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Arguments Against Intermating Before Selection 
in a Self-fertilising Species 

D. G. PEDERSON 

Facul ty  of Agriculture, University of Sydney, Sydney, New South Wales (Australia) 

Summary. The expected benefit from intermating the F~ population from a cross of two homozygous parents is in- 
vestigated. It is noted that intermating will only be of benefit for two loci if the alleles are initially in the repulsion 
phase, and this result is extended to more than two loci by population simulation. If V~ is the population variance after 
n cycles of intermating followed by repeated selfing, the merit of intermaeing is measured by the magnitude of V.1/V o. 
For a character controlled by loci on a short chromosome segment the ratio is invariably greater than t .0, but as the 
average recombination value between loci is increased, either by increasing the chromosome length or by situating the 
loci on different chromosomes, individual values less than 1.0 become possible. If loci are spread over three or more 
chromosomes then the expected gain from intermating is consistently small. A simulation study shows that truncation 
selection is usually preferable to intermating as a procedure for increasing the proportion of desirable homozygotes in a 
population. 

Introduction 

The most usual breeding procedure for a self- 
fertilising species is to cross two homozygous geno- 
types and then select, in later generations, those 
progeny which have the desirable characteristics of 
both parents. Although a complete reassortment of 
the parental genes is preferred, with self-fertilisation 
there is only limited opportuni ty  for this to occur. 
Recombination may therefore be promoted by  an 
initial round of intermating commencing at the F~ 
generation, and Hanson (t959) has concluded from a 
s tudy of the maintenance of linkage groups that  at 
least four cycles of intermating are necessary in most 
situations. Miller and Rawlings (t967) did observe a 
limited occurrence of non-parental types in the F 3 
progenies of a cotton cross for which one parent was 
of interspecific origin, and found that  six cycles of 
50% outcrossing produced a better source of material 
for selection, perhaps due to a partial breakup of 
linkage blocks in the original material. 

Intermating can be a costly and time-consuming 
procedure in a normally self-fertilising species. I t  is 
therefore encouraging that  as few as 30 F2 pairs are 
usually sufficient to achieve the beneficial effects of 
intermating without the loss of genetic material 
through drift (Baker, t968). 

However, Hanson considered only linked loci 
spread over a map length of 2.0 morgans or less, and 
similarly Baker considered the effects of a single 
chromosome. Further, a predominance of repulsion 
linkages was either assumed or implied in each case. 
The present s tudy assesses the worth of intermating 
when these two restrictions, on the distribution of 
loci over chromosomes and the nature of parental 
linkages, are removed. I t  is assumed that  there are 

two alleles, designated 0 and 1, at each segregating 
locus, and for a character controlled by 2k loci it is 
assumed that  each parent is homozygous for the 
1-allele at k of the loci. If V~ is defined as the geno- 
typic variance of a population produced by n cycles 
of intermating of an F ,  population followed by re- 
peated self-fertilisation, then such ratios a s  V 1 / V  o 
and V J V  o are used to assess the merit of intermating. 

T w o  Linked  Loc i  

Repeated self-fertilisation of a heterozygote in the 
repulsion phase (genotype t0/0t)  will give the four 
homozygous genotypes with relative frequencies 
(Nelder, t952) 

10/10 and 01/01:{/(I + 2r) 

11/t t  and 00/00: r / ( t  + 2r) , 

where r is the recombination value for these two loci. 
We therefore have 

V 0 = 8r/(t + 2r) 

if the 0- and l-alleles take their indicated values. 
If individuals of the F 2 generation, obtained by 

selfing the heterozygote 10/01, are intermated once 
prior to repeated self-fertilisation then the relative 
frequencies are (Baker, t 968 )  

t0/10 and 0 t / 0 1 : ( 2  --  r + 2r2)/(4 + 8r) 

1t/11 and 00/00: (Sr --  2r~)/(4 + 8r).  

I t  follows that  

171 = 2(5r --  2r~)/(t + 2r) 
so that  

1 V1/Vo =: (5 - -  2 r ) / 4 ,  0 < r < ~ . 

This ratio tends towards a maximum of t.25 as r 
tends towards zero. 
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Two cycles of in termat ing give the expected relative 
frequencies 

I0 / t0  and 0 t /0 l  : (2 --  2r + 5r 2 -- 2 r 3 ) / ( 4  + 8r) 

1 t / t t  and 00/00: (6r --  5# + 2r3)/(4 + 8r), 

so tha t  

V~ = 2(6r - -  5r ~ + 2ra)/(l + 2r) 

and 
1 Vz/V o = (6 - -  5r + 2# ) /4 ,  0 < r =< 5.  

The increase in genotypic variance from a single 
cycle of in te rmat ing  will therefore be less than 25% 
of V 0 for two loci of equal effect, and further cycles 
of in termat ing will produce progressively smaller ab- 
solute increases. 

If  the loci are in the coupling phase then the relative 
frequencies of the four homozygotes  are given by  
interchanging the symbols 0 and t at eitker locus, 
and it is found tha t  

V 0 = 4/(1 + 2r) ,  

V~ = 2(2 -- r + 2#)/(1 + 2r) ,  
and 

V 2 = 2(2 - -  2r + 5r 9' --  2ra)/(t + 2r) .  

The rat io 

VdVo = (2  - r + 2 r = ) / 2  

is now less than  or equal to unity,  with a minimum 
value of 15/16 (0.94) when r = 0.25. The ratio 

G/Vo = (2 - 2 r  + 5 r  2 - 2 r a ) / 2  

has a min imum value of 0.89 when r = 0.23. 
Before the two-locus theory can be extended, it is 

necessary to prove a result concerning the product ion 
of homozygotes  from a multi-locus heterozygote  

D e t e r m i n i n g  H o m o z y g o t e  F r e q u e n c i e s  

The aim is the develop a method for determining 
the relative frequencies of the homozygous genotypes 
given by  repeated selfing of a multiple heterozygote. 

Let  P,~ be the event  tha t  a derived homozygote is 
in the parenta l  condition for loci i and/'.  For example, 
if the parenta l  genotypes were 0t/01 and 10/t0 then 
P ~  is the event  tha t  a homozygote  has either of the 
parenta l  genotypes at loci t and 2. The event of the 
non-parental  condition, namely  genotypes 11/1 t and 
00/00 in the example,  will be denoted by  Ni~, and the 
recombinat ion value for loci i and/ '  will be writ ten as 

For three loci, let 

= p(P~z and P~) -- P(P~2) P(P2a) 

= p(N~ and N~) - .  p(N~) P(N2a), 

where p denotes "probabi l i ty  of". The equivalence 
of the above expressions follows from the table of 
probabilities : 

Loci t and 2 
parental  non-parental  

parental  P(PI~andP2s) P(N12andP23) P(P2s) 
Loci 2 and 3 

non-parental  P(P12andN23 ) p(NlaandN2s ) p(N23 ) 

P( PI2) P(N~2) 

We therefore have 

2 0 = [P(P12 and P~3) + P(NI~ and N2a)] 
- -  [P(PI~) P(P2a) + P(NI~) P(N23)] . 

But [P(PI, and P,a) + P(NI, and N,.~)I is the total  
probabil i ty  tha t  a homozygote is in the parenta l  con- 
dition for loci t and 3, which Nelder (t952) has shown 
is equal to t/(1 + 2rla ). Tile above ident i ty  therefore 
becomes 

l [ I t 2r12 2r~a ] 
2~5 --  I q- 2r~ [1 + 2r12 t + 2~2a -} 1 + 2rill @ 2r2a ] 

1 I + 4rl~r2a 
I + 2r13 (1 + 2rx~) (1 + 2r23 ) " 

But  if map distance (x) and recombination value (r) 
are related according to the Kosambi (1944) mapping 
function 

then 

x = t / ~ l o g e / t  + 2r~ 
4 

r13 = (r12 q- r23)/(1 + 4r12r2a) , 
so tha t  

I + 2r13 = (1 + 2r12) (1 + 2r~3)/(t + 4r12r23 ) 
and Q = 0. 

Provided tha t  the Kosambi  mapping  function 
holds, we therefore have 

P(P12 and P2a) = P(PI:) P(P23), 

so tha t  the condition of a chromosome segment is 
independent  of the condition of any other segment 
once homozygosi ty has been attained. Interference 
of the type indicated by  the Kosambi  mapping func- 
tion has been found to occur in practice (e.g. Wallace, 
1957), and this function is therefore a reasonable 
model on which to build further theory. 

As an example of the application of the above 
result, suppose tha t  the genotype t0 t t /0100  were 
repeatedly selfed. Then the relative frequency of the 
homozygote  t 1 1 t / t t l l  would be given by  

p ( l l  for segment t, 2) 
• p(non-parental  for segment 2, 3) 
• p(parental  for segment 3, 4) 

rl~ 2r23 t 
1 + 2r12 I + 2r23 I + 2r34 

For a part icular  set of loci and recombination 
values it would only be necessary to determine the 
homozygote frequency distribution for a single source 
genotype, say t l t  ... t t /000 ... 00. The homozygote  
distribution for any other source genotype could then 
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be obtained by the appropriate transformation of tile 
symbols 0 and t. 

More than T w o  Linked  Loc i  

One Chromosome 

For four loci on a single chromosome there are 
three unique heterozygous arrangements, assuming 
that  there are two l-alleles on each chromosome, 
namely 

1 t 0 0  1010 1001 
001t ' ~ ,  and 011o 

The loci were assumed to be equally spaced over 
chromosome segments of length 0.1 and 0.5 morgans, 
and the array of homozygotes produced by repeated 
self-fertilisation was determined in each case. The 
variance (V0) was calculated for each array. 

A simulation procedure was also carried out, com- 
mencing with the genotype 11t1[()000. An F~ indi- 
vidual was produced by the random generation of 
two gametes, using a random walk procedure based 
on recombination frequencies given by the Kosambi 
function. A second F~ individual was then produced, 
and a random gamete from each F 2 gave an individual 
which was the product of one cycle of random mating. 
The array of homozygous genotypes from repeated 
selfing of this individual was determined. The whole 
process was repeated t 2,500 times for the 4-locus case 
to give an "average" homozygous array. Once this 
had been done for the genotype t t t t / 0 0 0 0  it was 
possible to determine the array for each of the three 
4-locus heterozygotes by appropriate transformations 
of the gene symbols, and in each case the value of V~ 
was calculated. Diagrammatically, the procedure 
was as follows: 

1111 1111 

[:~'? oooo oooo 
/ ' x  / x ,  

gamete gamete gamete gamete 
t 1 0 0  0 t l l  0100  t l t l  

F~ F~ 
tlOO OlOO 
o111 111t 

4 
gamete gamete 

I 1 0 0  0101 
\ / 

1100 
0 t 0 1  

4 
array of homozygotes X t2,500 

For a chromosome segment of length 0.1 morgans 
the values of V~/V o were t . t75 (parent 1t00/00tl) ,  
1.224 (parent t010/0t0t) ,  and 1.270 (parent t00t /  
0110). The average of t.223 is close to the maximum 
value of t.25 for two loci in the repulsion phase. The 
corresponding values of V1/V o for a segment of length 
0.5 morgans were t.021, 1.189, and 1.t44, with an 

NQp length = I),1 Mop length =0,5 
1,4 ___. / ~  

1,2 - . . . . .  

. �9 I r  
1,0 A i " "  . . . .  

i 

~ .  / 8 , .... 
1,Z' X t ~ . . . . .  ~ f  

1,4 

12 - -  -'*'" 

- -  ~ m m ~  1,0 C ... . .  n . . . . . .  ~ -_.. m 
. ~ _ _ ~ =  . . . . . . .  o 

k 8 12 15 20 4 8 12 16 20 
Number of loci 

Fig. t. Values of Vx/V o for either all possible allele arrange- 
ments (e) or a random sample of 40 arrangements (O) ; A, B, 
and C indicate t, 2, and 3 chromosomes respectively. Extreme 
values have been ioined with a dotted line to give a clearer 

indication of the range 

average of 1.1t8. Both sets of values are plotted in 
Fig. t. 

Thus, if a character is controlled by four closely 
linked loci then one cycle of intermating may be ex- 
pected to produce a 20% increase in genetical varian- 
ce. If the loci are evenly spread over a larger chro- 
mosome segment then the expected increase is smaller 
and individual increases may be close to zero. 

The simulation procedure was also carried out for 
six loci (7,500 F~ pair-matings) and eight loci (5000 F2 
pair matings) for the two map lengths. There are ten 
heterozygous arrangements for six loci and 35 pos- 
sible arrangements for eight loci, and the value of 
V1/V o for each is plotted in Fig. t. For the greater 
map length there are now genotypes for which inter- 
mating would actually decrease the homozygous 
genotypic variance. In general, genotypes with gene 
complexes linked in the coupling phase gave a high V0, 
in some cases above the equilibrium value (Voo = 8.0), 
and a low value of V1/V o, and the reverse was true of 
genotypes for which repulsion phase linkages pre- 
dominated. 

As an illustration, the results for the 8-locus geno- 
types giving the highest and lowest values of V1/Vo 
were as follows, for the 0.5 morgan map length : 

1 1 1 1 0 0 0 0  10011001 
G e n o t y p e  : 00001111  0 1 1 0 0 1 1 0  

V o :  t t . 9 6  2 .21  
VI: 11.79 2.70 

VI/Vo: 0.99 t.22 

More than one Chromosome 

If the array of homozygotes and their frequencies 
is known for a heterozygote of n linked loci then it is 
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a m a t t e r  of s imple  m u l t i p l i c a t i o n  to  f ind  the  a r r a y  for 
two  u n l i n k e d  h e t e r o z y g o u s  segments ,  each  wi th  n 
loci.  The  s imu la t i on  resu l t s  for 2, 3, 4, 6, and  8 loci 
were the re fo re  used  to  o b t a i n  the  va lues  of V1/Vo for 
4, 6, 8, t2,  and  16 loci equa l l y  d i v i d e d  be tween  two 
chromosomes .  The  va lues  are  p l o t t e d  in Fig .  1, w i th  
a sol id  circle i n d i c a t i n g  t h a t  the  p l o t t e d  po in t  cor- 
r e sponds  to  one of al l  poss ib le  a r r a n g e m e n t s  for t h a t  
n u m b e r  of loci, a n d  an open circle i n d i c a t i n g  t h a t  the  
p o i n t  is one of a r a n d o m  sample  of 40 chosen f rom the  
m u c h  la rger  set  of poss ib le  values .  

The  new fea tu re  for the  sho r t e r  m a p  l eng th  is t h a t  
t h e r e  a re  i n d i v i d u a l  va lues  of V1/V o less t h a n  t .0.  The  
set  of p o i n t s  for  s ix loci has  low v a r i a b i l i t y  because  i t  
is  no t  poss ib le  to  have  all  p a r e n t a l  ch romosomes  of 
equa l  effect  when the re  are  t h ree  loci on each. 

The  s t u d y  was t hen  e x t e n d e d  to the  case of th ree  
ch romosome  segmen t s  wi th  a t o t a l  of e i ther  6, 9, 12, 
or  t 8 equa l ly  spaced  loci, and  the  va lues  of Vfl V o are 
p l o t t e d  in Fig.  1. In  genera l ,  the  sp read  of po in t s  is 
less t h a n  for  t he  t w o - c h r o m o s o m e  case, and  a g rea te r  
p r o p o r t i o n  of the  va lues  are  close to  or less t han  t .0 .  

Two Cycles o / In t e rmat ing  

The s imu la t i on  p rocedure  was r e p e a t e d  for two 
cycles  of i n t e r m a t i n g  p reced ing  selfing to  homo-  
zygos i ty .  The  ave rage  va lues  of V~/Vo are  p r e sen t ed  
in  Tab le  1, t o g e t h e r  wi th  the  average  va lues  of V1/V o. 

Table- l .  Average-values of V1/V o and V2/V o, over all 
possible arrangements or a random sample of 4 ~ arrange- 
ments, for various numbers of chromosome segments and 

numbers of loci 

Number of Map Number V 1 V 2 
chromo- distance of loci V-- o- V~ somes 

1 0. t 4 1.223 1.434 
6 1.216 1.449 
8 1.270 1.496 

0.5 4 1.118 1.242 
6 1.128 1.248 
8 1.t07 1.248 

2 0.1 4 1.t21 1.229 
6 1.056 1.106 
8 1.111 1.216 

12 1.113 1.222 
16 1.082 t.148 

0.5 4 1.025 1.040 
6 1.047 1.085 
S 1.054 1.112 

12 1.056 1.114 
16 1.014 1.061 

3 o. 1 6 1.069 1. t 32 
9 t .O36 1 .O7O 

12 1.058 1.114 
18 1.082 1.138 

O.5 6 1.014 1.023 
9 1 .O27 1.050 

12 1.033 1 .O7O 
18 1.041 1.086 

In  general ,  the  abso lu te  ga in  from two cycles of in te r -  
m a t i n g  is a p p r o x i m a t e l y  twice the  ga in  f rom a single 
cycle, and  this  p a t t e r n  was found  to be cons i s t en t  
across geno types .  

S e l e c t i o n  o f  F 3 F a m i l i e s  

The a im of i n t e r m a t i n g  is to  increase  the  r e l a t ive  
f r equency  of des i rable  r eeombinan t s ,  an a im which  
m a y  also be accompl i shed  b y  a r t i f ic ia l  se lect ion.  F o r  
m a n y  commerc ia l  species f ami ly  select ion is the  mos t  
a p p r o p r i a t e ' m e t h o d ,  and  accord ing ly  a s t u d y  was 
made  of the  d i rec t iona l  select ion of F 3 families.  

E igh t  p a r e n t a l  he t e rozygo te s  were chosen,  inc lud-  
ing two wi th  e ight  loci on a single ch romosome  

01010101 a n d  00111100 
10101010 11000011 ' 

th ree  wi th  e ight  loci on two chromosomes  

o111 10oo o110 o11o and  01Ol 01Ol 
1 o o o o t l l  ' lO01 10Ol ' 1OlO 1OLO' 

a n d  th ree  w i th  e ight  loci on four  ch romosomes  

Ol oi 11 oo o o o o l l  11 and  Ol 01 Ol Ol 
IO 1o oo 11 ' 1t t l  oo  o o '  1o 1o 1o 1o" 

E a c h  ch romosome  segment  was of l eng th  0.1 morgan  
and  the  loci were equa l ly  spaced.  F o r  each he te ro-  
zygo te  the  s imu la t i on  rou t ine  was as fol lows:  

(1) gene ra t e  I00 F 2 geno types ,  us ing the  K o s a m b i  
func t ion  to  de t e rmine  r e c o m b i n a t i o n  f requencies  

(2) for each F 2 g e n o t y p e  gene ra t e  20 F a i n d i v i d u a l s  
b y  s i m u l a t e d  se l f - fer t i l i sa t ion  and  d e t e r m i n e  the  
f ami ly  mean  (mj; f = 1, 2 . . . . .  t 00) and  the  overa l l  F a 
mean  (~) b y  g iv ing  the  0- and  l -a l le les  the i r  i n d i c a t e d  
va lues  

(3) ca lcu la te  the  va r i ance  of the  m j ( ~ )  

(4) n o m i n a t e  a va lue  (h ~) for the  h e r i t a b i l i t y  of F a 
f ami ly  means  and  ca lcu la te  the  p h e n o t y p i c  va r i ance  
as 

~e/h 

(5) assign a weight  (wj) to the  ] th  F3 fami ly ,  and  
hence the  i t h  F 2 geno type ,  

(K imura ,  t958;  Griffing,  t960) where ~ is the  s t an -  
da rd i s ed  select ion d i f fe ren t ia l  co r re spond ing  to  the  
p ropo r t i on  of F a famil ies  se lec ted  on the  basis  of the i r  
m e a n  va lue  

(6) de t e rmine  the  geno typ i c  a r r a y  f rom r e p e a t e d  
se l f - fer t i l i sa t ion  of each or ig ina l  F 2 geno type ,  and  
hence d e t e r m i n e  the  poo led  a r r a y  for all  g e n o t y p e s  
fol lowing select ion b y  ass igning the  weight  wj to  the  
a r r a y  of the  f th  geno type .  

The h e r i t a b i l i t y  was set a t  0.2 and  0 .L and  selec- 
t ion  was of the  t op  80% and  t o p  50% of F a families.  
Three  rep l ica te  runs  were ca r r i ed  ou t  for each  com- 
b i n a t i o n  of pa r ame te r s .  
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Table 2. The relative frequency of desirable hornozygotes in a repeatedly selfed, initially hetero- 
zygous population, when either intermating or selection is f irst  carried out:, p ~ proportion 

of F3 families selected on the basis of phenotypic mean 

161 

I-Ieritability 
Parent Cycles of intermating . . . . . . . . . . . . . . . . .  
genotype 0.2 0.5 

0 I 2 p =  0.8 p = 0.5 p = 0.8 p = 0.5 

01o10101 o.oool 0.0oo3 0.0005 o.oooi o.ooot o.oool o.ooo2 
10101010 io .oooo 4-0.0000 4-0.oo0o 4-o.oool 
00111100 0.0273 0.0337 0.0420 0.0389 0.050t 0.0477 0.0700 . 
11000011 -t-0.0t31 !0.0185 i0.0173 4-0.0282 
0111 1000 " 0.2233 0.2195 0.2185 0.2640 0.3142 0.3032 0.4035 
1000 0t l l  4-0.0tt9 +0.01 50 4-0.0143 J-0.0207 
0110 0110 O.OO68 0.Otl0 0.0145 0.0104 0.0136 0.0129 0.0192 
1001 t001 4-O.0O30 4-O.OO42 +0.0039 4-O.0063 
0101 0101 0.0036 0.0056 0.0075 0 . 0 0 7 1  0.0099 0.0093 0.0147 
10t0 t01o 4-0.0004 4-0.0005 I0.0005 4-0.0008 
01 Ol 11 00 0.1716 OA640 0.1587 0.1833 0.2222 0.2137 0.2913 
10 10 00 tt --0.0122 4-0.0t46 4-0.0140 J=0.0189 
00 00 11 11 0.2285 0.2182 0.2100 0.2653 0.3t73 0.3060 0.4101 
1t 1t 00 00 4-O.0264 4-0.03t7 4-0.0306 4-0.0413 
Ol ol ol 01 0.0305 o.o414 0.o5t8 0.0355 0.0477 0.0427 0.0609 
t0 10 10 10 4-0.0076 4-0.0103 4-0.0097 4-0.0152 

The array of homozygotes for zero, one and two 
cycles of intermating had previously been determined 
in the initial simulation study. 

The relative frequency of hom0zygotes with a 
value of t2 or greater was measured in each case 
(Table 2). A single value is given for the intermated 
populations since there was sufficient replication to 
give reliable estimates, but  for each selected popu- 
lation the mean and standard error of the three re- 
plicate values is presented. 

The equilibrium frequency of 12-plus homozygotes 
with repeated intermating and selfing is 37/256 = 
= 0.t45, and the relative frequency with intermating 
tends towards this value. Selection always increases 
the frequency of desirable homozygotes, and for the 
five cases where intermating is also beneficial it is 
observed that  selection of the top 80% of F a families 
is roughly equivalent to a single cycle of intermating. 
However, the advantage of selection is clear for those 
genotypes for which intermating reduces the prob- 
ability of obtaining desirable homozygotes. 

Discuss ion  

Two-locus theory suggests that  if close iinkages 
are predominantly in the repulsion phase for a multi- 
locus character then intermating will promote their 
breakup, leading to an increase in the relative fre- 
quency of desirable homozygotes after repeated self- 
Iertilisation. However, if all possible arrangements of 
alleles are equally likely then close coupling linkages 
will also occur and it would be an advantage to main- 
tain these in the parental condition. These principles 
govern the results presented in this paper. 
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There are three likely situations in practice : 

(/) intermating will always be of benefit for a 
character controlled by loci on a single short chro- 
mosome segment. The increase in the variance of 
homozygotes for each cycle of intermating would be 
of the order of 20%. 

(2) on the average, intermating will be of benefit 
for a character controlled by loci spread over a long 
chromosome segment or situated on two or more 
short chromosome segments. However, individual 
cases will occur for which intermating decreases the 
genotypic variance of derived homozygotes. It may 
be better to search for crosses of this type, which 
display a high degree of transgressive segregation, 
than to attempt to improve the potential of other 
crosses by intermating_ 

(3) intermating will be of doubtful value for a 
character controlled by loci spread over three or more 
long chromosome segments, due to the over-riding 
effect of chromosome re-assortment. For a map 
length of 0.5 morgans the expected increase in homo- 
zygous genotypic variance per cycle of intermating 
is approximately 10%, 5%, and 3% for loci situated 
on I, 2, and 3 chromosomes respectively (Table 2). 
Increases of this magnitude will usually be a poor 
return for the amount of work involved in the inter- 
mating process. 

Directional selection is preferred as a method for 
increasing the frequency of desirable homozygotes, 
even when both the intensity of selection and the 
heritability of the character are of very low magni- 
tude. 
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Of the three situations defined above, it is not 
possible to state which is more likely in practice. 
Studies involving aneuploidy in wheat (Law and 
Worland, 1972) have shown that  the loci controlling 
such characters as plant height, grain size, and num- 
ber of grains per ear form closely linked complexes, 
at least for chromosome 713 of the wheat comple- 
ment. At the same time, for final plant height and 
250-grain weight a number of chromosomes from 
particular varieties have been shown to have signi- 
ficant effects. I t  is tempting to conclude that  inter- 
mating will therefore not be of benefit for such 
characters, but when two highly developed varieties 
are crossed in a breeding programme it may happen 
that  case (1) applies since only a small proportion of 
loci are segregating. Thus the present state of our 
knowledge makes it difficult to generalise on the 
possible merits of intermating, even for a particular 
character in a particular species, but the odds are 
against it being a useful procedure. 

The variance of a derived homozygous population 
has been used as a basic parameter since most breed- 
ing programmes delay selection for quantitative 
characters until the degree of heterozygosity has con- 
siderably diminished. When the number of con- 
trolling loci is small the distribution of homozygote 
values may be non-normal, but this was not thought 
to be an important  factor since changes of variance 
were the quantities of interest. The directional selec- 
tion s tudy demonstrated that  a change in variance 
is a good reflection of a change in the amount of 
transgressive segregation. 

The results also apply to the case where each par- 
ent possesses the desirable qualities of one of two 
quanti tat ive characters, and these qualities are to be 
recombined in the progeny. Each parent then posses- 
ses the "t-alleles" for one character and the aim is 
to select progeny with the complete set of t-alleles, 
as is the case when a single character is undergoing 

improvement, in fact, if the loci controlling parti- 
cular characters tend to be localised on the chromo- 
somes then coupling linkages will predominate in 
the above situation, and intermating will be even less 
likely to be of advantage than if all possible arrange- 
ments of alleles are equally frequent. 
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