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TT{E EFFtrCT OF SELECTION

CORRELATION OF T[{O

ABSTRACT

ON TFIE HERITABILITY AND GENETIC

QUANTITATIVE TRAITS IN M]CE

by Tsang 1Kay Cheung

This stucly vras to exaniine the effects of different
intensities of single trait dí rectional selection oïì the

heritability and genetic correlation of the selected pr:imary

and correlated traits Ín random nat:l-ng popul-ations of mice.

The traiis under investigation \.^/ere six-v¡eelc body weight

and six-weelc tail length. These two traits are quarrtítative,
easil-y measured and expressed in both sexes. The mice were

divÍded at random Ínto five groups (4, B, C, D and E).

Group A was under 30 percent mass selection for large six-
weelc body weight and Group B was under 60 percent mass se-

l-ectí.on for large six-rveek body weight. Group c and Group D

were under 30 percent and 60 percent mass sel-ection for long

sÍx-week tail length, respectively. Group E acted as a con-

Ërol- group with no selection applied. Mating in every gioup

v¡as random over the period of the experiment.

It was found that direct selection
on heritability of the trait selected

indication tl'rat the heritability of the correl-ated

changed" The heritability of six-week tail length was

had

for
no apparent

and thereeffect
lvas no

trait



higher than the heritabilÍ-ty of si-x*weelc bocly iveight. The

estimates of herítability of síx-r¿eek body rveight ranged

from 0.00 f 0,30 to 0"59 + 0.49, while estimates of herit-
ability of six-week tail length rangecl froni 0.19 -L 0.29 to

0.74 + 0"35. Tirere rrras no significant difference among the

genetíc correlatj ons between the two' traj-ts 'in the five se-

l-ection groups. Estimates of real Lzed genetic correl-ation

between six'-week body lveight and six-week tail l.ength ranged

from 0.35 to 0.4.40
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INTIIODUCTION

auantÍtative geneti-cists ha.ve long been a\^rare that cor-

rel-ated responses are cornmon in populatíons under diffe::ent types

of selection. The primary implicatí-on of. a correlatecl response

Ís that the character uncler sel-ection is genetically correlated

¡¡ith another character, although other parameters can affect
the magnitude of the correlated respoÍrso.

There has not been enough stucly of the effects of se-

lection on the genetíc correl-ation betiveen traits and on the

correlated response of traits not under select:i-on to adequately

account for their behaviour or to ansrver questÍons such as to

what extent correlations can be changed by selectíon, over how

many generations correlated responses continue, or what is Ëhe

toËal correlated response when the selection limit is reached.

The present investigation was to examine the effects

of different intensities of sing1e traÍt directional selection

in random mating populations of mice upon the genetic correla..

tion between the sel-ected trait and other traits noi selectecl

and upon the correlated response of traits not directly selecLed.

Al-so of interest rvas the effect that different l-evel-s of herit-
ability in the sel-ected trait uright have oir genetic correlation

and rvhat changes might restrlt in the he::itabilities of both

the selected ancl correlatecl traits themselves .



REVIEI^I OF LITEIìATURE

Sel-ection applied to one trait generally results in
correl-ated changes in other traits not uncler selection. This

tcorrelated responset depends primarily upon the genetic coï-

relation. The followí-ng statement by'Darwin (1-875) indicates

that he had noted the ímportance of correl-ated variation:
ItHence, if man goes on selecting, and thus augmenting, any Pe-

culiaritye he will almost certaínly modify unintentionally

other parts of the structu.re, owing to the mysterious larvs of

correl-ationrr c

According to Fal-coner (1960) r the genetic cause of

correlation is chiefly pleiotropy" Pleiotropy is s:i.mply the

property of. a gene whereby it affects two or more characters;

Íf. the gene is segregatitg, it causes simultaneous variation

in the characters it affects. The degiee of correlation arising

from p1-eiotropy expresses the ex{:ent to which two characters are

influenced by the same genes,

Other possibl-e causes of genetic correl-ation are

usual-ly regarded as minor or transient. For exampl-e, Lush

(1948) stated that linkage can be an important cause only in a

population where either. the coupling or repulsion phase of the

double heterozygote is far more abundant than the other. Such

a condition woul-d only persist for a few generations after a

cross because Ín a freei-y interbreeding population, the coupling
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and repulsion phase of the double heter:ozygote tend rapidly to
become ec1ual1y frequent.
' Lerner (fçSg) presented a simple theoretical model,

suggesting that the genetíc co::relatí-on betr.r'een tv,ro traits rvould

eventually become negative if selection rú/ere applied to both

Ëraits sÍmultaneously' Those al1eles which affect one tráÍt
al-one or both traits in a p1-us direction would eventually become

fixed uncler selection for both traits while those all-.eles having

a negatÍve effect on one or both traits woul-d be eliminaied.
l'he net result of sel-ection woul-d be to leave segregating only

those alleles which have opposite effects or-ì the trvo traits re*
su1-tÍng in a negative genetic correlatíon. Lush (LglB) makes

essentiall-y the same poÍnt when discussing the effect of selec-

tion on genetic correlation. lrlhil-e this theory seems sound,

there has been l-ittl-e research reported on whether the theoreti-
ca1 treatmenL of correl-ated response to selectÍon in terms of
genetic correlation is adequate to expl-ain the responses real- Lzed

in experimental results ! .

Falconer (1-953), selecting for I-arge and small body

si-ze at six rveeks of age in mice reported changes over time in
estimates of genetÍc correlation among various correlated traits.
The correl-ated response of tail- 1-ength to sel-ection for body

size became Ír::egu1-ar after generation five; the large l-íne

showed little further increase in tail length but the small line
showed a sucJclen and rapÍd decrease from generatíon eight oruvarcls.
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He suggestecl that the apparent cessatíon of correl-atecl response

ín tai-L lengl-h in the l"arge line after genei:atí-on fíve míght be

due to the genetic cori:el-ation between body weight and tail-

l-engLh having been brolcen down but emphas Lzed that the facts

were not cl-ear enough to warrant speculation on this point' The

observed correlated response of L2-day weight was al-so írreguLar.

The large line Íncreased rapiclly until generat-iori four and then

showecl no further increases. The sma1l line, on the other

hand, showed l-ittle decline up to generatÍon five, after which

the deci-ine was rapid o

'The correlated response of weaning weight cliffered in

Ëhe two l-ines. The decrease in weaning weight in the small line
Ìn7as nuch greater Ëhan Ëhe increase in the large line" The

Large line increasedby about 0.5 gm. whÍl-e the small line de-

creased by about 2,5 gffi. ¡ so that the change was about five

times greater in the small 1íne. The cause of this as¡nnmetry of

response could not be determined but it v¡as suggested that it

might be due to inbreeding or that weaning weight was a component

of fitness, so that more l-itters with a sma1l weanÍng weight of

offspring were produced.

Rahnefeld g! gL. (tgøA) studied the genetic correla-

tion between growth rate and litEer sLze in mice" The genetí-c

correlation and additive genetic covariance of post-weanirrg

gain and l-iËter size \,vere estimated for a genetical-ly variable

popul-ation of mice during a 29 generation span in which recur-
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rent sel-ection for post^vreaning gain was practiced, Estinates

indicated a high positive genetic coi:relation (0"89) between

the two traíts and no cl-ear :'-ndication of change in r.esponse to

selectiori was observed dui:ing tlne 29 generatiorrso Rahnefeldrs

report of this positíve response of 1j-tter si-ze to selection

for post-weaning growih is comparable to the responses in litter
sLze that MacArthur GgAg) and Falconer (1955) observed in popu-

l-ations sel-ected f.or Large body "tru" Holever, in their experi-

ments, the correlated response ceased afte:: a very few genera-

Ëions (five in one case and six :l-n the other). This dif ference

is probably a function of the difference in selecti-on criterÍon.
For dams of equal sLze, there woulcl be a nggative correlation
beLween l-itter sr'-ze and weight of offspring a.t 42 or 60 days and

a result:l-ng tendency for mice largest in size to be found in
smallei: l-itters. The litter size effect on post-weaning groivth

is much less Ëhan on weight at lt2 days ancl not sufficient to

dampen the correlated response"

Clayton e][ q1. (L957), studied correlated response in
Drg,qoJlbila g-eJ3111gggglg5. They found that the genetic correlation

betrveen the primary trait (abdominal- bristl-e number) and the

secondary trait (sternopleural bristle number) was sma1l though

positive (0.05 to 0.1-0) in the base popul-ation. Moderate agree-

ment with predicted correlated response r,ras observed in the

earlier generations whil-e inbreeding r.^ias quite lotrv, The cor-

related response became entirely unpredictabl-e with further se-
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lection in later generations. They concluded that íf the genetic

correl-atj-on is 1-orv, to measure it by correlated respo¡se is un-

v¡ise, unl-ess the inbreedilrg each generatíoÍì call be kept at a

very 1-ow level; and careful exPerimental design Ís required to

estimate genetic correl-ations from correl-ated resportsêS o

Festing el gI. Gg67) studied ,t:he räspouse to selection

for body vieíght an<l egg weÍght in chickens. Four lines of

Leghorns, of common origin, were each selected for a single

quanËÍtative trait. The four lines consisted of a two-vray set

(lines B ancl C) selecied for body weighL (l^I), high and lorv,

.respectively: and another set (l-j-nes D and E) selected for egg

.weíght (z) high ancl l-ow, respectively. The sel-ected breeclers

consisted of eight sires each mated to eight to terr females per

l-ine per year. The Cornell- White Leghorn Random-bred '¡as the

cont::ol population used each year. In addiCiont Line A sel-ecteci

for high rate of egg production, served as a quasicontrcl Popu-

lation, This line responded 1itt1e to sei-ection, and its ori-

gin was in comfnon with the other selected 1ines" Sel-ections

were based on measurenents at approximately 32 weeks of age'

Responses to sel-ection over Seven generations \'üere inunediate,

l-arge, and essentiall-y 1-ineâf ' Realized heritabil-ities calcu-

J-ated from the regressÍon of the selected traiË on cumul-ative

sel-ecti-on differential \.vere as¡nirmetrical with respect to the

direction of sel-ection" In contrast, heritabilities estimated

from variance components were syrmretrical- and interniediate with
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heritabilities largesi in the lines selecied upivards but smallest

in the lines selected dournwards. The estimation of genetic cor-
rel-ations from variance components and from reaLLzed selection
response between tnl and Z parallel-ecl those f.or Í:he estiination of
heritabilitÍes. The agreerrrent betrveen reaLized and variance

component correlations was goocl in the downivárcl selected lines
(C and E) but poor in the upward sel.ected lines (B ancl D),

The trends in the heritabilitÍes were not statistÍcally signi-
ficant, but both the phenotypic and genetic correl-aiions de-

cl-ined signifÍcantly over generations. In the uprvard selection
J-ines (B and D) r genetic correlations estimated from variance

components decliired from 0.6 to 0.2-"0.3 in generation six. In
the dovznrvard selected l-ines (C and E), they declined less
(to 0.4-0.5). In control A liner oo decl-ine was observed. The

ral-es of decline between the l-ines Tdere statisticall_y signifÍ--
cant. Body weight and egg weight \^7ere evidentl-y control-led by

both ind.ependent and pleiotropic genes.

Parker gË gL. Gg6g, 1970arb) have examined the effect
of truncation selectíon of a primary trait upon the genetic cor-
relation and the correlated response Ín a'secondary Ërait for a

simulated popul-ation. The size of the parent popui-ation was 48

in each genera-tion. Three levels of selection, 0.8, 0.5 and

'0.2, three genetic correlations between traits 0,75, 0.50 and

0.25 and three levels of heri-tability for both traits 0.7, 0.4

and 0.1 were simulated, Each trait was controlled by 48 loci
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segregating independently: effects \rere equal at e\¡ery locus,
!

and gene f::equerrcy \,ras arb'Lxraril-y set at 0.5 at each l-ocus in
the initial gene::ation. T\vo models of gene actíon, additive and

complete dominance, were discussecl and ea.ch parameter set rvas

under selection for 30 generations.

The resul-ts from the actclitive modef indicaLed that high

sel-ec{:ion irrt.ensity rêsu1-ted in a decline in genetic correlatior-l

while l-or¿ sel-ection intensíties maintained the genetic correlatíon.

In the model of conpl-ete doninance, the change in genetic cor-

rel-ation rvhere selection r^zas by ui:per truncation, foll-ov¡ed es-

sentially the same patterns as in the aclclitive mo<lel-, Selection

by l-oiver 1;runcation \Àras simii-ar except Lhat decreases i-n the cor-

rel-ation at high ínËensíty).of sel-ection was more rapid. The

estimates of genetic correlaLion computed from phenotypic co-

variances betv¡een parents and offspring fluctuated markedly froin

the Ërue correl-aLion" 
;

The effect of sel-ection on genetic correlation has

been of considerabi-e interest to research workers" Both theo-

retical- ancl experimental" studies have been carried out in an

attempt to cl-arify this problem. Although the general trend

seems to be that continuous selection v¡il-l eventually cause a

decrease in genetic correlation, there are stil-1- many questions

unansrvered. There Ís insufficient informaËion about the be-

havioui: of the genetic correlation under sel-ection or about cor-

related response to sel-ection, to al1ow concl-usions to be drar.rn



for questj-ons such as:
ItDoes the change i-n the size of the genetic cor-

relatíon depend more on the intensity of selection, on the

heritabi-Li-ty of selected traitr or on the inÍtÍa1 degree of
correlation?rr

rrDoes the process of sel-ection affect the relative
accuracy of the different nethods of esLimating the genetí-c

correlation di fferently?rr

An understanding of the changes lÍkely Ëo occur in
genetíc correlation betweeir traíts under selectj-on is raËher

important" In order to achieve accurate prediciion of response

Ín a sel-ection progranme and to accurately construct a sel-ection

index, it is essential for the animal- breeder to have a knorv-

ledge of the effects of selectÍon on genetic correlation.
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MATERIALS AND I\itrTHODS

A selection experiment, usí-ng mice as the expe::i-

mental animal e \^ras initiated in Mayr 1,967 to study the ef fects

of varyíng 1eve1s of selecLilon and varying herÍtabilities on

genetic correl-ation" This thesis will- report on the analysis

of the data generated from generations one to sêvêo.

Ge_ne-tic- Stoc!" A ranclon sanple of 30 mal-es and 60

femal-es were obtained and random mated for one generation, one

male being mated to two femal-es " The offsprirrg were divided

at random into five groups A, Be C, D and E, with each group

consisting of fifüeen males and fifteen females" These groups

rvere then mated at random and their offspring (generation l-)

ü7ere the animal-s used for the first generat:l-on of sel-ection.

Sel-ectíon Criteria, The traits sel-ected for were

six-week body weight and six-week tail length. These two traits
are quantítative, easily measured and expressed in both sexes,

The genetic correl-ation between them is consÍdered high

(rC 0.6) (f'atconer, l-960). Theír heritabil-ities are reason-

ab1-y large and yet different from each other. Heritability of

taÍl- length í-s generally considered to be abouË 0.6 and herit-
abil-ity of six-week body weight about 0.3. ït was considered

that such reasonably high heritabilities an.d high genetic cor-

rel-ation woulcl more easíly allow detection of any change in the

genetic correLation betleen them and the effect of heritability
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on this changeo

The sel-ection applied rvas directional- f.or Large six-
lveelc body rveight or 1-ong six-iveek tail length" T\vo l-evels of
selectiol1 l^Jere applied to each trait" There lvas also a control
group where no selectioÍì trr7as applied, The five groups and the

selection applied to each are shown ín Table l-. Group A was

uncler 30 percent mass selection for six-week body weight and

Group B v¡as under 60 percent mass sel-ection for six-week body

weight. Group C and Group D were under 30 percent a-nd 60 per-

cent mass sel-ection f.or tail length respectively. Group E rvas

the control group with no sel-ection applíed.

Tabl-e 1. Level-s

Group

A
B
c
D
E

of sel-ection appl-ied to five groups

Sel-ection Criterion Level of
Síx-week body weight
Six-vreek body weight
Six-week tail length
Six-weeh taÍl lengl-h
Control

of mice

Selecti-on (b)

0. 30
0.60
0.30
0. 60

0

Metiqrrqjtfrd_S*g1ectjo4 _Scbemq, The number of míce saved

for breeding each generation was l-5 males and thirty females.

Each male was maËed to tv¡o females, with the mating period being

of ten clays duration. The males rrere then discardecl and the fe-
males placed in separate cages. The number of offspring per

l-íËter was counted aË birth and the offspring \,leaned at three

weeks of age. At six rveeks of âgêr body rveight and tail length

of each mouse in the l-itter r,rere nteasured and these rvere the
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measuremeilts used as the basis of selecLion of the pai:ents of

the subsequent ger-re::atiort. For the group undei: 30 percent mass

sel-ection for ei-ther síx-week body weight or six-v¿eek tail
length, 75 mal-es and 75 feinales per group r¡¡ere selected at ran-

dom and ranked in descending order in the trait sel-ected for.
The top 30 females in the ranlc and the top 1-5 males in the rank

were saved ancJ matecJ at randon to produce the next generation

(table 2); with the restriction of no full-sib matí-ngs.

For the group under 60 .percent mass sel-ectioir f.or

either six-weelc body weight or six-week tail 1-ength, 36 males

and 36 females per group Tliere selecl-ed ai random and ranked

in descending order in the trait selected for. The Ëop 30

femal-es in the rank and the top l-5 males in the rank were

saved and mated at random to produce the next generation

(table 3)" In the conLrol Group E, 30 females and 15 maies

rcrere chosen at random and mated at random to produce the

nexl- generation.

Igte--çg!}-gçlÅ9Êo The following data were collected

on each mouse: date of birth, coat color5 sêxe four-week

body weight, sÍx-week body weight and six-week tail length.

The populations throughout the course of the ex-

períment appearecl in good health. No cases of disease among

míce r¡lere found at any time during the course of the experi-

ment.
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Table 2. Selection scheme for groups under 30 percent
seJ-ection

(Groups A and C)

* *-*
Femal-es b Z /b Avera ee z /b

30 /7 5 0.4 0.97

Mal- es L.1-g

L5 /7 5 0,2 l-.40

Table 3. Selection scheme for groups under 60 percent
selection

(Groups B and D)

Females b* Z/;** Average Zfb

30136 0"83 0.34

Mal-es 0.65

L5 136 0. 4l- O . 97

* Ëhe propertion of animals selected** the ordinaËe at the point of truncation
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Apalv-siF påData' Al1 but the nore easily computed

statistics lvere obtained using an I.B"M. 360 computer.

Analyses \,rere performed within each grouP for each generation

and in addifion, a pooled analysis rvas carried out across

generations u Standard statistical- procedures were employed in

Ëhe estimation of all parameters" Heritabilj-ties and genetic

correlations \,ì7ere estimated both from parent-offspring co-

variances and regressions and from analysis of variance and co-

variance.

a) ParenË-offspring covariances and regressions:

Heritability was estimated from the regression of-off-

spring on mid-parent" ftr any mid-parent offspring regression

the form of analysis is similar to the following:

b:CovXYa-o¡

where b is an estimate of heritabil-ity, Cov XY is the co-

variance between the phenotypic mean (X) of the two parents

and the phenotype of the offspring (V) and o'* U" the pheno-

Ëypic variance of the mean of the two parents. The standard

error of the estimate of heritability was estimated accord-

ing to Becker (tgøl) as

ns,-
D

;T_s,E. $2)



75

,)

where S'O is the mean sq'Jare deviation from regression,

and XX2 is the corrected sum of squares of mid-parents.

Genetic correlation was estímated each generation by

the method proposed by Í-Iazel (L943) utilí-zing phenotypic

covariances between parent and offspring.. *o variations

of Haze1-rs meËhocl were usecl to cornpare the rei-ative ac-

curacy of l-he two methods. The two methods were:

,-
i) rc1: [ (CovP*Otro) (CovPrOP.) / (CovP*OP*o) (Covr ,OrrJ]Z

ii) r ez (corrp*opyo+covprpp*o ) /zl (covp*pp*o) (covpropyo) là

where P--.^ and P--^ are the phenotypic values for six-weel<xp xo

body weÍght in the parent and offspring respectivel-y, and

P and P__^ are the phenotypic values for six-.weelc tail-yp yo

l-ength in the parent and offspring respectivel-y.

The standard error of the genetic correlaLion co-

efficient was esËimated according Ëo Reeve (1-955) and

Robertson (Lgsg) as

J.

s.En (rc)

where h2*

h2 is thev-
-* Used to

is the estimate of heritability for trait

-lstimate 
of heritabil-ity for trait Y and

estimate standard error of r., only
"1

X and

CF
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t2h'-- and S.E" h' are the standard errors of the estimatesxy
of heritabilÍl-y of the two traits determined from the for-
rm¡l-a indicated previously

b) Anal-ysis of varíance and covaríance:

The form of the analysis of varíanee and the expecta-

tÍon of mean squares are presented in Table 4. Separate

analyses l,Jere conducted for each group within each genera-

tion. A pool.ed analysis across generations was al-so per-

formed for each of the five groups the for^m of whÍch was

símilar to that in Table 4 v¡ith the addition of another

source of variatione i.ê. between generations.

Tabl-e 4. Analysis of variance and expectations of mean squares

Source d.f. Mean S<¡uare Expectation of Mean Square
Between Sires s -1 Mt t^I + k2D -l- k3S

Between Dams
within sires d-s Mz hI + k1D

lüithin ful-1 Sibs N-d M3 I^I

where S : total number of síres
d : total- number of dams

N : tota1 number of progeny
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kt: "I1
ä-s

r.2. n.JTJ
n.

l-t

NTI

x
I

.I
r2. n. .
J TJ \ 8.?.

IJ TJ]k2:

k3:

L
sl -T_-n.I.

r2:n.
l- l-c

--ñ-*
1

s=T

n.I
n.rJ
S

D

I^I

total- number of

total nurnber of
:

variance due to

varÍance due to

variance due to

v(Mr) :

offspring from the Íth sire
offspring from the 3th da*

differences among sires

differences among dams

differences among sibs

The variances of variance component estirnates T¡¡ere

obtained according to Andersorr and Bancroft (L952) as follows:

The estimate of S was

S:IMf-M3
k2

^1

(Mz - M3) I lks

It follows that
' k., 2 kr -k., 2

v(s) : [v(ur) + fit-.v(M2)+(jJ) .v(u:) ] lulK1çk1

where: V (S ) variance of S

variance of the mean square for the betrn'een
sires source of variance

varj-ance of the mean square for the dams ivith-
in sire source of variance

v(M2) :
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V(t't") : variance of the nean sqLlare for Lhe v¡ith:l-nJ litters source of variance

The variances of the ïnea1l scluares \^/ere approxi-

mated by substitution of the observed mean square for its
expectaiion in the general expression

v(M) : Zlu,w)):
d" f"

wherei M : any mean squar:e

r(¡'i): exPectatíon of M

dofo: degrees of freedom f.ot l-he mean square M

Since S represents one^quarter the additive genetic

variance, and the sum S + D + W represents the total pheno-

Ëypic variance of the population, it is necessary to solve

for each of these components in order to compute estÍmates

of herl'-tability. The formul-a used for these computations

$ras as foll-ows:

h3: 4S
S+D+l^I

The standard error

Dícke::son, 1960)* is

'' s.E. (h var (o 
2" 

)

"FF,il

of heritabilities (modifj-ed from

!r

' The

components of
'k as described

genetic correlation was

va.riance and covariance

by Becker, [rI. A. 7967

al-so computed using sire

as foll-ows:
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where:

Var (ra )

Tn: 
cot*Y(")

('\' tl"il;õ
s (x) : six-.weelc bod¡, rveight of sire
s (x) : six-week tail length of sire
Cot*yç") i" the esi-imate of the sj,re component of co-'2-?
variancee o"(*) "n¿ o3(y) are the sÍre components of
variance for six-v¡eek body iveight and six-weel< taíl
length respectively.

The variance of ra was computed as folloivs (r'fode and

Robinson, L959):

= ,?. utt(covxy(") ) * u"tcolç*> ) * varrollr¡ I
tr

co,lv(" j +GlGìz +GlUùz

cov(o3 (x) , o3 Crl )

,^ 2 2

' o" (*) o" (y)

and, S.E. (rC) :

cov (o 
3 $)--*r*-

o" (y)
.:'":rd
cot*y(. 

)(x) cot*y(= 
)

Var (r^ )
\t
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RESULTS AND DISCUSSION

RESPONSE TO SELECTION

The phenotypic means for six-week body vreigirt and

six-week tail 1-ength for each of the. five groups are p'resentecl

in Tables 5 and 6 for al-l- seven generations of se1-ectio4 and

are presentecl graphÍca1ly in Figures 1 and 2. Devíations of
generaLion means of Groups A, B, C and D from the conti:ol-

Group E f.or aLL seven generations for both six-week body weight

and Ëaíl l-ength, are presented in Tables 7 and B.

.Respons.g-{p_Six-l¡I_È_ek-Fody Weigbt. Means for six-
weelc body weight in Group E showed little or no change during

the seven generations. Group A showed the most marked increase

in six-week body weight which agreed rvith the fact that Group

A was under the most intense selection for six-week body weight

(30 percent mass selection). The respotlse of Group B, which

was under 60 percent selection for six-week body weighte \.vâs

J-ess than that of Group A as rvas expected. The correl-ated re-

spollse of six-weelc body iveíght in Group C, which was under 30

percent selection for six-week tail 1-ength, lvas comparable to

the direct response in Six-weeh body weight of Group B. It
seemed that a 30 percent selection for six-week tail- length

can move the correlated trait (six-vzeek body weight) upwards

as fast as direct sel-ection for six-week body weight at the 60

per cent selecti-on level " Group D, .which was uncler 60 percent
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Figure 1, Generation means f.or
(gnt.) of Groups A, B,
of sevel-ì generations

six-week body rveight
C, D and E for each

of selection
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Table 7 " Deviati-on of generation means (gt') for six-iveelt
body rveight of g::oup A, B, C and D from the control
group E for each of seven gene::atÍons of selection

GENE]ìATION

L

2

,3
4

5

6

7

GENERATION

1

2

3

4

5

6

7

GROUP A

0.7 5

2.7 5

L.7 5

2"9/¡

3.55

4" 00

3.55

GROUP B

0.59

' 2.00

1.J-6

l-. 89

2"02

L.7 6

L.29

GROUP B

0.2r

0.18

0. 04

0.l- 9

0.31

0.1_4

0.11

GROUP C

L,jtr
1,30

1.06

L.66

2.lL

2.25

4.21ç

GROUP C

0. l_5

0, 31

0. 48

0,65

0.93

1.09

0.99

GROUP

0.10

0" 30

0. 3B

0. 01

0.89

0.47

1.60

GROUP

0.l- 6

0.09

0.22

0. 45

0.73

0.7 4

0,85

Tabl-e B. Deviation of generatÍon means ("*.) for six-week
tail length of group A, B, C and D from the control
group E for each of seven generations of sel-ection

GROUP A

o. l-B

0,22

0. 20

o.L7

o,20

0.11_

0.28
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sel-ection for six*v¡eelc tail lengi-h, also shor,¡ed cori:ela.ted in-
crease in six-iueelc body weight though less marked than in
Group C"

Re_spo:rss" i¡_-9ix;!{.e_gh JaiL Legglbo Means for six-¡veelc

tail- length Í-n Group E rernained more or l-ess the same durÍng

the seven generatiorrsn Group C, which v¡as uirder 30 percenL se-

lection for six-weelc tail l-ength, showed a marked increase in
six-v¡eelc tail length over the seven generations. Group D,

which was under 60 percent selection for six-weelc tail length,
also showed an increase in s:Lx-rveek tail length though less

than the'response in Grotrp c as was expected. Groups A ancl B,

which rdeïe under sel-ection fo:: six-week body weight at the 1evel

of 30 and 60 percent respectively, showed little or no cor-
related response in six-week taíl length. It seemed that direct
sel-ection for six-week body weight contributed little or no in-
crease in the correlated trait (six*week tail 1-ength). rt may

be concl-uded that both six-week body weight and six-rveek tail
l-ength respond to direct selection. But, when not directly se-

lected, the correlated response in six-week tail- length when

six-week body weight is dÍrect1-y selected is less than the cor-
related response in six-week body vreight when six-rveek tail
length Ís sel-ectecl for directly. It may be recall-ed that
Falconer (fgS:) reported the cessation of the correlated response

of tail length in mice sel-ectecl for large body weight after five
generaËions of selection. He suggested the genetic correlation



26

of tail length rvith body iveÍght may have been brohen dov¡n. The

same suggestion mígtrt expl-ain the failure of response in six-

weeh tail length in groups under selection for six-weelc body

weíght in this experiment. It is interesting, however, that

rvhereas six-week tail 1-er-rgth failed to respond in groups under

sel-ecl-ion for six-rveek body weight, Ëhere vras an obvious re-

sponse in six-weel< body rveight in groups under sel-ectíon for

six-weelc tail- lengl-h

-Qeqqele$.çC-Begp9f9"9-Ul-!i'!.!,eå-gi-Ve" The means for

litter síze, in ternrs of number of offspring born alive , f.or

aLL groups in every generaLion are presented in Table 9" The

mean for litter size in Group E shou'ed great fltrctuation with

a surprisingly high average in the first generation. The lÍtter

size of Groups A and C were comparable and T,rere generally

Iarger than that of Group E except for the. first generation"

The l-it ter sLze of Groups B and D al-so'remained more or l-ess the

same as in Group E, except for the first generation. It seemecl

ËhaË mass selection at the 30 percent level either for six-

weelc body wei-ght or for six-week tail 1-ength resul-ted in an in-

crease in litter size, though the large fl-uctuation and the large

litter sLze in Group E 1l the first generation renderecl the Ín-

terpretation uncertain.
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Table 9 
"

GROUP A

B

c

D

E

1_

9.3
9"lt
8"6
9.6

l_1.5

2

9 "'l_
B.g

10" 0
9.5
8.4

Generation means for litter
each of seven generations of

t

size of all groups
s e1 ection

for

GENERATION

34
L0"4 - B"B

9.6 g .L
l-0. o B. B

,8.9 7 "7
9"5 7.8

10.3 10" 6

9. B g.4

LL.6 10.6
9.5 9"3
9 "9 9.3

5

9.4.

9.0
oo

8.7
9.0

ESTTMATES OF HERITABILITY

The estínates of heritability for both traits in

aLL groups \,vere obtained by two different methods. One set of

estÍmates r^/as furnished by components of variance and the other

set by regression of offspring on mid:parent. For Groups A, B,

C and D the reaLLzed heritability of Ëhe trait under dii:ect se-

lection was al-so cal-culated.

As can be seen from Tables 10 and J-l-, Ëhe estimates

of heritabÍlity for both traits obtained from components of

variance r¡rere rather erratic and difficul-t to interpret. This

may be clue to the rather small- sample size. For each groupt

with data from generatiòn 2 Ëo generation 7 pooled, an aiialysis

of variance was performed in which generation effect was re-

moved and a test for significance of each source of variation

macle (Appendix 1). The F - test showed that al-l grouPs behaved
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Table l-0" Estimates of hei:itabilil-y of
obtained from sire components
groups froin cycle 2 to cycl-e

s ix-week body l,reight
of variance f.or aIL

7

CYCLE 2

3

4

5

6

7

GROUP A

l_"10

0. 61

J_.30

0. 31

-l-.01

0. 0l_

GROUP B

0,53

0. l_0

0 "L4

-0.25

-0.31

0.32

GROUP C

-0"08

0. 41

-0 "26

-0. 09

0"50

-0"74

GROUP D

0. 0B

-0" 07

O. BB

0" 58

0.38

0.92

GROUP

1,00

0. 05

L.45

0.04

0.46

-0. B0

Tabl-e 11. Estimates of heritabii-ity of
obtained from s''re components
groups frorn cycle 2 to cycle

six-week tail length
of variance for all

7

CYCLE 2

3

4

5

6

7

GROUP A

L.B2

0.35

0,54

-0.18

-'l_.64

l-. l-0

GROUP

0. 59

-L.L4.

0.7 5

0.61

-0 .82

-.0.45

GROUP C

0. ¿;5

o.52

-0.06

0.7 5

0,42

-0.39

GROUP D

0.22

0.64.

L.34

0. 87

0. B5

-0. 07

GROUP

L.43

-0.l- 3

2.Og

-0. 31

l.o7
0 "L2
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the same in that differences betr"een generations and between

dams wÍthin sires \,,rere significant" In each grouPe ârt estimate

of heritability for both traits was obtained from components

of variance ancl are presented irr Table L2, These heritability
esti-mates hTere less erratic (perhaps due to an increase Ín

sample size) and showed that the heritabilíty of sj-x-week tail
lengtl'r was higher than the heritabil-ity of six-week body weight.

The heritability,estirnates for both traits obtained

by mid-parent offspríng regl:ession are presentecl in Table

13 and 1/r" Again, these hei:itability estimaies r.,rere quite er'-

ratic ancl fluctuated over wide ranges with Large standard er-

rors, but sti1l it was rather obvious that the heritability of

six-weelc tail length was higher than the heritabilíty of si-x-

week body weiglrt .

Real.ized .Hreritjr_bjlfgigg. The reaLLzed he::itabilities
of six-week bocly weight for Groups A and B and of six-week tail
length for Groups C and D vlere calculated by regression of

generation means on the cumul-ated selection differentials
(Falconer , 19.60). The cunrulated selection differential of

six-week bocly weight in Groups A and B and of six-week tail
length in Groups C and D over the seven generations are shov,¡n

in Table 15.

The estimates of real Lzed heritability of six-week

body weight i-n Groups A and B ancl of six-weelc tail 1-ength in

Groups C and D are presented in Table 16.
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TabLe L2. Estimates of heritability
five groups by method of
variance

for both traits for al-l-
pooled analysis oi

GROUP

A

B

c

D

E

Heritability of
Body l^Ieight

Heriüability of
Tail Length

0"51 + 0.82

0.74 -l 0"35

0,1-9 | O"29

0.62 + 0.25

0,56 + O"2B

o "37

0.l- 0

0.00

0.31

o.29

0 "26

0"24

0. 30

0.25

0 "26

+

+

+

+

J
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Table 15. Cumulated selection diffe::entials of six*vreek body
weight (gr" ) in Groups A and B and of six^rveelc tail
length (c*") in G::oups C and D over the seven
generations.

GENERATION 1

2

3

4

5

6

,7

GROUP

A

B

c

D

t
¡-(trody vteight)

0,L7 + 0. 0B

0.1_1 + 0.L2

h2 (ruit Length)

0.36 + 0.05

0.48 + 0.09

A

0

2. BB

5. Bg

9.30

L2.67

15. 53

18.71

B

0

L.54

3. l_5

l',I0

5.54

6. 6B

8.92

c

0

0. 50

1.00

L.47

2.07

2.62

3.15

D

0

0.27

0"66

0. gB

L "27

L.64

2.LO

Table L6. Estimates of reaLlzed heritability for six-week
body weight in Groups A ancl B and real Lzed
heritability for six-v¡eek tail length in Groups
C and D.
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Again, the reaLLzed heritability of six-weel< tail
length is higher than the heritability of six-week bocly weight.

In six-week body weight, the estirnates of heritability
obtained from the regression of offspring on mid-parent are

consistently higher than the heritability estinates obtained

from pooled analysis of variance with estimates of realized

heritability the lowest of the three. In six-week tail length,

the estimates of heritability obtaíned from the regression of

offspring on mí-d-parent- and from pooled analysis of variance

are comparable ancl are higher thair the estimates of rea1Lzeð

heri tabili ty "

The estimates of heritability of six-week bocly

weight ranged from 0.00 + 0,30 to 0.59 J 0,1¡9" I¡Jhile esti-
mates of heritability of six-weel< tail length ranged from

0.19 + O.2g to 0.74 ! 0.35" Due to the large standard errors

of these heritabÍlity estimates, there was no indicatíon that

the heritability of six-rr'eek body weight or heritability of

six-week ta.i1 length in the five groups had changed signifi-
cantly over the seven generations.
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GENETIC CORREIATION

. Genetic correlation estÍmates r¡¡ere measured in each

generation in each group as the product-moment correlation,
tc:covxy(s) (r"2"(*) . ozr(V)], where tG is the estimate of
genetic correlation, Cor*y(") is thç sire component of covariance

between genotypic values of the two traits and oi2"(*)
are the sire component of variance of the two traits

tively. These estimates are prelsented in Table L7.

2t 6 s(y)
respec-

lable 1,7. Genetic correlation estimates from product-moment
correlation of genotypic values for all groups in
every generation

GENERATION GROUP A GRI:'UE' B GROUP C GROUP D GROUP E

2 0.9810.28 0.95!0.77 0.50+1.12 7.00+3.22 1.03+0.34
3 0.75!0.82 1,07+2.83 O.54+0.74 0" 9814. 81 0.8314.58
4 7.26+0.38 1.03t1.I4 * 0.97+0.32 O.9!+i\.2:2
5 0.6310.78 -0.19+0.52 0,63+2"95 0.33+0.32 0.71+2.26
6 -1.05+0 "7 6 1. 3B+1" 09 1. 18t0. 75 0. 9B+0. 74 0 " 63+0. 35

7 * 0.0910.37 0.92-17.67 * 0.93t3.24

POOLED 0.76t0.32 0.78t0.60

Except for Group E, the generation by generation

genetic correlation estimates \,vere extremely erratic and were

almost impossible to interpret" The pooled estimates showed

that the genetic correlation of Group C was higher than that of

Groups A, B and D, whí.ch provided similar estimates of genetic

correlation, but the difference is not significant.

Genetic correlation was :-:.lso estimated each generation

* Genetic correlatíon12.00 or ) + 10.0C
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by two variations of the methocl proposed by l7azeL (tgLrZ) as

outlined in Materials and Methods section and these estimates

are presented in Tabl-es 18 and 19 .

Tab1-e 18. Est-imates of genetic correl-atíon for all groups in
each generation by arithmÊtic method

GENEP"ATION

2

3

4

5

6

7

GENERATION

2

3

4

5
'6

7

GROUP A

0 " 0/|+0. 86

0.24+0 "29
0 " 49+0. 19

-0.1-510.31-
1 . 3il-0. 53

1.1_9-t-0.39

GROUP A

-0"72
0. l-8

L.42
-0"11
o.77
l- .13

GROUP B

0. 3?-t-0 " l_8

0. 44+0. 38

0. 9 6+0. 13

0,4.810.50
0.7 3+0 ,L2

GROUP C

0"4]+0"57

0. 46+0. /+0

2.00+4"43
0" 04+0" 66

GROUP D

0.18+0.58
0.73+0" 03

O .43+0 ,20
0.3Gr-0" 63

O " 6tr+0 "L9
0.87+0.L7

GROUP E

1 . 05+0. 06

1.61+0.78
0.14-*0.80
0.69+0,1-2

L.zA+L,07
- 0. 91-',-0 . 1B

Table l-9" Estimates of geneti.c correlation for all groups in
each generationby geometric method

GROUP B

0.28
0"44
0.62

-0.53
0.72
-¡!

GROUP C

;. ;.

-o.L7
-L.07
o"7L

GROUP D

-0. 09

0.72
o.4L

-0.49
-0.10

' 0,84

GROUP E

1. 03

0,43
-0.4L
0.64

-L.20
0. 6g

EstimaËes obtained by both methods were difficult to

Ínterpret with estimates obtainecl by the geometríc methocl more

erraËic than those obtainecl by the arithmgtic method. Only oc-
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casionally clid the estÍmates obtained by the two methods agree

with each other in magnitude.

The estirnates of genetic correlation obtained by

al-l methods had large standard errors and there v/as no in-
dicatÍon that the genetic correlations in the five groups

differed sigirificantly .

There r{ere four groups under selection. Group A was

under 30 percent selection for large six-week body weight and

Group C was under 30 percent selection for long six-week tail
lengih. Gr:oup B was under 60 percent selection for large six-
week body and Group D was under 60 percent selection for long

six-v¡eek tail length. In each group, the cumul-atÍve correlated

response of the trait not directly sel-ected for as well as the-

cumul-ative response of the trait directly selected for were

measured in each generation as the deviation of gerreration mean

from the control Group E in the same $eneration" These results

are presented in Table 20.

Since Groups A and C rvere under the same intensity
of selectione onê estimate of realized genetic correlation can

be obtained by the following equation, Falconer (1960):
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where genetic correlation
cumul-ative correlated response of six-week
body weight in Group C through generations
2, 3, 4o o o o.âDd 7

cunul-ative correlated response of six-week
tail length in Group A through generations
2, 3, 4o o o..and 7

cumulative response of six-v¡eelc bocly weight
in Group A through.geireraLions 2, 3, 4no.o,
and 7

cumulative response of sÍx*week taíl length
in Group C through generations 2, 3, .L¡c c c..
and 7

CRx

CR

R:x

v

Likewise, for Groups B and D, one estimate of
realized genetic correlation in each generation rüas obtained

using the sanÌe equation. The estímates of reall-zeð genetic

correl-ation for the two group paí-rs are presented in Table 2L,

In addition, by using the sanìe forinula , reaLized

genetic correlation in each Group Pair was estimated from tlie

ra"te of gain in cJ:'-rect response ancl rate of gain in correlatecl

response from the regression of generation means on generations

of selection. The rate of gain in direct response ¿nd rate of
gain in correlated response in Groups A, B, C and D are pre-
'sented in Table 22.

The estimate of realized genetic correl.ation for
Group Pair AC was found to be 0,4L and that for Group Pair BD

lvas 0.,4-4. These estimates agree quite closely with the nean

estimates of 0.44 and 0.35 shown in Table 2L, and there appears

to be no difference between the estimates obtairred from the
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Table 20" Cumul-atj-ve direct response
correl-ated response (CR) in
D from generation 2 to 7 as

(R) and cumulatj-ve
Groups A, B, C and
deviation from Group E

23
Rx 2.75 gm, L,75

GROUP A
CRy 0"22 crTìo 0.20

Rx 2"00 gm. 1.16
GROUP B

CRy 0. 18 cfilo 0 " 0/¡

Ry 0. 31 cm. 0. /+B

GROUP C
CRx 1.30 gm. 1.06

Ry 0.09 cm. 0.22
GROUP D

CRx 0.30 gm" 0.38

GENERATION

4s
gm" 2"9/r gm" 3.55 Br..

cÍno 0"17 crno A"20 cm,

gm. 1.89 gm" 2.02 gn.

cm" 0,19 crlro 0.31 cflrn

crr. 0.65 cflì. 0.93 cm.

gm" 1.66 gm, z.LI gm.

cm. 0,45 crr.ro 0 "73 crn.

gn. 0.01 gm. 0.89 gm.

6

4.00 gnt"

0 " l-1 crr.

L.76 gm.

0,L4 cm.

l-.09 cm.

2 .25 gm.

0"74 cnÌ.

0,47 gm.

7

3.55 gfr.

0.28 cm.

L.29 gm.

0.11 cfir.

0.99 cr.r.

4.24 gm,

0" 85 cilr,

1. 60 gm.

Table 2L. Realízed genetic correlation in the tr,,?o group pairs

GENERATION Group Pair AC

2 0.57
3 0.51

, 4 0.39
5 0.36
6 0,23
7 0.57

Mean* 0.44

*Average of the s:'-x estinates in each Group Pair

Group PaÍr BD

0. 55

o ,24
0. 05

o,42
0,22
0. 40

0.35
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two group pairs representing trvo different intensities of se-

J-ection. A.1so, the individual estimates obtal'-ned in each of
the six genei:ations of selection, also shoi^rn in Table 2L, al-
though shorving more variability, prorride no indication that
the genetic correlation betrveen the two traiLs has changecl over

the six generations of sel-ection at êither level of selection.

Table 22" Rate of gain in direct response and rate of gain
in correlated response in Groups A, B, C and-D

GROUP A

GROUP B

GROUP C

GROUP D

Rate of Gain
in Direct

Response (R)

0.53 grn. /generation

0.L7 gm. lgeneration

0.1-9 cm. /generation

0. l- 6 cm. /generatioir

Rate of Gain
Ín Correl-ated
Response (CR)

0.03 cm./generation

0,02 cm. /generation

0.53 gm. /generation

0.27 gm. /generation
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SUMMARY AND CONCLUSION

The effecË of clifferent 1eve1s of mass selection on

the heritability of a primary a.nd correlated trait, and the

geneiíc correlation betrveer-l the two ti:aits was examined in a

random mating population of mice. The selection appl-ied was

directional for large six-week body weight or for long six-
week tail length. T\nzo level-s of sel-ection \4/ere applied to

each trait. Group A lrias under 30 percent mass selection for
six-week body weight and Group B was under 60 percent mass

sel-ection for six-weel< body weight" Group C and Group D were

under 30 percent and 60 percent mass selection for six-week

tail length respectively. Group E was a control- group with
no sel-ection appl-ied" Matir-rg was random over the period of
the experiment.

It was found that direct sel-ection has no apparent

effect on heritability of the trait selected for, and there

T^zas no indication that the heritability of the correlated

trait changed to any appreciable extent. The heritability
of six-week tail length was found to be higher. than the

heritability of six-week body weight. It was also found that

selection has no apparent effecË on genetic correlation be-

Ëween the two traits.
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APPENDIX

vâriance in si>r-week bocly rveightTable 1.

GROUP

A

Analysis of

Source of
VarÍation

Mean
Square

zt'g.zt
52.05
33"70
7.70

l-65.01-
4L.OL
36.7 B

7 "2L

507 "9453.40
54"4/¡
7,06

2l_l-.08
49.35
29.68

7 ,64

L73.02
45 "55
32.98

6.7 B

do f.

5
BO
6L

L242

5
7B
60

LL62

5
79
65

1306

5
77
6L

LLzB

5
7B
56

1_108

F

G
s
D
I,J

G
S
D
tI

B

G
S
D
I^I

G
S
D
I^I

G
S
D
üI

c

D

E

NoS.

N.S.

J--r-

N.S.

G - variance due to differences between generations
S = variance due to dÍ-fferences between sires r,rzithin generations
D : variance due to differences between dams within sires

within generations
[,r] : variance due to differences betiveen ful1 sibs within dams

within sires within generations** (p< 0.01)! * (p < o. 05)
N"S. Not significant
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Table 2" Analysis of variance ín sÍx-'v¡eel< tail 1_ength

GROUP

A

Source of
Variation

Mean
Square

9 "LL
L.27
0. 83
0"09

TL"7O
2"0L
L "230.09

47.33
1" 31
L.07
0"10

39.50
0" gB

0. 53
0.10

6"77
J_.35
0"79
0.l_5

G
S
D
I^I

G
S
D
I^I

G
S
D
t/t

G
S
D
I'I

G
s
D
t^I

B

c

D

E

d. f"
5

BO
6L

L242

5
7B
60

LL62

5
79
65

1_306

5
77
6L

LIzB

5
7B
56

1-108

F

N.S.

J- -r-

Ç : variance due to differences between generations
S : variance due to differences between sires within generations
! : variance due to differences between dams within sires

within generations
[¡J : variance due to differences between full sibs rvithin dams

within sires within gerrerati-ons** (p <0. 01); * (p < 0. 05)
N.S. Not significant
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Table 3"

GROUP

A

Source of
Varíation

Analysis of covariance in
and síx-week tail length

six-week body r+eight

G
S
D
I^I

G
S
D
I^I

G
S
D
G

G
S
D
I^I

G
S
D
hI

B

c

D

E

d. f,
5

80
6L

L242

5
7B
60

LL62

5
79
65

1306

5
77
6L

t-l28

5
7B
56

1_108

Mean Cross
Product

L0 "205,58
3.51
0. 3B

-2.36
5.10
4..7 B
0. 35

l-08 " B0
4,45
5.95
0.40

27,90
4.35
2.35
0,47

2 .04
5.99
3.52
0.47

F

N.S "¡k

N.S.
NoS.

N.S.

-t-J-

N.S.

G : variance due to differences between
S : va::iance due to differences between
| : variance due to differences between

within generations
lrl : variance due to differences between

¡,¡ithín sires within generations** (P<0.01); "k (P<0.05)
NoS, Not significant

generations
sires ivithin generations
dams within sires

full sibs within dams
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Table 4" Analysis of variance
six-week tail length

Generation d" f"

six-neek body weight and
Group A.

Tail Length
(u"s. )

LN
IN

Body Vleight
(M.S.)

it=K3:

S
D
I^l

S
D
hï

4

5

S
D
}T

S
D
!t

S
D
I^I

6

S
D
VT

13
10

L99

13
L2

23L

L4
9

180

L4
L2

230

L2
9

L82

L+
9

220

67 .20
2L "36
5.78

7L.29
35. 65
7.06

62.69
5. 56
9.26

43.47
27 .L7
8. 69

20.33
7L.03
9.70

45.30
44"42
6.2L

2.95
0.62
0.L2

0. B4
0.57
0. 0B

0 .96
0. 5g
0.L2

0. 65
0,7 5
0. 11

0. 61
L.87
0. 09

L.7L
0.82
0. 07

k.: B. 99
k: 9.50
kã:15.83

k-: 9.4I
k*: L0.29u!: n.zz

8.52
8.46

L3.47

k- - 9.26
kå: g.7L
kã: 17 .05

k-: 9.22
k*: 9,28u!: ts.sz

k-: 10.04tå: r o.2L
kã: 16"10



Table 5. Analysis of variance
six-week tail length

in six-week body weighl
in Group B.

Generai.ion Body Vleight
(It.s. )

Tail Length
(1.î. s . )

48

and

9 .46
9.09

13.98

S
1)

I^I

d. f.

13
L4

2L6

L4
B

190

L4
I4

227

L4
I

185

11
7

160

40.3L
L9.2¿t
6.27

22.30
L9.95

6 "72

59.03
49.96

7 .84

26.24
33. gB

7 .44

18. 2g
30.4L

8. 3C

8û. 71
66,04
6.94

L.57
0.96
0.09

0.69
L.49
0. 0g

L.25
0. 66
0. 0B

L.4.6
0. 91
0.L2

0.56
1.09
0, 09

2.08
2.80
0. 07

IIK?:
K3:

k- -- 8.57
kl: 8. 85ul: t7 .4L

S
D
I^l

S
D
I^I

S
D
I^I

4 k-: 8.6E
kå: B,96
ki: 17.03

kr: 8.85
ki: 9.LLul: L3 .7 o

9.6L
9,25

14.69

kr: 9 '56kå: 9,Lz
kã: 15.66

iä=

S
D
I^i

6

SL2
D9
W 184
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Table 6"

Generation

Analysis of variance
six-week tail length

d' r' u'til"H:itn'

six-week body weight and
Group C"

Tail Length
(M.s.)

ln
ín

S
D
T,J

L4
10

204

L4
L2

229

L2
L2

L99

11
10

L9L

L4
10

232

L4
11

25L

37 "37
40"76
5.77

52,32
32.72
6.87

30.29
39.00
5.94

48.66
49 .47

7 .57

65.24
35. 95

8, 20

82.23
L29.9L

7.79

1.13
0. B1
0.10

0.82
0.49
0. 08

L.24
L.23
0.L4

1,77
0. B9
0.11

1.13
0.7 4
0.10

L.94
2.29
0, 11

k.: 9.25
k*: g "07t<l: ts.l.l

k- - 9,32
kl: 9.60kl: L6.ss

k-: 8.61
k: g"27
kã: 17 .L7

k-: 9 .23
k^l: 10. 04
uá: t7 '66

k,: 9.76
k*: t0.61
kã: 17.0I

k,:10.21
t å: r0.98
kã: 18.39

S

D
VI

S
D
I^ï

3

4

S
D
!'I

S
D
It

S
D
hI

6

7
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Table 7 " Analysis of variance
six-week tail length

in six-week body weight and
in Group D,

Generation d. f"

13
L4

233

L4
10

L9L

L4
9

L64

11
L2

L77

11
7

165

L4
9

198

40.32
36. 61
5.06

32.45
33 .47

7 ,63

42.38
L3 .2L

7 .53

62.20
29.88
8.27

72.39
5L.49
9.93

53. 55
13. gB

B. 3g

Bodv I¡leisht
(ú.s. )"

Tail Lensth
(M.s.)"

L.L7
0. 93
o.L2

0 "97
0.57
0.08

T.42
0. 3g
0. 13

1,00
0.31
0. 13

L.L7
0.59
0.10

0.27
0. 30
0.10

k" -- 9,22kt: g .4L
kã: 18.63

k,: 8.35
k*: 8.82ut: t+.zo

k-- 7,65
k*: 7 .gz
t<!: tz. +s

k-: 8.15
kå: 8.57
kã: 16.69

S
D
I^I

S
D
I{

S

D
I^I

4

S
D
t^ï

5

S
D
!ü

S
D
I4I

k-: 9.90
k*: g .52
ki: L5,L2

k-: 9.L4
kå: 9,28ki: L4'66
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Table B,

Generation

Analysis of variance
six-week tail length

d" f.

l_n
t_n

six-week body weight and
Group E.

Tail Length
(M"S. )

Body ldeight
(M.S " )

S
D
W

2 L4
10

L9T

13
L2

203

L2
7

150

t4
l-1

206

1-3
7

L77

L2
I

181

80.2L
34.32
6.11

49.36
44.37
9.74

65.13
L7 "294.46

29. 58
25.86
5.63

22.6L
7 .gB
8. 04

26.T4
56"63
6.11

L.94
0.44
0.15

1.55
L.7 4
0. 36

2.60
0. 35
0.13

0. 63
0.7 6
0. 0B

0.7L
o.22
0. 0B

0.82
0.7 5
0.10

k-- 8"46
k*: 8.7 3u!: t+ "za

k-: B" 56
k.l: g 

" 02
uá: t6.30

k,: 7,83
k*: 8.86ki: L2.99

k.: 8.56
kå: g -LBki: L5.37

k,: 9.75
k*: 9.22
ká: L3 '94

k-: 9.27k+: g.L7
ki: l-5.47

S
D
I^I

S
D
I^I

S

D
I^l

S

D
tü

S
D
t^I

4

5

6


