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Selection with Truncation in Autotetraploids 
Comparison with Diploids 
A. Gallais 

Station d'Am61ioration des Plantes Fourrag6res, INRA, Lusignan (France) 

Summary. Using the general principle of linear prediction for autotetraploids in the absence of epistasis, we 
envisage different types of individual selection with truncation: mass selection, general combining ability se- 
lection, and selection on progenies from self fertilization. General expressions for the first cycle of selection 
are given. With the assumption that a locus effect can be neglected relative to the total variance, response to 
n cycles of selection can be predicted. Because of a dominance effect, the response will be curvilinear. The 
consequence of relaxation of selection is also envisaged. For all three selection procedures, after several cy- 
cles of random mating without selection, the genetic advance decreases rapidly towards an asymptotic value 
which is dependent only on the additive variance. Results for autotetraploids without epistasis are clearly anal- 
ogous to Griffing's results for diploids with epistasis restricted to pairs of loci. 

Prediction formulae for genetic advance and consequences 

of relaxation of selection for different selection methods thorne, 1960; Price, 1970), we immediately have for 

with truncation in random mating diploid populations have selection on one sex in the generation 0: 

been developed by Griffing (1960, 1962), taking into ac- 

count the combined effect of linkage and of epistasis lim- 

ited to pairs of loci. 

In this paper, we use Griffing's approach to consider 

autotetraploid random mating populations assuming ab- 

sence of epistasis. We envisage different types of indi- 

vidual selection: mass selection, general combining 

ability selection and selection on the basis of selfed prog- 

enies. The main objective of this paper is to show that 

the results for autotetraploids without epistasis can be 

compared with those obtained for diploids with epistasis 

restricted to pairs of loci. The theoretical approach is 

directly based on the principle of linear prediction and 

is more direct than the arguments used by Griffing. 

Applying the principles of linear prediction (Kemp- 

~EOex/O~] = E t ~ ( O e x ) t  + 
COVoe~(O e) 
varo~ - (O~x)  i 

(1) 

where ~[0~x/0f~] is the expected value given u~9~x of 

offspring from 0~x under the system of mating % and 

E [~(~x) ~ = ~ is the mean of the population obtained from 

mating individuals such as P without selection under 
x 

the same system ~. 

The mean of the population after one cycle of selec- 

tion will then be: 

~ = ~' {~oax/oa~ } : ~1 § 

cov0e*~(0e) 
var0f~* 

s (2) 

Genetic Advance in one Cycle of Selection 

In each cycle of an individual selection method, it is 

necessary to distinguish: 

1. The system of testing, i.e. the way in which the 

selection value of an individual is evaluated. This can be 

the individual value itself in the case of mass selection, 

or its general combining ability, or its value under in- 

breeding ... and so on. 

2. The system of mating of selected individuals in 

order to form a new population. This can be random mat- 

ing, inbreeding, crossing etc ... 

Let Px be one individual, ~x be the value of Px under 

the system of testing, and 7~(px ) the value of the offspring 

from Px under the system of mating ~. 

where S is the selection differential. 

Formula (2) is valid whatever the system of testing, 

the system of mating, the genetic effects or the ploidy 

level. The linearity of response to selection requires on- 

ly the assumption that conditional expectations (equation 

I) are linear. 

~x and 7fl(P x) can be phenotypic values if the newpop- 

ulation is measured in one macro-environment different 

from that of the testing system. We shall not discuss this 

problem here; it has been discussed by Griffing (1968). 

In what follows, we suppose that the macro-environment 

conditions of the testing system and of the new popula- 

tion are the same, or that there is no genotype x envi- 

ronment interaction. Then the phenotypic value of ~x may 
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be regarded, conceptually, as the sum of the two classic 

independent components with normal distributions: 

G = average phenotype for the genotype of the chosen 

individual 

E = environmental effect 

The expected value of ~(s ) is then FR(Gx). So 

COVoG~(oG*) 

~ : ~I + varoP~ S (3) 

cov 0G~(0 G~ ) is the covariance between genotypic values 

of relatives. With the assumptions of an infinite source 

population in random mating and linkage equilibria, such 

covariances have a known structure. In the application be- 

low, we give their values in the absence of epistasis for 

the methods of selection under consideration. 

Application 

The application of the previous general formulae gives 

some known results already established in other ways. 

I. For random mating 

a. Individuals selected on their phenotypic values 

This is mass selection: 

coy P 0 
~ = ~0 + 2 Sp 

Op 

2 coy P 0 
#~ = FO + 2 Sp 

Op 

for selection on one sex 

for selection on both sexes 

Restriction of the level of ploidy is necessary only 

for the genetic interpretation of the covarianee. For 

autotetraploids with our assumptions: 

covPO = 1 / 2 o 2 +  1/6o 2 

b. Individuals selected on their general combining 

ability 

coy H S 
~ : ~o + -7---- Sg 

CP(g) 

for selection on one sex 

2covHS 

Op(g) 

for selection on both sexes 

covHS = I/4~2+ 1/36~ 2 for autotetraploids 

c. Individuals selected on the performance of their 

self fertilization progenies 

2 coy S I0R 

#~ = P0 + 2 Ssl 
~ 

From the results of Gallais (1970) for diploids with 

linkage and those of Jacqueline Bouffette (1966) for au- 

totetraploids, it is possible to give an expression for 

the covariance between the S 1 of an individual and its 

offspring under random mating, O R . 

For diploids (two loci) with alleles i, j, at one locus 

and k, l, at the other, noting additive effect by (~), dom- 

inance effects by (~), additive x additive epistasis by 

({), additive x dominance (7), dominance x dominance 

(8): 

oovS 10R= 4q~(ili ){ E (~i2)+E (O~k2)t +4~(iil i){S (h~i i)  

+E (C~k#kk) } +16~(ik I ik )E ( ~i2k ) 

+ 8q)(k- % i) I E (?ikkei) +E (?iik~k) } 

+ 4q~(~-~ i) {E ( 6iikkC~ i ) +E ( 6iikk~k )} 

+ 8e(~kk i ~-) E ( 6iikk gik ) 

q~( I ) are generalized coefficients of relationship as 

introduced by Harris (1964) and Gillois (1964). The 

vertical line separates the genes taken from each of the 

two related zygotes S 1 and O R. Genes withthe same let- 

ters are identical in descent. We give the value of such 

coefficients only for the case of absence of epistasis: 

~( i l i )  = 1/4 q~(iili) = 1/16 

Other coefficients will appear in the next part of this 

study. For tetraplo'i'ds with one locus and alleles i, j, 

k, i, we have similar results; with the same notation for 

the coefficients of relationship and for the states of iden- 

tity between the alleles, noting additive effects (~), di- 

genic effects (~), trigenic effects (~), quadrigenic ef- 

fects (6) : 

COVSl0R = 16~(il i)E (h2)+48~(ii I i m (hh i )+  

+32q~(iili)E(c~j?iij)+8~(il i)E(~i6iijj)+ 

+12~(ijij i)E(~ij6iijj)+12cP(ik jk)E(~jk6iijk ) 
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We give the coefficients corresponding to the absence 

of interaction between more than two alleles: 

qo(ili) = 1 /8  ~ ( i i l i  ) = 1 ~o(ij[ i j)  = 3-~ 
48 

The values of the other coefficients will appear in a 

later part of this study. 

From these results it can be seen that the contribu~ 

tion of additive variance is greater with this procedure 

than with the general combining ability selection. It may 

thus be more efficient if variance is mainly additive, 

because phenotypic variance between families can be 

considered to be similar. But in general, the efficiency 

depends on the covariance terms such as E (c~i[~ii)...etc. 

2. For self fertilization 

Individuals selected on their phenotypic value. 

C ( 0 , 1 )  S 
~ = > 1  + ~ 2 

0 P 

w h e r e  C ( 0 , 1 )  i s  the  c o v a r i a n c e  b e t w e e n  an  i nd iv idua l  in  

the  s o u r c e  p o p u l a t i o n  and  i t s  o f f s p r i n g  u n d e r  s e l f i n g .  

This  g i v e s  the  r e s u l t  o b t a i n e d  by P e d e r s o n  ( 1968 ) .  F o r  

autotetraploTds we know that the mean ~n after n gener- 

ations of selfing without selection is (Gallais, 1967): 

~n =~*0+6FnE(Bi i )+4 (P0  + l / 4 P 1  )E(Tii i )+  
n n 

+ P 0  E ( S i i i i ) + P 2  E ( S i i j j )  
n n 

w h e r e  F i s  the  c o e f f i c i e n t  of i n b r e e d i n g ,  and  P 0 '  P l '  

P 2  the  p r o b a b i l i t i e s  of the  n u l l i p l e x ,  s i m p l e x  and  dup lex  

s t a t e s  of i d e n t i t y  by d e s c e n t .  With the  a s s u m p t i o n  of r a n -  

dom m a t i n g  e q u i l i b r i u m  in  the  b a s e  p o p u l a t i o n ,  the  e x -  

p r e s s i o n  fo r  covariance between inbred relatives was 

first given by Jaoqueline Bouffette (1966). We give be- 

low this formulae limiting the interactions between al- 

leles to the first order: 

Coy z i z  a = 16~( i ]  i )E ( ~ 2 ) + 4 8 ~ ( i l i i ) E  (c~i[~ii) + 

j)m (~ij)+36~(ii lii)E ( 

+ 36{ r j j )  _ F I F j }  {E (Bii)} 2 

q)(I ) a r e  g e n e r a l i z e d  c o e f f i c i e n t s  of r e l a t i o n s h i p  a s  

a b o v e .  

From these three examples, it can be seen that the 

general formula (I) can express directly the genetic 

advance in one cycle in terms of genetic parameters for 

any system of testing or mating. Extensions of this for- 

mula to the cases of combined selection (individual and 

family ) and to the cases of different selection procedures 

according to sex are obviously possible. 

Prediction of the Response to the n th Cycle of Selection 

For any cycle of selection the linearity of response re- 

quires the assumption that conditional expectations are 

linear as equation 4. 

coy n G* ~ (n G) 
* = + S (4)  

[Ln + 1 ~n + 1 varn ~* 

With this assumption for each cycle, it is possible to ex- 

press the second cycle from characteristics of the first 

cycle and so on. However, the useful prediction of the 
th 

n cycle of selection from genetic parameters of the 

source population, assumed to be infinite and in random 

mating equilibrium, needs more restrictive assumptions. 

It i s  p o s s i b l e  to a s s u m e  tha t  COVnG*?fl(nG*) can  a l w a y s  

be  r e p l a c e d  by r o u t e i n g  e x p r e s s i o n s  fo r  c o v a r i a n e e s  b e -  

tween  r e l a t i v e s  d e f i n e d  in the  s o u r c e  i n f i n i t e  r a n d o m  

m a t i n g  p o p u l a t i o n .  

R e s t r i c t i n g  o u r  s tudy  to the  c a s e  w h e r e  ~ i s  r a n -  

dom m a t i n g ,  to r e l a t e  one  c y c l e  ( n + l ) t o  the  p r e v i o u s  

(n)  we u se  the  f r e q u e n c i e s  of the  g a m e t e s .  This  a p -  

p r o a c h  will  be  v a l i d  fo r  a u t o t e t r a p l o i d s  wi th  one  l o -  

cu s  o r  fo r  d ip lo id s  wi th  two l o c i .  Let f* f!~, be  
n i k '  n j l  

the  f r e q u e n c i e s  of g a m e t e s  which  un i t e  to g ive  t he  z y -  

go te  i j k 1 of  v a l u e  Gi jk l .  A f t e r  n c y c l e s  of s e l e c t i o n  

on the  two s e x e s  the  m e a n  of the  new p o p u l a t i o n  will  be :  

~* = i~k j~l f* f! ~, (5) n+l n ik njl Gijkl 

The problem is then to predict the frequencies f.*, since 
n IK 

selection induces non-random associations between 

genes. Assuming a linear relationship between the fre- 

quency fijkl of a genotype and its breeding value G~kij 

its frequency f*., , after selection, but before random 
qKl 

mating, will be: 

G*, , - g ( G* 
, n ijKl -n i jk l "  

nf[jkl = nfijkl nf i jk l  v a r  n + e* S ( 6 ) 

w h e r e  v a r n  ~* r e p r e s e n t s  the  p h e n o t y p i e  v a r i a n c e  of the  

geno type  ( o r  s u b g e n o t y p e )  i jk l ,  i . e .  t he  e n v i r o n m e n t a l  
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v a r i a n c e  p lus  a l l  gene t i c  v a r i a n c e  not due to the unit  i j k l .  

Then a c c o r d i n g  to the a s s u m p t i o n  that  the ef fec t  of the 

subunit can be neglected relative to the total variance, 

var P* represents the total phenotypic variance. To sim- 

plify the notation we put G* -E(nG*) = Y.*.,, and n ijkl IIKL 2 var e* = o . 

Following arguments introduced by Kimura (1958) 

and used by Gritting (1960, 1962), it can be shown that 

equation (6) is justified if quantities such as (Y~kl/o) 2 

and (Y*ikl/q2) 2 m a y  be neglected. Howeverthe equation 

(6) can be assumed a priori. From expression (6) we 

can deduce the frequency of gametes with genes i and k, 

and the frequency of one gene. For the genie frequency, 

we have immediately: 

S 
n+IP~ nPi + 7 E f* Y* (7) = n i jkl  n i jkl  jkl 

For the gametic frequency, we must note that according 

to the origin of genes i and k, there are two types of 

genotypes, (ik, jl) with genes ik contributed by the same 

gamete, and (il,jk) with gene i contributed by one gam- 

ete and k by the other. Genotype (ik,jl) reproduces 

gamete ik or jl with the probability l], and genotypes 

(il, jk) give such types of gametes with the probability 

(I-I~). Note that rI= I-c for diploids, with c the re- 

combination value between two loci, and rl = 1/3 for 

autotetraploids with random segregation of the chromo- 

somes. So the frequency of gametes ik after selection 

will be : 

~f.*, = rI j~l f~ (I-~) ~, f *  = n+• IK . ik,jl + jl il,jk 

= n+lfik + ~o ll~nfik j~l nfjl Y~kl+ 

Y* . I + (1-11) j~l nfil nfjk I]KI (s) 

with n+ l f ik  = IInfik + (1-I ] )p iPk the f r equency  of g a m e t e  
ik without s e l e c t i o n .  This i s  a well  known r e l a t i o n  fo r  

d ip lo ids  (Ma leco t ,  1948) and fo r  a u t o t e t r a p l o i d s  (De-  

m a r l y ,  1963).  

Then, us ing  the s a m e  a r g u m e n t s  as  Gr i t t i ng  ( 1960 ) with 

[ G~.L,, - E ( G * )  12 
the assumptions that [ l]Kl I and 

E(G*) 2 [ ~ 
[ G~kl-<~ 2 ] may be neglected, recurrence equa- 

tions (7) and (8) can be solved. Hence: 

np i :op i {l+n(S/oZ)0V~... } with 0Y~... 

o r  np i - op i = n ( l P  i - oPi ) 

=Z n n  n y* 
jkl  ~J~k~'l i jkl  

The c o n s e q u e n c e s  of the l i n e a r  a p p r o a c h  and the s i m p l i -  

fying a s s u m p t i o n s  on gene t i c  e f fec t s  i s  that  the p r e d i c t e d  

changes  in gen ic  f r e q u e n c i e s  a r e  the s a m e  in each  c y c l e  

of s e l e c t i o n .  So i t  s e e m s  that  the a s s u m p t i o n s  a r e  a c -  

c e p t a b l e  only  for  the f i r s t  c y c l e s  of s e l e c t i o n ,  and with 

low va lues  of the f r e q u e n c i e s  Pi" Pu t t i ng :  

0fik = 0Pi 0Pk 

0Pj 0Pl Y i k , j l  = Y~k , . .  

j~l oPj OPl Y ~ , j k  = Y~ l.,.k 

~k Pk Y~k , . .  = Y ~ . . .  

~k Pk Y.* = Y.* i., .k i... 

It r e s u l t s  in: 

f* = ~ +n(S/o2)0fik(Y nik O~ik ~..- + Y.~k.. )+ 

l_rl n 
(s/~ 2) Ofik{ I~ Y * § (1-I] )Y~ - + ~ ik,.. ., .k 

- (YL.. + Y.~k.. )I (lO) 

For diploids, Gritting (1962) has given the values of 

Y.* ; Y~ ; Y~k .k' for mass selection and general 
i... ~.. i., 

combining ability selection. We recall these results in 

Tables I and 2, with results for autotetraplo'Ids, and for 

individuals selected on the basis of their self-fertiliza- 

tion progenies. 

From formulae (5) and (10) we obtain a f t e r  simpli- 

fication and approximation: 

~-- ~0 +n(S/~ 2{E (YL.. =i ) + E (Yl~k.. %)1 + 

(S/c;2) l-~In 2{riE(Y~k, flik ) + 
+ ~ . .  

+ (I-rl)E(Y* flik )1 (11)  i., .k 

This formula is valid for diploids with two loci or for 

autotetraploids with onelocus. (For diploids, B must be 

replaced by ~. ) For the autotetraploid case we have, ac- 

cording to the values of the parameters: 

- for mass selection: 

2 2 �9 = ~0 + n ( S / o  )~A 3 / 2 { 1 - ( 1 / 3 )  n } ( S / ~ 2 ) 1 / 3 o  2 
P'n + 
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- for  gene ra l  combin ing  abi l i ty  s e l ec t i on :  

~}n = ~0 + n ( S / c r 2 ) l / 2 c ~ 2 + 3 / 2 { 1 - ( 1 / 3 ) n } ( s / o 2 ) 1 / 1 8 c 2  

- fo r  s e l e c t i o n  of ind iv idua ls  on the ba s i s  of  t he i r  s e l f -  

f e r t i l i za t ion  p r o g e n i e s  : 

*~ = ~0 n ( S / a 2 1 2 V A +  3 / 2 { 1 - ( 1 / 3 1  n}(S/c~2)2V D ~p, + 

with 

V A = 2E (c~i2) +1/12 E (c~i~ii)+1/6 E (c~i~ikk) +1/6 E (c~iSii kk ) 

V D = 5/36 E (~i2k)+1/18 E ( ~ i k T i k k ) + l / 3 6  E(~ ikS i ikk)+  

+ 1/9 E (~ikSikl l )  

Table  1. Va lues  of ~Y~ a c c o r d i n g  to t h r ee  s e l ec t i on  p r o c e d u r e s .  F o r  p r o c e d u r e s  (1) and (2) v a l u e s  a r e  the  
L) 1 . . .  

s a m e  w h a t e v e r  the leve l  of plo's F o r  p r o c e d u r e  (3 ) ,  2n r e s u l t s  a r e  for  two loc i ,  4n for  one l o c u s .  
The nota t ion  E m e a n s  E with i f ixed 

i 

Selection procedures Y~ 
0 i... 

( I ) Mass selection 

(2) General combining 
ability 

(3) Self-fertilization 2n 
progeny 

4n 

Of. 
i 

1/2~ 
1 

~ i + l / 4 ~ i i + l / 4 E ( ~ i i ) + l / 2 E ( ~ k k ) + l / 2 E  ( ~ i k k ) + { ~ +  (~)2}{iE(Si ikk)+E (6j j l l )  } 

c ~ i + l / 2 4 ~ i i + 1 / 8 E ( ~ i i ) + l / 1 2 E  ( ? i k k ) + l / 1 2 E .  ( S i i j j ) + l / 1 2 E ( 6 k k l l )  
1 

Table 2. Values of Y~ according to three selection procedures and two levels of ploidy. For tetraploids with 
0 ik,.. 

one locus, Y~ values are identical to 0 ik, .. 0 i.,.k Y~ . For diploids with two loci, genes i,j at the one and 

k,l at the other, in order to obtain 0Yff., .k from 0Y~r it is only necessary to replace 1/2(1-c) by 

1/2 c and vice-versa 

Selection procedures Y*~ 
0 ik,.. 

(1 

(2 

(3 

Mass selection 

General combining 
ability 2n 

4n 

Self-fertilization 2n 
progeny 

4n 

(c~i+~k) +~ik 

1/2  (c~i+ Ctk ) + ~ - ~  ~ik 

1 / 2 ( ~ i + ~ k ) + 1 / 6  ~ik 

(~ik replace ~ik for diploids) 

(~i+ ~k) + I/4 (~ii+[~kk) + 1/4 { E ([~ii) +E ([kk)} + 1/2 ( 1/4+ ~-~) $ik+ ~-~ (liik+~ikk) + 
2 2 

+ ~ { E ( ~ j j k ) + E ( ~ i l l ) t + ( ~ " ~ )  {S i ikk+E(6 j j l l )}+(2)  { E ( S i i l l ) + E ( 5 ' - k k ) }  
1 " k J J  

(c~i + ~k ) + 1/24 ( ~ii+~kk ) + 1/12 E ( ~ii ) + 5/36 ~ik + 1/36 ( ?ilk + •ikk ) + 1/18 { E k ( ~jjk ) + 

+ n ( h n )  } + 1/36 6iikk+ 1/V ~k ( 6ikn ) + 1 / lS  { E. ( 6Jill ) + E (6jjkk) } + 1/36 n ( 6jj n )  
i 1 k 
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For diploids with two loci, results for the first two 

selection procedures have been given by Griffing (1962). 

For the third procedure we have from (II) 

~ = ~0 + n(S~ + 1 - (1 -c )n  (S/cr2)2VD 
bun c 

with 

V A = [E (c~i2) +E (elk2) } + 1/4{E (ai ~ii )+E (C~k~kk) } + 

2 
I - 0  

+ I/2{E(c~i~ikk)+E(C~kTiik)+{ (--6--) + 

2 

+ (21 } {E(c~i6iikk)+E(~k6iikk)} 

F rom formulae (8) and (10) we know nPi, np k and 

n,0fik (7~ being random mating).  Then: 

n, mfik ~0fik + n (S/~2)0fik (Y~?]... + Y'[~k.. )+ 

+ (S/a2)l~m (ll-_~%n) {llY~k,.. + (l-rl)Y~., .k- (Y~.. +Y?k..) } 

Then the mean will be: (~ replacing 8 for diploids) 

bn,m ~#0 +2n(S/~  (Y~... ai) + E (Y?k. .  C~k)} + 

+ 2(S/~2)nm (1-~In1 { ng  
" 1-YI " (Y~k,. ~ik ) + 

+ (1-[I)E(Y~ ~ ,-k~ik)} (12) VD= 1/4{ 1/2+(1-c)2+c2}E(gPk)+l/2{ (1-c)2+c 2} X 

XIE(gikTi ik)+E(gik?ikk)}+l /4t (1-c)3+c3}E(gik6i ikk ) and according to the value of the pa ramete r s  for auto- 
tetraploids 

In this way it is obvious that we find the value of the 

generalized coefficients of relationship q~( I ), introduced 

in the first part of this study for the genetic advance in 

one cycle of selection. 

For these three individual selection procedures, it 

appears that interaction between two genes (i.e. addi- 

tive x additive epistasis for diploids, or dominance for 

tetraploids) causes a curvilinearity of the response of 

selection with time. The common cause is the depen- 

dence between genes. For the first two procedures, this 

influence diminishes as the number of cycles of selec- 

tion increases. The same thing occurs for the thirdpro- 

cedure if V D is positive. However it is not certain that 

V D is always positive. Clearly if there is only additivity, 

the response to selection will be linear with time. ~*~ = n 
+n(S/a2)2iE(y$~.. . .  c~i)+E(Y~k. .ak)} .  This is a well 

~- ~0 
known resul t  for diploids with the assumptions given 

above (7) - (Falconer, 1961). 

The above results established for autotetraploids with 

one locus or for diploids with two loci, can be extended 

to several loci by summation over all independent loci, 

or pairs of loci. 

Consequences of Relaxation of Selection 

Suppose that after n generations of continuous selection 

there are m generations of random mating without se- 

lection. The selected population is in random mating 

disequilibrium. Then for autotetraploids (Demarly, 1963) 

and for diploids (Griffing, 1960): 

n,mfik = nPi nPk + rlm(n,0fik - nPi nPk ) 

- for mass selection:  

2 2 
~n, m- ~0+n(S/a )~A + 

+ ( 3 / 2 ) ( 1 / 3 ) m { 1 - ( 1 / 3 )  n} (S/~2)1/3o 2 

- for general combining ability selection:  

2 2 
t~n, m = tt0 + n  ( S / c )  1 / 2  ~ A  + 

+(3/2) (1/3)m{ 1- (1 /3)  n} (S/o2)1/18 0 2 

- for selection of individuals on the basis of their  

selfed progenies : 

: ~0+n(S/c 2)2 V A +3/2(1/3)m{ 1-(1/3)n} (S/a 2)2 
~n, V D m 

The values of V A and V D have been given above. 

From formula (12) and the previous results, it is 

easy to deduce the results for diploids. 

For the three procedures of individual selection, and 

by induction for all procedures of selection, formula 

(12) states that after several cycles of random mating 

following selection the genetic advance remaining is on- 

ly that due to additive variance. The mean of the select- 

ed population declines towards this asymptotic limit. 

Hill (1971) has also given this conclusion for autotetra- 

ploids, with biallelism, for different models of direct 

phenotypic selection (Models I, If, III). 

By induction from Griffing's (1962) results and ours, 

it is clear that whatever the ploidy and epistasis, the 

mean for a selected population multiplied by random 
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mating without selection decreases towards a limit which 

is that part of its genetic advance contributed by additive 

variance. Hill (1971) has shown in a particular model 

(IV, i.e. biallelism A, a, with duplex dominance and 

selection against aaaa and aaaA) that the change in 

mean can be in either direction, depending on the state 

of the population at the time of relaxation of selection, 

but will be small in most cases. This result is slightly 

different from ours. We suggest that this is due to the 

assumptions on gene effects underlined by Grilling. We 

recall them : 

- absence of natural selection ; 

- the population of phenotypic values is considered to be 

unlimited ; 

- the gene effects are small relative to the phenotypic 

standard deviation~ results are then not valid for genes 

of major effect, which may be important in plant breed- 

ing in selection for resistance to some diseases. The 

approach of Latter ( 1965 ) can help to solve this problem. 

However we think that for a complex character such as 

yield this assumption allows an approximation of the se- 

lection effect for the first cycles. 

Conclusion 

The linear prediction approach of selection theory leads 

to general results for one cycle of selection, whatever 

the level of ploidy. It gives directly change in mean, in 

gene, gamete and genotypic frequencies in one cycle of 

selection with the global assumption of linearity of the 

dependent variate on the independent variate, the geno- 

typic value under the testing system used. This is a sta- 

tistical problem first discussed by Kempthorne (1960). 

The assumptions of such linearity for genotypic frequen- 

cies and on genetic effects are strong. However they are 

justified for a polygenic character controlled by many 

loci (or combination of loci) of small effect relative to 

the phenotypic standard deviation. Moreover they allow 

consideration of the response to n cycles of selection in 

terms of classical parameters first and second degree 

statistics defined in the source infinite random mating 

population. Some of the restrictive assumptions can be 

lifted by using second degree in place of linear equations. 

The approaches of Latter ( 1965 ) and P rice ( 1970 ) can take 

into account deviations from linearity in (6). 

The results concerning selection in random mating 

populations for autotetraploids for one locus are strict- 

tionship between genes due to the fact that a gamete 

necessarily transmits, two genes i.e., two non-homolo- 

gous genes for diploids, two homologous genes for auto- 

tetraploids, so that parental gametic associations are 

maintained with certain probabilities in the following gen- 

eration (Gallais, 1974a,b). In both cases, even withthe 

restrictive assumptions, the response to selection can 

be curvilinear due to interactions between genes. After 

relaxation of selection the decrease in mean of the se- 

lected population toward the equilibrium, due only to the 

additive variance, will be more rapid for autotetraploids 

than for diploids. 
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