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GLOSSARY

A or a: Symbols used sometimes to represent genes or their
corresponding characters. AA represents dominant
homozygous pair of genes or their corresponding
characters.

Address: (1) An identification represented by a name, label
or number, for a register or location in storage.
Addresses are also a part of an instruction word
along with commands, tags and other symbols. (2)
The part of an instruction which specifies an
operand for the instruction,

Address Indirect: An address in a computer instruction which
indicates a location where the address of the refer-
ence operand is to be found.

Address Symbolic: A lavel, alphameric or alphabetic used
to specify a storage location in the context of a
particular program. Often, programs are first
written using symbolic address in some convenient
code which are translated into absolute addresses
by an assembly program.

Allele: One of a pair of genes controlling an alternative
and contrasting character,

Arithmetic floating point: A method of calculation which

automatically accounts for the location of the

radix point. This is usually accomplished by




handling the number as signed mantissa times the

radix raised to an integral exponent.

Assembler: A computer program which operates on symbolic

input data to produce from such data machine
instructions by carrying out such functions as:
translation of symbolic operation codes into the
computer operating instructions, assigning locations
in storage for successive instructions or computation

of absolute addresses from symbolic address.

Chromosome: One of several microscopic, thread-like bodies

Compiler:

arising from the cell nucleus in nuclear division,
then bear the genes in a linear order and are
usually constant in number, size and form for each
species.

A computer program more powerful than an assembler.
In addition to the translating function which is
generally the same process as that used in an
assembler. It is able to replace certain items

of input with series of instructions.

Complement: (1) A quantity expressed to the base N, which

derived from a given quantity by a particular rule;
frequently used to represent the negative of the

given quantity.

Cromatids: Either one of the two identical strand with which

a chromosome splits in anticipation of cell division.

Crossover: An exchange of homologous segment between the

cromatids of paired chromosomes.




Digital computer: It is a device for performing sequences
of arithmetic and logical operations, not only on
data but its own program.

Diploid: Having twice the gametic or haploid number of
chromosomes as usually occur in somatic cells,
having both number of pair of chromosomes . present.

Dominance: The expression of a character to the exclusion
of its allelic character.

Epistasis: The dominant action of a gene over a non-allelic
gene located on a different chromosome or at a
different locus on the same chromosome, in contrast
with the dominance of a gene over its allele, both
genes located at the same locus on the chromosome.

Field: Data in two or more adjacent core positions to be
treated as a unit. A flag is used to define the
high-order position of a field.

Fixation: Making a character, or a type of organism,
dominant, usually by inbreeding and selecting.

Gamete: A mature, usually haploid, sex cell capable of fusing
with a cell of similar origin but of opposite sex
to form a zygote.

Gene: A heriditary element comprising a specifid location
on a chromosome.

Genotype: A genetic constitution of an organism, or the
hereditary properties and materials of an individual.

Haploid: Having the half on '"n" number of chromosomes present

(one of each pair), as usually occurs in reproductive




cell (gametes) in contrast with the diploid or
"2N" number of chromosomes in zygotes.

Heredity: The transmission of expressed and latent charac-
teristics from parental organisms to their off-
springs.

High-order: Left-most position of the data field.

Homologous chromosomes: The two chromosomes in each pair
occuring in diploid. One chromosome of the pair is
derived from one parent, the other chromosome from
the other parent.

Homozygotes: An organism has inherited from its parents
identical genes controlling a particular character.

Indicators: The device which register conditions resulting
from a comparison of plus or minus conditions during
computation. A sequence of operations within a pro-
cedure may be varied according to the position of
an indicator.

Individual: The elementary unit of taxonomy, sometime
extended to include any new unit formed by vegetative
propagation after the unit breaks connection with
the mother organism.

Instruction: A set of characters which defines an operation
together without one or more addresses or no
addresses and which as a unit causes the computer
to perform the operation on the indicated quantities.

The term instruction is preferable to the terms,

commands and order,




Linkage:

Locus:

The occurance in inheritance, of characters
together instead of in a random assortment, due to
the genes for such characters being located on the
same chromosome. A series of linked genes pairs
on the same chromosome is known as a linkage group.
A definite point or region in a chromosome at

which a gene is located.

Low-order: Unit position of the data field.

Magnetic

Module :

Mutation:

Operand:

core storage: A storage device on which binary

data is represented by the direction of magneti-
zation on each unit of an array of magnetic material
usually in the shape of toroidal rings.

An incremental block of storage for expanding the
computer capacity.

A change in the nuclear substances (genes, chromo-
somes) of an organism. It may arise from a change
in the normal number of chromosomes, an alteration
in a part of a chromosome, or an alteration at a
particular gene or locus on a chromosome.,

A quantity entering or arising an instruction,
An operand may be an argument, a result, a para-

meter or an indication of the next instruction.

Object program: It is a machine language program ready

for execution.

Phenotype: The total of character expressions of an indi-

vidual, as contrasted with its genotype; individuals

of the same phenotype look alike, but may have




different genotypes.

Program: The complete plan for the solution of a problem
which contains necessary instructions and routines.

Recessive: Pertaining to the number of an allelic pair of
genes which does not produce its effect in the
presence of the other number.

Reproduction: The process by which animals and plants give
rise to offspring of similar kind.

Segregation: The separation of genes and of chromosomes
in the formation of germ cell, each germ cell
receiving one gene of each pair and one chromosome
of each pair.

Selection: Any natural or artificial process which favors
the survival and propagation of certain individuals
possessing desirable traits, or which prevents
certain individuals possessing undesirable traits
from surviving and propagating,

Sex chromosome: Chromosomes that are particularly connected
with the determination of sex and which are dis-
tinguished by shape and/or function from all chromo-
somes .

Subroutine: The set of instructions necessary to direct the
computer to carry out a well defined mathematical
or logical operation,

Table look up: To obtain a function value corresponding to

an argument stated or implied from a table of

function values stored in the computer.




Trait:

Transfer:

Variable

Zygote:

A characteristic.

To copy, exchange, read, record, store, transmit,
transport, write data or instructions.
word length: It is a property that machine word
may have variable number of characters.
A product of fused gametes or of nuclei of opposite

sex, the individuals developing from fertilized

cell.




CHAPTER I

INTRODUCTION

In recent years a new field of statistics has become of
importance in many branches of experimental science. This
is the Monte Carlo Method, so called because it is based on
simulation of stochastic processes. By stochastic process,
it is meant some possible physical process in the real world
that has some random or stochastic element in its structure.
This is the subject which may appropriately be called the
dynamic part of statistics or the statistics of '"change," in
contrast with the static statistical problems which have so
far been the more systematically studied. Many obvious
examples of such processes are to be found in various branches
of science and technology, for example, the phenomenon of
Brownian Motion, the growth of a bacterial colony, the
fluctuating numbers of electrons and protons in a cosmic ray
shower or the random segregation and assortment of genes
(chemical entities responsible for governing physical traits
for the plant and animal systems) under linkage condition.
Their occurrences are predominant in the fields of medicine,
genetics, physics, oceanography, economics, engineering and
industry, to name only a few scientific disciplines. The

scientists making measurements in his laboratory, the

meteriologist attempting to forecast weather, the control




systems engineer designing a servomechanism (such as an
aircraft or a thermostatic control), the electrical engineer
designing a communication system (such as the radio link
betwéen entertainer and audience or the apparatus and cables
that transmit messages from one point to another), economist
studying price fluctuations in business cycles and the
neurosurgion studying brain wave records, all are encountering
problems to which the theory of stochastic processes may be
relevant.

Let us consider a few of these processes in a little
more detail. In statistical physics many parts of the theory
of stochastic processes were developed in correlation with
the study of fluctuations and noise in physical systems
(Einstein, 1905; Smoluchowski, 1906; and Schottky, 1918).
Consequently, the theory of stochastic processes can be
regarded as the mathematical foundation of statistical
physics. The stochastic models for population growth consider
the size and composition of a population which is constantly
fluctuating. These are mostly considered by Bailey (1957),
Bartlett (1960), and Bharucha-Reid (1960). 1In communication
theory a wide variety of problems involving communication
and/or control such as the problem of automatic tracking of
moving objects, the raéeption of radio signals in the presence
of natural and artificial disturbances, the reproduction of
sound and images, the design of guidance systems, the design

of control systems for industrial processes may be regarded

as special cases of the following general problem; that is,




let T denote a set of points in a time axis such that at
each point t in T an observation has been made of a random
variable X(t). Given the observations [X(t), t éTﬂ and a
quantity Z related to the observation, one desires to from
in an optimum manner, estimates of, and tests of hypothesis
about Z and various functions h(2 ). In the case of para-
meter estimation in signal extraction, detection and

observation ‘%(t), 0 fL bl j] may be regarded as a sum,
X(t) = s(t) + N(t) . : , : ; ‘ : s )
where S(t) represents the trajectory given by
Bty i s e e S e AR e s R e e

of a moving object and S(t) represents errors of measure-

ments. One desires to estimate the velocity v and acceleration
of the object. More generally, one desires to estimate such
ds(t)

quantities as S(t) and at any time t in 0 < t £ t.

dt
Under the assumption that the signal S(t) belongs to known

class of functions.

So far we have considered only one aspect of this
involved problem and that is the proper recognition of the
phenomenon to be the '"dynamic'' part of statistics, the
stochastic process. The other major problem still remains
and that is the solution of the foregoing problems. It is
well known to mathematicians and statisticians that the

solution of the problem depends upon the assumption one makes

about the signals (in statistical term, the true effect), the

a




4
noise (the error) received during the process and also on the
criteria one adopts for an optimum solution. For example,
let the stochastic variables X(t) be the number of calls
during a time interval t at a telephone switchboard. If we
consider X(t) be the number of calls during a time interval
t at a telephone switchboard and assume that (a) the proba-
bility of a call in time t is proportional to dt, say Adt
and (b) that the calls are independent, then we have the

following differential equation:

Pi(t + dt) = Pi(t) (1 - pdt) + P, q Cty xdt o, . £3)
Te=n0n
Under the boundary conditions P (0) = 1 when i = 0 and

st
Pi(O) = 0 when i3> 0, where Pi(t) is the probability of i
number of calls in the interval t. For the case i = 0,
Py (t) = e At and for i =1, Pl(t) = \te~ At and by the

application of mathematical induction it is easily seen that

k - At
S T G Rl o T S RO Ly AR
K!
K =0, 1, 2
which can be recognized as the poisson process. Now suppose

we relax the Bernoulli assumptions (original Bernoulli
process) given in (a) and (b) above and to make it more
realistic consider that in a large city the dependency has
multifactorial functional relationship among the stochastic

variable X(t). The solution of the problem becomes far-

fetching. Now let's consider another example. Consider a




5
large scale communication system, say a high speed digital
computer which transmits the digits O and 1. Each digit
transmitted must pass through several stages, at each of
which there is a probability that the digit which enters will
be unchanged when it leaves. Let Xp denote the digit entering
the first stage of the system and for n > 1, let Xn denote
the digit leaving the nth stage of the communication system.
Now assume that the constant probability be p that the digit
enters will be unchanged when leaving. The sequence X, X4y
X9, . . . . 1s recognized to be Markov Chain (Markov

Process) with transitional probability matrix (letting

qQ =1 - p)

q p . . ‘ ¢ ‘ . . o B

‘The corresponding n step transition probability matrix P(n)

may be written as

P(Xy = 1/XO = 1) = p1§2) = 5/9 . ; . : L (7%
P(x3 =1/Xy5 = 1) = p1§3) = 14/27 i . . . (8)

that is in words, if p = 2/3, then the digit entering the
system as a 1 has probability 5/9 of being correctly trans-

mitted after 3 stages. In fact a general solution exists

for the conditional probability




A +& (p - q)" : : (9)

P(Xg = 1/8g = 1) =
. 1 ) l+(o<—(§)(p-q)n

where K = P(XO = 1 and '@ =1 - K . But now suppose we

cannot make the Bernoulli assumption of constancy of the
probability p from stages to stages and to make it more
realistic, we assume that we are interested in multi-dimensional
vector space where there are Xj(t), Xz(t) e el Xn(t) with n
such vector functions for each of the stochastic variables
Xi(t), the correlation function is not one of the product

moment type, then the solution of the problem will be very
difficult to achieve.

So the moral of the story is that there are solutions to
the problems, where the experimenter is willing to make rigid
assumptions and the solution of the problem becomes far-
fetching when one is realistic and tries to relax the
assumptions that led to the solution.

The problem at hand, of genetics, is one of the types
of the study in which relaxation of assumptions leads to a
very realistic situation and the experimenter learns some-
thing about the phenomena, where as, making rigid assumption
to yield the problem to a particular solution leads to very
unrealistic solution.

Genetics deals with variations, which are the differ-
ences in characteristics of individuals. In dealing with
these variations it attempts to determine how they are

produced, how they may be classified and how they are

inherited. By inheritance is meant the passing on of




characteristics from one generation to another by means of
the germ cells. The germ cells contain chromosomes. These
are considered of very great importance in connection with
heredity. The genetic evidence very greatly supports the
assumption that the chromosomes are made up of hereditary
genes arranged in linear order. Consider the fact that we
have a population of live individuals. According to popu-
lation genetic terminology, this is nothing but a pool of
genes shared by several individuals in the pool.

Let two pairs of genes lie in a different chromosomes
and each pair of genes is inherited independently of the
other pair. During meiosis, the respective chromosome
synapse and then separate so that each gamate gets one and
only one of each kind. The law of independent segregation
which states that the member of one pair of genes separate
from each other in meiosis independent of the members of
other pairs of genes and come to be assorted at random in
the resulting gametes. 1In the similar way, more than one
pair of genes in a chromosome may be taken into consideration.
The probability that a gene is transmitted from the parent to
the offspring is not the same for each gene and also the
probability that a pair of genes being transmitted depends
upon the probability of the transmission of the preceding
pair in a chain of genes. The later probability is not
constant from chromosome to chromosome (individuals have

more than one chromosome. For example, man has 24 pair,

Drosophila has 4 pair, etc.).




8

The sex of an organism is a trait which is determined
genetically. 1In females there are two identical sex
chromosomes called X chromosomes, but in males there is one
chromosome called Y chromosome. The latter contains few or
no genes and is, in most species, of a different size and
shape from the X chromosomes. All eggs produced by females
have one X chromosome. Half of the sperm produced by males
contain an X chromosome and half contain a Y. The fertili-
zation of an X-bearing egg by an X-bearing sperm results in
a XX female zygote. The fertilization of a X egg by a Y-
bearing sperm results in a XY male zygote. The X chromosome
contains many genes; the Y .chromosome contains only a few.
The traits controlled by genes lying in the X chromosomes
are called sex-linked, because their inheritance is linked
with that of sex. There are relatively few chromosomes and
many hundreds of different inherited traits, it is obvious
that there must be many genes in each chromosome. All the
genes in each chromosome tend to be linked. This is due to
the fact that in meiosis the homologous pair of chromosomes
separate as units and go to opposite sides. Therefore, all
the genes lying in the chromosome go to one side to become
incorporated in one gamete, and all the genes contained in
the other member of the homologous pair go to other side and
become incorporated in the other gamete. However, linkage
between the genes in a given chromosome is usually not

complete. During the process of synopsis the homologous

chromosome frequently exchange whole segments of chromosome




9
and the genes located in them. The exact mechanism of this
exchange is still unknown, but it occurs at random along the
length of the chromosomes. All the genes in a particular
chromosome constitute a linkage group. These groups, which,
of course, are determined by genetic tests, always equal to
haploid number of chromosomes. It remains constant and only
changed by translocation in which a piece of one chromosome
breaks off and becomes attached to another non-homologous
chromosome. The chromosomes occur in pairs in all the body
cells of organism, as usually as an immature germ cell, and
that during formation of the eggs and sperm. The chromosome
constituting each pair in early reproductive cells separate
so that each egg and sperm receives only one member of each
pair. At fertilization they again come together in pairs.

A brief excursion in mathematics will show how it
happens. If we consider, in a population, the distribution
of single pair of genes, A and a, any member of the population
will have the genotype AA, Aa, or aa. Let us suppose that
their genotypes are present in the population in the ratio
1/4 AA; 1/2 Aa; 1/4 aa. If all the members of the population
select their mates at random, without regard to whether they
are AA, Aa, or aa, and if all the pairs produce comparable
numbers of the pairs of offsprings, the succeeding generations
will also have genotype in the ratio 1/4 AA; 1/2 Aa; 1/4 aa.
This can be demonstrated by setting down all the possible

types of matings, the frequency of their random occurrence,

and the kinds and proportions of offspring produced by each
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type of mating and then adding up the kinds of offspring.

The frequencies of the members of a pair of allelic
genes in a population are described by the expansion of a
binomial equation. In the example just discussed we assumed
that the population contained initially 1/4 AA, 1/2 Aa, and
1/4 aa. We can generalize this relationship if we let p be
the proportion of A gene and q be the proportion of a gene.
Since the gene must be either A or a, then p + q = 1, (and
if we know either p or q we can determine the other). All
the matings of any generation, a p number of A containing
eggs and a q number of a containing eggs are fertilized by
p number of A containing sperm: (pA + qa) X (pA + qA). The
proportion of the types of offspring of all these matings
is described.

Now let us consider the notion of independent assortment
and linkage phenomena in genetics. Usually the genes of an
individual are present in pairs of alleles and that one
allele of each pair is obtained from the mother and the
other from the father. When the individual produces eggs
or sperm, only one allele of each pair is transmitted to a
gamete - in one-half of the cases, the maternal allele, and,
in the other half, the paternal.

A child, therefore, receives only one allele of each of
his mother's pairs of alleles and only one of each of his
father's pairs. Whether this allele is the one which the

parent received from his mother or from his father is a

juestion which cannot be answered with certainty. It is a
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matter of chance, depending on whether the fertilizing
gametes happened to contain the maternal or paternal allele.
Chance is not a vague concept but can be expressed quanti-=
tatively. Its evaluation in terms of probability plays a
major role in all human activities. The probability that a
healthy person will still be alive the next day determines
much of his behavior. It also determines the behavior of
all the other persons with whom he has contact, although
everyone is aware of the chance of death. 1In tossing a coin
there is an even chance that heads or tails will turn up.
The probability of throwing a head is, therefore, 1 out of
2 or 1/2. 1In throwing a die, the probability of obtaining
a specific number is 1 out of 6 or 1/6. 1In general, proba-
bility is defined quantitatively as the fraction formed by
the '"favorable'" event divided by all possible events—
"favorable'" being the event whose probability is under
discussion. Applying the above to human genetics, we may
ask: what is the probability of a child inheriting from his
father the allele which the father received from his own
father? or what is the probability of a child inheriting a
certain allele from his paternal grandfather but not from his
paternal grandmother? The answer is 1/2, since the child
could receive either the '"favorable'" paternal allele or
"unfavorable'" maternal allele from his father. A frequent
problem is to find the probability of two independent events

occurring coincidentally, What, for example, is the

possibility of a child obtaining from his mother the
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grandmother's allel and from his father the grandfather's
allele? Let us enumerate all possible cases and then form
the fraction of the favorable divided by all possible cases.

1. A child may receive the maternal allele of each
parent.

2. A child may receive the paternal allele of each
parent.

3. A child may receive the maternal allele of the
mother and the paternal allele of the father.

4. A child may receive the paternal allele of the mother
and the maternal allele of the father.

Obviously, the four combinations are equally probable.
The third is the '"favorable' combination whose probability
we wish to determine. This event takes place in 1 out of 4
cases so that the probability is 1/4. We can derive this
result in a different way: since the probability of obtaining
the paternal grandfather's allele is 1/2 and that of obtaining
the maternal grandmother's allele is, likewise, 1/2, only in
1/2 of the cases in which the first event is realized. Does
the second occur? This means that the chance of both events
happening together is 1/2 of 1/2 = 1/4. Generalizing, we
obtain the theorem: the probability of two independent
events occurring together is the product of the two separate
probabilities. What is the probability of a child inheriting
his two alleles either from the two grandfathers or from the

two grandmothers and not one allele from a grandfather and

the other fram a grandmother? Inheritance of his alleles
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from the two grandfathers has a probability of 1/4 and from
the two grandmothers also of 1/4. The overall probability
of the favorable cases is thus 1/4 + 1/4 = 1/2. The proba-
bility that one or the other of two (or more) mutually
exclusive events will occur, is the sum of the separate
probabilities.

It is interesting to note that it can be predicted, with
certainty, that a child will receive from a parent one of the
two alleles of all genic pairs, but that it cannot be pre-
dicted in the same way in which the specific combination of
the maternal and paternal alleles of the parent will be
received. 1In the gametes of an individual who is hetero-
zygous for one pair of loci in each of the 24 chromosomes,
16,777,216 different combinations of allele are possible,
and equally probable. Therefore, the probability that a
child will inherit any one specified combination is
1/16,777,2186.

Two different genes in man may either be located in two
different chromosomes or at different loci in the same
chromosome. If in different chromosomes, they are trans-
mitted independently of each other. An individual who
received the alleles A1 and Bl in two different chromosomes
from his mother and A2 and B2 in the homologous chromosome
from his father, forms four different kinds of gametes in
equal numbers: AlBl, alB2, A2Bl and A2B2. Thus, among the

gametes, the ''new'" combinations, AlBZ and A2B1, are as

frequent as the '""old" combinations, AlBl and B2A2, If the
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genes A and B are in the same chromosome, segregation in
an individual who received AlBl from his mother and A2p2
from his father might or might not result in equal numbers
of gametes with old and new combinations. The old combinations
AlB1 and A%B? are formed by meiotic chromosome strands which
do not undergo crossing over in the section between A and B,

lB2 and A2Bl are formed by cross

while the new combinations A
over chromosome sStrands. Since the frequency of crossing over
in the section between two loci, A and B, is positively corre-
lated with the distance between them, the new crossover
combinations of two closely linked loci are rare as compared
with the o0ld, noncrossover combinations; but the crossover
combinations of two distinctly linked loci may be as frequent
as the noncrossover combinations. It follows that chromo-
somal linkage between two genes can be easily recognized if

an individual hetrozygous for two pairs of loci forms gametes
in unequal numbers, namely, two, more frequent, crossover
gametes. If, however, the four kinds of gametes are equally
frequent, it is not obvious whether the two gene pairs are
located in different chromosome pairs or whether they are in
the same pair far away from each other. For an initial
example of systematic deviation from independent assortment

we may return to the already familiar frizzle fowl. In an
experiment in chickens, colored frizzle females were crossed
with a white Longhorn male. The male was homozygous for gene

I, a dominant which acts as an inhibitor for melanin pig-

mentation, and for the normal, recessive allele of frizzle.
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The hens were iiFF; that is, they did not have the dominant
white gene but were homozygous frizzles. F1 females obtained
from the cross of colored, frizzle females X white, normal
males were testcrossed. The crosses and their results are

tabulated below:
P: iiFF (colored, frizzle) @ @ X IIFF (white, normal) & o
F : LiFf (white, frizzle)®Q and OS¢

I

Testcross: IfFf @ ? X iiff

White, frizzle 18
Colored, frizzle 63
White, normal 63
Colored, normal _13

157

The results are markedly different from the 1:1:1:1
ratio we have learned to expect from testcrosses of dihybrid
individuals. If frizzle and normal feathering are considered
alone, however, the proportion of 76 colored to 81 white
shows no greater deviation from expectancy than might reason-
ably be accounted for by chance. The real deviation from
expectancy is, therefore, not in the behavior of either
allelic pair alone, but in their behavior with respect to
each other.

At this point the value of the testcross is conspicuous,

since the male parent in the testcross was homozygous

recessive, the respective frequencies of the different kinds
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of egg cells formed by the dihybrid females can be determined
directly by inspection of the phenotype of the testcross
progeny. Clearly, the Fq females gave rise to egg cells in
the following proportions: 63If, 63iF, 18IF, and 13 if.

The two classes of gametes found in unexpectedly great
numbers have the same allelic combinations as were present
in the gametes formed by the two parents of the Fq dihybrids.
The new combinations (IF and if) make up only 19.7 per cent
of the total.

The meaning of linkage is the tendency of parental combi-
nations to remain together, which is expressed in the relative
infrequency of new combinations, is the phenomenon of linkage.
Genes show linkage because they are in the same chromosome.
New combinations of linked genes are called recombinations.

For some of us who have been thinking independently
about various aspects of segregation, an introduction to
linkage will be the beginning of an answer to a troublesome
question. We have said earlier that independent assortment
of members of different allelic pairs depends upon independent
assortment of members of homologous chromosome pairs at
meiosis. But there are many more different genes than there
are chromosome pairs in an organism, so that at least some
chromosomes must carry many genes. Now then, we may have
asked, can all genes segregate independently of one another?
The answer is that they do not. You have just seen one

illustration of this fact. The crosses summarized now will

be shown in more meaningful fashion:
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P:%F (colored, frizzle) 9?-9 X %- (white, normal) &

Eggs: iF Sperm: If

Fi: 57 $9 and oo

Test cross: %% ¥3Ix %% s

Sperm
Eggs: M

IF white, frizzle (18)
iF colored, frizzle (63)
i % i white, normal (63)

if colored, normal (13)

Here our attention should be towards the way of representing
linked genes. For instance, the genotype of colored, frizzle

females in the parental generation is written as %%, This

is simplification of %%, where the two horizontal lines
represent the homologous chromosomes in which genes i and F
are studied. The designation of F, individuals as %%, then,
indicates that genes i and F are in one homologous and genes
I and f are in the other.

Examination of this new summary of the crosses will make
it clear that the colored frizzles and the white normals
occurring in the testcross progeny are determined by egg

cells having the same allele-in-chromosome combinations as

found in different gametes of the P generation, and also in

the chromosomes of the F; females used as parents in the
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testcross. Egg cells giving rise to colored normals or to
white frizzles in the testcross progeny show recombination
of the original parental arrangement of alleles.

Now that we have some understanding of independent
assortment and linkage behavior of genes we may be able to
express them in a probability model. This was first achieved
by Bohidar (1960). A mathematical expression of this kind
enables one to have an insight into the mechanism of the
process.

Consider three alleles in a chromosome given in the

following diagram:

I r, represents the proportion of recombinations between
A and B loci and rg9 represents the proportion of recombi-
nations between B and C loci, then according to Bohidar
(1961) we generate the following conditional probability
for the formation of a gamete,

P (that the new gamete has A or Al) = 1/2

P (that it has B given that it had Al) = r;

P (that it has Bl given that it had Al) =1 - rg
P (that it has B given that it had A) =1 - ry

P (that it has Bl given that it had A) = rj

P (that it has C given that it had B) = r,

P

(that it has C! given that it had Bl) = 1 - rg
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P (that it has C given that it had B) = 1 - rg

P (that it has C1 given that it had B) = ry

This process was recognized by Bohidar (1960) as the
Bernoulli dependent Markov Process, more particularly it is
a random walk with absorbing barrier. This Waé‘thekcrux

of the problem of solving mathematical simulation of gamete
systems and this was fully solved by Bohidar (1960).

In studies of genetics, where tests matings are impossi-
ble, statistical methods based on this law have enabled
investigators to determine the method of inheritance of many
traits and to predict the proportion of types of offspring.
The system undergoes more complication in a deterministic
manner, and in a stochastic manner, the inclusion and exclusion
of the individuals for the next generation are considered
under existing circumstances. Here a gene or two are not
selected but a pool of genes are excluded or included. In
population genetics the deterministic manner of inclusion or
exclusion is called artificial selection, the stochastic
manner of inclusion or exclusion is called natural selection.
Now suppose the population have gone through the inclusion
or exclusion process for 20 generations in a deterministic
and stochastic manner, what would be the answer to the
following questions:

a) What is the probability that 10 percent of the original

genes from the initial pool is still present in the pool

after kth generation of selection.
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b) What is the probability of gene extinction.

c) What is the probability of gene fixation.

d) Is the population reached a plateau for the charac-
teristics of interest.

e) What is the influence of a linked group of genes on
the characteristics of interest.

f) What is the role of different genetic models on the
gene pool at the kth generation.

g) What is the optimum combination of linkage and
selection for the best response.

The experimentor, here the population geneticist,
likes to know the answers to the above questions as
realistically as possible so that he can use this information
to launch an efficient selection program. The mathematical
formulation and statistics became too cumbersome to attempt
simple interpretation.

Simulation is a technique of setting up a stochastic
model of a real situation, and then performing sampling
experiments upon the suggested models. It entails first of
all the construction of an abstract model of the system to
be studied. Simulation by method of Monte Carlo takes into
account ali the various stochastic processes involved and
provides the experimentor with numerical solution to the
problem that yields to practical interpretation. The

stochastic elements in genetics are considered to yield to

mathematical models for biological phenomena.
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The computer offers to man a means to increase his
efficiency in computing. This is accomplished in five ways:

1) Computers through their speed alone enables man to
increase his output per hour.

2) Computers enable man to make use of many mathematical
methods that were previously impractical due to the leﬁgth
and time consuming calculation involved.

3) Computers have enabled man to develop new mathematical
techniques to solve problems previously thought to be beyond
the realm of practical mathematics.

4) Computers increase accuracy.

5) Computers increase productivity. An input may
consist of any type of data: commercial, scientific,
statistical, engineering, genetics, etc. Processing is
carried out by .a pre-established sequence of instructions
that are followed automatically by computers. These
instructions are the result of an analysis of the desired
output by a programmer. The computer utilized in this
study is IBM 1620. Repetative sequences leading to the
simulation processes of genetic problems are described and
solved numerically in this thesis. This thesis is divided
into five parts, the first part deals with review of
literature, the second part describes the basic concept and
programming language of the IBM 1620 computer, the third
part describes the various models which are employed in this

study, fourth part describes the simulation procedure and

techniques, and the fifth part discusses results. The
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Appendix, which appears at the last part of the thesis,
contains (i) all essential numerical results in tabular form
that are necessary for the interpretation, (ii) the entire
program and its flow chart diagram written in symbolic pro-
gramming language (SPS), (iii) probability tables used in

generating genotype of initial population and (iv) the

procedure for preparing parameter cards.




CHAPTER II

REVIEW OF LITERATURE

Fraser (1957) was the first one to introduce the appli-
cation of Monte Carlo methods to problems of genetic
selection. He was also the first one to identify a genetic
structure by the binary representation of the alleles. He
introduced the logical operation by which heterozygous 1loci
and homozygous loci can be identified for a given genotype.
For the determination of phynotype he assumed the following

relationship of genotype to phenotype.

Genotype Additive Dominance
141 2a 2a
1/0 or 0/1 a 2d
0/0 0 0

He used the following formula to evaluate the phenotype
diag (A & B) ' diag (ai) + didg (A = B) * diag (ai)- diag (di)

= diag (pi) . . . ; . (10)
The genetic recombination was simulated by first listing the
vector of frequencies of recombinations and non-recombination
classes and by assigning ry to the combination between first
and second loci, assigning rg to the recombination between

second and third loci, then calculating the frequencies of

each gamete, such as
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000 /2 (1w b Al = i) = ~¥Boo B
00l 1/2 (1~ Px, - foo1 (12)
010 1/2 1, r, = .[blo AR
011 - 1/2 €y 0l = 1) - Jour (14)
100 1/2 m €1 - r) = HIE0 . E)
101" 0/9 e - ~F101 (16)
120+ 1/2 {1 - xy - {Hlo AR e L
i i 1A2 (1= rl) (1 - ry) = -F111 : : . (18)

After that he formed the cumulative sum of the respective

gametes such as,

-foo, 7(600+ foon, ‘Fooo* -70001+ TR Zfi (19)

He picked a random number (r) which was between 0 and 1. Fi

gamete was selected if

Fi £ r < Fi +1 . ; . T : .« (20)

The selection was simulated by arranging all the pheno-
types in ascending order and then selecting the required
number of individuals from the top of the list, bottom of the
list or middle of the 1list, Fraser used a digital computer

called SILLIAC. Martin and Cockerham (1958) introduced the &

simulation of genetic system in IBM 650. Their method of

simulation was almost similar to that of Fraser.
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Bohidar (1960) first time introduced the stochastic
approach to mathematical simulation of genetic systems. His
great interest was to minimize the computer time for generation
which the first three authors were failed to do so. For the
first time he introduced the linear arrangement of gene
structure, which helped extremely to increase the length of

genotype without bounds. The structure looked like

11872893 -+ -+ Blpn: 821822823 - - - - 82g

This method can be conveniently adopted to any computer
system. The binary representation of genetic structure was
achieved by assigning O and 1 to the alternate alleles of a
locus, where 1 implies the plus gene and 0 implies the non
plus gene. The paternal genotype and the maternal genotype
of an individual are placed side by side so that the genes
were in linear arrangement. The advantage of this arrange-
ment was that the complete genotype can be stored in one
memory location.

The simulation of recombination and formation of gametes
was handled as follows. He considered a genotype with three
loci with the following structure,

i g Ll
B BB

where T and B stand for top and bottom, respectively. The

frequencies of the recombination for first and second loci
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be \ry and for second and third loci be rg9, that is the
probability associated with a chosen gamete say, BIT is
1/2 v 1(1 - rz). In this situation then we have the

following conditional probability relations in the gametic

formation.
P(T or B at first locus) = 1/2

P(T in the second locus/the first locus has a B)

Il
Ly

P(T in the second locus/the first locus has a T) = (1 - rl)
P(T in the third locus/the second locus has a B) =1 9
P(T in the third locus/the second locus has a T) = (1 - rg)

If we interchange T for B and B for T we have the same
results. A gamete is produced from an individual what may

be called a random mask method.. For every individual, a

random mask is constructed taking into account the probability
relation appropriate to each locus. For example, a mask is

¢f the following type for a genotype with 5 loci

BBTBT

neans that a random gamete from a genotype consists of the
lottom gene at the first locus, bottom gene at the second
locus, the top gene at the third locus, the bottom gene at
the fourth locus and top gene at the fifth locus. The

(onsideration of the probability relation existant at each

locus assures that the probability associated with the
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random mask and the probability associated with the random
gamete produced by the mask are equal. Now suppose the

genotype has the following structure

11010

10011
then the random mask obtained above is applied on the linearly
arranged genotype and by the extraction process, which is a

command, we have the following random gamete
10010

and the probability associated with the gamete is the same
as the probability associated with the mask namely

1/2(1 - rl)‘rz r, ry where 'ry, ry, rg, and r, are the

3
recombination frequencies between the first and second,
second and third, third and fourth, and fourth and fifth
loci, respectively. $So a mask is dependent upon the linkage
relations under consideration and not the genotypic consti-
tution of the individual. Most of the time consumed in con-
structing a mask in generating n random numbers for n loci.
The users of this method came to the conclusion that the use
of the random masks was one of the fastest methods for
extracting a random gamete from the individual under consider-
ation,

The mechanism involved in evaluating a phenotype of a

given genotype will be illustrated by example. Suppose the

dominance relationship of two alleles at a locus are as

follows:
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1/1 = X, 0/1 :@. 1/0 :@, and 0/0 = e

and genotype under consideration has four loci with the

following structure,

1001

TI0T
He then shifted the genotypic structure to the sign bit for
the purpose of evaluation of the phenotype, two bits repre-
senting the alleles were shifted one after the other for each
locus, to the sign bit position. The phenotype was then
recorded by the branching process which took into account
A, Q, Q, e and in this particular case 2o+ @-+ e was
recorded.

For the case where epistacy was involved the bits that
were in epistatic relationship, were brought to the sign
bit one after the other by the help of branching process, a
value for that order epistacy was added to the phenotype.

In general, then the value of the nt'h

order apistacy was
incorporated into the cumulating phenotype by bringing the
bits with epistatic relationship successively, to the sign
bit position and by taking the appropriate decision after
(n + 1)th bit which arrived at sign bit position.

He developed the following formula to simulate selection

by truncation.

I:-—HX—C‘—K\. : ] . ; , ; . (21)
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that is, the index I is equal to the negative absolute value

of the absolute value of (X - C) minus K and where

X is the phenotype of an individual under consideration.

C is the numerical point around which the individuals

are selected which we call the selection point.

K =0, 1, 2
phenotypes
continuous
continuous

For a given value

and so on in succession if the
are expressed in discrete valuwes and takes
values if the phenotype are expressed on a
scale.

of C, the individual is selected when I

becomes non-negative. The formula is rather general with

regard to any level of truncation.

As far as simulation of recombination is concerned he

was the first one

to recognize that the process was Bernoulli

dependent diserete Markov process.




CHAPTER III
THE IBM 1620 COMPUTER

The IBM 1620 is an electronic digital computer designed
for technological and commercial applications. The system
consists of a central processing unit, which houses the
arithmetic and logical units, the magnetic core storage,
console panel and typewriter. Expansion of the basic system
is possible by increasing the size of the magnetic core
storage in increments of 20,000 positions. The central
processing unit is augmented by the 1622 card Read-Punch
unit. A variety of several special devices and additional
instruction is available to increase the flexibility of the
system.

Data and instructions entered in the system are placed
in core storage as decimal digits. Each digit is in a binary
coded form represented by a 6 bit numeric code. Each core
position can be referred to individually and can store one
digit of information. The addressing system provides for
the selection of any digit or group or digits in storage.

The arithmetic and logical section of the computer is
directed by the stored program. The IBM 1620 has more than
30 different operations in its repertoir. Among these is a
powerful set of branching instructions that make logical

decision based on the results of tests performed on a system

of indicators or switches.
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Addition, subtraction and multiplication operations are
performed by table look-up method. Addition and multiplication
tables stored in specified areas of storage and are auto-
matically referred to when one of the arithmetic operations
is being performed. Division is accomplished by an auto-
matic division feature.

The IBM 1620 is a variable field computer in the complete
sense of term. Not only can data fields be of different
lengths, but these same variable length fields can also be
factors in all arithmetic operations without editing for
size or position. Accuracy of the results insured by auto-
matic internal checking that operates when data is being
entered, read out, or processed by the system.

The console of the IBM 1620 consists of control keys,
switches, indicator panel, and typewriter. The control keys
and switches are used for manual or automatic operation of
the system. The console panel provides a visual indication
of the status of various registers and control circuitry
within the computer. The typewriter is used for permanent
logging of the operators intervention during the execution
of a program.

Information is entered into the system by the 1622 card
Read-Punch unit. Eighty column cards are read at the rate of
900 cards per minute. The recording of processed information
is accomplished by the 1622 card Read-Punch unit. Cards are

punched at the rate of 125 per minute.

The computer can do nothing on its own, but must depend
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upon instructions supplied by programmers to perform a given
task. Thus, a communication takes the form of a set of
formal instructions to which the computer responds. Once
the computer has received its instructions, it can perform
its task at a speed measured in microseconds. These
instructions fall into five general categories:

A, Arithmetic

B. Internal data transmission

C. Branch

D. Input-output

E. Miscellaneous

The computer utilizes a 12 digit instruction which is

divided into three parts: (a) 2 digit operation (OP) code,
(b) a 5 digit P address (P operand), and (c) a 5 digit
Q address (Q operand). Each of the 12 digits making up an
instruction is assigned a unique notation so that easy
reference may be made to any part of an instruction. The 2
digits constituting the operation code will be referred to
as OO and Ol' The 5 digits comprising the P address will
be referenced as Po, P3, P4, P5 and P63 Similarly, the 5
digits comprising Q address will be referenced as Q7, QS*
Qg, QlO and Qll' Figure 1 illustrates the format of an
instruction. The 2 digit operation code specifies which
operation is to be executed. The 5 digit P operand has
many functions depending on the instruction. It may repre-

sent core location (a) that data is transmitted to, (b) that

data is transmitted from, (c) that the program branches to,
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or (d) of data to be processed.

0 04 Py P5 P4 Py Pg Q7 Qg Q9 Qo Q1
OP Code P Address Q Address
Figure 1. Instruction format

Likewise, the Q operand has many functions, depending
on the instruction. It may represent (a) the address from
which data is transmitted, (b) the input-output device that
is employed, (c) the address of the data to be processed,
or (d) the indicator that is interrogated.

The computer has extremely powerful and flexible
instruction repertoir. Certain arithmetic and data trans-
mission instructions are immediate. These instructions use
part of the instruction itself as a data field. The right
most position of the data field is the Q11 position of the
instruction itself. It conserves storage locations by
storing constants as part of the instructions. The computer
has also indirect address instruction. It saves program
steps and computer time by providing a direct method of
address modification. Its primary use in a multiple-
instructions-program is to modify the instructions in the
manner specified by the program. An instruction address
(P and/or Q) is the location of data to be used during the

execution of the instruction. This is known as '"'direct

addressing," since the address refers directly to the
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location of the data. However, if an instruction address
(P and/or Q) is an indirect address, it does not refer
directly to the data. Rather, it is the location of a
second address; this second address is the location of the
data to be used by the instruction. A flag in position Pg
and/or Qll indicates that the P and/or Q address of an
instruction is indirect. This feature helps to modify storage
locations for variable field length operation of the problem.

The instructions that direct the computer are stored in
the magnetic core memory of the computer. The high-order
digit (OO) of an instruction must be located in even-
numbered core location. An instruction is referenced by the
core location of its high-order digit (OO), Thus, we refer
to the instruction at the core location 00012, the instruction
we are referencing to is made up of the digits in core
location 00012 to 00023, inclusive. Program instructions
are executed sequentially. The sequential execution of
instructions can be altered by control instructions. It has
internal machine indicators to facilitate the decision-making
ability.

Addition is accomplished in the computer by literally
attaching data digits to a machine generated address of 003XX
to form a 5 digit add table address. The add table is stored
at location 00300 to 00399. The answer is then '"looked-up"
in the add table. Subtraction is almost identical with that

of addition. However, subtrahend digit is inserted in the

look-up address in its tens complement form on the first
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cycle and its tens complement form thereafter. Multi-
plication is accomplished by combining the digits to be
multiplied into a table address. The base address is chosen
to be 00XXX. The multiplicand digit is inserted into the
tens position of the base address. The multiplier digit is
routed through a special device called the doubler. The
doubler is an internal device that doubles a digit. Although
a multiplier digit enters the doubler as a single element,

it leaves this unit as a 2 digit number. After it exits from
the doubler, the tens digit of the number is incremented by

1 and is then routed to the hundreds digit of the base
address which is being formed. The unit digit of the doubler
effort is routed to the unit digit of the base address, and
this completes the construction of the multiplication table
""look-up'" address. The multiplication table occupies core
locations 00100 to 00299,

There is no internal circuitry to prevent entry into
this area or destruction thereof, during program operation.
Tables can be changed during execution of the program at any
time, by internal transmission of records or can be read in
through input devices.

Program preparation is simplified by the use of a
programming system. Programming of any computer system is
essentially a work of "translation." Information which is
suitable to the human components, who were the almost

exclusive data processor up to the date 1940's, must now be

written in a form acceptable by the machine. This process
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of writing the information in a form acceptable by the
machine is generally known as coding. The concept of
compilation can be of substantial assistance to the programmer.
Experience to the date shown that in general case, through the
use of compiling, coding and debugging, costs are reduced.
Compiling as a process, provides the programmer with a
language relatively easy to learn, when writing in a symbolic
language for a subsequent compilation into asource program,
which we efficiently write as ''source statements.'" The
compilers can examine all the facets of the object language
program and after summarizing the information, can compile
an efficient machine program. Symbolic programming is used
which uses mnemonic or symbolic notations and requires
compiler for its conversion into machine language—an object
program. The object program contains the information regarding
the assignment of locations in core storage for both data and

instructions., The compiler used was supplied by IBM Corpo-

ration, which is called Symbolic Programming System (SPS).




CHAPTER 1V
MATHEMATICAL MODELS

A mathematical model is a simulated representation of
a real system under study. The representation may be in the
form of a linear or nonlinear relationship. A model can also
be viewed as a proposition arising from empirical evidence
and one expects the phenomena to follow the same. When one
searches for a best fitting model, the model building becomes
an iterative process. One derives as good a model as possible
then fits to the best observations available, making modifi-
cations and improvements of model. If it is clearly incom-
patable with the observations more variables are introduced
and is tested again to fit it to the observations.

This process is continued until a proper model is
obtained. Biases can be moderated and reduced by carefully
designed experiments and proper application of statistical
methods: the altimate test of goodness of any model depends
on how it performs in future predictions.

In this study three models have been proposed. The role
of each model is to assign allelic relationship to allelic
combination at a locus for the purpose of evaluating observed
(phenotypic) expression. As for example in additive model if

the genotype at a locus are AA Aa and aa then K+ DQ, o<+ 6,

@ + Qg values were assumed respectively whereas the values

of same genotype AA AA and aa are K+ o&, L+ @, Q+ Q’
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respectively when dominance model is assumed. These three
models are studied to obtain responses for all possible
combinations of selection intensities and linkage conditions
for several generations. The three models can be represented

in the following manner.

Models Genotype Phenotypic value
Additive 1/1 2

170 or 0/1 il

0/0 0
Dominance 1/1 L

1/0 or 0/1 1

0/0 0
Over-dominance 1/1 i

1/0 or 0/1 2

0/0 0

Let us consider an example to see how a phenotype is
evaluated under each model. Suppose a gentoype has four loci

with the following strucutre

1100/1010

In additive model, the first locus 1/1 has phenotypic
value 2, the second locus 1/0 has phenotypic value 1, the
third locus 0/1 has phenotypic value 1 and the fourth locus

0/0 has phenotypic value 0. The total phenotypic value of

the genotype of an individual is 4 according to the additive
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nodel. In complete dominance model the first locus 1/1 has
>henotypic value 1, the second locus 1/0 has phenotypic
7alue 1, also the third locus has phenotypic value 1, and
he last locus has phenotypic value 0. The total phenotypic
7alue of the genotype of an individual is 3. Similarly, in
complete dominance model, the genotype of an individual has
7alue 5. One model is considered at a time. All the pheno-
ypic values are added for selected and unselected populations
of both sexes. After the termination of a generation, the
neans and the variances are calculated.

These models are probabilistic models and can be written

s
Pr (PL p) =F (@, 8,"L, p) : . . ; . 22

Vhere p represents response
Q represents a column vector with elements which are
invariant over class, k of situations of interest.
S represents a column vector of selections which
vary over k,
L represents a column vector of linkages which vary

over k.

It is conveniently written as:

B ig Rl e e a0
+ o
there (Q, S, L) = gpp dp F (Q, S, L, p) = E(P/Q,S,L) 24

and E =P -HQ, s, L)
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E has an accumulative density function of the form

Pr (Ese) F(Qa S’ L7 p)

Il

F(Q, S, L, e + (Q, S, L)). : . 25
Where e = p -M(Q, S, L) and E(E/Q, S, L) = 0.

The purpose of these models is to study the behaviour
of the population under the genetic pressure, linkage and
selection. The result shares what one expects when such a
model is adopted by nature. Also it shows, if such results
are seen in nature one might reasonably assume the model that
the nature might have pursued. Evaluating the phenotypic
values according to the models and after the end of the
process one faces the problem of analysis. The problem faced
by one, who tests a few observations and having no function
at his disposal, wants a systematic way of determining a
function that fits his observations. Attempt is directed to
find a function that fits the observations well and make
decision accordingly.

Assume that a function f(x) can be expanded into a

Taylor series so that we obtain
2 k
Y= f(x) = 60 + 0, X + 92x e o X . d . 26

Where Y is a response and x represents generation. This

function f(x) can be written as

Y=p<o+o<‘,x+e1 X . : . . , 2
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Where ej; is the remainder in a Taylor series, which we
assume for our purpose is random error. If the fit to a

linear equation is not satisfactory a new model is assumed

Y:Qo +@1x +@2x2+e2 . ] r ) . : 28

Where €9 is a remainder after a quadratic is fitted to the
observations. Any degree polynomial can be fitted as desired
by increasing degree of polynomial and hence reducing random
error. Polynomial of degree n-1 will go through n observations
and fit the observation perfectly. However, in most cases,
this is not what one wants. A lower degree polynomial that
represents the observation is highly desired.

We shall begin to fit a first degree polynomial to sets
of n observations. Observations can be represented by

equation (29).

¥ =X ot By F Oy s i, R o Tod o T O

After fitting first degree polynomial a test of hypothesis,
TN 0, is performed. Observations can be conveniently

represented in vector form,

0}

. i 14
Y = y2 X = 1 },{2 X = GYO e] = elz
yr; 1 =i %1 él
y DO
I = 010 =) nxn
0 9t
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Y = XX + e 30

We shall assume that the random vector €, has zero for
its mean and 621 for its variance-covariance matrix, where I
is identity matrix. The form of frequency function of ey is
unspecified, therefore, the principle of maximum likelihood
cannot be used to obtain the estimators of the unknowm para-

meters £ . Instead, we shall find the value of (, sayéé :

n
such that the sum of squares > el. is a minimum. This
i=1
gives (superscript 1 should be read as primes)
n 2 ) 1
> ej4 = e e = (Y - xX) (Y= ey . 31
i=l

The value of < that minimizes ele is given by the

solution to

—éiz—— (ele) = 0.

By solving we get

o (ele) = 2xly _ 2 X]'Xo/(\ = Gt 32
A K

The least squares estimate of o are, therefore,

Lo RE o Ut e e T 33

If, by using the F test, we decide that o£; = 0, we

conclude Y = oo + e fits the observations adequately. If,

instead, we decide to reject the hypothesis and conclude
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<1 # 0 then we fit the second degree polynomial

Yi = @C—TL@lXiJr @zxzi*eZi R e e .

The least square estimate of @)'s of second degree

polynomial can be written as

%:(xlx)’lle. ST S R et
|_1 X4 X%lﬂ Ylw
Where X = i X192 X?Z and Y = Yo
Ll X1n X%nd an

If we decide by using F test that @»2 = 0, and consider-
ing the result of the previous test a(l # 0, we can conclude

Ve oy 4o ooy " T e T R 88

fits the observations adequately. 1If instead we decide
Q? o9 # 0, then third and higher degree polynomial can be
tried and fitted adequately.

Whenever we conclude that a certain degree polynomial
adequately fits the observations, we can then estimate the
coefficients and thus determine the least-square curve. The
non-significance of a result does not imply that the
observations actually came from any specified degree of
polynomial. It is merely a procedural criterion for
establishing what polynomial is adequate.

Suppose it is decided that the quadratic polynomial

Y=€O+€1x+€2x2+e2. R e
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is an adequate representation of the observations. When we

examined the linear polynomial

Y:q'0+0<l +el . ° . . . o o 38

the term el, which we assumed took on the aspect of a random
variable, has quadratic trend in it. This may introduce a
bias in the error sum of squares for linearity. Similar

remarks hold when higher degree polynomial is fitted. A

second degree polynomial is used in this study.




CHAPTER V
THE PROGRAM

The IBM 1620 Computer does not work out its own solution
to the problem at hand but must be instructed exactly how to
make intermediate decisions, as well as how to solve any
given problem. A list of planned instructions which guides
the computer to perform calculations, is called a program.
The program determines the sequence of operations and logical
decisions. The program also consists of statements of the
problem in terms of arithmetic operations, precision require-
ments, formal logic and a set of addresses assignment for
memory, storage and input-output operations of the problem.
The type of operation, which is used repeatedly in the program
is called subroutine, It consists of definite set of
instructions to carry out the operation required, and can be
independently linked or removed from the program whenever
necessary. The use of subroutine is an essential feature of
high speed computing.

Usually a big sized problem is partitioned into small
sized problem-units and each unit can be programmed and
dhecked‘conveniently because of the small size. The problem
is stored as subroutines for their repeated use.

There are six subroutines in the program and they are

as follows:
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1. Random number generator
2. Initial population
3. Reproduction
4., Evaluation of phenotype
5. Selection
6. Polynomial curve fitting

A brief description of the subroutine is given below.

Random number generator

Almost all random number generator can be obtained as

a special case of the following recursive relation.

X1+’ = _C_Xl + E (MOd m) 2 . . . S 3 . 39

Non-negative integers X,, a, c and m, where m is chosen
according to size of the random number desired, in our case
m is the number of genes in a genotype of an individual. a
and c are constants, and X, is a random number obtained from
any available source of random numbers. Then X;, X3, -----
to be the non-negative integers generated by the equation
(39). It is hoped that the resulting sequence follow a
uniform distribution with zero mean and unit variance.

Such a sequence is often called 'pseudo-random." Each ¢ is
carefully tested, because the particular value of c used will

determine not only the apparent randomness of the sequence

but also its period. Different values of c are used for

generating decimal numbers.
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It is not difficult to find values of ¢ and a which
produces maximum period for a recursive relation. When m
is a power of 2, for example, any odd a combined with any

1 (Mod 4) affords the maximum period, equal to m. For

Ke)
Il

0, the maximum period is reduced to m/4. Length of the

-
period is one standard that has been used in selection of

a and c. Speed of generation is the second that is used.
But a great deal of freedom still remains and the question
of how to use this freedom is never answered. The most
frequent solution has been to make a choice of a and c¢ which
appears favorable on intuitive ground and then carefully
examine generated sequences by standard statistical tests
for serial correlation of various lags and undesirable
properties. The random number generator of multiplicative
type where a = 0 is used to generate random numbers which
required in subsequent routines. This random number
generator was tested, by statistical techniques available,

an IBM 1620.

Initial population

The genotypes for NM male individuals and NF female
individuals are generated by random process such that at
each locus the expected frequency of the unfavorable allele
is P;. The allele are represented by one of the two symbols
A or a. Each chromosome consists of two sequences of M

symbols. These two sequences represent the homologous

chromosome pair and the position of the symbols in the
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sequence specifies the locus. Such numbers of chromosomes
constitute a genotype of an individual. The sex of an
individual is determined by the sex-chromosome of a geno-
type. If the genes of all loci of the sex-chromosome have
the same symbols then it is identified as a male individual,
otherwise female. Let us consider an example with three loci
per chromosome and two chromosome per genotype of an indi-
vidual. This example will show the analogy between genetic
representation of a genotype and a computer representation

of a genotype.

Male genotype Female genotype
Autosome Sex-chromosome Autosome Sex-chromosome
AaA aaa AAa aAa
aAa aaa ada AKa

It is rather hard to work with alphabetic symbols
A and a in the computer. The symbols are then represented
numerically by 1 and O, respectively. The computer repre-

sentation of genotypes given above will be as follows:

Male genotype Female genotype
10 1 00O 110 010

The genotype of individuals then arranged in linear

order, and each individual is stored successively in higher

order locations.
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Male genotype

Genes' |2 01 000 010 0 0 0

Locations {1 2 3 456 78 9 10 11 12

Female genotype

Genes 1 1 0 0 1 0 0 il 0 1 11 0

Locations | 13 14 15 16 17 18 19 20 21 22 23 24

Figure 2. Male and female genotype in computer
locations

Where gene at location 1 is allelic to gene at location 7
and gene at location 2 is allelic to gene at location 8 and so
on. Similarly gene at location 13 is allelic to gene at lo-
cation 19 and so on. In this arragement, paternal and maternal
genotypes are placed side by side. Let p'=.5 be the probability
associated with each locus of the chromosomes of an individual.

Where m is number of loci-chromosome and q is number of
chromosomes in a genotype. Replace add table by probability
table in the computer and add according to the probability
table. Probability table is a table that has the structure
as shown in the appendix. Construction of such a table is
accomplished by the procedure described hereafter. Two
digits say rj; and ro between 0 and 9 are selected. The sum
of these two digits, ignoring the resulting carry over digit,
is tested against the given number p. The number p is
chosen according to the linkage probability required for

the generation of initial population. 1If the result of the

test exceeds or equals the given number p, then 0 is placed
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in the location 003r1r2, otherwise 1 is placed in the same
location. This procedure is followed until all 100 cells of
the table are filled up. Sex-chromosome for male is generated
by duplicating the field of the sex~chromosome. This genotype
will be identified as male genotype. The whole procedure is

repeated NM and NF number of times to complete the generation

of the initial population,

Reproduction

Random mask method (Bohidar, 1960) is used in this
section of the program as a part of the reproduction sub-
routine., A set of random numbers are generated, they are
tested against the linkage probability < for the first gens
of the locus of a chromosome, and also tested against pg for
the rest of the genes of loci in a chromosome. The occurance
of the test which exceeds p; and py are represented by O and
1. This procedure repeated for q number of chromosomes in
the genotype. The resulting top part of the genotype is
called a random mask,

Complement (bottom part of a genotype) of the generated
mask can be obtained by table look up operation. Initialize
the field besides the generated mask, replace add table

according to Figure 3,

Location 0 1

00300 1 0

Figure 3. Addition table for complement




51
By adding generated mask to zero field, a complement is
obtained. This is a bottom part of the genotype. Two such
random masks with complements are generated.

Formation of gametes of male and female with m.q number
of loci involves identification of its genetic constitution.
This is accomplished by performing the two logical operations
of two haploid genotypes. Logical operations can be illus-
trated by the following example.

Let 001 and 01l be regarded as a single diploid geno-
type with three lcoi. The first locus is homozygous for
the 0 allele, the second locus is hetrozygous and the third
locus is homozygous for the 1 allele. The logical product
of the two haploid components of this genotype is 001, which
identifies the loci homozygous for the 1 alleles. Simply it
can be shown as follows: 0/0 = 0, 0/1 or 1/0 = 0 and

1/1 = 1. Logical sum of genotype can be expressed as

Il

0/0 0, 0/1 or 1/0 = 1.,

These operations are performed by changing the add
table. For logical product table of Figure 4 is used and
for logical sum table of Figure 5 is used.

Random selection of male and female parents are

accomplished by following equivalent relation.
Z = K Mod (NM or NF) . . . h . - (40)

Where Z is a random number and K Sf NM or NF. According to

the value of K, male or female is transferred to working

area by modifying the address of the selected individuals.
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0 1
300 0 0
310 0 1k

Figure 4. Addition table for logical multiplication

0 1
300 0 1
310 L

Figure 5. Addition table for logical sum
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Gametes are formed by logical operations with randomly
selected parents and their respective masks accompanied by
complements. Two gametes constitute an offspring. This
subroutine is repeated N;. + No times to generate required

number of offsprings.(see Appendix A for explanation of symbols).

Evaluation of phenotype

The computation of phenotypic value of a specific
genotype of an offspring consists of adding all the digits
according to a particular model. The top part of the chromo-
somes in the genotype and the bottom part of the chromosomes
in the genotype, both are added by add table. Add table is

replaced according to the model employed.

édditive Model Complete Dominance
Locations 0 1 Locations 0 1
00300 0 1 00300 0 1
00310 1 2 00310 1 i

Over Dominance

Locations 0 1
00300 0 2
00310 2 1

After adding the top and the bottom part of the chromo-
somes in the genotype, each digit is added locus by locus.

This addition is accumulated and stored near the genotype

in the computer. Consider the genotype of the following
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structure.

Adding the top and the bottom part according to the

additive model, the: result of the addition is
102 210

Each digit will then be added digit by digit. The resulting
phenotype of an individual is 6. In computer genotype and

phenotype are stored as follows:
101 110001 100 5160000000045,

Selection

The selection of the offsprings are accomplished by
internal sorting. The internal sorting is achieved by
comparing pairs of elements, the choice of the next pair of
elements to be compared depends upon the outcome of the
previous comparisons. However, in the program, the sequence
of comparison is fixed. Only the upper truncation method
is employed. Individuals with higher phenotypic values were
retained in the computer, others were ignored. The logic of
internal sorting can be explained by help of the flow chart.

Offspring selected are parents for the next generation.

Polynomial curve fitting

Polynomial of the second degree is employed in this

study to fit the responses. Let us represent four equations
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as :

S d1ass * @21’(1 g R E R R (41)

3 2
Y2 = @02 R @22)‘1 R (42)

k 2
g Bon ppef + Opgfi ey 0 (43)
g Qo4 + Q14X1 e BBy mege s (44)

Where

represents unselected male mean.

Y, represents unselected female mean.
Y3 represents selected male mean.

Y4 represents selected female mean.

X1 represents generation.

2
1

X2 = X, represents square of the generation.

Least square estimation technique is used to estimate
doefficients. After completion of generation sum, sum of
squares, sum of products are calculated and accumulated.
Completing the required number of generations ‘%)s are

calculated according to the following formula:

é 5 (u. Xu)( ;JY)-(7X,)X2) ngz)y> (45)

I

3 X% 2 x5 ~(Zks%es) b

J=l J=l
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A iy . n
@Zo :<§ xu )(Exafy) *(?XU,)(Z))('Z xu\/\,)
\ g X 2 _ﬂ 2 1 n (46)
Sdte s B
4 > - i pas ¢
Bois T ELR R (a7)
A 1 A n A 2 y
S e e S
4 5 D)
Z Y ~ (&Y

2
_J—"'J )3”"]’) (48)
A A 4
Each card contains identification, @ 0> €1J e o and
5 .
R for each population with different combinations of

selection and linkages. This subroutine is written to

utilize floating point computation procedure to avoid

unnecessary housekeeping.




CHAPTER VI

RESULTS AND DISCUSSION

Introduction

Due to the large body of results for interpretation
put forth by the computer, the only means of examining them
is by tabulation. They are tabulated in the appendix for
reference. Each table contains information regarding the
means and the variance per generation for unselected male
and female and selected male and female for each of the
combinations of the levels of the following factors,
(i) Replication
(ii) Model
(iii) Selection intensity
(iv) Linkage probability
When we refer to any case study, we have to specify the
levels of the above noted four factors for identification
and it will save both time and space to represent the
information, With some sort of symbolic representation. We,
therefore, propose to symbolize the specifications as
follows:
R, represents the run number one.
M, represents the additive model.

M2 represents the complete dominance model.

M3 represents the over dominance model.
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S1 represents the selection intensity 20/40.

S, represents the selection intensity 10/40,

2

S3 represents the selection intensity 5/40.
L1 represents the linkage probability .5.
L2 represents the linkage probability .1.
L3 represents the linkage probability .01.

L4 represents the linkage probability .003.
(1) represents selected female population.
(2) represents selected male population.

(3) represents unselected female population.
(4) represents unselected male population.

If, then, a case has the following specification,
(Ry) (M3) (S3) (Lp) (1)

then it pertains to selected females of the case studies for
the first run with linkage probability .003 and selection
intensity 5/40 under additive model. If any of the terms
contain more than one category, it means that all of them

are considered together.

Results

The following cases were examined and only the salient
features of each case will be mentioned. 1In evaluating the
phenot&pe of male individual, sex-chromosomes are counted

twice.

1. Ry () (8P @ [, @), @), @] . The

first-generation means were 34.6, 33.9, 31.825 and 31.175,
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respectively for (1), (2), (3) and (4) and their respective
variances were 3.74, 7.89, 11.494 and 13.894. The unselected
and the selected population attained fixation at generations
20 and 19, respectively with a mean value of 64. The linear
rate of genetic progress were 3.0268, 3.2214, 3.1259 and
3.2855, respectively for (1), (2), (3) and (4) and their
quadratic rate of genetic progress, respectively were ~.07018,
~.07883, -.06879 and -.07546 with a respective intercept of
31.7817, 31.0413, 29.0199 and 28.2707. The R2 values for
the @(), Q:l and ng fittings were .99776, .99731, .998

and .99746 for (1), (2), (3) and (4), respectively.

2. (Ry) (M) (Sp) (1) (1), @), (3), (4] . The first-

generation means were 35.5, 33.7, 32.625 and 31.025, respecti-
vely for (1), (2), (3) and (4) and their respective variances
were 2.25, 8.81, 13.534 and 14.024. The unselected and the
selected population attained fixation at generations 21 and
20, respectively with a mean value of 62, The linear rate

of genetic progress were 2.9449, 3,1333, 3.1204, and 3.3063,
respectively for (1), (2), (3) and (4), and their quadratic
rate of progress, respectively were -,07432, -.08194,

~-.07676 and -.08429 with a respective intercept of 32.5633,
31.6928, 29.8027 and 28.9502. The R? values for the ( g,

(é , and (% o, fittings were .99603, .99584, .99665 and .9966
for (1), (2), (3) and (4), respectively.

3. (R)) () (s () ), @, ®, @]. The first-

generation means were 35.8, 34.0, 32.775 and 31.575,




61
respectively for (1), (2), (3) and (4) and their respective
variances were 2,66, 5.7, 13.724 and 10.994. The unselected
and the selected population attained fixation at generations
26 and 25, respectively with a mean value of 54. The linear
rate of genetic progress were 1.0867, 1.566, 1.4222 and
1.4746, respectively for (1), (2), (3) and (4), and their
quadratic rate of genetic progress, respectively, were -.01995,
-,022, -.02957 and -.03115, with a respective intercept of
37.7513, 37.2134, 34.652 and 34.3107. The R2 values for the

@(), @ , and \% o fittings were .92559, .90791, .92952 and

I

.91974 for (1), (2), (3) and (4), respectively.

4. (BRy) O1p (5;) (Ly) [(1), (2), (3), (4)]. The first-

generatlion means were 35.7, 34.0, 32.675 and 31.575,
respectively for (1), (2), (3), and (4) and their respective
variances were 2.61, 5.7, 13.569 and 10.994. The unselected
and the selected population attained fixation at generations
10 and 9, respectively with a mean value 46. The linear rate
of genetic progress were 2.6598, 3.1571, 2.999 and 3.4505,
respectively for (1), (2), (3) and (4), and their respective
quadratic rate of genetic progress were -,14791, -,18427,
-.14828 and -.18304 with a respective intercept of 34.7764,
33.2654, 31.3531 and 30.1902. The R? values for the @O,
@1 and Qz fittings were .94998, .91393, ,96889, and

.95754 for (1), (2), (3) and (4), respectively.

5. (R) () (89 () [(1), @), @), (4] . The first-

generation means were 36.3, 35.4, 31.825 and 31.175,
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respectively for (1), (2), (3) and (4) and their respective
variances were 1.21, 11.04, 11.494 and 13.894. The unseletted
and the selected population attained fixation at generations
13 and 12 with a mean value of 64. The linear rate of genetic
progress were 4.98, 5.1287, 5.2835 and 5.283, respectively
for (1), (2), (3) and (4) and their quadratic rate of genetic
progress respectively were -.1923, -.19674, -.,18604 and -.18141
with a respective intercept of 32.5582, 31.6373, 27.6436 and

27,0855, respectively. The Rz values for the 6 0 é : and
62 fitting were .99916, .99868, .99868, .99968 and .99958

for (1), (2), (3) and (4), respectively.

6. (R M) (Sp) (Ly) [(1), (@), (3), (4)] . The first-

generation means were 36.8, 35.8, 32.625 and 31.025, re-
spectively for (1), (2), (3) and (4) and their respective
variances were .76, 8.16, 13.534 and 14.024. The unselected
and the selected population attained fixation at generations
19 and 18, respectively with a mean value 64. The linear
rate of genetic progress were 3.0099, 3.076, 3.4879 and
3.5639, respectively for (1), (2), (3) and (4) and their
quadratic rate of genetic progress respectively were .08484,
-,08683, .0979 and -.1016 with a respective intercept of
37.2407, 36.1772, 32.427 and 32.1198. The R2 values for the
@0, Ql and Qz fittings were .98354, .97884, .98743 and

.97785, respectively for (1), (2), (3) and (4).

7. (R (My) (Sp) (Lz) [(1), (2), (3), (4)) . The first-

generation means were 37.2, 45.6, 32.775 and 31.575,
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respectively for (1), (2), (3) and (4) and their respective
variances were 1.16, 6.04, 13.724 and 10.949. The unselected
and the selected population attained fixation at generation
14 and 13, respectively with a mean value 56. The linear
rate of genetic progress were 2.7252, 3.2763, 3.6558 and
3.9965, respectively for (1), (2), (3) and (4) and the
quadratic rate of genetic progress, respectively were -.1043,
-.1337, -.1443, and -.1622 with a respective intercept of
37.6773, 36.4055, 32.9423 and 31.5046. The R2 values for
the %O’ %1 and @_\2 fittings were .9417, .95216, .96943 and

.9669 for (1), (2), (3) and (4), respectively.

8. (R (M) (8p) (1y) [, @), 3), (4)]. The first-

generation means were 37.1, 35.6, 32.675 and 31.575, re-
spectively for (1), (2), (3), and (4) and their respective
variances were .89, 6.04, 13.569 and 10.994. The unselected
and the selected population attained fixation at generation
8 and 7, respectively with a mean value of 52. The linear
rate of genetic progress were 4.5983, 5.3024, 8.6815 and
5.7179, respectively for (1), (2), (3) and (4) and their
quadratic rate of genetic progress, respectively were -.030892,
-.35952, -.,31517 and -.34285 with a respective intercept of
35.5237, 33.0827, 24.6725 and 28.5068. The R2 values for
the@; 0 % 1 and 62 fittings were ,92211, .95374, .97212

N

and .97044 for (1), (2), (3) and (4), respectively.

9. (Ry) (1) (S3) (L)) [1), (2), (3), (4)] . The first-

generation means were 37.0, 37.6, 30.85 and 31.75, respectively
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for (1), (2), (3) and (4), and their respective variances
were 1.6, 1.84, 14,078 and 15.988. The unselected and the
selected population attained fixation at generation 11 and
10, respectively with a mean value of 64. The linear rate
of genetic progress were 5.377, 5.018, 5.627 and 5.245,
respectively for (1), (2), (3), (4) and their respective
quadratic rate of genetic progress were -,21537, -.1893,
-.19652 and -.16806 with a respective intercept of 31.5527,

2 values for

32,5927, 32.5927, 26.1252 and 27.1498. The R
the é 42 Ql and @2 fittings were .9971, .9951, .9982 and

.9979 for (1), (2), (3) and (4), respectively.

10. (Ry) (Mp) (S3) (Ly) [kl), (2), (3), (4ﬂ . The first-

generation means were 37.,, 38.6, 31.8 and 31.6, respectively
for (1), (2), (3), (4) and their respective variances were
2.4, 6.64, 13.31, and 14.84. The unselected and the selected
population attained fixation at generation 13 and 12, re-
spectively with a mean value of 64. The linear rate of
genetic progress were 3.5135, 3.4381, 4.0131 and 4.0511
respectively for (1), (2), (3), (4) and their respective
quadratic rate of genetic progress were -.10888, -.10718,
-.11828 and -.12262 with a respective intercept of 35,6042,
36.3483, 30.3472, and 30.5215., The R2 values for the @ 0

%Zl and.%z fittings were .96659, .97872, .97913 and .97407

for (1), (2), (3) and (4), respectively.
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=\
The first-

11. (Rp) (M) (S3) (L3) (1), @), 3, 4)].

generation means were 31.6, 38.8, 32.35 and 31.975, re-
spectively for (1), (2), (3), (4) and their respective
variances were .64, .3.36, 10.878 and 15.874. The unselected
and the selected population attained fixation at generation
12 and 11, respectively with a mean value of 52. The linear
rate of 4.2402, respectively for (1), (2), (3), (4) and their
respective quadratic rate of genetic progress were -.,1437,
-.1157, -.21923, and -.21622 with a respective intercept of
37.6773, 38.9, 30.6692 and 30.7278. The R2 values for the

0’ @] and QZ fittings were .89743, .90851, .95305 and

.94578 %or (1), (2), (3) and (4), respectively.

12. (Ry) (M) (Sy) (L,) G{l), (2), (3), (4ﬂ . The first-

generation means were 37.6, 38.8, 32.45 and 32.0, respectively
for (1), (2), (3), (4) and their respective variances were
.64, 2.16, 10.548 and 15.65. The unselected and the selected
population attained fixation at generation 6 and 5, re-
spectively with a mean value of 50. The linear rate of
genetic progress were 7.37, 6.54, 8.68 and 9.08, respectively
for (1), (2), (3), (4) and their quadratic rate of genetic
progress were -.728, -.649, -.751 and -.810 with a re-
spective intercept of 31.64, 33.72, 24.67 and 24.22, The

2
R® values for the @ ; %1, ansz fittings were .976, .954,
>0

.997 and .992 for (1), (2), (3) and (4), respectively.
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13, (R )@Y 68y 6y (), @), (8), cijiw The first-

generation means were 28.6, 29,45, 30.85 and 31.75, re-
spectively for (1), (2), (3), (4) and their respective
variances were 13.04, 11.94, 14., and 15.98. Both the popu-
lations did not attain fixation. The linear rate of genetic
progress were 2.33, 2.23, 1.56, and 1.46, respectively for
(1), (2), (3), (4) and their respective quadratic rate of
genetic progress were -.029, -.,025, .0013 and .005 with a
respective intercept of 25.34, 26.07, 28.06 and 28.54. The
R2 values for the Q 0’ Q%l and @ o fittings were .994, .993,

.988, and .987 for (1), (2), (3) and (4), respectively.

14, (R (M5) (By) (L) [kl), (2), (3), (4)] . The first-

generation means were 29.5, 29.0, 31.8 and 31.6, respectively
for (1), (2), (3), (4) and their respective wariances were
8.55, 16.3, 13.31 and 14.84. The population of both sexes
did not attain fixation. The linear rate of genetic progress
were 1.89, 1.85, 1.67 and 1.59, respectively for (1), (2),
(3), (4) and their respective quadratic rate of genetic
progress were -.033, -.031, -.024 and -.022 with respective
intercept of 28.69, 28.86, 28.75 and 29.14. The R2 values
for the %0, Ql and Qz fittings were .995, .993, .991 and

.992 for (1), (2), (3) and (4), respectively.

15. (R)) (M) (5)) (L) [(1), (@), (3), (4)]. The first-

generation means were 29.9, 21.15, 32.35 and 31.98, re-

spectively for (1), (2), (3), (4) and their respective

variances were 9.29, 12.83, 10.88 and 15.87. The population
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of both sexes did not attain fixation. The linear rate of
genetic progress were 1.09, 1.84, 1.02 and 1.0, respectively
for (1), (2), (3), (4) and their quadratic rate of progress
were -.023, -.031, -.021, and -.021 with respective intercept
of 30.2, 28.86, 30.28 and 30.15. The R2 values for the é 0’
Q\l and é.Q fittings were .963, .994, .968 and .976 for (1),

(2), (3) and (4), respectively.

16. (Ry) (Mg) (5p) (L) [(1), (2), (3), (4)] . The first-

generation means were 30.05, 29.2, 32.45 and 32.0, re-
spectively for (1), (2), (3), (4) and their respective
variances were 9.45, 12.66, 10.55 and 15.65. The population
of both sexes did not attain fixation. The linear rate of
genetic progress were .887, .951, .795 and .773, respectively
for (1), (2), (3), (4) and their quadratic rate of genetic
progress were -.012, -.014, -.009 and -.084 with respective
intercept of 30.39, 29.96, 30.48 and 30,72. The R2 values
for the‘Q G @ 1 and B o fittings were .986, .988, .982 and

.988 for (1), (2), (3) and (4), respectively.

oy

17. (Ry) (M) (5p) (Lp) [(1), (2), (3), (4)} . The first-

generation means were 31.6, 32.1, 30.85 and 31.75, re-
spectively for (1), (2), (3), (4) and their respective
variances were 7.64, 9.29, 14.08 and 15.99. The population
of both sexes did not attain fixation. The linear rate of
genetic progress were 3.00, 3.06, 3.21, and 3.16, re-

spectively for (1), (2), (3), (4) and their quadratic rate

of genetic progress were -.069, -.071, -.072 and -.071 with
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respective intercept of 30.30. 29,96, 30.48 and 30.72,
The Rz values for the Q 0,\% 1 and{é 2 fittings were .970,

.969, .981 and .979, respectively.

18. (R;) (Mg) (Sg) (Lz) [(1), (2), (3), (4)] . The first-

generation means were 31.9, 32.3, 31.8 and 31.6, respsctively
for (1), (2), (3), (4) and their respective variances were
4.09, 9.61, 13.31 and 14.84. The unselected and selected
population attained fixation at generation 16 and 15, re-
spectively with a mean value of 54. The linear rate of
genetic progress were 3.23, 3.26, 3.12 and 3.20, respectively
for (1), (2), (3), (4) and their respective quadratic rate

of genetic progress were -.107, -,108, -.091 and -.097 with

a respective intercept of 30.29, 29.84, 26.97 and 27.44.

The R2 values for the Q(), Q 1 and %12 fittings were .993,

.991, .991 and .990 for (1), (2), (3) and (4), respectively.

19. (Ry) (Mp) (Sg) (Lz) [(1), (2), (3), (4)] . The first-

generation means were 32.4, 32.2, 32.35 and 31,98, re-
spectively for (1), (2), (3), (4) and their respective
variances were 4.04, 6.56, 10.88 and 15.87. The unselected
and selected population attained fixation at generation 10
with a mean value of 40. The linear rate of genetic progress
were 2.72, 2,62, 2,53 and 2.59, respectively for (1), (2),
(3), (4) and their respective quadratic rate of genetic
progress were -,169, -.158, -.135, and -.138 with a respective
intercept of 29.41, 29.33, 27.42 and 27.32. The RZ

values for the QO’ Ql and QZ fittings were .989, .987,

.933 and .940 for (1), (2), (3) and (4), respectively.




69

oy
1

20. (Rl) (Mz) (Sz) (LS) [El), (2), (3), (4)]. The first-

generation means were 32.6, 32.2, 32.85 and 32.0, respectively
for (1), (2), (3), (4) and their respective variances were
3.64, 6.56, 10.55 and 15.65. The unselected and selected
population attained fixation at generations 10 and 9, re-
spectively with mean value of 40. The linear rate of genetic

progress were 1.51, 1.59, 1.31, 1.46 for (1), (2), (3), (4)

and their respective quadratic rate of progress were -.061,
-.066, -.032, and -.040 with a respective intercept of 29.61,
29.65, 28.45 and 28.09. The R2 values for the B &1

and é 9, respectively were .995, .984, .955 and .952 for (1),

(2), (3) and (4), respectively.

21. (Ry) (M) (s3) (L) [, @) 3 (4)] . The first-

generation means were 34.0, 34.6, 30.85 and 31.75, respectively
for (1), (2), (3), (4) and their respective variances were 3.2,
5.04, 14.08 and 15.99. The population of both the sexes did
not attain fixation. The linear rate of genetic progress

were 2.94, 2,95, 3.32, and 3.26 for (1), (2), (3) and (4),
respectively and their respective quadratic rate of genetic
progress were -.074, -.071, -.079, and -.077 with a re-
spective intercept of 31.18, 30.84, 30,21 and 29.63,

The R2 values for the{@ 0 x%l, and sz fitting were .922,

.926, .947 and .948 for (1), (2), (3) and (4), respectively.

22. (R)) (M) (S3) (Ly) [(1), (2), (8), (4)] . The first-

generation means were 33.4, 34.4, 31.8 and 31.6, respectively
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for (1), (2), (3), (4) and their respective variances were
3.44, 8.24, 13.31 and 14.84. The population of both the
sexes did not attain fixation. The linear rate of genetic J
progress were 3.81, 3.56, 3.89 and 3.95, respectively for
(1), (2), (3), (4) and their respective quadratic rate of
genetic progress were -.165, -.143, -.153 and -.155 with
a respective intercept of 33.45, 33.08, 28.78 and 29.13.
The R2 values for the @/O’ @ 1 and(% 9 fittings were .975

.979, .984 and .982 for (1), (2), (3), and (4), respectively.

23. (Rp) (Mp) (S3) (Lyx) [(1), (2), (3), (4) . The tirst-

generation means were 33.6, 34.0, 32.35 and 31.98, respectively
for (1), (2), (3), (4) and their respective variances were

5.04, 4.9, 10.88 and 15.88. The unselected and selected
population attained fixation at generation 6 and 5, respectively
with a mean value of 40. The linear rate of genetic progress
were 3.00, 2.78, 1.86 and 2.14, respectively for (1), (2),

(3), (4) and their respective quadratic rate of genetic

progress were -.228, -.199, -.011 and -.047 with a respective
intercept of 30.48, 30.84, 29.69 and 29.19.

The R? values for the Q 0> Q]_ and Qz fittings were .964,

.932, .936 and .955 for (1), (2), (3) and (4), respectively.

24. (R;) (M) (53) Ly [(1), 2), 3), (4)] . The first-

generation means were 33.6, 34.0, 32.45 and 32.0, respectively
for (1), (2), (3), (4) and their respective variances were

5.04, 4.8, 10.54, 15.65. The unselected and selected popu-

lation attained fixation at generation 6 and 5, respectively
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with a mean value of 38. The linear rate of genetic
progress were 2.43, 2.17, 1.96 and 2.40, respectively for
(1), (2), (3), (4) and their respective quadratic rate of
genetic progress were -.217, -.182, -.092 and -.145 with a
respective intercept of. 31.34, 31.66, 29.89, and 29.06.

The B waluss for o b1 andQ o fittings were .975, .954,
.919 for (1), (2), (3) and (4), respectively.

In all cases of Model 3 (over dominance model) the
values at which the population attained complete fixation
could not be obtained because of the fluctuations and con-
sistant maintenance of genetic variability. The linear rate
of genetic progress and quadratic rate of genetic progress
were respectively inconsistant from case to case. The R2

values ranged from .06637 to .98198.

Discussion

The discussion part will mostly consist of locating the
optimum combination of linkage value and selection intensity
that yields the maximum responses. Here the following
responses will be considered.

1. Number of generation consumed to attain maximum
fixation.

2. The mean value of the responses at the maximum
fixation.

3. The linear rate of change of genetic progress.

4. The quadratic rate of change of genetic progress.

At the end a comparative merits of the different

models will be discussed in the light of the above findings.
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Additive model. It was of interest to find the number

of generations consumed by a population to attain maximum

fixation. A three-dimensional graph with

X-axis = levels of linkage
Y-axis = levels of selection
Z-axis = number of generation to maximum fixation.

It can be observed that the combination of ,0l1 as linkage
and selection of 20/40 required the highest number of gener-
ations to attain maximum fixation,

The lowest number of generations are at linkage .003 and
selection 5/40. As the selection becomes more intense, the
number of generations to achieve maximum fixation decreased
over all linkage conditions. Among the linkage conditions
over all selections, comparatively higher number of gener-
ations are obtained at linkage condition .1.

The highest fixation values are at linkage .5 over all
selections and at linkage .5 and selection 10/40. The lowest
value of fixation is at linkage .003 and selection 20/40.

The fixation values decreased from linkage conditions .5 to
.003 over all selections. Among the selections over all
linkage conditions, comparatively higher fixation value in
less number of generations is at linkage .5 and selection
10/40.

The highest values of linear rate of progress and
quadratic rate of progress, are at linkage .003 and selection
20/40. The lowest values are at linkage .01 and selection

20/40. The higher values of rate of progresses are at

linkage .002 over all selection.
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Complete dominance model. Fixation values were achieved

at a) linkage .01 and selection 10/40; b) linkage .01 and
selection 5/40; c¢) linkage .003 and selection 10/40; d) linkage
.003 and selection 5/40. At other combinations of linkage and
selections, means of the tenth generation are considered for
comparisons. The highest mean is at linkage .5 and selection
5/40. The lowest mean is at linkage .003 and selection 20/40.
Means decreased as linkage conditions varied from .5 to .003
over all selections. They increased as selection became more
intense over all linkages.

The highest rate of progress is at linkage .1 and
selection 5/40. The lowest linear rate of progress is at
linkage .003 and selection 20/40. Except in case of linkage
.01 and selection 5/40, the linear rate of progress increased
as selection became more intense over all linkages.

Over dominance model. The means of twenty generations

are considered in this model for all cases. The highest mean
is at linkage .5 and selection 5/40 and the lowest mean is
at linkage .01 and selection 5/40. Since no definite trend
was established in linear and quadratic rate of progresses,
it is rather difficult to compare.

In conclusion, the highest fixation value can be achieved
at linkage .5 and selection 10/40. If the highest fixation
is not the goal, one can select linkage .003 and selection
5/40 to reach fixation with highest linear and quadratic

rate of progresses. Additive model shows better results

than both of the other models. Complete dominance model is
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preferred over over-dominance model if definite trend is

required.
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Appendix A; Parameters

Parameters selected for this study are as follows:

1. m = Number of loci for a single chromosome.

2. q = Number of chromosomes in a genotype of an
individual.

3. Py = Linkage probability for a genotype.

4. po = Linkage probability for mask.

5. NM = Number of male individuals for initial
population.
6. NF = Number of female individuals for initial

population,

7. N Number of male offsprings to be generated.

1
8. Ny = Number of female offsprings to be generated.

9. ny = Number of male offsprings to be selected.
10. ng = Number of female offsprings to be selected.
11. GN = Number of generation of selection study.

12 . h2 = An environmental variance.

13. M = Model under study for selection.

14 R

Number of replications.

15.6;% = Variance for epistacy.

The values of parameters, may be chosen for a par-
ticular case of study have certain range and restrictions.

a) M2> 1, qQ>1 and m.q > 100. b) O = By & 1, 0= Py =1,

1 Nai Dy

0>h% <1and0> 2 <99.99. c) 1 <NM, NF; N
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n, ; R; GN <€ 99, N1>_ n; and Ng > n,. d) M.q(NM + NF + ny

5

+ 42) < 13500.

g9
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Appendix B; Parameter card,
operating procedure and
output format

Parameter card:

Columns Contents Digits
1-2 NM XX
3-4 NF XX
5-6 N, xx
7-8 No XX
9-10 ny XX

11-12 n, XX

13-15 q XXX

16-18 m XXX

19-22 Py XXXX

23-26 P9 XXXX

27-28 Analysis XX
00 = Polynomial curve fitting

01 Analysis of variance #

Il

29-30 Model type XX
00 = one dimension
01 = two dimension

31-32 Models XX

01 = Additive model

02 - Complete dominance
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=
)
I

Over-dominance model

q
=
Il

Additive model (two dimension)

05 = Complete doeminance model (two dimension)

06 = Over-dominance model (two dimension)

33-34 Response XX
35-36 GN XX
37-38 R XX
39-43 0; XX, XXXk
44-46 Constant XXX
76 HZ %
o=
20= .5
3= .2
77 R X
1 = Rep 2
9 = Rep 9
78 M X

1 = Additive model

2 = Complete dominance

3 = Over-dominance model

4 = Additive model (two dimension)

5.= Complete dominarce (two dimension)
6.=0ver-dominance model (two dimension)

79 Selection X

1 = 20/40
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2 =10/40
3 = 5/40
80 Linkages X
1 =.5
2 = .1
3 = .01
4 = ,003

Each card is punched with flags as indicated over

digit x.

Operating procedure:

1. Reset the computer.

2. Load object deck.

3. Read add table, probability table and three random
numbers. (These cards are supplied with object deck).

4., Read parameter card.

5. Two cards are punched out after completion of each
generation. First card contains the information on
actual phynotype. The other card contains the
information on count phenotype.

6. After completion of the required number of generation,
seven cards will be punched out. First three cards
contain the information on sum and sums of squares
of the response. Last four cards contain coefficients

of the polynomial curve.

7. Batch processing is assumed.
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Output format:
Generation Cards:
Card No. 1. This card contains the actual response of

the selected and unselected population.

Columns Contents
1-10 Unselected male mean
11-20 Unselected male variance
21-30 Unselected female mean
31-40 Unselected female variance
41-50 Selected male mean
51-60 Selected male variance
61-70 Selected female mean
71-80 Selected female variance ﬂ
Card No. 2. This card contains the count response of ‘

the selected and unselected population. The format of this
card is the same as for card No. 1.

Analysis Cards:

Card No. 1.
Columns Contents
1-10 Average of responses for unselected male.

11-20 Average of responses for unselected female.

21-30 Average of responses for selected male.

31-40 Average of responses for selected female.

41-50 Sum of squares of responses for unselected male.
51-60 Sum of squares of responses for unselected female.
61-70 Sum of squares of responses for selected male.

71-80 Sum of squares of responses for selected female.
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Card No. 2
1-10 Sum of product of responses and generations for

unselected male.

11-20 Sum of product of responses and generations for
unselected female.

21-30 Sum of product of responses and generations for
selected male.

31-40 Sum of product of responses and generations for
selected female.

41-50 Sum of product of responses and generation squares
for unselected male.

51-60 Sum of product of responses and generation squares
for unselected female.

61-70 Sum of product of responses and generation squares
for selected male.

71-80 Sum of product of responses and generation squares
for selected female.

Card No. 3
1-10 Average of generations

11=20 " Average of generation squares

21-30 Sum of squares of generations

31-40 Sum of squares of generation squares

41-50 Sum of product of generations and generation

squares

Card No. 4, 5, 6, 7

21-30 by (intercept)

31-40 b; (linear rate of progress)

41-50 by (quadratic rate of progress)
2

51-60 R® (R square)
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Identification of this coefficient are punched in
columns 1 through 6. Column 1 contains the identification

for selected and unselected males and females.

Column Contents
1 1 = Selected female
2 = Selected male
3 = Unselected female
4 = Unselected male

Columns 2 to 6 will be identical to the columns 76-80

of the parameter card. This will completely identify each

card.
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Appendix C; Checking procedure
for a particular example

As an assurance to the programmer and for the satis-
faction of the experimenter rigorous checks were made at
every possible interval of the program. At earlier stage each
step of the program were followed closely. It will be cumber-
some to assign addresses to the computed and stored information
in the computer. A particular (small) case is considered to
show fhe results at important stages of the program.
Assumptions are made that probability tables are in
core storage and addresses of storage for population are
computed correctly by the program in computer at every stage
of operation.

Parameters are selected as follows:

m= 3, 4 = 2, P = .5, Py = .1, NM = 3, NF = 3, N1 = 3,
Ny =5, n, 2, n, = 2, GN = 4, h2 =1, M =1 (one dimension),
R =1, % = 0. Two random numbers were obtained from a

random number table. Random numbers of 2 x m x q digits are
Xg = 785192360462 and C = 150321689014.

Genotype of initial population is generated first by
the following procedure:

Set of six random numbers are generated by reccursive
relation.

Xj +1 =C X, (Mod 2Mq)

i}

369263596038 9 16238207410.

>3
1l

Xo = 183466076073 B 26983765425.
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X5 = 091058934886 7 82485693102.
Ky = 045144079518 3 91678307429,
X5 = 224207444240 1 50610218793.
X6 = 111401956297 7 23626824150,

Probability table of p1 (Appendix D) is transferred
at 00300-00399. Two parts of Xi are separated by flag on
high order digits of each part. These two parts are added
accordingly to the probability table p1 and carry of each
position is ignored.at the time of addition. Resulting
genotype of the initial population will be stored linearly
as shows.

100 101 001 110

010 110 111 100

001 111 010 100

110 011 100 010

101 010 001 011

011 010 001 110

Sex of genotype identified at this stage. Genes of last
chromosome of first three individuals are transferred at the
end of genotype. Male and female population were repre-

sented as below after transferring appropriate fields.

2 . _
K1 (Nos( assumed. in 'computer) Male genotype

0 100 101 001 101

1 010 110 011 110

2 001 111 010 i )
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K2 (Nos. assumed in computer) Female genotype
0 110 011 100 010
1 101 010 001 011
2 011 010 001 110

Two random masks were generated for segregation of popu-
lation to produce an individual offspring. Sets of random
number were generated. They were tested against probability
p1 and Pg . Following was the order of testing. For first
gene of first chromosome was tested with p; and rest of the

genes were tested against Py .

Random numbers 875 ;013 .478 ,321 .782 .091
Probability for test ) i i ) L o b
Genes 0 1 0 0 0 il

Figure. Generation of mask

Second mask was also generated by same procedure, which

can be written as:

100 000,

Complements of masks were obtained by changing the add
table according to figure. Masks with complements were

stored side by side.

010 001 101 110
100 000 011 111

Gametes of male and female were formed to represent an

individual. A male and a female were selected from initial
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population. Two random numbers generated to accomplish
selection of male and female with the help of the following

equivalent relation.

Zp = Ky (mod 3)

Z Ko {mod 3)

2

Zl = 271 then K1 = ]

and

Zg = 752 then K, = 2.

Selected male and female were then transferred to
working area for logical operations. Add table is changed
according to figure, for logical multiplication. Addition
was performed to accomplish logical operation. Resulting

genotype of both sexes were then stored.

Male Female
Genotype 101 001 100 001 100 101 110 001
Mask 010 001 101 110 100 000: 011 111
000 001 100 o000 100 000 010 001

Add table was again changed for logical sum according
to figure 5. Resulting genotype of both sexes were then

added with corresponding genes of chromosomes to form gametes.

Male Female
000 001 100 000
100 000 010 001

100 001 110 001
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Two gametes then constituted a genotype of an offspring.

Genotype then stored as

100 001 110 001.

After obtaining genotype of an offspring genotype was
evaluated according to the additive model of one dimension.
Phenotype of an offspring generated was 5 according to the
model mentioned.

Five male offsprings and five female offsprings were
generated by repeating above mentioned procedure after initial

population. Phenotypic values were computed and stored side

by side.
Phenotypic
Genotypes value

Male

offsprings 100 001 110 001 05
011 010 100 101 06
100 000 010 000 02
101 110 000 000 04
011 8 B 010 100 07

Female

offsprings 100 000 010 100 04
001 001 100 000 03
1817 010 001 101 07
010 000 000 000 01
101 110 010 000 05

Two male offsprings and two female offsprings were

selected for successive generation. Mean and variance of
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selected and unselected population were computed, before

selected population replaced the initial population.

Unselected population Mean Variance
Male 4.8 2.96
Female 4.0 4.0
Selected population

Male 6.5 25
Female 6.0 .2

Data cards were punched out at each generation. This

process was repeated 4 times, Second degree polynomial was

fitted to the observations. R square value was .9999,

Result of cases: m =3, q = 5, Py a D Py = sk
NM = 20, NF = 20, Nl = 80, N2 = 80, n, = 20, 10, ng = 20, 10,
GN =15, h? =1, M =1,2., R = 1, 2 = 0, were checked with

the results of Bohidar (1960) .

factory.

Results were quite satis-
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TABLLE 1+ THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM

>

GENERATION TO GENERATION UNDER SFLECTION FOR R1s Mls S1s Ll (S

'.‘SD

Q.

e e et e o s S B Sty s e i S L i e g =

MALE MALE FEMALFE FEMALE MALE MALE FEMALE FEMALF 5

UNSEL UNSEL UNSFL UNSFEL SEL SEL SEL SEL i

SEN ID AVG . VAR AVG e VAR AVG. VAR AVGe VAR, 7

e e e e o S S S e, e e o s S st A e e Y, A s e e i, e e s 350l st S5 s e e s’ s s A i e s s s Py

1 1 314175 13,894 31.825 11.494 33,900 7.890 344,600 36740 <

2 1 33,800 12.510 344950 Celt8 364700 6010 374600 5 ¢ 040 B

3 1 27,625 8e484 37350 10.528 404100 3.090 40.100 34190 b

4 1 404200 5,810 404725 56199 424150 24528 424550 2348 e

5 1 43,275 10,499 424375 7584 454900 44090 4ty o600 2340 |

6 1 494175 11.244 45,875 84659 474750 2.588 484450 1.748 | @

7 1 484775 6,074 484275 44049 504800 14160 49,700 1.010 (2

8 1 504,200 54760 504675 44320 524150 24328 52¢300 24510 | =
9 1 62+275 44450 51725 66650 53,800 4460 534750 2.488
10 1 534900 5 ¢ 440 53,250 34688 554750 2e488 544700 «810
11 1 544800 44310 544650 Ze6T8 566550 1e248 554850 «928
12 1 554800 3,060 554850 34628 57250 «788 57+400 14140
13 1 57 « 550 3,648 57500 24700 59,050 1.848 584800 1.060
14 1 594150 24678 594200 2.610 60400 « 640 60e450 1.048
15 i 60,275 1.650 606300 2560 61250 .888 61.550 16248
16 1 616525 1750 61.325 14620 62650 «528 626350 « 628
17 1 2275 1000 62475 2900 £34100 «180 63200 Al
18 1 6534150 «678 634200 e610 634800 s 150 636850 128
19 1 63.850 .128 634850 .128 64000 ¢ 00N 646000 0NN
20 1 64,000 «000 644,000 000 64,000 «000  64.000 <000

)-4

DY




TABLE 2 THE PROGRESSIVE MEANS AND VARTANCES OF RESPONSE AND COUNT FROM
GEMERATION TO GENERATION UNDER SFLECTION FOR Ris Mls Sls L2
MALE MALE FEMALE FEMALF MALE MALE FEMALF FEMALE
UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL
GEN ID AVG. VAR AVGe VAR AVGe VAR AVGe VAR,
1 1 31,025 14,024 32.625 136534 336700 8810 35500 24250
2 1 354900 Tel40 36,100 86990 37950 40548 384250 2488
3 1 374425 Bell4 37,000 Te350 39,700 3.010 39000 3800
4 1 40,700 Te710 40925 9.869 424,950 2.448 436550 2.048
5 1 44,300 T« 11O 446375 5734 46450 20548 464300 24410
6 1 46,400 5890 46875 34509 48450 1.648 480450 «848
i 1 48,800 2610 48,550 3,098 50350 . 1.028 49850 l.128
8 1 49,950 24248 49,650 2778 51100 ° 14090 51000 « 700
9 1 514750 2488 51300 44,010 526950 e 648 52950 1.048
10 1 534825 2e795 536200 36110 556050 le048 544500 1.350
11 1 544,975 26975 54,650 24728 56350 «728 554850 1.228
12 1 566375 24535 566150 1.978 57550 1e248 57300 «510
13 1 576650 1,028 57425 16495 58400 «340 580 400 540
14 1 586475 « 750 58525 1,000 59200 160 59300 210
1:> 1 59 ¢.2T5 «650 59350 «678 59900 250 60000 «300
16 1 590775 «625 59.625 e335 60300 «410 606100 «090
17 1 606275 «300 60350 278 60600 «340 60700 «310
18 1 606625 « 585 60875 «410 61250 188 61300 210
19 1 616325 370 614250 «388 61800 «160 61700 2210
20 b 61775 «175 61675 ° «270 62.000 <000 62+000 « 000
21 1 62.000 « 000 62.000 « 000 62000 «NNN 62.000 . ... 4000.

e e e T e o s o s i e S . s, o, o, S, oy e e s Ao st s et s e S g, S, e 0 e, i S S e s s S S e . i, ey i, 5. e i i . i e e s S M e e v e ey
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TABLE 3. THE PROGRESSIVE MEANS AND VARTANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLFCTION FOR Rls M1, S1, L3,

.__.__._..___.—__.._-____.__.__.__.___.__....._._______....._._—.______._.____._____.__._._.__._..._.._-,___.,_._—..._—_.___

MALE MALE FEMALF FEMALF MALFE MALE FEMALE FEMALFE

UNSEL UNSEL UNSEL UNSFL SEL SEL SEL SEL

GEN ID AVG . VAR« AVG. VAR AVG, VAR AVGe VAR,
il 1 31,575 10944 324775 13,724 34,000 5700 354800 2660
2 1 364850 14.478 37.075 10219 3%¢500 11850 39.700 26110
3 1 3T«175 76694 366675 9.619 39450 3.048 39.100 5890
4 1 41,125 6.859 416275 64849 434250 l1.788 434450 2448
5 1 434550 2+898 436275 2199 444850 le428 44,500 «950
6 1 434500 2.000 434500 1350 44,700 « 710 446450 «348
T 1 44,050 1¢548 434900 14740 44,900 « 790 44950 e 448
8 1 45,025 16574 45,300 l.760 46,000 «6NN 466400 540
9 21 466525 « 749 460275 6996 474250 188 466900 390
10 1 47,025 o424 476150 «678 47450 «248 47750 «188
15T 1 474800 «210 476750 «488 48050 « 048 48,200 «160
12 1 48,025 024 474875 «159 48050 « 048 484050 «048
13 | 48,050 «148 484100 0690 48,200 «160 48500 «550
14 1 484275 +399 48375 « 684 484600 540 48.850 «828
15 1 486175 e 144 486125 «209 484350 228 484350 228
16 1 486650 «528 484525 549 494300 «210 494150 228
Bl 1 496525 « 549 49.475 «649 50050 «» 048 50100 «090
18 1 49,950 «098 49,975 e 024 50050 «048 506000 «0N0
19 1 504025 « 025 506050 048 50050 « 048 50100 «NON
20 1 50100 «190 50,075 «120 50e25N «288 506200 e160
21 1 504300 510 506225 275 506650 « 728 504450 e 448
2.2 1 504600 o« 740 50 « 625 1.035 51200 « 760 514250 1.288
23 1 504850 1.028 51050 1.098 51700 «610 814950 e 448
24 1 524275 1,600 52.100 1 4590 52,200 e 760 53.100 « 490
25 i 536400 «890 53.200 «860 54,000 « 000 534950 aN48
26 )L 54,000 Nejele 546000 s ONOD 544000 - 000 54.00N « 000

S e e ey et e G i it e S S s . | i e | i T N G e e e e i i s et i ) s . i D S R S e s
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TABLE 4. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLFCTION FOR'R1s Mls Sls L&

MALE MALE FEMALF FEMALF MALE MALE FEMALE FEMALF

UNSEL UNSEL UNSEL UNSFL SEL SEL SEL SEL

GEN 1ID AVG. VAR, AVG. VAR, AVGe VAR AVG e VAR,
1 1] 3L 575 10994 32675 134569 34000 5700 354700 2610
2 1 376250 15.788 37 «025 11,024 406250 10,988 39,800 2760
3 1 364900 74540 3 Te 190 9.078 394150 3.028 394550 56148
4 1 406600 4e140 414550 64598 42200 la760 424550 3548
5 1 43,4250 44438 414,225 56374 44 4950 e 748 434200 le060
6 1 42,950 1,998 43,125 24859 44,100 e 490 444450 1.048
T 1 43,775 lel24 44,075 1,069 444550 e 348 44,900 290
8 1 444,750 «938 44,675 «969 454550 248 454350 228
9 1 454,650 «228 454425 o Gh4b 46,000 « 000 466000 « 000
10 1 46,000 « 000 46.000 «000 466000 « 000 4660NN alels

e o 0 (s . T i e e . e e e Y e T e i e e e . e . . o . S S T . — — —— o o S S S s i i Sl e e S S s e i e S G2 S
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TABLE 5. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENFRATION UNDER SFLECTION FOR R1s Mls S2, Ll

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVG. VAR. A\/G. VAP. AVG' ‘\/ARO AV‘. VAR.
1 1 31175 13.894 31.825 11494 35.400 11.040 360300 1210
2 1 364300 12,360 366425 12.194 40.900 44290 406900 3090
3 1 406575 Te294 414250 10,188 43,900 1le690 45200 36160
L 1 444150 9,828 444,900 86790 484400 Golth 0 49,100 24690
5 1 484250 8638 484975 56224 51600 « 840 516600 o 440
6 1 51515 5895 51500 44850 544600 e 440N 546400 1e640
7 1 544375 364735 546625 36535 57.000 le400 56800 1le360
8 1 564575 34195 574150 4,178 584800 «360 59,700 1.010
9 1 584825 2245 59175 26245 606700 «610 61,100 « 490
10 | 61,025 1e425 60875 164510 62600 240 62.30N 210
12k ik 624675 «870 62500 « 700 636900 «090 636300 0210
12 1 636725 «200 63525 «250 64000 « 000 64000 «NON
1.3 1 64.000 « 000 644000 « 000 644000 « 000 64,000 « 000
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TABLE 6. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENFRATION UNDFR SFLECTION FOR R1s Mls S2s L2

MALE MALE FEMALE FEMALFE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN 1ID AVGe VAR AVGe VAR« AVGe VAR AVG. VAR
1 1 31,025 14,024 32625 136534 35800 8160 36800 + 760
2 1 37850 Te478 38,050 9,398 41,300 26410 42100 34290
3 1 43,000 76100 41,400 9,690 L6.600 2240 45,200 2160
4 1 44,675 3.819 444,750 50538 474100 1.890 48,100 1290
5 1 48,500 34500 48,4150 3,878 506900 1,090 50,800 «360
6 1 504450 2248 506900 3090 524300 «210 534300 610
7 1 524325 16620 51800 14260 53,800 e 560 53400 e 440
8 1 534300 1.160 526900 14890 54,600 e 240 540600 e 640
9 1 544950 1,068 554075 1420 56300 210 566 400 «640
10 1 566375 14225 56500 1450 58000 e 400 57900 « 490
il 1 57350 s 7178 5T«T25 1+ 050 58400 e 240 58900 «290
12 L 584450 1,098 586525 e 750 59.600 e 440 59600 « 240
1.3 1 594700 e660 59550 e 648 604500 250 606400 e 240
14 il 60,075 «670 604550 « 448 6le.100 <090 616400 « 240
15 1 606925 «520 61025 «625 61,800 «160 62.100 « 090
16 1 61800 e 410 61850 128 62300 210 62000 «NON
17 1 626325 270 62.075 270 £3.000N « 000 62.700 «210
18 1 636200 s 460 63.300 e 460 64,000 «NNN 6L4eNON NN
15 1 64,000 «0NO 644000 «NNN 64000 e NNN 646000 Nelsla
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TABLE 7. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1s Mls S2s L3,

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVG. VAR« AVGe VAR . AVG, VAR« AVGe VAR«
1 1 314575 10,944 32« 115 13,724 354600 66040 37200 1160
2 1 38,900 9.790 40,200 156310 434200 4760 456400 36040
3 1 434,500 464150 43375 5784 466200 2560 464200 1760
4 1 L4 4625 2e734 45,050 3798 47000 1200 476400 le440
5 1 464950 26348 476200 Zie 1.0 48,900 + 890 49,200 ¢ 560
6 il 49,750 1¢338 494575 lelbd 516200 e 160 506700 e 410
i it 506775 «825 504650 « 528 51.800 e 360 516400 e 240
8 1 514875 ¢ 560 HTle 125 «500 526700 210 526500 « 7250
9 1 524250 «288 52150 «278 53.000 « 000 524800 e 360
10 1 534225 e 425 53215 «500 544100 « 090 54100 «090
11 1 544175 «145 544200 «210 54,700 210 546800 «360
1.2 1 544825 e 645 544775 e 425 56000 « 000 55 500 «250
13 1 554725 « 200 55125 «200 56000 e 000 56000 «NO0D
14 1 56,000 ¢ 000 56000 e 000 56000 «0ONO 566000 M glakal
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TABLE 8. THE PROGRESSIVFE MFANS AND VARIANCFES OF RESPONSF AND COUNT FROM
GENFERATION TO GFNFRATION UNDFR SFLFCTION FOR R1s M1 52 L4

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN 1ID AVGe VAR AVGe VAR AVGe VAR AVGe VAR .
1 1 31 515 10,994 32615 136569 354600 6040 37100 « 890
2 i 39,025 9974 404225 144824 434300 5610 454400 36040
3 1 436525 46149 4724375 5784 466200 «560 464200 1760
4 1 44 4550 2¢698 454025 3el24 466800 le760 47400 1e440
% i 466600 26640 466950 ? 398 484900 16290 494,000 « 600
6 1 48,800 1760 49,125 1809 506600 e 240 50800 e 160
¥ 1 514075 ¢570 514475 400 52000 « 000 52.000 «NOD
8 ! 52.000 e NOD 52,000 00N 52,000 e NNN 52.N00 o OO0
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TABLE 9. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLFCTION FOR R1s Mls S3s Ll

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALF

UNSEL UNSEL UNSEL UNSFL SEL SEL SEL SEL:

GEN ID AVGe VAR, AVGe VAR AVG, VAR AVGe VAR«
1 1 314750 15,988 30.850 14,078 27600 1.840 37.000 l1.600
2 1 374800 11,110 37.000 86250 42800 l.360 41,200 2160
3 1 41575 6194 42025 6eb474 45,000 « 400 466000 «800
L 1 45,175 86394 45,675 44869 49.200 «160 49,200 e 160
5 1 48,775 LaeT24 494275 66949 52400 « 640 536400 1.040
6 1 526450 34598 52325 36270 556600 « 640 556200 «560
7 1 55 4 150 44,328 556425 24795 58800 le360 586400 le440
8 il 586575 2545 58425 24895 61200 e 560 61400 e 240
9 1 61500 1e400 61000 16850 636200 e 160 636200 e 16N
10 1 63025 e D 15 636300 «510 64,000 « 000 644000 « 000
2. 1 64,000 « 000 64000 « 000 644000 0NN 644000 « 000
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TABLE 1%« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR Ris Mls S35 L2

e o s ot o o o e ) e e s 4 A e o e e ., i e e o . e, e, s s - . e s s s o e, s e S st o s i S, S S s i i s i . s s s S S i . i s o

MALE MALE FEMALE FEMALFE MALE MALE FEMALE FEMALE

UNSEL UNSE UNSFL UNSEL SEL SEIL SEL SEL

GEN ID AVGe VAR« AVG, VAR, AVGe. VAR AVG e VAR,
1 1 314600 144,840 31.800 13,310 28.600 Eeb40 37000 20400
2 1 40,975 8eb24 40,025 Beb74 44,800 e 560 45,000 2400
3 L 44,025 5174 43,875 6209 47000 « 000 47,200 960
4 il 444375 3.084 444375 1,984 476200 160 46,800 e 160
5 i 46775 36524 466525 1e649 494400 640 484600 e 240
6 1 48,875 29/959 486525 3149 524200 1360 51400 240
7 1 52.025 206575 515950 2e848 544400 « 240 546600 «240
8 1 554325 26420 544975 1875 57800 e 560 57000 «NNO
9 il 57425 1 4295 57150 16728 59,600 « 240 596200 160
10 1 594275 « 800 59,400 ¢ 990 606600 e 240 6l.000 «NON
31 1 606650 «528 604500 e 450 62.000 « 100 61.600 240
162 1 614675 220 61725 200 624000 <000 62000 « 00D
13 1 62,000 «000 62.000 « 000 62.000 « 000 62000 00N
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TABLE 11+ THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM

-

GENERATION TO GENERATION UNDFR SFLECTION FOR R1s Mls S3, L3,

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL S SEL SEL SEIL

GEN 1ID AVGe VAR AVGe VAR, AVG, VAR AVG. VAR .
1 1 31,975 15,874 32350 10878 38.800 36360 37600 « 640
2 i 39950 11.348 39.200 9,910 450400 1le440 444800 24560
3 1 424825 66294 43,150 5478 464400 0 240 460200 «160
E 1 454,525 1.599 454450 1.648 470200 «160 47800 «160
5 1 47275 «599 476375 e634 484200 «160 48,400 240
6 1 47900 ¢ 340 476975 «324 49,000 « 0NN 49,000 « 000
7 1 494,525 «399 49,625 « 284 50000 «ONO 506200 160
8 1 506150 128 506200 «160 51.000 « 000 51000 « 00D
9 1 50,025 025 506025 «025 506200 «160 506200 «160
10 1 506450 «348 B0e375 2235 51400 240 51.000 « 000
11 1 519325 e 470 516125 e410 52000 « 000 52000 « 000
152 1 52,000 « 000 52000 «000 52.000 « 000 52,000 « 000
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TABLE 12. THE PROGRESSIVF MEANS AND VARIANCES OF RESPONSF AND COUNT FROM
GENERATION TO GENERATION UNDER SFLFCTION FOR R1s Mls S3, L4,

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN 1ID AVGe VAR AVG. VAR AVGe VAR AVG e VAR
1 I 32,000 156650 326450 10,548 384800 2160 37600 e 640
2 i 39,850 11T.s578 39,075 10.019 454,600 1.040 44,4800 24360
e 1 44,600 5840 444,450 44448 474800 « 560 47000 e 400
4 1 47,075 e 969 44 6. 150 16428 486400 240 49,000 « 0060
5 i 484825 e 544 484850 e 628 504000 «NNN 50,000 NN
6 1 506000 Nalale! 5N «NNN «NON 5NeNNN 0NN 50,00N MisTals)

——— o — s . e . . S . Y — {———— o — T — p— ———— — — —— —————— o — {—— —— — — —— — o 2 o 2o S0, a2 o o 2 S i i o . o o
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TABLE 13« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDFR SFLFCTION FOR R1s M2s S1s L1l

T . i T . il i i S ! S . . ! . S, . S o . o, . . . . . S S S T T o 7 —" .t o o o 2 . . . . S - g s, ot Sl o o s st s i e g, S . i S S G000

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSFEL SEL Sl SEL SEL

GEN 1ID AVGe VAR« AVG. VAR AVG. VAR AVG, VAR .
i 1 314150 15,988 304850 14,078 29.450 11.948 284600 13.040
2 234900 6140 23.100 54590 27700 43.110 27« 400 406240
2 1 324,200 154910 32+075 166219 306400 66240 31.200 6760
2 244225 Te974 23900 76290 276650 39.028 24850 22828
2 1L 334375 18,634 33.125 17.409 324800 11.360 314250 12.488
2 244375 6.884 234950 6598 254750 28.988 276650 39.028
4 1 34,4300 1145210 35,100 17.090 354250 4388 346450 8848
2 24 6475 44649 24,700 76160 246600 26740 254650 19.628
5 1 354225 Te674 34,475 54399 366250 2.788 35600 Le04O
2 244725 44399 244250 2.838 244600 26640 24700 2210
6 1 354925 6.869 354850 44528 37+150 44228 37.050 2348
2 254275 36199 2446900 4eT740 25850 20928 25850 2.628
7 1 374050 9.748 37100 12,690 39050 50148 39650 6128
2 2D ¢80 2500 256225 4el24 26300 l1.810 264350 2828
8 1 39.675 Te619 394675 124119 41.700 2610 41.600 Te640
2 254950 3008 266225 36274 266650 2628 266650 2.128
9 1. 41,225 76924 41,925 64169 43,150 24528 434400 3340
2 264475 26449 264850 14,578 27300 1¢310 264800 e 960
10 1 43,125 7009 42,300 7810 454350 le42R 450500 1850
4 27225 2324 276250 24238 214850 1228 286200 e 960
il 1 454950 56048 454,525 56549 47900 1.090 47350 1.928
2 28.050 1.248 276875 1.709 284600 e 640 284550 1.348
12 1 474375 4,834 474625 66534 49,100 14490 49,700 3.010
2 284275 999 284675 «869 284550 « 848 284900 490
13 il 49.60C 64840 49,050 6848 51800 2760 51050 3248
2 284750 «938 284850 1.628 29100 «690 29600 e 440

€ET




TABLE 13« (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGoe VAR AVGe VAR AVG. VAR AVGe VAR
14 1 506875 5460 51275 44,400 52750 le.488 52950 1748
2 284950 «848 29.300 ¢510 29300 «510 29350 «328
15 1 52825 24595 53,075 3,020 54,150 «928 54,500 1150
2 294325 «569 29.400 540 294650 228 294550 «248
16 1 54,650 2,428 54,650 26428 554950 1,048 55850 «828
2 294550 «398 294650 «278 29900 « 090 29800 «160
LT 1 566125 24110 554850 2178 574300 «810 57050 e 748
2 29.825 e144 294715 o174 29.900 «090 30000 « 000
18 1 57150 1728 56950 24548 58200 e 760 58200 e 660
2 29.900 «090 29 TT5 e324 30000 « 000 294950 « 048
19 1t 58400 1.090 58400 1.240 594250 «188 59300 «410
2 296975 eN24 29.900 «N90 30000 « 000 30000 « 000
20 1 596225 «525 594100 e 540 59800 «160 596600 « 240
2 294975 o024 30,000 «N00 304000 « 000 306000 Nalele!
21 1 59700 210 594650 «328 60,000 « 000 650000 « 000
2 30,000 «NNO 30,000 « 000 30.000 « 000 30000 « 000

S i i e T e T e S S e, S . . e S, . . S, S o e s e . . s St S S S T — . ——— {—— — . . . S5 . ot s, o i . e il e s . i i, o S i s s s
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TABLE 14« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLECTION FOR R1s M2s Sls L2

S . . S S S S S . T . e " o i e s, o . ST, e, Tt S o e S o . S . o . . . S . o e . S, e G e i s, . S . i s S e s ! A B o e s

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEl SFL

GEN ID AVGe. VAR AVGe VAR AVG. VAR, "VGe VAR,
1 1 31,600 14,840 31.800 134310 29,000 16,300 294500 86550
2 234300 44360 23,800 5410 27750 45,588 27600 33.240
2 1 33,750 10,788 334825 184294 334300 7710 334600 11340
2 244,400 = 84390 25.000 54050 25.100 21.990 25.800 236260
3 1 34,075 11,069 32.275 11949 356400 3640 336450 44748
2 234550 74098 234250 6,988 234850 56528 23800 6460
4 1 33,4575 Te094 334500 10.500 356600 3040 35900 6990
2 23,025 5774 23,000 64050 24000 4500 24,000 6000
5 1 36.000 7850 366125 64259 38200 2260 38100 2090
2 24,075 46119 234250 34738 244400 36340 234800 3060
6 1 376450 3.098 37475 34849 384850 le428 38850 le428
2 24,4200 36560 23.825 6194 244900 2290 234750 3588
T 1 384600 34690 38725 24499 406050 le.448 40050 948
2 244,025 5374 244500 44350 256200 3860 244800 3660
8 iL 3945925 34169 404450 34798 416450 548 424000 1.900
2 244675 36869 254425 36644 25300 2310 26050 34848
9 1 41,875 24709 42,050 24898 43.050 1548 436450 1e148
2 254250 4,388 25,050 24198 254500 4e450 25450 2748
10 1 42,500 34090 42,775 26374 444,250 1,088 444,000 l1.300
) 2 254325 34769 254750 3.488 264300 2510 264350 20428
L L 434125 20759 43,900 24840 444350 «328 454150 1.128
2 25400 2090 25.575 14894 250700 2.010 25900 1690
12 1 444550 1.798 444575 3.694 454650 « 728 460150 1528
2 25 4825 le494 25.900 1,940 264100 1390 26250 1.988
13 1 454,925 34069 466225 le724 476400 « 940 476250 « 788
2 25,700 1s460 264075 26119 264100 «990 264600 l.640

GET




TABLE 14« (CONTINUED)

MALE MALE FEMALFE FEMALE MALE MALE FEMALE FEMALFE

UNSEL UNSEL UNSFL UNSEL SEE SE{ SEL SFL

GEN 1ID AVGo. VAR AVGo VAR, AVGe VAR AVGe . VAR,
14 1 46,675 4,569 46,800 2810 484350 24528 48,100 1.590
Z 264250 1,238 254875 1.609 26800 «660 26350 1.728
15 1 484075 26669 486325 3¢619 490350 1.028 49850 1628
2 26,075 1.219 254875 1.009 266700 «610 266350 «528
16 1 49,600 2890 504350 26228 51,000 « 600 51500 e 450
2 264250 «638 266550 «398 264600 e 240 26850 228
E7 1 50975 14475 50775 14525 514950 « 548 51700 «610
2 266775 «524 264675 «319 27000 «300 26800 e 260
18 1 516450 1.698 51050 1.148 524550 «348 514800 «560
2 266475 +399 264350 «378 266850 «128 266650 «228
19 1 524425 o« 745 526375 o135 536100 «390 53100 « 090
2 264775 e 224 264800 «160 27000 « 100 2T«000 «N0O
20 1 534,025 ¢ 575 536050 « 498 53600 e 240 536550 e 248
2 27,025 o274 27.050 «198 27200 «160 276250 «188
21 1 534300 «e560 53250 «588 536850 «328 53850 «228
Z 274275 ¢ 249 27050 «348 27400 240 27350 228
22 i 534 825 «345 534850 o428 544200 «160 546250 «188
2 2 Te. 125 «109 27150 «128 27200 e 160 21250 «188
23 1 54,4250 «238 544275 «250 54,500 «350 546550 « 348
2 21+ 225 « 174 276250 «188 276450 e 248 27500 «250
24 I 546450 «398 544250 «188 544900 «390 544500 «250
2 21375 «234 274250 «188 21« 71950 e 18R 21500 «250
25 1 54,725 « 450 54,650 «478 556250 «188 556250 «188
2 271600 e 240 ZTeD25 e 249 28000 M alale] 28000 yelela
26 ik 55 0925 « 400 556325 e 420 56000 « 000 55850 «128
2 276925 «069 274900 «090 28000 « 000 28000 «000
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TABLE 15« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLECTION FOR R1ls M2s Sls L3

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSFL UNSEL UNSFL SEL SEL SEL SEL

GEN ID AVG. VAR« AVG. VAR AVG. VAR AVG e VAR«
1 1 31975 15.874 324350 10.878 29150 12.828 295900 9290
2 236675 46519 244225 4eBT4 280200 48.060 27850 346728
2 1 334150 13,878 32.950 17.648 31350 50428 324800 9560
2 23.875 11.059 246775 Te924 25¢350 48.828 254550 19648
3 1 324525 144,949 31.800 11.210 32.500 2050 32.400 2540
2 22,725 11.449 22.950 84698 226600 96540 23,050 9.248
& 1 334175 26794 326425 26744 34,350 1.428 336650 1728
2 224225 66874 214275 104199 224750 86488 21750 11.888
5 1 34,275 1,699 34,600 14590 35.300 e 210 354650 «528
2 224925 11,669 21.875 134459 244200 12.660 234300 13.110
6 1 356425 lelt4 35725 1399 366450 o448 366600 «540
2 22.800 14,610 246100 106990 23600 144340 254050 9.648
7 it 364200 14360 35.975 « 974 37100 « 690 36750 «488
2 232050 12.048 224550 134248 234750 12.588 23050 12.348
8 1 374150 «728 31500 1.400 37.800 °«360 386400 e340
2 22,700 12,210 224750 13,038 224300 13.310 226900 13090
9 i 384250 «938 214975 0624 384950 548 386500 s 350
2 224600 106940 234850 12,578 234150 12.228 234700 144710
10 1 384675 «519 386925 le119 394150 «128 39,700 e 710
2 226225 9724 224450 12.498 21.050 5148 22900 11590
1l 1 394650 «978 394875 « 709 406400 e 340 406500 « 450
2 22,600 10640 22.625 10,484 23100 12.390 234800 13860
12 1 40,000 «150 40,075 «169 406150 0128 406250 «188
2 20,675 e 269 204550 248 20750 «188 204750 «188
13 1t 404275 0299 406125 «159 406550 e 448 40300 «210
2 204750 «388 206500 «300 20800 560 206600 0340 .

LET
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TABLE 15. (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR AVG. VAR AVGe VAR AVG. VAR
14 L 406400 ¢ 340 406525 299 406800 «360 41,050 «048
% 206825 e 344 206925 «519 21100 290 21e450 o248
TS 1 414500 ¢«350 41425 e 294 42 .000 «0N0 41,900 «N9N
2 214275 «299 214475 249 21150 «178 21350 228
16 1 41,900 «090 41.850 e128 42,000 o NOD 42000 « 000
2 214,350 228 21350 228 21.200 e 160 214250 «188
17 1 42,000 «000 42,000 « 000 42,000 « 00N 424000 Nelala
2 21a 275 «199 214225 «174 21300 «210 21.200 «160
18 1 42,000 «000 42.000 « 000 42,000 « 000 42000 « 000
2 214225 e174 214350 228 216150 «128 21300 210
19 i 42,000 «000 42.025 e 024 42.000 «000 42050 «048
2 2] 225 e 174 216175 o144 214150 «128 21200 «160
20 1 42,025 e024 42,025 «024 42,050 « 048 42,050 « 048
Z 21.125 «109 214,225 «174 21200 «160 214250 «188
21 1 42,025 «024 42025 e 024 42050 « 048 424050 e 048
2 21.025 «024 21.150 «128 21050 « 048 21050 « 048
22 1 424050 « 048 42,125 «109 42.100 « 090 424250 «188
2 21,050 « 048 214125 «109 21.100 «090 21250 «188
23 1 424200 160 42.150 128 424400 e 240 426300 «210
2 21,200 «160 21150 128 21400 240 21300 «210
24 1 42,075 «069 42.075 «069 42150 «128 426150 «128
2 214075 « 069 21.075 « 069 21150 «128 21.150 «128
25 1 426250 «188 426425 «294 424500 0250 42850 228
2 21:250 «188 21400 0240 21500 « 250 21800 «160
26 1 424500 « 400 42800 «510 434000 «300 434350 «228
2 214425 e 244 214625 e234 214850 e128 22000 « 000

8€T
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TABLE 16« THE PROGRESSIVE MFANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1s M2s Sls L&

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE
UNSEL UNSEL UNSEL UNSEL SEL SEl SEL SEL
GEN ID AVGe VAR AVGe VAR . AVG, VAR AVG, VAR

1 1 32.000 154650 32450 10548 294,200 12.660 30.050 9e448

2 234675 44,819 244250 4,788 284250 48,288 27850 344728

2 1 334425 11,344 33s125 18,159 21.900 16590 33.300 9410

2 234,950 9.148 24,075 11,169 254 750 35,988 244250 11.488

3 1 32,450 12,348 31.325 6,069 33.100 24390 324150 1728

2 224100 17140 21975 11774 21.800 13.160 23.050 Te248

4 1 32.850 l.628 32.300 3.060 336850 «528 336750 «988

2 21.650 10,378 224075 11.219 22450 12.248 234050 11.048

5 1 336550 14698 34.100 1.640 346600 e 540 35150 428

2 20,825 12.694 226775 12,124 21700 134510 244300 11.810

6 1 344625 le634 34475 ¢899 354600 «540 354250 +388

2 22475 15,049 21925 14,769 234550 14,848 21800 146460

7 1 3545175 « 894 35750 « 788 3660300 «210 366350 «328

2 236325 12.219 23400 11,790 234500 12,050 23050 13.148

8 Al 364375 «884 36,050 «698 37,050 «648 36650 «328

2 224850 16,828 22625 12.484 23.500 17350 234150 13.228

9 1 364600 e 640 36450 «648 37200 «260 37100 «290

2 234100 13,090 244050 96348 23800 11.060 244550 12548

10 1 37650 1.078 376450 «848 386450 « 448 38.150 128

2 234600 16490 23« LT5 16744 23650 17.528 23250 18.588

11 1 386450 «698 386325 «619 39.100 «290 38950 «248

2 234350 16,828 23,450 164448 234700 15310 22300 14.010

1:2 1 394475 « 399 39525 e 749 40050 « 048 406200 e 260

2 214125 6.909 21400 Teb640 204550 3.048 206500 «350N

13 1 40,100 0140 406325 «219 406250 188 406650 «228
2 21.500 74400 204850 14728 224100 9.090 216350 24728 ;




TABLE 16« (CONTINUED)

— . . . s . o S . s, o o S — . " — o s . o 2 . . . St S, o . T — . . i ot . . Yot o s o 2. o s . . e o, oo S o o 2o — o, O o . sl s

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR AVGe VAR, AVG, VAR AVG. VAR,
14 1 40,250 «238 406150 «128 404550 «248 406300 «210
2 224925 11+2L9 22475 10,649 224550 8.048 21.900 76290
15 1 406325 «3219 40200 «210 40.700 «310 406400 «340
2 22,975 11.724 22,850 12,728 226950 11.248 224750 12.288
16 1 404850 «378 40,975 o 4T4 416250 188 41450 «248
2 25¢325 12.269 244650 12.828 264500 6750 25800 9060
17 1 41.700 «310 41725 ¢«196 426050 « 048 42.000 « 000
2 24,175 9.994 24,075 10469 244500 10250 23000 8500
18 1 42,025 «024 424250 «188 424050 « 048 426500 250
2 255 150 11.078 254075 10.669 24650 11.328 254550 9.248
19 1 424725 e 249 42500 «250 43,050 0« 048 43,00N Noleloly
2 244675 Te619 254675 84369 24,050 5348 254350 7128
20 1 424225 o274 426250 «188 42500 e 350 424500 e250
2 254350 9.478 244475 10.599 246750 8,988 24,100 8790
21 il 42,700 «410 424450 298 43,200 160 42900 «190
2 244250 86938 234175 6eb44 254100 6990 23850 44728
22 1 436750 «288 43.600 340 44,100 «090 44,050 «048
2 254150 80228 24,700 Te&60 244800 Be460 244550 8e1l48
23 1 43,875 «259 43,975 o 174 44,150 128 444150 «128
2 26,050 74398 244,925 86619 25.600 8e640 244250 7.688
24 1 44,300 210 446225 o274 44,600 « 240 444500 «350
Z 254150 84228 244675 84019 25.000 76500 246950 TeT48
25 1 444675 «319 44,825 644 45,050 « 048 454450 «348
2 254825 6e944 246625 6e284 264500 56250 23800 36160
26 1 45,300 «310 456300 « 560 45700 «210 45,800 o460
2 244600 56590 25«175 66044 234750 3.188 246150 3928
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TABLE 17. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLECTION FOR R1s M2s S2s Ll

__._—_..__.-——___.__._—__..-______—._____.._____._.____.___._.._.——.._.___..—__._.._..—_.—-N._.—.__._.-._._-—_——__._.

MALE MALE FEMALE FEMALF MALFE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVG. VAR« AVG. VAR, AVG, VAR. AVGe. VAR
1 il 31 4150 15,988 304850 14,078 32.100 9290 31.600 Te640
2 234,900 66140 23,100 54590 23,600 44240 254300 26410
2 1 324875 13,259 324925 9,219 34,000 2200 35.900 3290
2 234850 4,878 244275 5699 246700 1810 264500 2450
3 1 344800 12.260 346025 11.074 364900 46890 36000 5400
2 244775 Lel24 244475 36799 254800 1360 254900 2090
4 1 366625 9,084 37.100 11,040 384900 5690 41200 1.760
2 244775 36474 254525 3599 25800 1,960 27100 1290
5 1 40,375 Te334 40,975 7.824 434500 le650 44,100 le490
2 26,725 2.899 264475 34099 284400 leb440 27400 le440
6 3 44,100 44940 43,125 34709 46,900 2090 45,200 2360
2 274500 24250 27175 2094 28400 2.040 28.100 1290
i 1 45,925 36269 45,400 76440 47.600 14240 484200 3560
2 286325 le419 28.050 le648 28700 1210 29100 «490
8 1 476625 Tel84 47725 6e649 51200 «560 51.000 2800
2 28,250 2.088 284325 le419 29.100 1.090 296200 «560
9 1 516625 34035 506450 24898 53500 « 850 526600 240
2 29,325 «719 284725 1.149 29.700 210 296100 «690
10 1 524925 36620 53525 34800 55100 1290 55700 «810
2 296550 «548 29575 1194 29800 «160 294900 « 490
11 ik 55400 26640 954125 26210 57500 « 450 560900 «890
2 294625 e 484 29.700 « 460 30,100 « 090 30,000 200
12 1 5T +050 1,898 57325 1s720 586700 «810 586800 560
2 30,000 200 294850 228 30100 « 090 30,100 «N90
1i3 il 584575 le245 584625 l.285 596900 290 60000 <000
2 30,000 «100 30125 «159 30.100 « 090 30200 «160

IvI
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TABLE 17. (CONTINUED)

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEl

GEN ID AVGe VAR AVG. VAR AVG, VAR, AVG e VAR,
14 1 594875 «260 594975 «175 60300 210 60.200 «160
2 304150 «128 30.200 «160 30300 «210 30200 «160
15 1 604175 «145 60175 «145 60100 + 090 60300 210
2 304175 e 144 306175 o144 30.100 «090 30300 210
16 1 606175 «195 60.250 «188 60500 250 60300 «210
2 30+ 150 «128 306250 «188 30500 «250 306300 210
7 1 604500 « 400 606375 385 60400 240 606300 210
2 306425 o244 30300 «210 306400 e 240 306300 210
18 1 604,225 «175 606450 298 60400 «240 60800 «160
2 304225 «174 306425 o 244 30400 240 30800 «160
19 1 606775 s 275 60.675 s 470 604600 «240 61000 « 000
2 304575 e 244 306550 «248 306600 « 240 31.000 «0NO
20 1 606775 «325 60875 360 61000 « 000 61.000 e 0NN
2 306700 «210 30750 «188 31.000 « 000 31000 « 000
21 1 604925 «520 61.050 «498 61000 « 000 61.000 « 000
2 304700 210 30775 174 31000 « 000 31.000 « 000
22 1 606950 e 448 60775 «375 614000 0NN 6l.000 alele
2 304750 «188 30.675 219 31.000 « 000 31,000 «NON
23 1 604950 «548 61.050 «548 6lenN0N elala 606900 «N9N
2 304700 «210 20« 150 «188 31.000 « 00N 30,900 «090
24 1 61,000 «350 61.050 e 548 61.000 « 00N 60800 «160
2 304825 o 144 30750 «188 21.000 « 000 30800 «160
25 1 606750 «438 60800 «410 61000 « 000 60900 «090
2 304625 234 306675 219 31.000 « 000 306900 «090
26 1 606900 e 490 606325 «570 606700 210 60700 210
2 304,700 210 306675 219 304700 «210 306700 210
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TABLE 18« THE PROGRESSIVE MFEANS AND VARIANCES OF RFSPONSFE AND COUNT FROM
GENERATION TO GENERATION UNDFR SFLFCTTON FOR R1s M2s S2s L2

MALE MALF FFMALE FEMALFE MALE MALE FEMALE FEMALE

UNSFEL UNSEL UNSEL UNSEL SEL SEIL SEL SEIL

GEN ID AVGe VAR AVGe VAR, AVG. VAR AVGe VAR
1 1 31,600 144840 31.800 £3.310 324300 9.610 31.900 4.090
2 234300 44360 23.800 5410 234800 36360 24,000 1.800
2 1 314850 66278 32300 9,010 34,700 2.010 364200 1.960
2 226475 56699 3e425 3e744 234900 4,090 24,100 44290
3 1 364525 56499 35750 44288 39.600 2840 38500 24050
2 234950 56248 23725 44399 24,400 4eb40 244300 Lel410D
4 1i 384650 24378 384150 44,628 40,700 e 410 40800 l1.360
2 244,400 44240 244550 4,798 244400 26240 25000 5200
5 1 404350 2728 40,500 3150 42400 e 440 42,500 450
2 24,050 26948 254100 36440 244400 2840 24600 3240
6 1 424350 24778 414875 26159 444700 e610 43,700 «610
2 234775 2074 24100 36140 244800 le760 25500 3850
il 1 44,250 2.088 44,075 36919 46,000 le400 460800 « 760
2 25 eldY 1,824 25,050 2.898 25300 «810 264800 1.760
8 1 474200 4,510 476275 34299 49,900 «690 49,600 e 440
2 254950 1,948 264025 14274 26,500 1.050 254700 le410
9 1 494550 «348 49,300 e 960 50100 « 09N 506400 e 240
2 254600 «890 264200 1.360 254300 « 410 266200 1760
10 1 506500 « 400 506225 «525 51100 « 090 514200 «160
2 264100 e 740 25825 « 944 264500 «250 264400 e 440
11 1 50625 . 135 50700 «860 51.800 «560 51700 «610
2 254575 «394 256825 «394 26300 «210 26300 «210
152 it 5164600 e 940 516475 e 700 52800 «160 52400 « 240
2 264275 « 499 264100 340 27000 « 000 26800 «160
13 e 516800 «660 51.800 «860 52800 «160 53000 « 000
2 266200 «260 266275 «349 26800 160 27000 « 000
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TABLE 18« (CONTINUFD)

N (T s S S iy . i i . s S e e, e . S e S S~ — .t — T —_— S — —— ——— ————— {— o . . o i o St s S o i< i Sl i S S S i, D D .

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVG. VAR AVGe VAR, AVG. VAR e AVG . VAR,
14 1 52e L T5 «575 52+875 e 460 53,800 «160 53.7C0 2 10
2 2646650 «228 26750 «188 27000 2000 27000 « 000
15 1 534525 «300 53600 «290 544000 « 000 544000 Nslale!
i 264975 e 024 264950 e N4LEB 27.000 «0N0 27.000 e NO0
16 H 54,000 « 000 54,000 000 546000 0NN 54.000 Welale
2 274000 « 000 27000 « 000 27.000 « 0NN 27000 « 000

e e e e e o o o i 0 . G, . s s s . S e s e . e, et e s e S S, S . e S, S s o e e e, S S s S s S s it A e . e s s e st g g il sl i il e s .
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TABLE 19« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELFCTION FOR R1s M2, S2, L3,

i S e S i e e e e . e S . e T e o — . T . S . — ———— T —— T —— — . {— . oo 2o, s <o, . S 2. . 2 s . T . o . 2

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEE Skl

GEN ID AVGe VAR« AVG. VAR, AVG. VAR, AVG, VAR,
1 1 314975 15.874 324350 10,878 32.200 66560 32.400 44040
2 234675 44519 244225 4,874 234600 56440 24.400 1240
2 : 30,725 54399 304925 5.069 344000 1.000 33800 1.160
2 214550 10,248 22.025 10574 234400 8240 22.800 6560
3 1 34,6C0 1,490 344800 14560 360,100 «890 36400 e 240
2 21625 10.384 23550 9.098 21400 Tel&40 25000 5600
4 1 36,500 1,600 366375 1.584 38.000 « 800 38,000 «200
2 21 4925 66769 21.650 Be628 20600 36440 20800 5560
5 1 3Te350 «678 37625 « 984 38.200 160 38800 «160
2 21,100 5740 21« Y75 5344 20300 36610 206700 2.810
6 I 39 ¢ 1TH e 494 394300 e 410 40.N00 « 00D 406100 « 090
2 19.875 «109 20,025 e 174 20,000 « 000 20300 210
i 1 394925 269 40,050 148 406400 « 240 406400 e 240
2 20,100 «090 204100 « 090 20400 ' 240 206400 « 240
8 1 40,000 « 000 40025 «024 40000 <000 406100 « 090
2 20,000 «000 20025 « 024 20000 « 000 206100 « 090
9 1 406150 «128 40,075 « 069 40600 240 40300 210
2 204150 128 20,075 « 069 20600 240 20300 «210
10 1 40,000 «NON 40,N0ON «NNN 40.00N e 00N 40000 « 00N
2 20,000 « 000 20000 « 000 20000 Nelala 206000 00N
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TABLE 20. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1ls M2s S2s L&

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALF

UNSEL UNSFL UNSEL UNSFL SEL SEL SEL SEL

GEN ID AVGe VAR« AVGe VAR AVGe VAR, AVGe VAR,
1 ] 32,000 154,650 32.450 10,548 32,200 6560 324600 3¢640
2 234675 44819 244250 4,788 254100 234890 244400 1.240
2 1 306650 6,028 31100 56340 23,600 e840 334600 14240
2 21.625 8e684 22400 66340 21300 9.410 224100 46690
3 1 34,225 1e624 34,175 1.044 354 700 «210 354400 240
2 214225 9.874 22.000 114250 21400 11.040 236300 12410
4 1 35,050 « 998 35,100 «890 364300 «210 36200 «160
2 224200 10,810 214550 8.298 23100 Te290 22600 7640
5 1 354900 e 490 36.000 «550 364700 e210 37000 «000
2 224275 96749 224100 8190 224800 10160 23000 4,000
6 1 364925 «569 37.050 «548 37.900 290 38.000 « 000
2 214750 64988 214325 7019 204100 3890 194500 2250
7 1 376975 0224 37900 e 440 38400 0240 38500 250
2 19«725 24699 19.700 24810 19400 e 240 19.500 «250
8 ik 384825 e 494 384800 «310 39,700 o210 396300 «210
2 19.650 228 19725 + 199 20000 «0NOD 20000 «NN0D
9 1 394 125 s 199 396475 e 449 406000 «0ONO 406 NON « 000
2 20,000 « 00N 19.900 «09N 20000 « ONO 20000 «NO0
10 1 40.C00 « 000 40,000 « COO 40.000 « 000 40000 «ON0
2 20000 «000 20000 « 000 20000 Nelale 20,000 « 000
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TABLE 21. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLECTION FOR R1s M2, S3, Ll

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe. VAR« AVG. VAR AVG. VAR AVGe VAR
1 1 31,750 15,988 30.850 14,078 344600 50040 34,000 3200
2 23,900 66140 234100 5590 244800 2960 25200 64160
2 i 34,600 106340 334600 94390 344800 1760 36.000 «800
2 244,900 44,990 244550 44,698 25,600 1.840 25800 3760
3 i3 354475 76499 344,925 86219 39,800 20160 38.000 2400
2 24,150 4e428 244,025 36224 264200 26960 246400 3840
4 1 384125 66859 38.725 6e449 41,800 1760 42,800 2160
Z 244550 3.648 244750 34288 25.400 1.840 26800 2560
5 1 42,075 5369 424150 5428 45,200 160 460400 le440
2 26,100 24840 264550 36148 274200 « 960 274200 1360
6 1 45,200 46,510 464875 5059 49.000 1.600 506400 240
2 274150 24528 276400 2¢690 28,600 20640 28800 2160
7 1 494425 36344 49,625 34534 52.400 240 52600 e 240
2 284575 le644 29.000 1.250 29200 « 960 29600 1.040
8 1 524575 b4e245 52550 2548 55800 « 960 55000 « 000
2 294325 «869 29450 «598 306200 e160 30000 « 000
e i} 556475 1.800 55 ¢.250 2.138 57eN0N «0N0 57600 e 640
2 296925 «369 29.600 e 790 30,000 « 000 306600 240
10 1 57100 1,290 574250 1,538 58.800 «960 59400 « 240
2 30,075 o219 30200 «310 30,200 160 30800 « 160
11 1 59:075 L«570 59,050 1.098 606600 0 240 60400 « 240
2 30,250 «388 306425 e 244 304800 «160 30600 «240
112 1 606525 «500 60525 e 700 61.N00 « 000 61.000 « 000
2 304600 e 240 30600 e 240 31.000 « 000 31000 « 000
13 1 61,000 «500 614050 «398 61000 « 000 61000 «000
i 306750 «188 306825 o144 31.000 « 000 31.000 « 000
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TABLE 21« (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN 1ID AVGe. VAR AVGe. VAR« AVGe VAR« AVGe VAR
14 1 604750 «488 61100 e 540 61000 « 000 61,000 «000
Z 304,600 e 240 30775 « 174 31,000 « 00N 31.000 « 000
15 1 61,075 620 604875 460 61eN0ON « 00O 6leN00N « 000
2 30,725 «199 30,700 «210 31.000 « 000 31.000 « 000
16 1 604850 «528 60975 «525 61.000 « 000 61.000 « 000
2 304650 228 30725 «199 31.000 « 000 31.000 « 000
17 it 61,075 e 470 61.125 «410 61000 « 000 61.000 « 000
2 306800 «160 30850 128 31.000 « 000 31.000 «000
18 1 604925 «520 61125 «510 61.000 «000 61.000 « 000
2 306700 «210 30800 «160 31000 «000 31.000 « 000
19 1 61l.125 «510 6Ce975 «525 61.000 « 000 61000 « 000
2 30,800 «160 30725 199 31.000 « 000 31.000 « 000
20 1 604975 «375 61050 e 498 61000 « 000 61.000 « 000
2 304800 «160 30775 e 174 31.000 « 000 31.000 « 000
21 1 60925 «520 61.050 « 498 61000 « 000 61000 « 000
2 306700 «210 30775 e 174 31000 « 000 31000 « 000
22 il 604950 e 448 60775 35 61.000 « 000 61.000 « 000
2 304750 «188 306675 0219 31,000 « 000 31.000 « 000
23 1 604950 e548 61050 « 548 61.000 « 000 61000 « 000
Z 306700 210 306750 «188 31.000 « 000 31000 « 000
24 1 61.000C «350 61175 595 61.000 « 000 61l.000 « 000
2 304825 « 144 306775 e 174 31000 « 000 31.000 « 000
25 1 604850 «478 60875 «410 61.000 « 000 61.000 «000
2 306675 «219 30725 «199 31.000 « 000 31.000 «000
26 1 606975 o475 61.000 « 650 61.000 « 000 61.000 « 000
? 20 ¢ 150 «188 30e675 «219 31.000 alole 31000 « 000
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TABLE 22. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1s M2s S3s L2

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSFL SEL SEL SEL SEL

GEN ID AVGe VAR AVG.e VAR AVGe VAR« AVG, VAR,
1 1 31,600 14,840 31.800 13,310 344400 8e240 334400 36440
2 234300 44360 234800 5410 24,800 4el60 246200 24560
2 1 334425 4e844 338115 66259 36,800 2160 38000 « 400
2 234825 64394 22,500 7000 25800 1360 234800 5360
3 1k 384600 44190 384450 34698 41,800 «160 41,600 e 240
2 224225 3974 224375 4,934 224800 «560 24,000 34600
4 1 414725 16949 414550 24348 44,000 «800 44,000 e 400
2 224825 leb44 22975 le524 24000 «800 244400 1.040
5 1 434350 1,678 446,100 1790 45.600 « 640 46,600 1040
2 23,000 «850 236625 le134 244600 1040 25200 1360
6 1 47,125 YLe709 464,750 20288 49.000 « 000 49,200 «160
2 246700 «810 246525 899 25400 240 256400 e 240
b 1 484275 «199 486525 399 49000 « 000 494600 e 240
2 244550 «348 244900 o 440 256000 « 000 25400 e 240
8 1 484550 «348 48,525 349 49400 « 240 496400 e 240
2 244550 «348 244525 « 349 25400 « 240 256400 240
9 1 49,350 «578 49,400 « 690 504600 240 50600 240
2 25175 «394 25300 «610 25.800 «560 266200 «560
10 1 50+375 e 135 504250 «538 52200 « 160 £1400 « 240
2 256425 e 494 254375 « 334 27000 «CCO 264400 «240
1.1 1 524450 «648 52350 «678 53800 160 53600 240
2 260575 e 244 266475 249 27000 « 000 27000 « 000
12 1 536775 «175 53850 «128 54000 « 000 54,000 « 000
2 ?7.000 «N0N 27000 «NNO 27000 « 000 27000 « 000
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TABLE 23. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1s M2s S3s L3,

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR, AVGe VAR, AVG, VAR AVG, VAR,
it 1 31LeI975H 15.874 324350 10,878 34,000 44800 334600 5040
2 234675 44,519 244225 44,874 25,400 1.440 244800 «160
2 1 32,050 3.148 32.000 46200 34,800 «560 354200 «160
2 224525 4,199 21.500 10,500 22400 11.840 19.200 56760
3 1 354125 1,159 344,925 1369 364800 ¢« 560 364800 «560
2 224325 86269 21,075 94769 234400 Tebl40 22200 11760
4 1! 37 ¢ 750 1.588 374900 1,040 39.800 «160 39.600 240
2 224200 84660 22775 66924 21.200 34760 21,000 4000
o 1 384950 1.398 39.075 819 40.000 «NNO 40000 « 000
2 2V 5 6el24 21750 5688 204000 olale) 20.000 « 000
6 1 40,000 e NN L0 ,N0ON . NON 40O .N0N Walala LN NNN e 00N
7 20,000 s NNN 20 400N e NOD 20,000 Mslala 206000 MWalals
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TABLE 24. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1ls M2s S3, L&,

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVG. VAR AVG . VAR. AVG. VAR, AVG, VAR,
1 i 32,000 154,650 32,450 1N,548 344,000 44800 33,600 5¢040
2 234675 4,819 244250 4,788 254400 1e440 254000 400
2 1 314850 2.828 32.150 4,378 244,600 e 240 354400 240
2 224425 5e344 21.825 Belilily 20400 8640 19.200 5¢760
3 1 35475 499 354100 «690 36.600 240 364200 «160
2 21125 84909 20.050 T+948 22.800 56760 20600 7 +840
4 1 364700 «410 364800 760 37.800 160 38,000 000
2 20,700 Te410 204525 66399 20000 44000 20.000 44000
5 1 374600 290 37.675 319 38.000 « 000 38.000 « 00D
2 204850 54978 204075 44519 19.000 « 000 19.000 « 000
6 1 38,000 «0N00 38.00N e 000 38.00N « 000 38,000 «000
? 19.000 0NN 19.000 e NOD0 19.n0N Melala 19.000 «000
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TABLE 25« THE PROGRESSIVE MEANS AND VARIANCFS OF RESPONSF AND COUNT FROM
GENERATION TO GENERATION UNDFR SFLECTION FOR R1ls M3, S1s Ll

MALE MALE FEMALF FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR« AVGe VAR AVGoe VAR, AVG e VAR«
1 1 31.750 15,988 304850 14,078 434200 9.660 40750 9.288
2 394950 25,048 384450 21248 334300 11310 31+.550 144148
2 1 334025 18,624 314225 14,974 434300 9810 41900 11.090
2 404550 284748 394200 224360 356450 3e148 324050 94148
3 1 34,000 154250 334975 134374 43,600 36040 436,150 74928
2 406625 18,034 406200 184360 346,850 12.228 356600 11340
4 1 354350 16,878 354525 12,049 426400 5740 434750 9.888
2 394500 124850 40,750 17,088 364800 18.160 366500 84950
5 1 364875 164759 364550 17.698 444,400 56540 434550 66448
2 414575 14,944 40,400 18,140 3864400 86540 386200 12.860
6 1 294250 17,488 39,200 19,660 454250 8.188 436550 46348
2 41,375 24,134 41.275 15,199 40400 10640 40150 17728
i i 39,700 17.810 404550 16,848 44,700 44110 434850 5728
2 414525 174699 404750 14,238 406650 10928 406900 16190
8 1 40,000 12,100 406675 136569 43,900 66490 43,050 2548
2 41450 14,598 396950 14,348 414150 14,928 416400 11.840
9 1 416,275 104749 41300 154910 446450 36348 444500 3e¢750
2 41,900 104440 414350 16,278 414800 12.160 416450 13748
10 1 41,050 15,898 414650 214678 436500 44150 Lt e 200 6960
2 40,685C 12,178 41,150 14,628 41,850 12,528 414300 224710
11 1 424275 18,049 406625 184234 444,650 5828 42.500 44550
2 414725 12,199 404075 15,669 42,650 11.228 406900 11390
12 1 424,325 76369 424575 16,994 43,500 3950 44,400 3340
2 404850 176928 41,725 14,849 42.0C0 6800 44,100 13090
13 1 424625 10,084 43,700 11.660 44,450 2148 444,300 5610
2 41,750 10,938 41,050 12,298 43,600 8e440 43.600 11340

o o T o i e o e o e s e s s i . o . s . g, e . . s . sk e, . i s i < S s S i i, s s S i i D et e sk il i s, i o s s

S
O
N




TABLE 25. (CONTINUED)

L S G e G e o S e e S o . . S S S B o, S 1 . 7t S o 2 o o o e, S o = i, i - S, St S . e o . i, i, e, e e i S Sl i i s i

MALE MALE FEMALE FEMALF MALF MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSFL SEL SEL SEL SEL

GEN ID AVGe VAR AVG. VAR AVG, VARs AVGe VAR«
14 1 434,575 10,594 44,025 9.874 444000 6100 43,900 1490
2 39,825 13,144 404800 12,810 41,500 22450 424650 15628
15 1 444,250 8538 43,725 12.249 444850 4o428 43,850 3¢428
2 41,775 15.274 40,575 13.794 43,500 84950 43,600 12540
16 1 44,400 17.590 43,950 12,698 434550 36648 444,150 34328
2 40,800 Ite710 40,875 16,509 43,750 18.888 43,750 13.288
17 1 44,75C 12,638 43,725 114299 4734350 3,028 44,800 2260
2 40,825 T7.194 424225 84974 434500 14,750 444000 11.800
18 1 44,650 10,978 44,800 12,960 45,500 1650 43,100 2890
2 41,075 18,719 &1 225 54874 444350 10.328 45,850 11.028
19 1 464500 10650 464525 7399 454,250 5.188 444,600 2+ T40
2 &% TG0 144460 414225 15:275 45,800 9560 454250 9.888
20 1 464,950 74698 464950 6948 434700 1810 434850 3928
2 41.250 76938 40875 74909 454,700 10810 466150 18.328
27 1 46 6650 14,178 46975 BeB74 444000 4o 400 bl o 400 34640
2 414,100 12,640 414600 12,260 464150 17728 466050 12648
22 1 464,175 9.894 454550 94348 454050 6e248 454250 2388
2 4%, 725 10.899 417 4825 104594 45,550 12548 L44900 12490
23 1 46 4550 10.198 454850 10,228 454,650 10.628 434450 7148
2 414,350 10,378 404250 9,588 L4 4650 16.028 45,200 60660
24 1 464 TT5 8s774 47.125 14,059 474250 3488 464450 5¢048
2 42,100 13,490 414225 11,824 424900 144190 43,700 23,010
25 1 474500 66950 474400 10740 464800 64560 464350 6228
2 40,475 12,149 404425 9,294 42.900 20090 42,750 18.588
26 1 474,850 84778 484150 6828 484300 44610 464650 5628
2 404200 L1716 404650 9,078 39,000 13,100 414850 22.128
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TABLE 26. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLECTION FOR R1s M3, Sl, L2

. e S . . e, . . . . e S e S S . . . . . . . S . . T T T T " — ——. 1 . o — . . 7 . o . W o - o — o —— . 2. i, oo i s it . S 2 {7 . . o, o ot 2

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEE

GEN 1ID AVGe. VAR AVGe. VAR, AVG. VAR AVG., VAR
1 1 31.600 14,840 31.800 13,310 40,600 86640 41,850 74528
2 38,300 18,710 39,600 224490 32.300 18.510 33.150 9.928
pd 1 34,750 26,338 344225 214,524 43,050 2.648 454,200 11.660
2 394950 23.398 42.050 264248 36.000 17.400 34,300 16910
3 1 364950 20,648 34,325 13,769 44,000 11,100 446950 4 o048
2 39,625 35,934 4N 6825 236744 366850 17228 36500 Te250
& 1 366550 11.048 366075 12,819 45.100 10490 42900 12590
2 40,700 38.,010 386475 376749 37¢550 156448 37200 9560
5 1 364225 15,474 37475 12,749 44,050 11.048 44,700 12.810
2 38,850 37778 396625 44,684 37250 5.888 39.000 8100
6 1 380650 64878 39.500 84150 454800 8460 434550 6848
2 404925 394819 406450 184148 39.700 6510 400300 64510
7 1 404,100 11.290 38,975 154574 454650 5228 434450 5948
2 416275 2Ta199 38725 37249 40300 5310 39,200 15060
8 1 3945175 14,194 39.650 14,078 446150 5128 44,500 11550
2 404375 33,034 40,075 32169 40.300 11210 39500 12450
i 1 406425 11394 40,900 94690 44,350 5128 42450 10148
2 38,850 46,778 37.925 31719 41600 10.040 41400 11340
10 1 40,900 114596 41,325 84419 424,550 Teb48 44,100 64290
2 38,150 28,728 40,500 24,550 426350 6.428 41550 10.048
11 1 41,200 9.660 41,175 Tebl4 42.050 4.848 41,350 6928
2 386375 21384 37500 21450 416500 6550 41300 T«610
12 1 41625 11.634 41225 11.124 43.650 T¢328 436450 5448
2 394525 276549 390« 325 236469 42.300 15.210 41450 8e448
13 1 42,600 94390 42400 9840 42.550 36548 43950 66748
2 38,850 204528 . 404250 22,088 42650 15,728 42,750 11488
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TABLE 26« (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEIN SEL SEL
GEN ID AVGe VAR AVGe. VAR« AVG, VAR« AVGe VAR,
14 Al 444875 Qe 159 444975 12724 434600 36140 426400 46940
2 404475 166599 384950 206448 444900 9890 454950 10648
5 1 46,175 11,444 44,975 CebT4 434,450 36148 44,000 44400
2 384550 18,898 39,475 204999 44,450 174548 43,900 16190
16 1 444,375 8e284 444475 74349 436,200 4¢360 444200 406D
2 39,400 14,740 394375 19,784 42,600 9040 41,900 186190
157 1 436875 66759 43+650 66678 43,800 4760 42400 46940
2 366225 2T« 774 354400 30040 37800 334860 366950 53848
18 1 42500 46850 424700 36210 444100 14190 43,150 1428
2 334925 32969 3364650 27278 346650 28828 34100 18790
19 1 43,175 beblltg 43,000 32850 444700 1.910 44,000 1.500
2 32,800 14,910 31,925 224069 32550 14,848 306550 184548
20 1 436550 3,098 43,775 26124 44,900 1490 44,900 «590
2 30,400 14,190 20325 12:519 31450 136348 294950 17.248
2 1 454350 3528 44,900 2340 466900 «590 46100 e 790
2 306475 8es449 214150 14,228 30500 86450 31600 12940
22 1 464325 2219 464400 1790 47500 e 450 47550 « 448
2 324050 10,198 30550 10,948 31550 13748 306450 Teb48
22 1 47,350 2178 474750 2988 486550 «648 486550 «248
2 306575 13,294 306775 11774 306950 18648 30050 8948
24 1 484775 1e774 486250 24288 49850 « 728 49¢450 e 748
2 304725 154499 306725 12649 32800 11.760 31400 8540
25 i 494,925 1e569 49,925 24569 506900 « 790 516150 le028
2 21150 12.578 20850 Be628 31900 12490 31200 76260
26 1 504625 26885 506750 24738 516950 o 148 52.000 «900
2 31e575 6,094 314150 84378 31300 66410 316100 84190
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TABLE 27« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSF AND COUNT FROM
GENERATION TO GENERATION UNDER SFEFLECTION FOR R1s M3s Sls L3

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSFL UNSEL UNSFEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR AVGe VAR, AVG. VAR AVGe VAR«
1 1 314975 15,874 32.350 10,878 41.400 86940 43,000 7900
2 39,050 21.048 404325 2%.4.169 33,000 19.200 334800 6760
2 1 364550 14,048 34,300 124960 L4 4,400 5940 43,750 6388
2 416450 20,948 38450 484998 37050 15548 35.000 16100
3 I 3945275 124799 346400 12290 4£7.100 34290 446250 6588
2 424875 324659 39,025 62.624 360300 5210 346200 76660
4 1 376475 1.2 ¢899 37,000 13150 44,800 5760 466750 6.988
2 319 4100 634290 42275 466549 37100 94990 36950 11.248
5 1 38,350 124128 3Te225 19.624 464550 4,048 440250 24.888
2 41.30C 59,160 359075 127369 37.600 4e940 37200 10960
6 1 384275 156199 2Re500 164550 47,900 6290 446650 10328
2 414225 75874 27,700 764610 27300 44310 36950 9848
i 1 354950 16,248 354550 14,148 446900 10790 450 400 7 e840
2 36,650 104,628 384700 TT 560 364250 6988 360650 5328
8 1 3566 F5 114019 366575 11,094 386200 1004660 47,850 3528
2 29+65Q0 124,628 386350 126,128 37400 126340 37500 40450
9 1 366300 226960 37400 264540 46,750 4488 45.600 8740
2 386850 974578 266175 110744 366950 6648 37200 10060
10 3! 37 6250 134138 366225 15174 47350 2228 464850 6628
2 39,100 104,990 3T«380  115.628 37100 44890 374600 44340
1Y 1 354025 18.324 356125 19,059 456450 50848 444600 10940
2 3T +050 1124598 37700 714310 360300 5210 354950 9 el 8
12 1 364300 2064110 37,600 17590 466200 2960 454650 2128
2 384625 99,184 384150 TRB.078 37050 10348 37600 5e D40
133 1 346875 86159 35+525 12,049 41.900 12290 396950 204248
2 32w 15 956924 322175 806149 34,900 TeT790 35650 204728
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TABLE 27+ (CONTINUED)

T e e e e i e .t . . e Tt . . o - o ——. . . S o o S " s o7 7o . 72 2 o, . st i . i . s S, i i s . o . st s

MALE MALE FEMALE FEMALE MALF MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEE SEL

GEN ID AVG. VAR, AVGe VAR AVG. VAR AVGe. VAR
14 1 354650 19,528 364350 12,728 454150 4e528 44,600 24540
2 364650 984428 344975 123,924 35,700 66410 354950 36148
15 1 33.¢ EtD 11.794 324600 10,190 41,200 16760 424550 5548
2 30,875 131,059 32.125 1284309 344,100 21890 35000 44700
16 1 324250 5638 334775 11.024 39.600 5540 43,000 6300
2 314050 1164398 344400 1234140 344200 Te460 354300 66510
1ae 1 356625 5834 354,000 8300 45,800 3060 434850 34128
2 386325 104,069 366700 93,110 35.800 3360 35800 34360
18 1 33,200 6.860 32e325 44819 3664400 32840 40e60N 3640
2 284,300 834510 33075 904319 33,050 44348 32900 34190
19 1 34,850 36978 344450 4248 35.000 55700 38950 206748
2 276400 864890 29,750 964438 34,600 5540 34,100 6490
20 1 3241750 7938 326175 7e394 39,500 6450 394850 9.128
2 314600 846940 314515 864894 334550 5.048 334350 34428
21 1 354300 8860 35275 Te299 41600 26340 434850 6428
2 31075 1254269 344775 114,924 34,750 14.588 36+400 9240
22 1 364525 96449 366225 94174 464150 26428 45850 2128
2 384400 99.890 Ste850 110,378 3« 100 l1.310 364800 56660
23 i 354450 4,998 36,100 44890 354700 334610 384650 60228
2 284150 144928 294975 105.924 344,500 5 e950 364350 46128
24 1 384075 44519 27250 3.788 454350 1128 444200 2660
2 37e¢375 112.684 354875 984859 28. 800 1.360 38300 24510
25 1 366825 3e544 26475 3+899 364450 546848 31950 66848
2 294325 796819 26600 634590 364750 4,688 36450 belss8
26 1 364800 6860 364650 44828 42500 8e550 386400 316140
2 344900 754140 30,850 7166228 38050 TeT48 366750 5588
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TABLE 28. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SFLECTION FOR R1s M3, S1, L4

MALL' MALF FC‘M/\LC F—_CM/\.LK MALF MALF F’EMALF FFMA_LF’
UNSFL UNSEL UNSEL UNSFL SEL SEL SEL SEL
B, GEN ID AVG. VAR. AVG o VAR, AVG. AR . AVG, VAR,
il 1 32,000 15.650 32450 10.548 41450 9048 43,000 7900
2 394025 214824 404300 204560 33,100 18490 3324800 6eT60
2 I 364500 12,400 344350 12178 444250 6688 434850 84828
2 41,125 244859 38475 51 ¢ 449 36.60C 144540 354050 14648
3 1 34,150 18,778 4,425 16,094 7.048 444350 5e328
2 qg‘ﬂ75 (\’F,.(Tﬁi B3R L4T5H 706799 34 ¢ 1 0L 84990 25 . 000 9 1600
4 1 3l ¢ 550 10,848 2344200 4O 10 454000 e 50N L4t o Q0N 54890
2 qg.;z7'»‘\ Li‘7hm 38,700 666710 35 o IO o D40 A4 4750 2888
5 1 334675 8.869 34,175 444050 6 o e 760
2 ‘;goqrﬁg’f 'y’::j:“:(‘(\ 36 H2F 11 o D52 3 o 7 O e 28 34, 550 5e548
6 1 344700 PR 34405C e 298 e 85C 434 75¢C 7.988
2 36,850 1 34, .« 24€ «25¢ .
T i 344975 34 485¢C 10407 s 6e54F +h4 e 05T 6o
2 ’26“%\“ :"ey"f Li'ﬂ“»/ 2 ;’ ,”J ! . \ 7 64
Q/ T ’e‘r\o?ﬁ’r "*c,’-r -‘,m K ¢ ] ( 7ol & e 60 8e
? /2707:‘r‘ 7&‘*"“ A‘/eﬂ ’ﬂ [ Q,a"/\( f‘,“
9 1 B34 4675 te 37 6 e ‘ e 5! 454 10C( 6e
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TABLE 28. (CONTINUED)

o o - -

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL
GEN ID AVG, VAR. AVGe VAR AVGe. VAR AVGe VAR
14 1 34,850 2.428 35.400 34590 45.050 2048 45.050 1.748
2 37.000 123,950 39.525 82.949 35.050 2348 35.650 3.128
15 1 346350 2.328 33.750 3.188 41.150 39.828 44,000 1.700
2 30,075 143,569 356625 121,284 34,150 2.928 34,150 3628
16 1 34,025 1.924 34,525 24549 444,250 <988 44,600 1.940
2 35,500 119.650 37.325 111,269 34,200 1.460 34,450 1.648
17 1 33,35C 4,228 33,900 3,240 444,700 2.510 45.050 1.348
2 38,350 91.828 39.375 8l.384 34,350 2.428 34,150 2+428
18 1 334650 4,028 34,625 44,584 444,350 1.728 44,800 1.560
2 35,425 118,044 36,025 122.874 23,800 3.160 34,850 2.228
19 1 336550 3,248 33,300 3,660 43,900 1.990 43,650 4628
2 34,400 125.190 32925 1364419 33.950 2.448 33.750 1.988
20 1 33,025 2824 32.725 24549 43.800 4.660 44,100 1290
2 32,750 136,638 34,175 136.694 33,450 1.548 33.150 20228
21 1 33,925 3.519 34,550 36248 444200 «860 43,400 36240
2 35,825 111,744 34,150 119,078 33,200 20360 346450 20348
22 | 33,950 3.548 35.125 36309 44,050 1.448 44,050 1.848
2 37.825 954244 35,375 119,484 34,850 1.928 35,300 3.010
23 1 344675 2.819 344425 4,194 43,200 3.260 400250 50.888
2 31.850 131.878 30525 120,699 344,350 2.428 34,300 3.810
24 1 33,525 3.849 3349175 LolT4 43.950 l.448 43.300 1.510
2 35.175 127.944 33,375 127,684 33.300 2010 33.650 20328
25 1 32,375 2.384 33,175 3.644 446450 1.348 44,050 l.148
2 35,875 137,009 356525 1264749 33.100 1.790 33.350 1.928
26 1 32,750 2,488 32,850 5.428 434350 3.128 44,200 2.860
2 31675 139.169 31.875 154.859 33.000 1.500 33.200 1.660.
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TABLE 29. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
: GENERATION TO GENERATION UNDER SFLECTION FOR R1s M3, S2s Ll

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEl SEL SEL

GEN ID AVGe VAR AVG. VAR AVG, VAR AVGe . VAR.
1 1 314750 15,988 30.850 14,078 45,700 5610 43,200 44160
2 39,950 25,048 384450 21,248 32900 9.690 32.700 14210
2 1 324925 17.619 31.875 13409 444400 2.040 44,000 5.800
2 40,350 14.678 404350 20,728 36600 Be 640 32.800 10360
3 ¥ 344225 13,924 344450 11.998 46,600 60440 464500 3250
2 40,250 284338 41,750 18,388 33.800 10760 35.700 9.610
& 1 344,350 13,678 344325 134369 444600 4640 46,000 1.800
2 39,450 18.148 40,225 17.074 37300 Te¢610 35,900 10290
5 1 3Te225 9374 354650 154128 48.000 3.200 46.000 3.000
2 42,350 20,128 40,775 14.874 384400 11.840 37100 6090
6 1 37525 10249 37050 144248 45500 2250 46000 2000
2 40,400 14590 41.025 17774 39.700 20610 36800 12560
if 1 386150 17.078 38.550 86798 46800 3560 46700 l1.010
2 414725 18,999 42,300 15,960 37500 6650 384200 8360
8 1 37400 17040 376525 136149 46,000 2600 47.800 2360
2 41,950 1343598 404925 F1s119 384600 25640 38,600 22 e 640
9 1 394350 15,128 384450 254398 45,500 24850 466300 3610
2 41,725 12,849 414,350 19,428 40,600 166440 39.800 144560
10 1 39,225 204524 40,725 13.049 45,600 1e440 47800 «960
2 42,600 76690 42,900 164940 40,800 15960 41300 8010
102 1 40,875 19,509 41,550 11,848 47,100 40490 464900 1.090
2 41,850 16,778 42.000 15200 42600 136640 41.000 11.800
12 1 424125 12,159 42.025 15724 47600 6240 47500 1850
2 420,100 166440 426200 18.610 424400 8040 406100 8090
13 1 41,500 164,200 41,500 134900 47,000 3.000 454300 «810
2 41,900 174190 416075 1064369, . 404600 Beb640 . 434800 . 10560,
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TABLE 29. (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe. VAR AVGe. VAR AVGe VAR AVG e VAR,
14 1 42,025 14,874 42475 14,099 46,000 24800 45,900 «890
2 40,325 19.119 414975 104424 42,200 6160 42,900 5090
15 1 42,400 10,590 424225 Bel74 46,700 3.610 466300 +e010
2 414,375 17,334 41,625 156134 424100 76690 41.300 5210
16 1 41,750 9.838 41,325 10,419 454800 4760 444400 1.240
2 40,450 14,998 406200 136410 41.800 9.560 41400 44240
157 1 41,500 9650 41.600 84090 474100 36290 464200 4560
2 41.075 19.019 41425 16094 42.900 84090 42.300 5010
18 1 42,025 11.374 426225 12774 456200 «560 46100 1.090
2 406625 15.484 42.000 11700 434900 9890 434,600 9640
19 1 434750 9.838 43,825 104694 456900 1.090 45.600 Tel40
2 414225 15.674 404,400 204090 42,600 9.040 43,800 66960
20 1 424,475 12,049 42.900 10,640 464800 4,760 480500 2850
2 41,000 194450 424375 21.884 43,500 9.050 44,500 Te650
21 1 44,075 124519 436450 Be498 46.300 1.010 45,700 1610
2 41,350 13.478 41.675 12369 424200 13.160 42.500 11450
22 1 43,025 10,524 43,150 12,778 47,700 36410 456600 2640
2 41650 23,528 41,000 14,150 43,200 9.560 444400 11040
23 1 44,025 12.224 436825 14,344 464200 2960 464500 56650
2 42,000 13550 41525 15,049 444,100 5690 43,800 9.760
24 1 444100 14,040 436750 12.038 454600 le440 444800 «960
2 41.625 11.484 404850 10.328 426900 18.090 44,000 46200
25 1 434425 144,944 42725 104599 466200 3.760 456400 2240
2 42,300 11.710 416425 9s144 42.000 12.400 400400 46040
26 2L 406775 11.924 406500 13,100 444300 2010 446300 2010
2 40,075 14,069 40,875 Be609 41,200 6960 41500 13050
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TABLE 30. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELECTION FOR R1ls M3y, S2s L2

——— —————— T — 2 —— — o 2 " T — —— — — — . o S T v S oo o o o ——— —— " —— — o S ——— — — —— — T — —— f— o o T T . ] — - . -— —— c————

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR, AVG.e VAR, AVGe VAR AVGe VAR,
1 1 31,600 14,840 31.800 13,310 424800 6160 44,100 24890
2 384,300 18,710 39.600 224490 32800 33.160 336600 Te240
2 1 35650 22,128 34,650 12,778 46,700 44210 460700 10010
2 41,075 24,619 40,200 23360 39,100 8890 35500 8450
3 1 36,000 11.950 374325 84819 464100 34690 45,800 44560
Z 404575 296194 406375 35,084 37.000 9.600 36100 5490
& i 40,325 54669 40400 66040 46100 3.090 46,100 4+090
2 374825 45,944 386,200 384410 39400 3.840 406600 5e440
5 1 404,875 64809 40675 86369 43,600 46440 41600 1640
2 374975 284394 34,700 294360 41600 3.240 406000 7400
6 1 416450 56948 416975 64069 43,300 1.610 43.600 2 e440
2 386800 14,760 3B 715 17424 41,300 4.610 4164600 3.040
i 1 42,050 9,198 41,775 Beb24 44,000 2.000 44,100 6290
2 354875 366709 37500 26,000 41.500 Te¢850 406500 6650
8 1 40,700 12,210 416325 10,819 43,400 1440 456500 2650
2 366025 396924 36600 576940 414500 20850 426100 14290
9 1 42,600 154540 420200 164710 43,700 4410 42900 2490
2 366300 334960 36400 286140 41,800 6960 42,000 6000
10 1 42,800 14,560 43,075 14,019 42.000 1.400 42.100 «890
2 35.875 264959 37400 14,040 424600 56240 41.900 6290
i 1 424625 13,284 424,500 86450 424100 40490 40,900 2890
2 354600 27.090 34,825 21944 44,000 12.800 426200 12760
12 1 43,100 9,040 43,525 10.699 41,200 1.960 41,900 4,090
2 354950 20,148 364350 234478 44,900 2890 43,600 46240
13 1 44,725 86649 44,450 11,548 42,800 1360 41300 1.810
2 374850 14,978 364250 19.438 444200 8¢560 46,000 . 2700
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TABLE 30« (CONTINUFED)

_—_-.—_—__-—_._——-_-—____.....___..—___.__—___._......—-_._____._.___...———_—_———_——_——._-—-———_—.___.-_

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALE

UNSEL UNSFL UNSEL UNSEL SEL SEL SE|: SEL

GEN ID AVGe. VAR AVG. VAR, AVG, VAR AVGoe VAR
14 1 454425 44394 45,000 5800 41.800 26560 414300 4,010
2 364250 21.538 36000 20950 464400 1.840 45,700 4610
15 1 45,850 8228 454500 10.100 40500 1250 40.700 «810
2 354300 16.860 36,175 134694 45.900 5690 46.600 Gel40)
16 1 47,800 6810 47.150 Te¢578 40,600 1.840 42,200 56160
2 34,925 18,369 37.075 18,769 46,700 4810 45,100 3690
17 1 474850 66628 476575 Te794 39.600 10240 41,600 2840
2 344,275 17.249 364500 16.800 46,800 1.960 46,900 6890
18 i 48,250 5.988 47.825 56744 41,500 36650 414300 2210
2 35.900 18,940 364325 144969 47,900 3.290 47,500 3050
19 1 48,900 4,590 486975 4,024 29.500 50250 384500 5050
2 344,425 15,894 34,050 12.498 48,100 6.090 48,800 2560
20 1 474525 66549 48250 5938 41100 le490 41.100 1.290
2 36,700 14,760 37.250 14,038 47400 40040 47,700 le410
21 A ! 474350 6.828 46,700 74610 41,700 2.010 42300 44810
& 354525 276949 35500 29.900 48,300 6210 48000 46600
22 1 47,400 13.840 47850 16,678 41500 26450 41400 l1.040
2 364225 18.274 354550 254348 484200 2360 49.800 4LeT60
23 1 49,150 13.428 49,325 8e419 41.200 le160 40,000 2.000
2 366725 13,999 35875 10459 49.100 6890 50,000 9.800
24 1 49,900 17.840 494225 19.074 37400 e 440 39.600 1.840
2 33,725 9899 344625 17934 48.100 6890 47700 5410
25 )} 49,075 Be419 480275 56549 38.400 1.240 38700 16210
2 344325 10,069 34,750 9.538 48600 46240 47700 3.010
26 1) 504150 4,028 50425 2395 364200 1560 374600 2240
7 32,725 7899 33425 11.494 49,600 2640 50000 1.400
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TABLE 31« THE PROGRESSIVE MEANS AND VARIANCES OF RFSPONSE AND COUNT FROM
GENERATION TO GENERATION UNDFR SFLECTION FOR Rl1s M3, S2, L3,

Tt e S e e S . . S, e . S S S St S S S o S S S — ] . . o, oo, . S i st . S~ . . . S o . o 2 o S o o 2. i — . o s G

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR AVG. VAR AVG. VAR AVG. VAR,
1 15 314975 15,874 32350 10.878 444100 1.690 444900 6690
2 39,050 21,048 406325 21,169 31.200 17.560 33,100 46890
2 1 344575 12.444 334650 9,028 44,000 1200 444400 2840
2 38.850 27.878 38.500 364200 33,700 4410 334600 Te640
3 1f 304550 12.098 31.000 9.050 45,000 50400 43,800 «960
2 364725 91,749 35.150 88,228 33,900 13.890 325700 6210
4 1 31.300 84860 31.900 86490 44,400 e840 44,500 «650
2 324900 125,140 354150 105,428 32,400 4o 440 324300 2.810
5 1 31,925 84719 33,000 74950 454200 l.160 45500 1.050
2 324575 1464194 30,975 '150.024 32.800 1,160 31.600 « 840
6 1 314300 Te810 31.850 6278 44.500 «850 45,000 « 800
2 29,150 158,178 32725 1474999 31.700 2¢410 32400 1640
7 1 346175 34894 344850 264578 43900 1690 29800 99.960
2 26800 101,010 23,050 41.548 32.000 1.600 35,000 1.200
8 1 34,000 54350 34,075 5069 45,100 1.090 464500 1.050
2 346175 111,994 36800 1104960 32.900 l1.690 33,600 «840
9 1 294650 1528 294475 1+799 20700 810 206200 e 760
2 184275 36749 18,075 26519 29700 2.010 29.300 l.210
10 1 29525 14999 3064325 14369 22500 «850 21.900 2090
2 19375 6334 19,250 4,188 30,000 2.200 30.600 1.040
11 1 29,700 2,010 29475 1.849 224200 «960 21.800 «560
2 196650 4328 19.200 44360 29.700 «810 30100 2690
12 1 294525 1799 29.425 26444 22600 0 440 23700 «810
2 19.600 56240 20,000 T+700 294900 1490 29400 e840
1.3 1 286650 1.928 284575 24194 20800 1le760 206600 «840
2 17925 44719 184375 26584 29.000 + 800 296200 1e560
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TABLE 31. (CONTINUED)

e — . . S o o 7 o S — . o — s — . 2 o — — . . o S o o —— . —— o — — ————"——— . - 2. o —— — ————_ . a——: > o o, {— o -, o W~ o — " -

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe. VAR AVGe. VAR AVG, VAR AVG. VAR
14 1 284975 1.974 29.075 24269 22200 « 760 22.300 1.210
2 19775 3.774 19.825 3994 294100 14690 29.900 1.690
ES 1 29.850 34328 294150 3,128 224800 e 760 23500 «850
2 19,725 54699 19.600 10,140 30,300 1.210 29,900 1.N90
16 i1 29,915 26474 29,900 3040 23,000 «800 23200 e 960
2 19,900 66290 19525 84299 30,400 l.640 29,900 « 690
L7 1 29,850 1.428 29.900 24390 23600 240 22.800 «360
2 20,775 5824 19.500 66440 30400 e 240 30.000 1.200
18 1 29.825 le744 29.650 1,728 24,000 « 400 234300 l1.010
2 19.600 11.740 19.625 8e734 30000 « 400 304100 1490
19 1 306125 24409 29.800 34310 234100 «690 22.600 «640
2 T9e375 864034 19+ 325 54869 30,000 «600 30800 1.360
20 7] 304150 1.978 294615 24669 234900 « 490 23.100 1.090
2 19950 9.298 19375 6.884 30,100 e 490 30,900 1.090
21 1 3064575 2094 306300 26260 232100 «290 23400 e 440
2 19975 6el74 206475 6049 30600 e 440 3N0.600 e 440
22 1 30,150 2428 29,700 16360 22300 1.210 22700 «810
2 18,975 64074 18,975 56974 31.100 1.090 30.100 1.290
23 1 30.825 le244 30.800 1.860 23.100 « 090 23.000 e 600
Z 204550 6448 206575 4,944 30,900 «090 30700 le410
24 1 306450 2348 306525 1,999 224800 e 760 22800 «360
2 19.425 6el44 19.800 6.310 31.200 e 760 30600 1.440
Z5 1 31925 el 31.825 26144 21600 1.640 21.800 « 760
2 19,150 36128 19,250 3.388 31,200 «560 30.700 1.210
26 i 314275 le449 3Ll 725 1199 22300 «610 22.200 e 760
2 19.425 46194 k94 275 44949 31,100 1090. ..321s800 e 760
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TABLE 32. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDFR SFLFCTION FOR R1s M3s S22y L4

i, T T . S . — o o . o, Tt T — . s ] o e i . o W S o S T o o o —— o _— 28 r. " T - ——— — o - —— 1 — - S ——— ——

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE
UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL
GEN ID AVGe VAR« AVGe VAR AVG, VAR AVG . VAR

1 1 32,000 15,650 324450 1Nn,548 44,100 2.00N 444,900 6690
2 39.025 ?1.824 40,200 20,56C 31.500 18,650 33100 44890
2 1 34,775 12.324 334 100 10,410 43,9CC « 890 44,700 le810
2 39.100 27090 386675 384919 332,800 LeT60 22,000 400N
3 1 304075 9.069 30,750 Q.188 43,100 1.090 43.500 1.050
2 35.025 89.724 354700 85,710 32200 12760 31.800 9360
4 1 32.40C 8540 31.800 76260 44,700 2.810 444000 e 400N
2 324400 1104840 344725 95,4349 31.200 5960 31.600 2440
5 1 306975 Be624 32350 66178 444500 « 450 454500 e 450
2 3Le125 1564959 B3 025 15267249 32.600 2040 32.200 « 960
6 1 344375 3784 24,700 3210 44,600 1.040 40500 68.850
2 266975 1174274 254600 934090 32.200 l1.160 33.300 2610
s l 324975 Te024 32.600 5740 454300 «810 45,700 o410
2 324350 149,478 33775 1604224 22.100 1.290 32.300 e 410
8 1 32,000 5e¢250 324900 6240 45,000 e 400 45,300 «610
2 334625 150,834 304925 163,269 32.100 1.690 32,400 1240
9 1 34,800 4,110 34,050 2.498 39,800 63.760C 44,500 «850
2 256125 884959 29325 130,969 34.000 l1.600 33200 1.360
10 1 324675 36369 31.625 2984 444,900 « 490 45,800 «360
2 314825 1704994 29+725  191+249 33.100 « 490 32200 «360
13 1 334450 46948 33.700C 5060 45,200 lel60 45,100 «890
2 32175 145.544 32150 144,628 22800 lel60 324300 l.610
12 1 32.625 76234 32100 94290 45,500 « 450 446,900 « 690
2 314425 1704794 284650 160,978 22.5C0 «450 32.800 «960
13 1 33,025 64674 33,600 9.990 45,300 1e610 45,200 e 76N

2 294600 157,190 27225 . 135774 22.100 «890 32.200 1360 ;
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TABLE 32« (CONTINUFD)

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALF

UNSEL UNSEL UNSEL UNSEL SEL SElL SEL SEL

GEN ID AVG. VAR, AVGe. VAR AVG. VAR AVGe. VAR
14 1 33,075 5069 33575 Se844 444900 « 490 44,600 « 640
2 284125 141,509 284825 137,994 32.200 le360 32500 2050
15 1 31,400 56290 304675 44169 46,200 +360 45,200 1.560
2 32,425 184,744 284275 153,749 31.800 «360 31600 « 840
16 1 32,450 66548 23125 56559 44,500 «290 45,100 e 490
2 306550 1514898 28.600 138,540 32.200 1.760 32,300 1.210
17 1 304950 66448 31475 5849 454000 <400 45,000 «600
2 30250 1744388 286225 160.724 321800 1960 32.400 e840
18 T 31,000 Te450 31575 6e2%4 44,900 « 490 45,100 « 090
2 324825 1644794 32475 1694899 31.900 1.690 32.600 840
19 1 304850 5178 316475 56949 45,200 1560 45,200 «960
2 306275 1714649 29.950 167,648 31600 1440 22.800 e 960
20 1 334375 36534 334325 44369 456100 «890 454400 1.040
2 334825 139,644 334575 1384394 32600 1.040 32,300 1.010
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TABLE 33. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDFR SFLFCTION FOR Rls M3, S3, Ll

e o S i o o e s s e i st e sl e A o . e, e, e . st o, o s, e s s i el s s Sl i s s i s s Sl s 4 o s s

MALE MALE FEMALF FEMALF MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR« AVG. VAR . AVGo, VAR AVGe VAR .
1 1 31,750 15,988 30850 14,078 476400 46640 444800 1.760
2 39,950 254048 38.450 216248 33.000 6800 33200 17360
2 1 324525 20.649 32875 10.859 46,200 24560 486400 2240
2 39,400 21.090 406625 214134 36000 2.800 35600 54840
3 1 36,050 13.148 354400 11.190 47,600 8640 49,400 « 640
2 40,150 18,878 414250 20.288 364400 Te 440 35,200 8e560
& 1 34,175 9.794 366425 16.894 47,000 « 400 47400 1.840
2 400300 19160 40600 214490 34.600 13.840 346200 206560
S 1 334875 15.859 35.425 21794 464200 « 960 46,000 «800
2 394625 24,934 40,700 16,760 36,000 13,200 366800 2960
6 ik 37925 84569 376350 124478 464000 e 400 484400 e 640
2 39,700 19.210 40,500 236750 39.800 20560 39.800 15.760
7 1 39.175 154994 39,075 134719 47,600 « 640 46000 1.600
2 40,025 184874 40425 12294 43,000 11.200 404400 6640
8 1 41200 176160 41850 9.878 454400 1840 460800 «560
2 40,625 11.034 406950 16.148 41.600 11440 434800 4160
9 1 43,675 12.369 43,150 T.878 464800 2160 47.000 1.600
2 40,850 12.128 41.525 12.049 44,400 5.040 44,200 3760
10 1 444,525 64399 43,475 10+349 45,400 « 640 47,600 1.840
2 41,650 84378 40,975 144174 444600 12.640 43,000 1600
11 1 44,025 9.624 444850 15,478 48,200 Be560 46,800 560
2 40,800 19.410 40,500 17,600 404000 14.800 446400 7040
12 i 45,075 9.069 444475 104499 47400 « 640 460200 «560
2 404650 10,928 40350 9.328 394600 66640 43,200 5360
13 1t 444,250 11.338 424975 4,624 49,200 20160 484800 2560
2 41,625 13,184 426525 154349 416400 36840 426400 6640
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TABLE 33. (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALF

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN ID AVGe VAR AVG. VAR, AVG. VAR, AVGe VAR
14 1 42,600 13,490 44,100 94090 46.600 le&40 47000 1.200
2 42.300 144210 41.850 12.728 41,000 10.800 43,000 10.800
1’5 1 434,425 23244 424450 21048 50.800 5360 484400 12640
2 40,500 84550 40,800 6760 39.800 Te760 41.000 16.000
16 1 486500 12,600 4Be525 94249 536600 « 640 52.800 «560
2 394550 12.248 386475 10,299 39400 106240 37200 12560
17 1 534850 5,228 53125 56060 556200 «160 55200 ¢ 160
2 364750 T.088 37.100 8590 364000 Te600 37800 8560
18 1 554225 34275 554150 3,078 574800 «560 576400 « 640
2 344400 Te240 346,475 74099 334400 36440 344400 13840
19 ik 57700 1.760 57« 750 2038 584600 e 240 58800 «560
2 34,025 L4o274 34,500 6200 334200 2160 34,200 Te760
20 1 586475 «900 58850 1.728 59.000 + 000 606200 «160
2 326575 3794 32.950 4.098 32.200 2.160 336400 1840
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TABLE 34. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENERATION UNDER SELFCTION FOR R1s M3s S3, L2

o . ——— — . — —" . — . o — o o — —— —— ——— —— — o —— o o o i S o . . i . S s T . i . s o el . s i ot o s S o . b o T . - T o}

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALF

UNSEL UNSEL UNSFL UNSFL SEL SEE SEL SEL

GEN ID AVGe. VAR« AVGe VAR« AVGe VAR AVGe VAR
1 1 31600 14.840 31.800 13.310 444600 5040 45.600 1.040
2 386300 18,710 39,600 22490 294200 12960 334600 13.040
2 1 324800 11660 33,875 10,909 46,800 1360 48,800 3360
2 41,900 14,240 41275 21049 34,200 20560 35.800 6960
3 1 306200 15,510 306525 156499 43,800 2960 45,600 5840
2 35,050 566948 366225 49,024 30,600 36440 31,800 4el60
& 1 324775 12.274 33.250 86738 43,200 5760 43,200 «560
2 306825 556744 32.600 57690 35.000 64000 37800 2960
5 1 344450 66498 336250 5488 36600 3.840 33.000 1600
2 294300 18910 26.675 13.619 36.600 6240 34,200 12160
6 1 3Te215 7299 3Te550 66048 374600 20240 38600 1840
; 2 32,250 12338 33,6325 12.619 38,000 2000 37.000 « 400
T 1 39875 5209 404175 3ebb4 404200 2560 39.800 Be560
2 306925 266569 30.850 294978 38400 1.840 38.200 1360
8 1 40,875 6209 414450 44848 37.000 2800 37.800 2960
2 314500 13,550 826275 13,849 39,800 66160 40800 2960
9 1 404775 5774 406625 56834 39,000 2.000 37.200 «160
2 324950 14,098 31.825 10,694 39,600 3440 41,400 50440
10 1 40,625 44834 41.000 5500 38,000 « 800 38,800 «560
2 31« 750 22.638 324425 24,094 416200 2960 39.800 1.760
| 1 39,600 46240 394200 34610 354200 «160 35.800 2560
2 274825 18,394 284150 16,128 41,000 1.600 40,400 1.840
12 21 40,850 44528 404400 44590 35.000 « 400 36.N00 « 400
2z 284,900 20,090 28.525 21699 42,400 « 640 40200 2560
13 1 424575 3794 42450 6498 366800 560 366000 « 000
2 306475 156749 30,000 12.550 406600 1.040 40,200 20160
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TABLE 34. (CONTINUED)

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN- D AVGe VAR AVGe. VAR AVG. VAR AVG. VAR
14 1 43,300 3,110 43,250 5788 326200 ¢ 560 32400 1840
2 286925 34869 284450 54698 426200 2,960 43,200 66160
15 1 414925 3.669 424425 Tel94 32,200 « 960 32.000 1.600
2 284350 5528 28600 56040 42,200 3360 41.800 3760
16 1 42,000 54550 42275 36549 33,200 1.360 33,400 1.040
2 284950 T+.598 28675 8.769 424400 60640 42,200 1760
2 1 43,100 44,490 43,200 44,810 33,200 «160 32,400 16440
2 284900 86840 28500 Te450 41.800 3,760 42,800 36360
18 1 42,925 44819 424225 46124 30.600 2« 640 30600 « 640
2 264600 56440 266325 5219 45,600 1.840 446400 40240
19 1 434975 36924 44,050 36598 306200 «160 31600 2240
2 264900 3840 27200 5360 43,600 1.840 444000 2000
20 1 45,025 36674 454475 24699 21200 «560 31.400 e 240
2 274950 46948 284325 74019 45600 2240 45,400 1e440C
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TABLE 35. THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENFRATION UNDER SELECTION FOR R1s M3s S3,y, L3,

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SkL Sk SEL SEL

GEN 1ID AVG. VAR AVGe VAR AVG. VAR, AVG . VAR.
1 i 31,975 15,874 324350 10,878 45,000 l1.200 46800 6160
2 39,050 21,048 40,325 216169 32.400 184240 336600 46240
2 1 346725 34799 344,600 5390 464000 1.200 47,200 «160
2 394,750 14,538 39.800 194460 32.600 240 32.600 1840
3 1 27600 1990 27550 1.748 21000 36200 21400 e 640
2 17925 34619 17750 4,538 28.200 «560 29.000 1.600
4 1 286175 lel44 28.500 1.700 22.200 «560 21.800 «160
2 18,775 LelT74 19.350 34178 284800 1760 29.200 «160
5 1 28,150 26528 284625 24934 21,200 160 21.600 « 240
2 18,800 2,910 18.625 36834 27400 « 640 286200 e 960
6 1 254700 «810 254625 26234 18800 160 18.800 ¢ 160
2 16.075 2919 154925 36719 266200 «160 27400 1840
7 1 264000 24700 266175 36044 19.000 « 000 19.600 0240
2 164375 36684 166425 36944 26600 16440 27200 e 960
8 1 264500 2,000 264325 16669 19,200 «560 18,000 «0NO
2 16325 2.669 16.050 1.698 27000 800 27.000 « 000
9 1 264825 1,794 26775 «974 18.400 e 240 18.200 «160
2 164300 26310 16.500 2,000 264600 240 26800 «160
10 1 264350 1578 26700 1660 184600 240 18400 240
2 164100 24740 15.900 2590 26400 e 240 266600 240
11 1 264300 2410 26500 1700 18.800 «160 184600 240
2 156850 2928 16175 1994 26200 «160 260400 0240
12 1 266225 26274 264275 24499 19.000 « 000 18400 240
2 16.075 4,269 15.875 24259 26000 « 000 26600 e 240
13 1 26,050 1.998 264750 1,738 18.800 «160 18,400 240
2 1664175 24944 16300 1760 26200 0160 26600 0240
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TABLE 35. (CONTINUED)

—— o . . " e S o S . . G . o . . . . S — . T o . S o — — " — . T —" " 2 2 . <7 s, S o 1 . Sl . . S . < . . e o o . . S £ . S ol . S <o < s

MALE MALE FEMALE FEMALE MALE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSFEL SEL SEL SEL SEL

GEN ID AVGe. VAR AVGe VAR AVG. VAR, AVG. VAR
14 1 264600 2440 26075 1,819 19,000 « 000 18.200 «160
2 16,375 3,184 15,925 26569 26000 « 000 26,800 160
15 1 264550 1,298 266550 1.948 18,800 «160 18,200 0160
2 16.650 2,078 16,200 1,760 264200 «160 26800 «160
16 1 264525 16849 264225 le624 18400 240 18.400 « 240
2 164300 24560 16.075 1.969 26600 240 26600 e 240
17 1 266475 24199 26850 1.778 18.000 « 400 18.000 « 000
2 16,200 1.860 16.200 1.860 264400 « 640 27.000 « 00N
18 1 264625 2034 264575 1.994 18.600 0240 18.000 e 400
2 16,500 26550 15,800 1.760 264400 240 27.000 e 400
19 i 26,925 1.569 264825 2194 18.400 240 18.600 0240
2 166425 l.944 16300 2860 26,600 240 264400 0240
20 i 264675 1,969 264900 1.490 18,000 « 000 18,600 240
2 15,925 26269 16225 26774 27000 » 000 264400 240
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TABLE 36« THE PROGRESSIVE MEANS AND VARIANCES OF RESPONSE AND COUNT FROM
GENERATION TO GENFRATTON UNDFR SFLECTION FOR R1ls M3, S3, L&,

MALE MALE FEMALE FEMALF MALFE MALE FEMALE FEMALE

UNSEL UNSEL UNSEL UNSEL SEL SEL SEL SEL

GEN 1ID AVGe VAR, AVGe VAR, AVG. VAR AVG, VAR
1 1 32,000 15,650 32.450 10,548 454200 1360 466800 60160
2 39,025 21824 40.300 204560 372.800 20560 33,600 46240
2 1 34,775 36374 344400 44490 46,800 2160 47.000 « 400
2 40,075 13,169 39325 18,719 33.000 1.200 32.800 1.360
3 L 27,875 1.559 28.100 1le540 19.600 e 240 19,600 240
2 16.675 36269 17.275 26149 28400 240 28.400 «240
4 1 284200 1.310 284250 1.688 206400 «240 20200 «160
2 17775 26924 18,100 2040 27600 240 27800 «160
5 3 284225 le774 28,050 1.948 19,600 0240 19.600 240
2 174225 26224 16,875 24459 28400 240 28. 400 «240
6 1 28,400 1.640 274900 1.890 19,800 «160 20,000 « 000
2 17.200 36260 17.550 24348 284200 «160 28.000 « 000
7 i § 28,300 1.960 284225 14974 19.000 « 000 19400 240
2 17.075 26119 17.075 24619 29.000 « 000 28,600 240
8 1 286850 1528 28.825 le794 19400 240 19.000 « 000
2 17125 26459 17.150 1.628 28600 240 25,000 «000
9 1 29,225 1.974 284875 14759 19400 0240 19,400 0240
2 16,900 26190 17.100 1.990 28600 240 284600 240
10 1 284500 1.450 280350 1.578 15.600 240 18.800 560
2 17.100 24590 16.875 24359 28400 0240 284600 1.040
15 1 284525 le249 28,175 1.694 19,400 e 240 194200 160
2 17.000 2350 16.825 2.444 284600 e 240 28,800 «160
i 1 284375 l1e584 280800 1e410 19600 240 19.000 e 000
2 17075 2469 17175 1.944 28400 e 240 29,000 « 000
13 1 28,600 1840 284850 2,028 19,000 « 000 19.600 240

2

17,075 1969 17.350 20028 25000 « 000 284400 240
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TABLE 36. (CONTINUED)

e e S S s S . . e o s s Gy S i e, s o Sl s St s Al e, S . et s S e e i S . s g . s e S s s i s i i i o i s i S e i e o

MALE MALE FEMALE FEMALF MALE MALE FEMALE FEMALE
UNSEL UNSFL UNSEL UNSFL SFL SEL SEL SEL
GEN ID AVGe. VAR« AVG, VAR, A' G VAR AVGe VAR
14 1 284675 1.719 28650 1.928 19.600 240 19.400 «240
2 17375 2,484 17175 2694 28400 240 284600
15 1 284725 l.749 284550 le148 19.800 15 1945400 TREERRe
2 17.325 26469 17.350 2678 284200 «160 28600 240
16 1 28,200 24360 28.450 1.248 19.400 240 19,200 «160
2 16950 2,248 17450 1548 28600 e 240 28800 «160
17 il 284375 1,834 284725 1,299 19.600 0 240 19.200 «160
2 17225 1.924 17.250 2.438 286400 « 240 28,800 «160
18 1 29,025 1824 28,300 1,860 18,800 «560 19.600 «240
2 17175 1.494 17,075 2769 29200 «560 28.400 240
19 1 284600 246440 284550 24298 19200 160 19,200 160
2 16,700 24560 17,125 1,909 284800 «160 284800 «160
20 1 284825 1.294 28,700 26360 19,800 «160 19.200 «160
2 17.600 1.990 17.275 1,499 28.200 «160 28800 «160
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TABLE 37. INTERCEPTSs RATE OF CHANGES, QUDRATIC COFFFICIFNTS AND R SQUARFS FOR
ADDITIVE MODEL.

T T T e e e e o e e e S g s e . e e e, e e, S e . et s st s S e . e S S s S i, S et . i, e, e il . i - b e it s < st G s il e e s e i o

POPULATION SELECTION LINKAGE BO Bl B2 R SQUARE
1 1 1 31.7817 30268 ~+07018 s99776
1 1 2 32.5633 269449 -e07432 «99603
1 1 3 377513 1.0867 ~+¢01995 «92559
1 1 4 34,7664 26598 ~e14791 « 94998
1 2 ) 32.5582 469890 =~ 19230 «99916
1 2 2 37.2407 3.0099 —-e08484 «98354
1 2 3 38.6275 2417252 -e10425 «94170
1 2 4 3565237 45983 -¢30892 «92211
1 3 1 315527 53773 ~e21537 «99709
1 3 2 35,6042 345135 -+.10888 «96659
1 3 3 37.6773 28395 -e14370 «89743
1 3 4 31.6400 Te3743 -e 72856 e 97606
2 1 1 31.0413 3¢2214 —.07883 «e99731
2 1 2 31.6928 31333 -.08194 «99584
2 1 3 3762134 1.1566 -.02200 «90791
2 1 4 33,2564 31571 - 18427 «91393
2 2 it 31.6373 51287 -e19674 «99868
2 Vi 2 367172 3.0760 ~.08683 e 97844
2 2 3 3664055 32763 -e13337 «95216
2 2 & 33.0827 53024 -e35952 «95376
2 3 1 325927 50178 ~«18950 «99510
2 3 2 3603483 34381 -e10718 « 97872
2 3 3 38,9000 24516 L 11757 «90851
2 3 4 3347200 654473 ~ 464999 «95417
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TABLE 37. (CONTINUED)

e e e e e . e . . . . . . e e . S e, s S e . S, S B . . . S e i e e . et e S s, . S e S, W e e . s S50, s, . et Al . e . e . s i . e s o . s e s

POPULATION SELECTION L INKAGE BO B1 B2 R SOUARF
3 1 1 29,0199 31259 -« 06879 « 29800
3 1 2 29,8027 31204 - 07676 e 99665
3 1} 3 34,6520 14222 ~e 02957 «92952
5 3 4 313531 7 «9999 —-e14828 «96889
3 2 1 276436 52835 -¢18604 «99968
3 2 2 3264247 3.4879 -+09791 «98743
3 2 3 32.9423 36558 -0 14429 «96943
3 2 4 2969416 53450 =e 31517 e97212
3 3 1 2661252 56268 -e19652 «99820
3 3 2 3063472 4.0131 -+11828 «97913
3 3 3 306692 L2734 ~e21923 «95305
3 3 4 2446725 846815 -+ 75133 «e99734
4 1 a1 2842707 362855 -e07546 e 99746
4 1 2 2849502 343063 -+08429 «e99660
4 1 3 34,3107 14746 “~¢03115 «91974
4 1 4 3061902 34505 ~-+18204 «95754
& 2 T 27.0855 52830 -e18141 «99958
o4 2 2 32,1198 35639 ~+10160 «97785
&4 2 3 315046 369965 ~e16220 e 96694
4 2 4 2845068 5 TLT9 —e 34285 e 97044
4 3 1 271498 52450 -+ 16806 «99798
4 3 2 3065215 440511 ~e 12262 «e 97407
4 3 3 307278 4e2402 —e21622 e 34578
4 3 4 240??2: 90083? _l81026 009?64
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TABLE 38« INTERCEPTSs RATE OF CHANGESs QUDRATIC COEFFICIENTS AND R SQUARES FOR
DOMINANCE MODEL.

_—.—___.__._—___-.__._-_.__.__.....___._.__.____—__..__——__.__-..__—__..-___—__.__—_'._._._.__... ——— —— — € - - o — .

POPULATION  SELECTION  LINKAGE BO B1 B2 R SQUARE .
1 1 1 2543432 2.3398 -.02985 «99494
1 1 2 2846973 1.8904 -+03291 «99568
1 1 3 3042011 1.0968 -.02326 +96253
1 1 4 30,3923 +8873 -+01200 «98564
1 2 1 3042956 3.0050 -e06937 «97013
1 2 2 2944100 342331 -.10685 +99328
1 2 3 29,6083 2.7164 ~.16931 «98996
1 2 4 31,1000 1.5079 -+ 06060 «99498
1 3 1 3343485 2.9373 -.07135 «92246
1 3 2 3049318 A b1 27 ~e16487 «97483
1 3 3 3044800 300057 ~.22856 «96405
1 3 4 3143400 244279 -.21785 «97469
2 g 1 26.0778 242295 ~+02593 «99399
2 1 2 2848618 1.8485 -.03128 «99396
2 1 3 29.6134 11754 ~-+02572 «96460
", 1 4 29.9657 «9508 -.01391 «98769
2 2 i 29.8398 3.0614 -.07089 «96851
2 2 ) 2943266 342615 ~.10834 ¢99162
2 2 3 2946450 2.6157 -.15794 «98731
2 2 4 30,8417 1.5928 ~e06628 «981381
2 3 1 33,0852 29485 ~.07136 «92634
2 3 2 31,3409 345564 -.14290 «97997
2 3 3 3048400 2.7886 -+19999 «93227 -
2 3 4 31,6600 2,17721 ~.18213 ¢95415 .




TABLE 38. (CONTINUED)

o —— — — s . i . i o o T . — ot S . . . . . " o, o . . . s . o T . . o —— o — — . — . " s . . — . - . o o S o . - . — o —-— — ——— —— —R— ——", —

POPULATION SELECTION L INKAGE BO B1 B2 R SQUARE
3 1 1 28,0607 15620 «00137 «98860
3 i 2 2847547 le6664 -e02429 «99129
3 1 3 30,2802 1.0227 =+ 02075 «96783
3 1 4 3064771 « 7952 -.00890 «98188
3 2 1 2649709 3.2101 ~e0T7219 « 98060
3 2 2 274172 31150 -.05131 «99134
3 2 5 28.4534 25282 ~ 413522 «93311
3 2 & 3062063 1.3114 ~ 403152 e95453
3 3 1 287762 33231 -«07921 e94732
3 3 2 279142 38946 g 15279 e 98404
3 3 3 2946925 18624 -¢01115 ¢e93593
3 3 4 298975 19619 -.09240 «91992
4 1 1 2845447 l1e4647 e 00542 «98755
4 1 2 29,1375 1.5879 -¢02156 «99233
4 1 3 3064190 1.0080 =~ 202052 «97666
& 1 & 307210 o T 125 =9+00835 «98874
B 2 1 274388 3.1601 -«07101 « 97937
4 2 2 273166 3.1961 -.09664 «99032
4 2 3 28.0988 25902 = 137TT e 94044
4 2 4 29,6271 14649 -« 04042 «95156
& 3 1 29,1276 32620 ~e0TT39 e94765
& 3 2 2766239 369475 ~«¢15506 «98215
4 3 5] 291925 21410 -e04686 e95467
e 3 & 29,0650 24037 ~-e 14552 . 91974 .
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TABLE 39.

INTERCEPTS,

RATE OF CHANGES,

QUDRATIC COFFFICIENTS AND R SQUARES FOR
COMPLETE DOMINANCF MODFL.

—_____._____.___———_—..._.___.____...___.._.____..__-_.____.._.__.__._.._..__.__._._...—_.-.—._.-._....___-__—..—__—_._.._.

_.___.______.______.__.__.___.__._.._—-_._.__.___—__._.__________._.___.____._._._____..___.______-..-..___

W LW ww

=

SN £ ON -

£ DN

42.8779
45,7138
4544166
4346536

446656
454461
516133
44,0663

49.8861
479114
433881
41.8842

44424873
45.1871
4665405
42.9654

45,1372
45447473
5244136
43,7264

4941579
465830
4146568
41.0089

02672
—u2307
—~2.90098
« 0698

-1.1510
=1.5090
-4 42590
-3.9588

~e1639
~e51L85
s 20,

«2133

«2038
‘02406
—-28827
«0898

=1e0451
= 142269
‘308799

=30 T TBT.

«00624
«03284
-000493
~«00567

-e00937
-.001472

« 06833
~-+00026

«08272
« 03473
«16093
«15208

« 01064
«02888
e 00651
—-e0NB4H

~«00716
-«0N143

«06568
- 00044

« 07956
+02182
14525

« 14508 .

«92223
28724
22230

& 294527
e 79532
e 76000
«11077

«86496
« 79842
+67155
«58293

«78003
«89634
e 17484
«21704

« 27701
81246
e 77047
«13415

«92805
«87901
e 64945
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TABLE 39.

e o o . s e e e s S . s i . S o i, St s S o . o, S S e e o i . . S G S - o gt S

Wwww

EaER S

Sl S

. i e e . S S . . s S o Tt . i 2 7 . o S, . . i S o, o S — o v G

{CONTINUED)

NNNN bt e et W www

W W W W

33,9502
3645657
33,5335

29.9899
34,2953
33.9374
32,2164

32.4883
29.4860
3249852
32.0720

31+3957
34,3214
37«4849
3441137

3046409
34,0159
3344041
32.0289

3241379
28.8961
32647947
32.0369

1e3141
«9982
- 4642
e 1464

«5894
le442]
—1.1063
-06408

141775
e 5464
~e4098
«0882

12382
—e4001
«1968

«6439
165460
-1.0930
=0.6222

—+02368
«00284
«01140

-+00615

-+ 03259
-«01485

«01314
_000819

«03296
-e003626
« 04230
«02520

«00287
«01581
=e00523

-«03068
~+e01617

«01157
~oOTL137

« 03137
- 04043
« 04202
02447

«25127
«35200

«95413
¢33491
e 43072
« 06637

«91779
«B7425
«67335
« 40675

«98198
«23141
«36093
e 45473

e 24632
«923755
«35980
«10219

«31708
«90874
«66072
«38040
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Appendix G; Figures of results
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Graph 1. A. Additive model: Number of generations
as a response in unselected population

5/40 .003

Graph 1. B. Additive Model: Maxinum fixation values as
a response in unselected population
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5/40

Graph 2. A. Additive model: Linear rate of genetic
progress in unselected male population
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Graph 2. B. Additive model: Linear rate of genetic
progress in selected male population
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10/40
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Graph 3. A. Additive model: Quadratic rate of genetic
progress in unselected male population

Graph 3. B. Additive model: Quadratic rate of genetic
progress in selected male population
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Graph 4. A. Complete dominance model: Linear rate of
genetic progress in unselected population
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Graph 4. B. Complete dominance model: Linear rate of
genetic progress in selected population
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.003

Graph 5. A. Complete dominance model: Quadratic rate of
genetic progress in unselected population

Graph 5. B. Complete dominance model: Quadratic rate of
genetic progress in selected population
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Graph 6. A. Over dominance model: Linear rate of genetic
progress in unselected population
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Graph 6. B. Over dominance model: Linear rate of genetic
progress in selected population
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Graph 7. A. Over dominance' model: Quadratic rate of
genetic progress in unselected population
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Graph 7. B. Over dominance model: Quadratic rate of
genetic progress in selected population
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