable replacements often cannot 
be produced fast enough to care for natural death 
losses. 

Livestock producers are seeking a market animal 
that is capable of converting feed into meat more 
rapidly and more economically than is being done by 
present types of livestock. The success of hybrid com 
has led many to believe that similar beneficial results 
ma y be expected in the crossbreeding of farm animals, 
and many swine and cattle producers have adopted this 
method of producing commercial animals. 

Some breeders of livestock have opposed the use 
of crossbreeding, claiming that its continued use 
would result in a general lowering of the quality of 
livestock on farms, and that it might cause the present 
pure breeds to be lost and replaced by unprofitable 

mongrels. Undoubtedly there is some danger of this 
happening if some sort of system is not used in follow
ing a crossbreed ing program. If purebred males from 
select lines are used on crossbred females selected for 
their production performance, the profits in commer
cial li vestock production should be increased and there 
should be a good demand for purebred sires. 

In practicing systematic crossbreeding, three gen
eral systems are avail able to li vestock producers. The 
most common method is the mating of a rurebred 
dam from one breed to a purebred sire 0 another 
breed. This system has the disadvantage that all re
placement females have to be purchased from an out
side source. 

The second system available to the livestock pro
ducer is one that is referred to as "crisscrossing." In 
this system the crossbred females may be saved and 
mated to a male of one of the parent breeds. In the 
next generation, a male from the other foundation 
breed is used. Th is plan makes use of the additional 
milking abi lity of the crossbred fema les and makes it 
necessary to purchase on ly males from time to time. 

The third plan is essentially the same as the criss
cross method with the exception that males from three 
different pure breeds are used in rotation. 

The main advantages of crossbreeding are in the 
greater vitality and faster growth rate ot the crossbred 
offspring. Faster growth results in less feed and labor 
expense and less risk because the animals reach market 
weig ht in a shorter period of time. The use of cross
bred females in the breeding herd also results in some 
increase in productivity which is expressed in a large 
numb~r.of young. born ~live and raised to weaning. 
In addltlon, weanlng welghts are usually heavier be
cause of the superior milking ability of crossbred fe
m.ales and the more efficient growth mechanism of 
crossbred young. 

. Figure 16-0ne of the disadvantages in crossbreed
lfl~ hogs , a lack of uniformity in color, is illustrated in 
thiS picture. However, when a systematic method of cross
breeding is followed, quite often the crossbred animals 
are less variable than purebreds in rate and efficiency of 
gain and possibly in carcass quality and milk production. 
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Some experiments have shown that the perform
ance of the crossbred animals is more satisfactory when 
they are from crosses between some breeds than from 
others. In addition, some strains within a breed have 
been noted to perform better in these crosses than 
other strains. These facts should be kept in mind when 
a crossbreeding program is followed in producing 
commercial animals for the market. 

Most of the benefit of crossbreeding is derived 

in the first generation. One of the difficulties of using 
crossbreeding beyond the first generation is that the 
animals produced are less uniform in color and con
formation and mal be at a slight disadvantage on the 
market. The use 0 selected purebred males of different 
breeds in rotation on each new generation of crossbred 
females will maintain some of the benefits from hy
brid vigor, but does not necessarily produce more 
uniform color and conformation in the offspring. 

Inbreeding 
Inbreeding may be defined as the mating of in

dividuals that are more closely related than the aver
age of the population from which they are selected. 
There is only one kind of inbreeding, although its 
intensity may vary, depending upon the closeness of 
the r~lat.ionsh~p between .the ma~ed ~elatives. Line
breedmg 1S a mlld form of mbreedmg m which an at
tempt is made to keep the animals closely related to 
an outstanding ancestor in the pedigree. Closebreed
ing is more intense than line breeding. This is the 
term applied to the practice of mating closely related 
animals, such as full brothers and sisters, sire and 
daughter or dam and son. 

Hazel and Lush (1948) stated that inbreeding is 
only purebreeding put into high gear. This statement 
is based ,on the fact that in both cases the choice of 
mates is restricted within a defined population, as op
posed to mating at random among all animals in exis
tance without regard to breed barriers. 

Inbreeding purifIes the genetic makeup ot the 
animals whether the result is good or bad. Therefore, 
desirable, as well as undesirable, animals are produced 
by this system of mating. Offspring from inbred par
ents are more likely to receive the same hereditary 
factors from their sire and dam than are those from 
non-related parents.As a result, animals from an inbred 

line would be expected to produce offspring which 
are more uniform in their breeding ability than non
inbred parents. Once good inbred lines are established 
and are found to "nick" well in crosses, a consistent 
amount of hybrid vigor can be expected from crossing 
these lines because they do breed true. This is one of 
the main reasons for establishing inbred lines. 

Inbreeding tends to segregate animals into family 
groups with definite characteristics which distinguish 
them from each other. This is desirable from the stand
point of the animal breeder for the production of top 
quality animals. 

The practice of inbreeding uncovers many reces
sive or hiaden genes that otherwise would be hidden 
by dominant genes. This brings them into the open 
where they can be identified and discarded from the 
herd. In fact, inbreeding can be used to find the 
"trash" within a line if any is present. Inbred lines 
that are free from defects and perform well are good 
property and should be maintained for breeding pur
pose. 

An increasing amount of inbreeding usually is 
accompanied by a decrease in vigor of the inbred ani
mals in spite of careful selection against it. The de
crease in vigor is reflected in slower growth, a higher 
rate of mortality in the young and poorer reproduc-

Tattoo 245-49 (Cow) 

smE 

WBR Elite Heiress 26th 
5973808 

*WHR ELITE HELMSMAN 
45 5315 

{

WBR PROUD PRINCEPS 
9TH 3207085 

WHR Lady Lill 4th 
3531402 

{WHR PRINCEPS MIXER 
2629499 
WBR Royal Heiress 112th 
2537704 

{

WBR Royal Triumph 
2876603 
WHR Vega Domino 3D 
2275372 

~ 
WHR Princeps Again 
Greta Mixer 

*PRINCE DOMINO C 
Miss Hampton 2D 

~
WHR Triumph Domino 6th 
Lillian Domino 
STAR DOMINO 6TH 
WHR Belle Onward 520 ' 

Calved May 1,1949 

DAM 

*REGISTER OF MERIT 

*WHR MISS MIXER 9TH 
3140021 

{

WHR PRINCEPS MIXER 
2629496 

WHR Dream Domino 47th 
2622334 

WHR Princeps Again 
2728111 
Greta Mixer 
2288109 
DOUBLE DOMINO 5TH 
1553219 
BeiiSi5Omino 4th 
1849098 

/*WBR ROYAL DOMINO 20 
1 WBR Bonnie Domino 60th 
!,PRINCE DOMINO MIXER 
lMiss Domino 15th 

t
Onward Domino 
Ruth Domino 20 
Prince Domino 4th 
Brands Lady 24th 

Figure 17 - The pedigree of WHR Elite Heiress 25th 
(5973808) which is literally "loaded" with Register of 
Merit ancestors. This pedigree shows that this cow's an
cestors possessed the type that is popular in the show ring 

today. Individuality and pedigree can often be used to
gether in selecting animals for the breeding herd. This 
pedigree also shows about 6.25 percent inbreeding 
(Courtesy of Wyoming Hereford Ranch.) 
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ti ve and milking performance in the mature female. 
The effects of inbreeding on performance will vary 
in different lines and apparently are dependent, to 
some extent, on the genetic merit of the individuals 
from which the inbred lines are established. In many 
instances when inbred lines within a breed are com
bined, the resulting offspring equal or exceed the ori
ginal non-inbred stock in performance; however, line
crosses within a breed seldom surpass linecrosses be
tween breeds in performance. 

Since an increase in inbreeding usually is followed 
by a decrease in performance, the question often ari~ 
as to how to figure the amount (coefficient) of in
breeding. The method used for computing inbreeding 
coefficients may at first appear rather complicated. 
But it is fairly simple after becoming acquainted with 
the procedure. 

The formula for measuring the coefficient of in
breeding was developed by Sewall Wright in 1922 
and was later modified slightly by Lush (1945). It is 

this modified formula that will be used here. The 
formula is: 

Fx = t ~ &n (1 + Fa)] 
Fx = The inbreeding coefficient of the individual. 
~ Greek symbol meaning to add. 

n = The power to which t must be raised, depending 
upon the number of arrows connecting sire and dam. 

Fa = The inbreeding coefficient of the common ancestor. 

The procedure is given here for the benefit of 
those who may be interested in figuring the inbreed
ing of animals in their own herds. We will use the 
two dummy pedigrees shown in Figures 18 and 19. 
The first step is to determine which ancestors are 
found on both sides of the pedigree; that is, on both 

Colorado Domino 339th 

Jcolorado Domino 10th 

lPrincess Domino 135th 

{

Dandy Domino 2nd 

Miss Blanchard 

{

Colo. Domino 159th 

Princess Domino 31st 

jrince Domino 
Rosabelle Aster 

eau Blanchard 5th 
Princess 

JDandy Domino 2nd 
l.Mischief Lass 15th 
[Beau Domino 
{J3elle Domino 11 th 

Colorado Princess 49th 

Wyoming Domino 46th 

Princess Domino 41st 
{

Dandy Domino 98th 

Princess D. 116th 
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Figure 18 - The pedigree of Colorado Princess 49th. 
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Figure 19-The pedigree of Wyoming Domino 46th. 
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T. Prince Domino 
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Maud Superior 

f
DandY Domino 2nd 
Domino Lassie 6th 
Dandy Domino 2nd 
Mischief Lass 10th 

16 MISSOURI AGRICULTURAL EXPERIMENT STATION 

ti ve and milking performance in the mature female. 
The effects of inbreeding on performance will vary 
in different lines and apparently are dependent, to 
some extent, on the genetic merit of the individuals 
from which the inbred lines are established. In many 
instances when inbred lines within a breed are com
bined, the resulting offspring equal or exceed the ori
ginal non-inbred stock in performance; however, line
crosses within a breed seldom surpass linecrosses be
tween breeds in performance. 

Since an increase in inbreeding usually is followed 
by a decrease in performance, the question often ari~ 
as to how to figure the amount (coefficient) of in
breeding. The method used for computing inbreeding 
coefficients may at first appear rather complicated. 
But it is fairly simple after becoming acquainted with 
the procedure. 

The formula for measuring the coefficient of in
breeding was developed by Sewall Wright in 1922 
and was later modified slightly by Lush (1945). It is 

this modified formula that will be used here. The 
formula is: 

Fx = t ~ &n (1 + Fa)] 
Fx = The inbreeding coefficient of the individual. 
~ Greek symbol meaning to add. 

n = The power to which t must be raised, depending 
upon the number of arrows connecting sire and dam. 

Fa = The inbreeding coefficient of the common ancestor. 

The procedure is given here for the benefit of 
those who may be interested in figuring the inbreed
ing of animals in their own herds. We will use the 
two dummy pedigrees shown in Figures 18 and 19. 
The first step is to determine which ancestors are 
found on both sides of the pedigree; that is, on both 

Colorado Domino 339th 

Jcolorado Domino 10th 

lPrincess Domino 135th 

{

Dandy Domino 2nd 

Miss Blanchard 

{

Colo. Domino 159th 

Princess Domino 31st 

jrince Domino 
Rosabelle Aster 

eau Blanchard 5th 
Princess 

JDandy Domino 2nd 
l.Mischief Lass 15th 
[Beau Domino 
{J3elle Domino 11 th 

Colorado Princess 49th 

Wyoming Domino 46th 

Princess Domino 41st 
{

Dandy Domino 98th 

Princess D. 116th 

{

Dandy Domino 2nd 

Domino Lassie 6th 

jDandy Domino 2nd 

lMischief Lass 10th 

Figure 18 - The pedigree of Colorado Princess 49th. 

Colorado Domino 45th 
{

Colorado Domino 36th 

Princess Domino 179th 

{

Wyoming Dom. 34th 

Wyoming Princess 26th 

Princess Domino 41st 

{

Dandy Domino 96th 

Miss Dandy Domino 17th 

{

Dandy Domino 2nd 

Mischief Lass 9th 

rSuperior Dom 21st 

LDaiSY. Domino 2nd 

{

Dandy Domino 98th 

Princess D. 116th . 

Figure 19-The pedigree of Wyoming Domino 46th. 

i
rince Domino 

Rosabelle Aster 
ainter's Domino 

Lady Aster 3rd 
JPrince Domino 
lRosebelle Aster 
[Michiel Mixer 28th 
lMiss Standway 

{
Dandy Domino 
Domino Lassie 5th 

{
T. Prince Domino 
Emerald 3rd 

{

prince Domino 
Rosabelle Aster 
Mischief Mixer 28th 
Lady stanway 12th 

{
Super Superior 3rd 
Gypsy Domino 2 oth 

{
Clayton Dom. 16th 
Maud Superior 

f
DandY Domino 2nd 
Domino Lassie 6th 
Dandy Domino 2nd 
Mischief Lass 10th 



STATION BULLETIN 618 17 

the sire and dam's side. As can be seen, this com
mon ancestor is Dandy Domino 2nd. We are interest
ed only in the animals that form a direct line of de
cent from this common ancestor to the individual 
whose inbreeding coefficient we wish to determine. 
Next assign a letter to each of these animals as shown 
in Figure 20. . 

X Colorado Princess 49th 
Y Wyoming Domino 46th 
A Colorado Domino 339 
B Princess Domino 41st 
C Colorado Domino 10th 
D Princess Domino 135th 
E Dandy Domino 2nd 

F Colorado Domino 159th 
G Dandy Domino 98th 
H Princess D 116th 
I Colorado Domino 45th 
J Wyoming Princess 26th 
K Princess Domino 179th 

Figure 20-Letters assigned to the animals appearing 
in the pedigrees of Colorado Princess 49th and Wyoming 
Domino 46th. 

One of the simplest methods of determining the 
paths of gene flow from this common ancestor to the 
individual in question is by means of an arrow dia
gram. Figure 21 shows the arrow diagram for Colorado 

t4 = .0625 

X ___ A~D.J-F4-E4H~B ___ X i 5 -.03125 

Inbreeding CoeffiCient (Fx) _ .18750 _ 09375 9 3701. 
of Colorado Princess 49th - ---r- -. or. JfJ 

Figure 21-Arrow diagram for figuring the inbreed
ing coefficient (F I( ) of Colorado Princess 49th. 

Princess 49th. Dandy Domino 2nd was assigned the 
letter E and starting from this point an arrow was 
drawn to Colorado Domino 10th (C) and then 
another arrow from here to Colorado Domino 339th 
(A), the sire of Colorado Princess 49th (X). Starting 
again from E the arrows were drawn for the dam's 

side of the pedigree. From E an arrow was drawn to 
Princess D 116th (H) and then another from here to 
the dam, Princess Domino 41st (B). This completes 
the first path. The second path shown is drawn in a 
like manner, completing the arrow diagram for this 
animal. The arrows are counted starting from the sire 
and progressing around through the common ancestor 
to the dam. A~C~E~G~B . . This 
number (4) is represented by the Q found in the form
ula. Table 4 gives the values assigned to each of the 

TABLE 4 -- THE VALUES ASSIGNED TO EACH tn FOR 
USE IN COMPUTING INBREEDING AND 

RELA TIONSHIP COEFFICIENTS 
n Value for t n 
1 .5 
2 .25 
3 .125 
4 .0625 
5 .03125 
6 .015625 
7 .0078125 
8.00390625 
9 .001953125 

10 .0009765625 

:yz n factors one is likely to encounter in most pedi
grees. These are then added for each path and divided 
by two. That part of the formula (1 + Fa) is used 
in those cases where the common ancestor also is in
bred. In such a case, the values found for the respec
tive:yzTI must be multiplied by one plus the inbreed
ing coefficient of the common ancestor. 

y ~I ~K~E -4 G ~B~J ___ Y i 5 = .03125 

..0625 
Inbreeding CoeffiCient (Fy) = .0625 = 03125 3.125% 
of Wyoming Domino 46th -,--. or 

Figure 22-Arrow diagram for figuring the inbreed
ing coefficient (F y ) for Wyoming Domino 46th. 

Coefficient of Relationship 
Occasions sometimes arise when a livestock 

breeder would like to know the genetic relationship 
of one animal to another. One such occasion may be 
a forthcoming sale. An animal is being offered for sale 
that has a pedigree similar to an animal that sold 

earlier at another sale for a high price, and the stock
man wants to know the maximum that he should 
bid on this animal. Or perhaps he has a bull for sale 
at private treaty and would like to use the situation 
described as a sales point. Another instance when re-
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earlier at another sale for a high price, and the stock
man wants to know the maximum that he should 
bid on this animal. Or perhaps he has a bull for sale 
at private treaty and would like to use the situation 
described as a sales point. Another instance when re-
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lationships might be valuable is when a livestock 
breeder may have the chance to buy two different 
animals, one of which shows excellent type and comes 
at a high asking price while the other may be lacking 
in some one point but not enough to warrent disre
garding the animal entirely. If they have a high co
efficient of relationship, one would probably do just 
as good a job in the stockman's herd as the other. He 
could purchase the cheaper animal and produce as 
good stock with it as with the one which was more 
expensive. 

The coefficient of relationship is actually a meth
od of measuring the probable percentage of genes the 
two animals have in common. As an illustration, take 
the two pedigrees used in the inbreeding study, Color
ado Princess 49th and Wyoming Domino 46th (Fig
ures 18 and 19). 

Dandy Domino 2nd is the common ancestor ot 
the two individuals concerned. The first step in com
puting the coefficient of relationship is to draw an 
arrow diagram showing the path of gene flow. The 
completed arrow diagram (Figure 23) shows that there 

x..J-ALc..,LE-4.H~B-4.J...1.,..y 

X4-A~C..,LE~G-4-B-4J~Y 

X~A~C~E~K~I 6. Y 

X~A~D~F~E~H~B~J~Y 

j7 = .0078125 

17 = .0078125 

i 6 = .0156250 

i 8 = .00390825 

X4-A..J-D.J-F ~E.-L..o 4B...1-J...L.,.Y i 8 = .00390825 

X..L-A~D.J-F~E~41 7~ Y F=.0078125 

X~ B~H.J-E 4 -, K41 6. Y i 6 = .015625 

X~B~ G~E 4 l> K..!..-l 6., Y i 6 = .• 015625 

XL-B~"'!""'Y (1 + .125) t3 = .140625 

Total .21875 

Figure 23-Arrow diagrams for determining the co
efficient of relationship (R xy) between Colorado Prin
cess 49th and Wyoming Domino 46th. 

is another common ancestor, Princess Domino 41st. 
The arrow diagram is solved in a similar manner to 
that of the inbreeding coefficients with the exception 
that the arrows are counted from X around through 

the common ancestor to Y. The formula for the co
efficient of relationshi p is: 

Rxy = (1 + Fa~ 
J (1 + Fx) (1 + Fy) 

Rxy = The relationship between animals X and Y. 

~ = Greek symbol meaning to add. 

n = Number of arrows connecting X with Y through the 
common ancestor for each path. 

Fx = Inbreeding coefficient of animal X. 

Fy = Inbreeding coefficient of animal Y. 

Fa = Inbreeding coefficient of common ancestor. 

As a sample of the method of computing the re
lationship coefficient, take the outside path shown in 
Figure 23 ,which is X~A~C~E ~ 
K~ I -4y. The number of arrows involved is 6. 
Look up 6 in the left hand column of Table 4. The 
right hand column gives what ~ is raised to this 
power (.015625). In view of the fact that the common 
ancestor (E) is not inbred, the (1 + Fa) in the form
ula may be disregarded. The other 7 paths through 
E are solved in the same manner. 

The second common ancestor (B) is inbred. The 
inbreeding coefficient is computed for this animal 
and substituted in the upper one-half of the formula. 
This animal is the result of a half brother-half sister 
mating and is therefore 12 v.z percent inbred. The path 
through B is X ~ B ~ ] ~ Y. There are three 
arrows and from Table 4 we get the value .125, this 
value must now be multiplied by (1 + .125). 

.125 x 1.125 = .140625 
This value is added to the eight values found for the 
other paths and added. The sum of all nine paths is 
the upper half of the formula. 

The inbreeding coefficient for X is .09375 and for 
Y is .03125. Substituting in the formula gives: 

R = xy 

= 

= 

/ 
j 

.21875 

(1+.09375)(1+.03125) 

.21875 

1.1279279 

.21875 

1.062 

= .205979 or X and Y are related by 
20.5979 percent. 
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SUMMARY 
The main objective of the animal breeder is to pro

duce the kind of animals that are highly productive 
and meet the demands of the consumer of livestock 
products. To accomplish this objective, the breeder 
must have a clear understanding of the principles of 
genetics as well as those of feeding, management, and 
disease control. In this publication an attempt has 
been made to point out some of the general principles 
of genetics related to livestock production. References 
are cited on this page for the livestock breeder who 
wishes to study this subject in more detail than pre
sented here. 

Examples in which only one pair of genes are 
used in crosses, such as those for horned and polled 
cattle, are not too helpful in explaining the inheritance 
of traits which are influenced by many pairs of genes, 
such as rate of gain and milk production. Neverthe
less, these examples do serve to explain some of the 
simple principles of inheritance which must be under
stood before the more complicated ones can be mas
tered by the animal breeder. 

The livestock producer should understand why 
a herd contains closely related animals, some of which 
are above and some below the average of the herd in 
their performance. Variations in performance exist 
in every herd or flock and are known to be caused by 

both heredity and environment. These factors must be 
given their due consideration if improvements are to 
be made and breeders are to produce animals that re
turn greater profits above feed costs. 

It is difficult, if not impossible, to determine 
whether heredity or environment is more important 
in livestock production because the effects of each are 
hard to separate in the individual. Often both combine 
to produce their effect. It should be noted, however, 
that the limit of performance of an animal is set by his 
inheritance. Environment cannot cause him to exceed 
this limit. On the other hand, animals with the in
herent capacity for high production cannot take ad
vantage of their inheritance unless they have the 
proper environment. 

Variations caused by environment are not trans
mitted from parents to their offspring, whereas those 
due to heredity are transmitted and are more or less 
permanent. In selecting breeding animals, the breeder 
often mistakes environmental effects for those which 
~e hereditarr. Consequently, he often is disappointed 
In the offspnng. By observing breeding principles 
discussed in this publication the breeder cannot pre
vent all of such mistakes but he can reduce the num
ber of them, thus bringing about more improvement 
in his breeding herd. 
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GLOSSARY OF GENETIC TERMS 

(From 1936 Yearbook of Agriculture, 
pp. 153-164) 

Allele, allel, allelomorph: One of a pair of contrasted 
factors (genes) occupying the same location in 
homologous chromosomes but affecting the de
velopment of a character in a contrasting manner. 

Allosomes: Special kinds of chromosomes distin
guished from the ordinary chromosomes or auto
somes by certain peculiarities of behavior and 
sometimes by a difference in size or shape. 

Allopolyploid: A polyploid having chromosome sets 
from different sources, such as different species. 
A polyploid containing genetically different 
chromosome sets; for example, from two or more 
species. 

Anaphase: That stage of cell division during which 
the chromosomes pass from the middle to the 
sides of the mother cell where they form the 
chromosome sets for two new cells. 

Apomixis : The development of an individual from an 
egg that has not been fertilized by a spermatozoa. 
This may occur in an egg that is normal and hap
loid (has In number of chromosomes) or in one 
that is abnormally diploid (has 2n number of 
chromosomes) through the failure of the chromo
somes to divide during the reductional division. 

Atavism: Reappearance of a character after a lapse of 
one or more generations. 

Autopolyploid: A polyploid arising through the du
plication of complete sets of homologous chromo
somes within a species. 

Autosome: Any chromosome except a sex chromo
some. 

Backcross: The cross of a hybrid to one of the parental 
breeds. . 

Blending inheritance: Inheritance in which domin
ance of either parental character is lacking. Genet
ic and biometrical methods have shown that this 
is due, in many cases at least, to the interaction 
of several multiple factors independently in
herited. 

Cell: A bit of protoplasm, usually containing a nu
cleus, which serves as a unit in the structure, 
physiological processes, heredity and develop
ment of living things. 

Character: A term used, often rather vaguely, to desig
nate any form, function, or feature of an organ
ism. The mendelian characters of genetics repre
sent the end product of development in which 
a definite gene, or genes, have a decisive effect. 
"The constant and unchanging thing, therefore, 
is the factor (gene) itself rather than the char
acter, and the unity which Mendel observed lies 
rather in this underlying factor than in the vis
ible, and perhaps variable, character whieh it pro
duces."-Sinnott and Dunn. 

Chromatid: Chromosomes frequently bear the fore
shadowing of a future longitudinal division so 
that they appear to be made up of two parallel 
threads. These threads are the chromatids. 

Chromosomes: Dark-staining bodies visible under 
the microscope in the nucleus of the cell at the 
time of cell division. The number of chromo
somes in any species is constant. The chromo
somes carry the genes, linearly arranged, which 
control the development of mendelian characters._ 

Collateral inheritance: A term to describe the appear
ance of characters in collateral members of a fam
ily (those from the same ancestral stock but not 
ancestors of each other), as when an uncle and a 
niece show the same character, inherited by the re
lated individuals from a common ancestor. Col
lateral inheritance is characteristic of recessive 
characters which appear irregularly, in contrast to 
dominant characters which appear regularly in 
successive generations. 

Complementary genes: Genes that interact to pro
auce a new character. 

Crossing over: Interchange of parts (containing 
genes) between homologous chromosomes pre
vious to the formation of gametes. The result is 
an exchange of linkage relations between char
acters associated in inheritance so that they ap
pear in different offspring. 

Cytoplasm: The protoplasm of a cell exclusive of the 
nucleus. 

Deletion: The absence of a segment of a chromosome 
involving one or more genes. 

Dihybrid: An individual which is heterozygous with 
respect to two mendelian characters. 

Diploid: Having two sets of chromosomes. Body 
tissues of higher plants and animals are ordinarily 
diploid in chromosome constitution. 

Dispermic: Fertilized by two sperm cells. 
Dizygotic: Originating from two fertilized eggs. 

Dizygotic twins are genetically no more similar 
than ordinary brothers and sisters. 

Dominant: A character possessed by one of the par
ents of a hybrid, which shows up in the offspring 
because it covers up the corresponding recessive 
character in the other parent. An example is a 
cross between a pure polled bull and a horned 
cow. All calves would be polled because the poll
ed gene is dominant over the horned gene. 

Duplicate genes: Tw:o or more pairs of genes having 
similar effects on one character. 

Duplication: The occurrence of a segment more than 
once in the same chromosome or genom. 

Epistatic: Characterized by the dominant action of a 
gene over another gene situated on a different 
chromosome or at a different place on the same 
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chromosome. Ordinarily, "dominance" refers to 
the interaction of two or more genes located at 
the same point on a chromosome. 

Extension factor: A gene which extends the action of 
a primary gene. 

F1 : The first filial generation. The first generation of 
a given mating. 

F2 : The second filial generation, produced by crossing 
two Fl individuals. 

Fertilization: The union of a male gamete with an 
egg, a process requisite, in the higher animals to 
the development of the egg. 

Gamete: A reproductive cell of either sex; a sperm 
or ovum. 

Gametogenesis: Formation of sex cells. 
Gene: The unit of heritance, which is transmitted 

in the germ cells, and by which interaction with 
the genic and cytoplasmic complex and the en
vironment controls the development of a char
acter. The genes are supposed to be arranged 
linearly in the chromosome. 

Genetics: The science of heredity, variation, sex de-
termination, and related phenomena. . 

Genom: A chromosome set. 
Genotype: The actual genetic makeup of an indi

vidual. For example, a PP and a Pp individual 
are both polled, but they contain different genes. 
The PP individual breeds true for polledness 
whereas the Pp one does not even though they 
both look alike. 

Germ cell: A cell capable of reproduction, or of shar
ing in reproduction, as contrasted with the so.
matic or body' cells which are specialized for 
other functions. Or, more strictly, a reproduc
tive cell that has undergone, or will undergo, or 
whose cell descendants will undergo, oogenesis 
or spert:?atogenesis before participating in re
productlOn. 

Germplasm: The material basis of heredity, taken 
collectively. 

Gonad: A reproductive gland, or group of glands: 
an ovary, or testis. 

Haploid: Single; referring to the reduced number of 
chromosomes in the mature germ cells. 

Heredity: The resemblance, derived from the ancestry, 
among organisms related by decent. 

Heterogametic: Producing unlike gametes (with re
spect to the sex chromosome). In the "X-Y" 
group of organisms the male is the sex with differ
ent gametes (heterogametic), producing X-bear
ing sperms in equal numbers. The female pro
duces only X-bearing ova. 

Heterosis: Hybrid vigor. 
Heterozygote: An organism to which its two parents 

have contributed unlike genes with respect to 
anY' given allelomorphic pair governing contrast
ed characters, and which in turn produces two 
kinds of germ cells with respect to the charact
ers. 

Heterozygous: Containing both genes of an allelo
morphic pair, or two genes of an allelomorphic 
series. Heterozygous individuals usually either 
resemble the individuals homozygous for the 
dominant character or are intermediate with re
spect to this character. They transmit the reces
sive gene to half their offspring. 

Homologous: Chromosomes occur in somatic (body 
cells) cells in pairs; the members of these pairs 
are spoken of as homologous chromosomes. 

Homozygote: An organism whose parents contribut
ed to it a similar member of any given pair of 
genes, and whose germ cells are therefore all alike 
with respect to the genes for this character. 

Homozygous: (1) An organism formed by like·germ 
cells. (2) An organism is said to be homozygous 
for a given character when all its germ cells trans
mit identical genes for this character. 

Hybrid: (1) The offspring of two parents unlike one 
another in one or more heritable characters. (2) 
A heterozygote. (3) Used for the broader cate
gories as: numerical hybrid, one whose parental 
gametes differed in number of chromosomes; 
structural hybrid, one whose parental gametes 
differed in the structure of their chromosomes. 

Hybridization: The process of crossing organisms of 
unlike hereditary constitution, thereby producing 
F 1 offspring possessing genes for the traits of both 
parents. 

Identical twins: Two individuals developed from the 
same fertilized egg. They are extremely alike and 
are generally (but not always) found in the same 
placental membranes before birth. Also referred 
to as monozygous twins. 

Inbred line: A relatively homozygous line produced 
by inbreeding and selection. 

Inversion: A rearrangement of a group of genes in 
a chromosome in such a way that their order in. 
the chromosome is reversed. 

Lethal factor: A factor which renders an organism 
expressing it inviable or unable to live. Inherit

. able lethal mutations are recessive in their lethal 
effect, and must be homozygous to be fatal to 
the organism. 

Linkage: Association of genes in inheritance, due to 
the fact that they are located in the same chromo
some. 

Maturation: A process which germ cells undergo be
fore they become functional, consisting usually 
of two cell divisions, during which the number 
of chromosomes is reduced to one-half that of the 
body cells. 

Meiosis: The reduction divisions preceding the for
mation of gametes, in which the members of each 
chromosome pair separate, and the chromosome 
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Identical twins: Two individuals developed from the 
same fertilized egg. They are extremely alike and 
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placental membranes before birth. Also referred 
to as monozygous twins. 

Inbred line: A relatively homozygous line produced 
by inbreeding and selection. 

Inversion: A rearrangement of a group of genes in 
a chromosome in such a way that their order in. 
the chromosome is reversed. 

Lethal factor: A factor which renders an organism 
expressing it inviable or unable to live. Inherit

. able lethal mutations are recessive in their lethal 
effect, and must be homozygous to be fatal to 
the organism. 

Linkage: Association of genes in inheritance, due to 
the fact that they are located in the same chromo
some. 

Maturation: A process which germ cells undergo be
fore they become functional, consisting usually 
of two cell divisions, during which the number 
of chromosomes is reduced to one-half that of the 
body cells. 

Meiosis: The reduction divisions preceding the for
mation of gametes, in which the members of each 
chromosome pair separate, and the chromosome 
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number in the resulting daughter cells is reduced 
to half the somatic number, as distinguished 
from ordinary cell division. 

Mendel's law: Mendel enunciated three basic prin
ciples of heredity: (1) Inheritance ?f ch~racter 
determiners (genes) as allelomorphIC umts, not 
as a blend; (2) Dominance; (3) Independent ran
dom segregation of all~lomorphs in the .for~a
tion of gametes and theIr random recombmatlo?
at fertilization. As a consequence of these condI
tions a given allelomorphic pair of unit charact
ers appears in a certain definite predictable ~atio 
(3:1,1 :2:1,1:1) among the progeny of a given 
mating. 

Metaphase: That stage of cell division in which the 
chromosomes are arranged in an equatorial plate 
ready for separation of their two halves (in mito
sis), or of their paired members (in meiosis) . 

Mitosis: Cell division involving the formation of 
chromosomes, spindle fibers, and the division of 
the chromosomes by a process of longitudinal 
splitting. Thus each of the resultant daughter 
cells receives a full complement of the chromo
somes which existed in the original cell before 
division. 

Monofactorial: Controlled by a single gene differ
ence in inheritance. 

Monohybrid: The offspring of two parents differing 
in only one Mendelian characteristic. 

Monozygotic: Originating from a single fertilized 
egg cell, which in the course of subsequent de
velopment has given rise to two or more indi
viduals. Twins of such origin are genetically 
identical. 

Multiple allelomorphs: The existence of more than 
two alternative forms of a gene. Any two mem
bers of a series of multiple allelomorphs may be 
allelomorphic to each other. A single individual 
having only the normal number of chromosomes 
can bear only two members of such a series. 

Multiple factors: Two or more pairs of factors having 
a similar, supplementary, complementary, or 
cumulative effect. In a broader sense, any factors 
working together to produce a single result . 

Mutation: A sudden variation that is later passed on 
through inheritance and that results from changes 
in a gene or genes. 

Nondisjunction : (1) Failure of a pair of united ma
ternal and paternal chromosomes to separate at 
the reduction division, both chromosomes of 
the pair going to the same gamete. (2) Failure 
of chromosome halves to separate in cell division, 
both halves going to the same daughter cell. 

Nucleus: A highly refractive, deeply staining body of 
specialized protoplasm found within nearly all 
cells. The chromosomes are found in the nucleus. 

Oocyte: A female reproductive cell during oogenesis, 
up to the time of the second division. Oocytes 
are designated primary before the completion of 
the first division, secondary thereafter. 

Oogenesis: The series of changes, including one or 
two divisions, which the reproductive cells of 
female animals undergo before they are ready for 
reproduction. 

Oogonium: One of the early germ cells of a female 
prior to the beginning of maturation. 

Outcross: A cross to an individual not closely related. 
Ovum: An egg. 
Parthenogenesis: The development of a new indi

vidual from an egg cell without fertilization. 
Exam pIe is drone bees. 

Partial dominance: Capability of being produced to 
an intermediate degree when only one member 
of a pair of genes is present. 

Phenotype: The organism as exemplified by its ex
pressed characters, as contrasted with its genetic 
constitution (the genotype). 

Polar bodies: Two minute cells cast off from the ani
mal ovum during maturation. 

Polyspermy: The entrance into the ovum of moret 
than one sperm, whether normally or pathologi
cally. 

Prophase: The stage in celllivision prior to the meta
phase, during which the chromosomes appear in 
the nucleus, following the resting stage. 

Protoplasm: The physical basis of life; a chemical 
compound, or probably an emulsion of numerous 
compounds. It contains proteins which differ 
slightly in each species of organism. It contains 
carbon, hydrogen, oxygen, nitrogen, sulphur, and 
various salts, but is so complex as to defy struc
tural analysis. 

Pure line: A strain of organisms that is genetically 
pure because of continued inbreeding. 

Qualitative characters: Characters that are qualita
tively different, so that separation is relatively 
easy. 

Quantitative characters: Characters that show a con
tinuous range in variability, making separation 
into distinct classes difficult. 

Recessive: A character possessed by one of the parents 
of a hybrid, which is hidden in the hybrid by the 
expression of the contrasting character from the 
other parent. 

Reduction division: The division preceding the for
mation of gametes, in which the chromos01ll:e 
pairs separate, and the chromosome number is 

reduced to half the somatic number. 
Reversion: Appearance of a character possessed by a 

remote ancestor but not by recent ones. 
Segregation: Separation of the genes of a pair ~n the 

formation of germ cells, the two genes gomg to 
different gametes. Segregation is manifested in F2 

22 MISSOURI AGRICULTURAL EXPERIMENT STATION 

number in the resulting daughter cells is reduced 
to half the somatic number, as distinguished 
from ordinary cell division. 

Mendel's law: Mendel enunciated three basic prin
ciples of heredity: (1) Inheritance ?f ch~racter 
determiners (genes) as allelomorphIC umts, not 
as a blend; (2) Dominance; (3) Independent ran
dom segregation of all~lomorphs in the .for~a
tion of gametes and theIr random recombmatlo?
at fertilization. As a consequence of these condI
tions a given allelomorphic pair of unit charact
ers appears in a certain definite predictable ~atio 
(3:1,1 :2:1,1:1) among the progeny of a given 
mating. 

Metaphase: That stage of cell division in which the 
chromosomes are arranged in an equatorial plate 
ready for separation of their two halves (in mito
sis), or of their paired members (in meiosis) . 

Mitosis: Cell division involving the formation of 
chromosomes, spindle fibers, and the division of 
the chromosomes by a process of longitudinal 
splitting. Thus each of the resultant daughter 
cells receives a full complement of the chromo
somes which existed in the original cell before 
division. 

Monofactorial: Controlled by a single gene differ
ence in inheritance. 

Monohybrid: The offspring of two parents differing 
in only one Mendelian characteristic. 

Monozygotic: Originating from a single fertilized 
egg cell, which in the course of subsequent de
velopment has given rise to two or more indi
viduals. Twins of such origin are genetically 
identical. 

Multiple allelomorphs: The existence of more than 
two alternative forms of a gene. Any two mem
bers of a series of multiple allelomorphs may be 
allelomorphic to each other. A single individual 
having only the normal number of chromosomes 
can bear only two members of such a series. 

Multiple factors: Two or more pairs of factors having 
a similar, supplementary, complementary, or 
cumulative effect. In a broader sense, any factors 
working together to produce a single result . 

Mutation: A sudden variation that is later passed on 
through inheritance and that results from changes 
in a gene or genes. 

Nondisjunction : (1) Failure of a pair of united ma
ternal and paternal chromosomes to separate at 
the reduction division, both chromosomes of 
the pair going to the same gamete. (2) Failure 
of chromosome halves to separate in cell division, 
both halves going to the same daughter cell. 

Nucleus: A highly refractive, deeply staining body of 
specialized protoplasm found within nearly all 
cells. The chromosomes are found in the nucleus. 

Oocyte: A female reproductive cell during oogenesis, 
up to the time of the second division. Oocytes 
are designated primary before the completion of 
the first division, secondary thereafter. 

Oogenesis: The series of changes, including one or 
two divisions, which the reproductive cells of 
female animals undergo before they are ready for 
reproduction. 

Oogonium: One of the early germ cells of a female 
prior to the beginning of maturation. 

Outcross: A cross to an individual not closely related. 
Ovum: An egg. 
Parthenogenesis: The development of a new indi

vidual from an egg cell without fertilization. 
Exam pIe is drone bees. 

Partial dominance: Capability of being produced to 
an intermediate degree when only one member 
of a pair of genes is present. 

Phenotype: The organism as exemplified by its ex
pressed characters, as contrasted with its genetic 
constitution (the genotype). 

Polar bodies: Two minute cells cast off from the ani
mal ovum during maturation. 

Polyspermy: The entrance into the ovum of moret 
than one sperm, whether normally or pathologi
cally. 

Prophase: The stage in celllivision prior to the meta
phase, during which the chromosomes appear in 
the nucleus, following the resting stage. 

Protoplasm: The physical basis of life; a chemical 
compound, or probably an emulsion of numerous 
compounds. It contains proteins which differ 
slightly in each species of organism. It contains 
carbon, hydrogen, oxygen, nitrogen, sulphur, and 
various salts, but is so complex as to defy struc
tural analysis. 

Pure line: A strain of organisms that is genetically 
pure because of continued inbreeding. 

Qualitative characters: Characters that are qualita
tively different, so that separation is relatively 
easy. 

Quantitative characters: Characters that show a con
tinuous range in variability, making separation 
into distinct classes difficult. 

Recessive: A character possessed by one of the parents 
of a hybrid, which is hidden in the hybrid by the 
expression of the contrasting character from the 
other parent. 

Reduction division: The division preceding the for
mation of gametes, in which the chromos01ll:e 
pairs separate, and the chromosome number is 

reduced to half the somatic number. 
Reversion: Appearance of a character possessed by a 

remote ancestor but not by recent ones. 
Segregation: Separation of the genes of a pair ~n the 

formation of germ cells, the two genes gomg to 
different gametes. Segregation is manifested in F2 



STATION BULLETIN 618 23 

(and later hybrid generations) as a separation and 
distribution to different individuals of the Mend
elian characters in which the parents of the Fl hy
brid differed. 

Selection: The choice (for perpetuation by reproduc
tion) from a mixed population of the individuals 
possessing in common a certain charact.er or a 
certain degree of some character. Two kmds of 
selection may be distinguished; (1) Natural se
lection, in which choice is made automatically 
by the failure to refroduce (through death or 
some other cause) 0 the individuals who are not 
"fit" to pass the tests of the environment (vitality, 
disease resistance, speed, success in mating or 
what not); and (2) artificial selection, in which 
the choice is made consciously by man, as by a 
plant or livestock breeder, for characters of value 
to man. 

Sex ch~omosomes: Chromosomes which are particu
larly connected with the determination of sex. In 
most animals the females have two X chromo
somes and the males one X and one Y. The X 
and Y chromosomes are often visibly different 
in size or shape. 

Sex limited: Appearance (or expression) of an inherit
ed character in only one sex, due either to sex 
linkage (Y-chromosome inheritance), or to differ
ential dominance in the two sexes. 

Sex linkage: Association of a hereditary character 
with sex due to the fact that its gene is in a sex 
chromosome. 

Sibling: One of two or more offspring of the same 
parents, but not of the same birth. 

Somatic: Referring to body tissues; having two sets 
of chromosomes, one set normally coming from 
the female parent and one from the male; as con
trasted with mature germ cells having a single 
set of chromosomes. 

Species: A group of individuals so much alike t~at 
it may reasonably be assumed that they have arIS
en from a common ancestor. 

Sperm: The spermatozoon, spermatosome, or sperm 
cell of the male. 

Spermatid: One of the two cells formed by second 
division in spermatogenesis. By transformation 
in shape the spermatids become mature sperma
tozoa. 

Spermatocyte: A male reproductive cell during sperm
atogenesis up to the time of the second division. 
Spermatocytes are designated primary before and 
during the first meiotic division, then secondary 
thereafter. 

Spermatogenesis : The formation of male germ cells. 
Spermatogonia: Primordial male germ cells . . 
Synapsis: The conjugation or union in pairs of homo-

logous chromosomes, respectively of maternal 
and paternal origin. 

Telophase: The closing phase of mitosis, during 
which the daughter nuclei are reformed and the 
mother cell divides into two daughter cells. 

Tetrad: The quadruple group of chromatids formed 
by the association of the homologous chromo
somes in the later stages of meiosis. 

Translocation : Attachment of a fragment of one 
chromosome to a homologous chromosome, re
sulting in a new arrangement of genes. 

Trihybrid: A hybrid heterozygous with respect to 
three pairs of Mendelian factors . 

Two-factor inheritance: Some characters depend for 
their development on two hereditary elements 
(genes), both of which must be present to pro
duce an effect. 

Unit character: A hereditary trait that behaves as a 
unit in transmission, being capable of inheritance 
independently of other unit characters, and de
termined by a single gene. 

Variation: In biology, the occurrence of differences 
among the individuals of the same species or vari
ety. 

Zygote: The cell produced by the union of two cells 
(gametes) in reproduction; also, the individual 
developing from such a cell. 
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