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Genetic improvement in a quantitative trait in a population is usually
achieved by adopting selective Bréeding oithe basis of the phenotypic values
of a trait.  The rate of this improvement can, however, be. increased if, the
valLatLon in"this trait due to auxiliary traits, particularly dt the environmen-
tal level, are minimised as far as possible. In such a case selection is made

| on the basis of an index e\plessed as deviation of the phenotypic value of the

| trait from its expected value predicted with the help of the auxiliary traits.
Such an index may be called 'phenotypic index' to distinguish it from 'selection
index! introduced by Hazel (1943). The genetic improvement expected on the
basis of such a selection procedure depends on the number of auxiliary traits,
the heritabilities of the traits and the genetic as well as phenotypic correlac
tions between pairs of traits.” However, unlike the case of selection index;

a knowledpe of the estimates of genetic parameters is not necessary for con-
structing the phenotypic index.’ As such it is easier to adopt this procedure.
If we take the expected genetic improvement in the main trait without the use
of any auxiliary traits as a standard of comparison, the efficiency of selective
breeding based on the phenotypic¢ index can be expressed as the ratio of the
two expected genetic improvements in the main trait. Selection on the basis
of phenotypic index is then useful whenever this ratio is expected to be greater

thanone. This idea of increasing the rate of genetic imiprovement was first
initiated by Rendel (L954) who found-that the efficiéncy of selective breeding
for a trait of incomplete heritakility may be increased by basing selection on
an index which corrects the variation of the main trait for measurable vari-
ation introduced by other traits at the environmental level.  Oshorne (1957)
gave a revised-estimate for the efficiency of selective'breyedlng for-thecase
when the traits are also genetically correlated.” Purser (1960) and Searle’
(1965) further considered this technique. However, these studies‘considered
only one auxiliary trait.- No attemipt has so far begn'made to inclide more
than one auxiliary trait in this method of selection.: One can use thé technique
of partial regression for correcting the variation in the main trait due to
sseveral auxiliary traits'and investigate the conditions under which this effiz
.ciency is increased. This article therefore deals with a study of a 'phenatypic
“index! based on severalauxiliary traits:
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70 : Selection based on phenotypic index

THEORY

Consider n avxiliary traits xj (k= 1, 2 Loy n) related to the main trait'y,
Let the phenotypic value and breeding value of %) and'y, expressed as devi=
‘ations from the population means; be denoted by P (%) P(y) and A(xj), A(y)
respectively. 'Alsc, let the phenotypic values be standardised to have unit
variances.so that'the heritabilities of the traits, hz(‘(1 Y. and hz(y) are the same:
as the respective genetic variances. Since the'regression coefficient of A(y)
on P(y)is hzr(y), the expected genetic gain'in y due to selection made on the
basis of y itself is

AG=1in%(y)
where i is the intensity of selection.

Congider now gelection, with the same intensity, made on the basis of a
'phenotypic, index! given by S

o Z 5 Xk‘),‘, pon S S o

where by ispartial regression coefficient of P(y) on P(x)). The expected
genetic gain in y is now .

N G* = ibA(y)IPQ—(IP) ' g (3)

where bA( Mp is the regression coefficient of A(y) on Ip ando—(lp) is the

phenotypi¢ standard deviation of Ip. The régression coefficient of A(y) on
Ipis, id view of (2), equivalent to partial regression coefficient of A(y) on
P(y) when. xjy, Xy ea Xgare held constant:: Similarlye(Ip) is the standard
deviationof P(y) elematmg the effects of the auxiliary traits.

In order to obtain an expression for b we 'set up the relationshi B
P Ay)ip P p

E[A()] = a Pl + = ap Pl @

and evaluate a with the help of the resulting normal equations:

ag + Rga = hz(y)
ag Ro + Ra = b(y) C | o - 6)
where RE = (Rg1:Ropyv: S Rgn)k  Rok being the phenotypic correlation coef-
ficient between y and x5, Ris then % n corrclation matrix of phenotypic
correlation coefficients Rkl between the auxiliary traits and Cl = (C1,.C2,
:Cpki Cx bemg i b (1) /h Where 'rg) . is the genetic correlation coefhuent
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 between y . and Xk. It may be noted that Cy is the relative efficiency of in=
direct selection based on ¥ as dLscussed by Searle (1965) We then'get

: L o1 . : . .
BA(y)p = 26 = h&(y)(1-Ry R LC)(1-RyR Bo) -1 (6)
SLleally, to obtain an expression foro*-(IP) we set up the relationship,
E[P( Z-bk P(xy) , ‘ ; . (7)

and'evaluate byts WLLh the help of

jlid

b= Ro ' | (8)

where b!

il
T
—

o
N

, bp). . This gives

= L-R, R~ R, (9)

Denoting the: efficiency of selection by phenotypic index relative to indi-
vidual selection by Ep and using (1), (3)," (7)and (10), we get

Ep = AG*NAG

- (1-Ry B-IC)I-RLR-IRyTZ (10)

HoWever, if'we consider selection;” with the saime intensity, made on
the basis of the usual selection index of Hazel (1943) given by

Ig = P(y) = 2 W P(xg) , (11)

we have to'choosé optimum values of w! = (Wi Wo, oy w o) For this.we
maximise the ratio of genetic gam iny v die toselection on the basis of Ig to
the gain by direct selection on y. . This ratic is efficiency of selection based:
on Ig given by '

Es =A¢**/AG

’= bA(y)ISU- IS /h

~1/2 :
= (law C)(l ZW’R + \’V'RW) / : (12)
It'is found that Eg is maximum when

w = R-1(R, - CK) ‘ . . (13)
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and the maximum value of Eg'is given by

Eg = <1~R53“194—K9‘B*19)<1~55§—150+.KZC'R“‘1'C)*1/Z, (14)
where

Poykoa . ()

1§3)

K= (1-RR"LRo) (1-R}
If the gene‘ti“c correlation coefficients T y's are all zeto, ey C= Q5. thenw
reduces to T : -

W= -1

{§s)

Ro

[o

(16)

in view 6f(8) and Ig reduces-to I+ This means when all the auxiliary charac-

ters are related to the main character only-at the environmental level, the

phenotypic index-is optimal-with efficiency.
Eg = Ep = (-Ry R"IR7M2 | 1)

However, even if all the rgj. 's are not zero, the phenotypic index could be
used though its efficiency would then be less than maximal. This is seen
from the relationship between the two efficiencies, given by

Ep = (B - C' 5“1g)"1/2 (18)

CONDITIONS FOR THE USE" OF PHENOTYPIC INDEX

It is appatent from the theory given above that if we choose auxiliary

characters which have no genetic correlation with the main character, the
use of phenotypic index for selection is optimal and is expected to result in
maximum-genetic: improvement in the character. However, if we happen to
choose auxiliary characters whichare genetically related to the main charac-
ter, the use of phenotypic index may still result in tore genetic improvement
in the character than that expected on directly selecting for ity provided

o léTtain conditions are satisfied. " We therefore investigate below the conditions
under which Ep is greater than one.. o :

. The relation (L0) shows that Ep is'always more than unity whenever the
corresponding elements of the vectors Reand C are of opposite signs, But
~when this is not so, Ep cannot exceed unity if C e where e is a vector

Wwith unit elements. However, if' C< e, the efficiency may or may not be
greater than unity.  ‘In such cases, inorder that Ep 22 1, we must have
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( ~ lic'r-lc B 9>Q - ‘ . (19
Thus when the corresponding elements of R and Ci.are of the same signs, Ep
is greater than one provided C« e and (19) is satisfied. For example; when
n=1, we have only two paramEterE €p=Cand Ry =R affectmg the effici-
ency.. It is always more than one whenever R and C are of opposite signs.
However, when R and C'are either both positive or both negative, the effici=
ency exceeds 'unit only when ’C l <. L.and lRlé. 2 | C |/ 14+C2y, '

=

It is further seen from-: (10) that for given values of R¥ Lang C; 'the effi-
ciency is 'a function of R'.: So differventiating (10) with respect ta R and
equating it to zero, we “find that the efficiency is maximum ot mmlmum when
Rp = C. The second differential of Ep at Ry = C is, however, positive so
that the efficiency is minimum when the corre5pondmg elements of Ro and C
are'equal in'magnitide and'‘possess the-same’'sign: It becomes one when

_either Ry = 0 0r Rgi= ZC/ ltC'R"1 C) Foroneauxiliary character, when

R and C are equal ancl of the same sign, the efficiency is:less. than oné and
possesses the minimum value of (1 Rz)1 2.7 It becomes one when either
R=o or R= 2c/1;c2‘ '

We now ‘assume that the aux111ary traits are uncor related so_ that R lS
an'identity matrix.  We then have

Ep = (1-RLC) (1-RL R, )-1/2
n : i sk
néiy=1/2
= (1= % Ry Ci (1- £ REY/ | Qo
k=1 : k= .
Now the efficiency depends on whether the sum of products of R;j and Cy
cover alllthe auxiliary characters is positive or negative. It may happen that
for some of the characters Ry and Ci may have opposite signs and for others
they may have the same sign.  But if the sum of their products happen to be
o negative, the efficiency will be greater than unity. " On the contrary, it will

be:less than one.:: The least value of:Ep Wlll be. (1= '5:, Rzk 1/2 and:less: than
: k=1 n n : 1/2
one when R ECk for each k. The value of Ep: will be (1+3 R ) (1= 2:. ng)— :
ki : S : . k-—lV i k=
‘an“d, greater-than one when R —C[\ for 'each'k If;, however, all Ci's are '
equal to C. but Rokls are. not equal, the eff1c1ency reduces to
L 0o . ; : :
(1-C = Rok) (1= & Rg "1/2 Now: the efficiency will be greater than one if
k=1 k=1 ; ; :
G and the sum of Rok values over the aqullary’ characters are of opp051te
stgns But lf all Ritys dre equal torR:but Ck s'are'not equal, the efilclency
n:

bccomes (l R 2 Cl Y(L= nR2 1/2 which would be greater than ‘anity 1f R and.
k=1

ok
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the sum of Cj values over the auxiliary characters are of opposite signs. . If;
however, all Cy's are equal to' C and all Rgk's are equal to R; Wwe have
Ep = (L-aRC)(l-aR2)"1/2 ' o ' (21)

In this form, the eff'e_ét-of the number of auxiliary characters on the effici-
ency can be seen. The results ave presented in Table 1. :

Table 1, Effect of the number of traits’and the phenotypic'correlation on the
. efficiency of phenotypic-index :

c ‘\\5\ -0.20  -0.10 0. 00 0. 10 0.20
n . N

L0617 A1.025

, 1 1 I, 00 0.985 0.980
F0.2 5 1,348 . 1,123 1. 00 0.923 0.899
© 1o 1,809 0 1.264 1.00 0.843 0.775

15 2. 1,410 - 1.00 0.759 0.633

20 4, 1,573 1. 00 0.674 0.477

-0.2 1 ' 0.980 -0.985 1.00 1. 025 1,061
5 0.899 0.923 1. 00 1,123 1,348

10 0.775 0.843 1.00 1,264 1.809

15 0.633 0.1759 L. 00 1,410 2.532

.20 0. 447, 0.674 1. 00 1.573 4,027

It is apparent that the efficiency increases with the number of auxiliary
traits when R and C are having opposite signs and it decreases when R and
C are having the same signs. For given'n, the efficiency decreases as R
increases for positivé values of .C.. This relation is;: however, reversed for
negative values of C, Furthermore, we see that when n is small, the changes
in the values of efficiency for different values of R keeping C as fixed is very
small but when n'is large there is'a rapid change in the values of the effici-
ency:  For'example, whenn=20,:C= +0.2; thé efficiency varies from 0.447
to 4,027 but when ns= 1,>','1t:var'1es only from 0.980 to 1,061. :

APPLICATION TO DAIRY CATTLE BREEDING

In'grder to demmmtra-te the practical-relevance of the technique of pheno-
typic index developed in this paper, breeding data on cattle of Kankrej breed
collected from an‘organised herd at Anand (Gujarat), India were used. Re-
cords were availdble for the period 1945 to 1963 in respect of milk yield:in
first lactation (y), age at first calving (x]) and body weight of calf at birth at
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first calving (xp) for 180 daughters from 13 sires, Table 2 shows the heritas
bilities, phenotypi¢'and genetic correlations useéd in the calculation of three
different phenotypic indices: Theigenetic parameters were estimated on an
intra-sire basis, » The table also shows the three phenotypm indices as well
‘"as their estimated relative efficiencies.

Table 2.  Efficiency of Phenotypic index for milk yield.

75

Trait ~Heritability : Correlation between traits
Phenoty,p’ic ~ . Genetic
Milk yield in first lactation  0.415 y-Xq +0. 195 ~0, 048
(y) L :
o Age atfirstcalving (x7). - 0,504 y-xp ~0.184 40,213
Body weight of calf at ) :
first calving (%) 0. 555 Xy~Xp +0. 122 _ -0.350
Phenotypic indices ‘ Relative Efficiency %
Iy = y-1.34" x4 103~
L, =1y+30.56 x; : 106
I3 = y-1.51  x;+35.00 x, 111
Selection on y alone 100

It .is.apparent from this table that for improving the milk yield in first
lactation, the use of age at first calving as an auxiliary trait results in an in=
crease in the efficiency of selective breeding by about 3%. . This increase in
efficiency rises to 6% if the auxiliary trait happens to be th'e body weight of
calf at birth in first calving. It is interesting to find that when both of these
auxiliary traits are used simultanecously to correct for variations in the milk
yield in the first'lactation, the relative effLCLency increases by as much as

ll%

In the above illustration, the estimates of heritabilities and genetic corre=
lations Were used to work out the relative efficiencles of the phenotypic index
bit not the index itself, However, we may use them to obtain the relative
efficiencies of the selection index in the three cases, It is found that With X1,
the cfficiency is 104, with x5 it is 110 and with both xj and x5, it is 113, Tt
is'apparent that use of selection index instead of phenotypic index would result
“in higher relative efficiency but the increase {s'only marginal, At the same
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time, unlike phenotypic index, the working out of the selection index would
require the estimation of genetic patameters. In view of the cost involved
in theeting this requirement, the use of phenotypic index may be preferable
even though some efficiency is sacrificed, provided it is.ensured from the

pastexperience, that the phenotypic and genetic correlations for either of

the two auxiliary traits are expected to-have opposite signs.-

SUMMARY

This article discusses the efficiency of selective breeding based on
'phenotypic index' which is defihed as the deviation of the phenotypic value
of the trait from its expected value predicted with the help of one or more
auxiliary traitsi The conditions under which the efficiency of such a'pro-
cedure is greater than one have been theoretically studied.’ The practical
relevance of this technique has also been demonstrated by applying it to
breeding data on cattle, ' :

R EFERENCES

HAZEL, L.N. (1943), . The genetic basis for constructing selection in-
dexes. Genetics 28, 476-490,

OSBORNE, R. (1957). Correction for regression on a secondary trait as
a method of increasing the efficiency of selective breeding. =~ Australian
Journal of Biological Sciences, 10, 365-366.

PURSER, A‘.F. (1960). The use of correction for regression on a second
character to increase the efficiency of selection. - Biometrical Gene-
tics; Edited by O. Kempthorne, 234 pp. Pergamon Press, London.

RENDEIL, J.M. k (1954). The use of regression to increase heritability.
Australian Journal of Biological Sciences, 7, 368-378. '

SEARLE, S.R. (1965). The value of indirect selection.. I. Mass Selec-
“tion.  Biometrics 21, 682-707.



http://www.cvisiontech.com/

