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Effects of Linkage and Interaction in a Comparison 
of Theoretical Populations Derived by 
Diploidized Haploid and Single Seed Descent Methods 
T . J .  Riggs and J . W .  Snape 
Plant  Breed ing  Ins t i tu te ,  Trumping ton ,  C a m b r i d g e  (England)  

S u m m a r y .  C o m p a r i s o n s  were  made  be tween the genet ic  me a ns  and v a r i a n c e s  of a quant i ta t ive  t r a i t  d e t e r m i n e d  
by 8 loci  in  s i m u l a t e d  popula t ions  of l i ne s  de r ived  by diploidiz ing haploids  (DH) on the one hand and by s ing le  
seed  descent  (SSD) on the o ther .  

In the absence  of l inkage  no d i f fe rences  be tween the popula t ions  were  obse r ve d ,  but when l inkage  was p r e s e n t ,  
r e c o m b i n a t i o n  was m o r e  f requent  in  the SSD popula t ions  as ind ica ted  by the r e l a t i v e  d i f f e rences  in v a r i a n c e  be t -  
ween these  and the DH popula t ions .  In addit ion,  d i f fe rences  in me a ns  be tween the popula t ions  de r ived  by the two 
methods  were  o b s e r v e d  when n o n - a l l e l i c  i n t e r a c t i o n  was p r e s e n t .  The d i r ec t ion  and magni tude  of the d i f fe rences  
in both m e a n s  and v a r i a n c e s  depended upon the l inkage  phase ,  the r e c o m b i n a t i o n  f requency  and  the p r e s e n c e  o r  
absence  of i n t e r a c t i o n .  

The conc lu s ion  was d rawn that the SSD method was to be p r e f e r r e d  f rom theore t i ca l  c o n s i d e r a t i o n s  although in  
p r a c t i c e  the choice  of method will a lso  depend upon p r a c t i c a l  and technica l  f ac to r s .  

In t roduc t ion  

The deve lopment  of methods  for  haploid p roduc t ion  in  

h igher  p lan ts  has i m p l i c a t i o n s  not only for genet ica l  

r e s e a r c h  but a lso for the r ap id  deve lopment  of t r u e -  

b reed ing  l i ne s  amongs t  which s e l ec t i on  can  then be 

p r a c t i s e d  in  a p r ac t i ca l  b reed ing  p r o g r a m m e .  In ba r l e y ,  

Horde~w vulgate  L. ,  high f r e q u e n c i e s  of haploids have 

been o b s e r v e d  fol lowing i n t e r - s p e c i f i c  hyb r id i za t i ons  

be tween H. vulgate (2n = 2x = 14) and H. bulbosum 

(2n = 2x = 14) ( s ee  Kasha  1974 for  r e v i e w ) ,  and t ech -  

n iques  for the p roduc t ion  of ba r l ey  haploids  and the i r  

subsequen t  c h r o m o s o m e  doubling have s ince  i m p r o v e d  

suf f ic ien t ly  for the u t i l i s a t i on  of doubled haploids  in  

b reed ing  p r o g r a m m e s  (Kasha  and Re inbe rgs  1972; 

Pa rk  et al .  1976).  Recen t ly  B a r c l a y  (1975) showed 

that  haploids  could also be produced  in  wheat by c h r o -  

m o s o m e  e l i m i n a t i o n  af ter  the i n t e r - g e n e r i c  c r o s s  be -  

tween Trit~eum aest~vum (2n = 6x = 42) and H. bulbosum 

( 2 n =  2x = 14 a n d 2 n  = 4x = 28) .  

A l t e r n a t i v e l y ,  r ap id  p roduc t ion  of n e a r - h o m o z y g o u s  

l i nes  can  be ach ieved  by the s ing le  seed  descent  (SSD) 

p r o c e d u r e  (Goulden 1939; B r i m  1966; Kaufmann  1961, 

1971 ; Riggs and Hayte r  1976).  In th is  method s e g r e g a -  

t ing g e n e r a t i o n s  a r e  r ap id ly  advanced in the g l a s shouse  

with no se l ec t ion ,  each l ine  being con t inued  by a s ing le  

seed  in  each gene ra t i on .  

C o m p a r i s o n s  in  plant  b reed ing  p r a c t i c e  of SSD with 

e a r l y  g e n e r a t i o n  s e l ec t i on  and t e s t i ng  have been  made  

by s e v e r a l  w o r k e r s  in a r ange  of c rops  (Knott  and Ku-  

m a r  1975; B o e r m a  and Cooper  1975; Casa l i  and Tig- 

c he l a a r  1975).  In mos t  c a s e s  SSD was c o n s i d e r e d  to 

have c o n s i d e r a b l e  m e r i t  because  of the g e n e r a l l y  shor t  

t i m e  r e q u i r e d  to develop homozygous  l i ne s ,  the l a rge  

genet ic  v a r i a n c e  o b s e r v e d  amongst  these  l i ne s ,  and the 

genet ic  ga ins  ob ta ined  af ter  s e l ec t ion .  Snape and Riggs 

(1975) d e s c r i b e d  the gene t ica l  consequences  of SSD 

and conc luded  that whilst  genet ic  advance  may not be 

as grea t  in some  gene t ica l  s i t ua t ions  as might be ex-  

pected af ter  eff icient  ped ig ree  s e l ec t ion ,  the method 

n e v e r t h e l e s s  had c o n s i d e r a b l e  advantages .  S i m i l a r  con -  

c lus ions  were  drawn by B l i s s  and Gates  (1968) f rom a 

compu te r  s i m u l a t i o n  s tudy c o m p a r i n g  SSD with m a s s  

se l ec t ion .  J inks  and Pooni  (1975) showed that the p e r -  

f o r m a n c e  of i n b r e d  l i ne s  de r ived  by s ing le  seed  descent  

could be p red i c t ed  f rom the genet ic  p a r a m e t e r s  e s t i -  

ma ted  f rom the p a r e n t s ,  F 1 ,  F 2 and b a c k c r o s s  g e n e r -  

a t ions .  

Using c o m p u t e r  s i m u l a t i o n ,  Walsh  (1974) c o m -  

pa r e d  l i nes  ge ne r a t e d  by the DH and ped ig ree  s e l e c -  

t ion  methods  and conc luded  that the DH method would 

be s u p e r i o r  only when se l ec t ing  for  a quant i ta t ive  t r a i t  

with low he r i t a b i l i t y .  

P a r k  et a l .  (1976) r e p o r t e d  c o m p a r a t i v e  m e a s u r e -  

me n t s  made  in  popula t ions  of homozygous  ba r l ey  l i nes  

p roduced  by SSD and by DH methods .  They o b s e r v e d  

s ign i f ican t  d i f f e rences  be tween SSD and DH popula-  

t ion  me a ns  for  g r a i n  yie ld ,  plant  height and heading 

date.  Since p rev ious  work had ind ica ted  the r a n d o m -  
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va lues  fo r  s i m u l a t e d  popula t ions .  
a) No in t e r ac t i on ,  
b) C o m p l e m e n t a r y  i n t e r a c t i o n  

o s ing l e  s e e d  descen t  
. . . . . .  �9 d ip lo id ized  haploids  

nes s  of DH popula t ions ,  they i n f e r r e d  that  s o m e  s e -  

l ec t ion  was inhe ren t  in the SSD method  as p r a c t i c e d .  

In t e s t i ng  the a s sumpt ion  that  haploid  p roduc t ion  

r e s u l t s  in a r andom s a m p l e  of g a m e t e s  p roduced  f rom 

a h e t e r o z y g o u s  genotype ,  w o r k e r s  have  looked  fo r  

s i m i l a r  r a n g e s  and v a r i a n c e s  in DH popula t ions  and 

populat ions  d e r i v e d  by se l l i ng .  Howeve r ,  when l i nk -  

age is  p r e s e n t ,  the c o m p o s i t i o n s  of the two popula-  

t ions  would d i f fe r  even  a s s u m i n g  no d i f fe ren t i a l  s u r -  

v ival  of g a m e t e s .  Snape (1976) has  shown t h e o r e t i -  

c a l l y  that when l inkage  is  p r e s e n t  the gene t i ca l  c o n -  

s e q u e n c e s  of the DH and SSD methods  will  be d i f f f e r -  

ent:  fo r  a 2 - l o c u s  model  the f r equency  of r e c o m b i -  

nants  was g r e a t e r  in populat ions  p roduced  by SSD. 

Technical  and p r a c t i c a l  d i f f icu l t i es  may  be e x -  

p e r i e n c e d  in the  use  of e i t h e r  method  and the  b r e e d e r ' s  

cho i ce  may  be d e t e r m i n e d  by the ava i l ab i l i t y  of f a c i l -  

i t i e s  and e x p e r t i s e  and the r e l a t i v e  t i m e - s c a l e s  of the 

two me thods .  He may  a l so  have  no p r i o r  knowledge  

as to the  d e g r e e  of l inkage  be tween  the genes  under  

s e l e c t i o n .  N e v e r t h e l e s s  an unders tand ing  of the di f -  

f e r i ng  gene t i ca l  c o n s e q u e n c e s  of the two methods  when 

l inkage  is  p r e s e n t  may  be i m p o r t a n t  in cho ice  of m e t h -  

od o r  i n t e r p r e t a t i o n  of r e s u l t s .  

In th is  p a p e r  we ex tend  the f indings of Snape (1976) 

to a m u l t i - l o c u s  model  and d i s c u s s  the r e s u l t s  of c o m -  

pu te r  s i m u l a t i o n  s tud ies  a i m e d  at c o m p a r i n g  the v a r -  

i ances  in popula t ions  d e r i v e d  r e s p e c t i v e l y  by DH o r  

SSD when l inkage  is  p r e s e n t .  The e f fec t s  of c o m p l e -  

m e n t a r y  n o n - a l l e l i c  i n t e r a c t i o n s  on the populat ion 

m e a n s  and v a r i a n c e s  a r e  a l so  d e s c r i b e d .  

Methods 

The s i m u l a t i o n  p r o c e d u r e  was c a r r i e d  out for  8 loci  
a s s o r t i n g  independent ly  in the absence  of l inkage  o r ,  
when l inkage  was p r e s e n t ,  d i s t r i bu t ed  as 2 loc i  in 
each  of four  l inkage  g roups ,  as 4 loc i  in each  of two 
l inkage  g roups  o r  as  8 loc i  in a s i ng l e  l inkage  group .  
All  loc i  w e r e  of equal e f fec t .  

R e c o m b i n a t i o n  f r e q u e n c i e s  (p) be tween  adjacent  
loci  in the  s a m e  l inkage  g roup  w e r e  se t  at 0 .45 ,  0 .25  
o r  0 .05 and i n t e r f e r e n c e  was a s s u m e d  absent .  

The F~ be tween  the p a r e n t s  was h e t e r o z y g o u s  at 
all l oc i ,  which w e r e  a r r a n g e d  in coupl ing  (+_1111+11), 
r e p u l s i o n  (1~131~1~) o r  in m i x e d  coupl ing  and r e p u l -  
s ign  phases  (+1++~+~+_). 

Two s i tua t ions  of gene  ac t ion  w e r e  a s s u m e d :  
( i)  addi t ive  e f fec t s  with c o m p l e t e  dominance  fo r  in -  
c r e a s i n g  a l l e l e s  ; 
( i i )  addi t ive  e f fec t s  with c o m p l e t e  dominance  fo r  in -  
c r e a s i n g  a l l e l e s  and c o m p l e m e n t a r y  gene  i n t e r a c t i o n s .  

Genotype va lues  w e r e  c a l c u l a t e d  us ing m = 10 .0 ,  
d = + 0 . 5 ,  h = + 0 .5  and for  c o m p l e m e n t a r y  gene  in -  
t e r a c t i o n  be tween  homozygous  loc i ,  i = + 0 . 5 .  

G a m e t o g e n e s i s  in the F~ was s i m u l a t e d  us ing the 
method  of b ina ry  m a s k s  as d e s c r i b e d  by F r a s e r  and 
Burne l l  ( 1970).  

In gene ra t i ng  the d ip lo id ized  haploids  each  g a m e t e  
was s i m p l y  dupl ica ted  to f o r m  a homozygous  diploid  
indiv idual .  A populat ion of 500 such  ind iv idua ls  was 
g e n e r a t e d  and the m e a n  and v a r i a n c e  computed .  

F o r  the s i m u l a t i o n  of s ing le  s e e d  descen t  an F~ of 
500 indivuduals  was f i r s t  g e n e r a t e d .  Single p rogeny  
descen t  was then s i m u l a t e d  fo r  t h r e e  g e n e r a t i o n s .  In 
the Fs,  f a m i l i e s  of 10 p rogeny  w e r e  g e n e r a t e d  f r o m  
each  F5 indiv idual ,  and the  f ami ly  means  a n d v a r i a n c e s  
computed .  The o v e r a l l  populat ion m e a n  and the be -  
t w e e n - f a m i l y  v a r i a n c e  was then d e t e r m i n e d .  

The c o m p u t e r  p r o g r a m m e  for  t h e s e  ope ra t i ons  was 
wr i t t en  in FORTRAN IV and run  on the IBM 370/165 
c o m p u t e r  at the C a m b r i d g e  U n i v e r s i t y  C o m p u t e r  La- 
b o r a t o r y .  

Resu l t s  and D i s c u s s i o n  

Mean data a r e  p r e s e n t e d  f r o m  two runs  of the p r o -  

g r a m m e  for  each  combina t ion  of gene t i ca l  s i tua t ion  

and l inkage  a r r a n g e m e n t .  Res idua l  h e t e r o z y g o s i t y  in 

the SSD l ines  was g e n e r a l l y  v e r y  low and consequen t ly  

w i th in - f am i ly  v a r i a n c e s  w e r e  absent  o r  neg l ig ib le ,  

and would not m a t e r i a l l y  affect  the  r e s u l t s .  

The four  l inkage  g roup  s i tua t ions  s i m u l a t e d  h e r e  

can  be c o n s i d e r e d  to cons t i tu t e  four  r e p l i c a t i o n s  of the 

2 - l o c u s  model  of Snape (1976) .  Thus the o b s e r v e d  

change in v a r i a n c e  with change  in p can  be c o m p a r e d  

with the t h e o r e t i c a l  expec t a t i ons .  F i g u r e  1 shows the 
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Table  1. V a r i a n c e s  f o r p o p u l a t i o n s d e r i v e d b y S S D  o r  DH when l inkage ,  but n o t i n t e r a c t i o n ,  
is  p r e s e n t  

Ini t ial  l inkage  phase  

Coupl ing Repu l s ion  Mixed c o u p l i n g / r e p u l s i o n  

p SSD DH SSD DH SSD DH 

No l inkage  0 .50  1.999 2.141 . . . .  

2 l i n k a g e g r o u p s  / 0 .45 2 .017 2.171 1.951 1.688 * 1.972 2.081 
0 .25  3.482 4.078 * 1.132 0.742 *** 2 .288 2.471 

o f 4 1 o c i  / 0 .05 6 .184 7 .608 ** 0.341 0 . 1 4 9 " * *  3.432 3.685 

0.45 2 .114  2 .502 * 1.862 1.707 2 .074 2.001 
1 l inkage  g roup  0.25 3 .819 5.157 *** 1.166 0.816 *** 2.020 2 .184 
of 81oc i  0 .05 10.413 12.575 * 0 .298 0 .123 *** 2 .920 2.501 * 

*, **, ***: F -  r a t i o  s ign i f i can t  at P < 0 . 0 5 ,  0 .01 and 0 .001~ r e s p e c t i v e l y ,  Nx ,N~= 499 

Table 2. V a r i a n c e s  fo r  popula t ions  d e r i v e d  by SSD o r  DH when l inkage  and c o m p l e m e n t a r y  
i n t e r a c t i o n  a r e  p r e s e n t  

Ini t ial  l inkage  phase  

Coupl ing Repu l s ion  Mixed c o u p l i n g / r e p u l s i o n  

p SSD DH SSD DH SSD DH 

No l inkage  0 .50  3.107 

0 .45  3.138 
2 l inkage  g roups  0 .25  4.237 
of 4 loc i  0 .05  6 .643 

I l inkage  g roup  I 0 .45 3 .109 
0 .25  4 .640 

o f 8 1 o c i  ~ 0 .05  10.955 

2 .945 - 

3 .700 * 2.801 2 .753 3 .119 2.782 
5.063 * 2 .204  1.487 *** 3.228 3.275 
7.561 0.646 0.266 *** 3.712 3 .544 

3.402 2 .779 2.736 3.053 3.001 
5.494 * 2 .064  1.608 ** 3.048 2 .779 

12.590 0 .683 0.212 *** 3.406 3.493 

o b s e r v e d  v a r i a n c e s ,  t o g e t h e r  with c u r v e s  showing the 

t h e o r e t i c a l  t r e n d s ,  when in i t ia l  l inkage  was in e i t h e r  

coupl ing o r  r e p u l s i o n  and i n t e r a c t i o n  was e i t h e r  ab-  

sent  ( F i g .  l a )  o r  p r e s e n t  ( F i g .  l b ) .  The a g r e e m e n t  

shown in both f i g u r e s  was s a t i s f a c t o r y .  

C o n s i d e r i n g  the  o the r  l inkage  a r r a n g e m e n t s ,  

Table 1 shows the o b s e r v e d  v a r i a n c e s  when no i n t e r -  

ac t ion  was p r e s e n t .  As  expec ted ,  low r e c o m b i n a t i o n  

f r e q u e n c i e s  w e r e  a s s o c i a t e d  with high populat ion v a r -  

i a n c e s  when the  in i t ia l  l i nkage  phase  was in coupl ing 

and low v a r i a n c e s  when l inkage  was in r e p u l s i o n .  A 

h i g h e r  p r o p o r t i o n  of r e c o m b i n a n t s  in the  SSD popula -  

t ion was ind ica t ed  by c o n s i s t e n t l y  l o w e r  v a r i a n c e  r e -  

l a t i ve  to the DH populat ion,  when in i t ia l  l inkage  was 

in coupl ing,  and h i g h e r  v a r i a n c e  when l inkage  was  

in r e p u l s i o n .  

In the c a s e s  of one o r  two l inkage  g roups  of 8 o r  

4 loc i  r e s p e c t i v e l y ,  d i f f e r e n c e s  f r o m  the 2 - l o c u s  

mode l  a r e  c l e a r l y  apparen t  in that  r e s t r i c t e d  r e c o m -  

binat ion has  a p ropo r t i ona t e ly  g r e a t e r  ef fec t  on the 

v a r i a n c e  when in i t ia l  l inkage  was in coupl ing  than 

when in r epu l s i on .  C l e a r l y  the 2 - l o c u s  model  p r o -  

v ides  a s y m m e t r i c a l  s i tua t ion  whe re  r e c o m b i n a t i o n  

r e s u l t s  in a shif t  f r o m  one l inkage  phase  to the o t h e r .  

In a m u l t i - l o c u s  model  with loc i  of equal  o r  s i m i l a r  

e f fec t ,  i n f requen t  c r o s s - o v e r  even t s  a r e  s e e n  to have  

r e l a t i v e l y  l e s s  ef fec t  on populat ion v a r i a n c e  when 

l inkage  is  in i t i a l ly  in r e p u l s i o n  than when it is  in coup-  

l ing.  This is  a sca l ing  effect  due to the high v a r i a n c e  

be tween  h o m o z y g o t e s  in coupl ing ,  and can  be s e e n  

a l so  in the popula t ions  having m i x e d  coupl ing and r e -  

pu l s ion  phase  l inkage  g roups ,  w h e r e  t h e r e  was  a po-  

s i t i v e  t r e n d  in the v a r i a n c e  as p d e c r e a s e d .  

In the p r e s e n c e  of c o m p l e m e n t a r y  i n t e r a c t i o n  

(Table 2 ),  v a r i a n c e s  w e r e  g e n e r a l l y  h igher  as expec t ed  

(Snape and Riggs  1975).  F o r  the  2 - l o c u s  model  the 

change  in v a r i a n c e  with p i s  expec t ed  to be l e s s  when 

l inkage  is  in i t i a l ly  in coupl ing than when in r e p u l s i o n  

( F i g .  l b ) .  H o w e v e r ,  fo r  the  m u l t i l ocus  s i tua t ions  the 



114 T . J .  Riggs  and J . W .  Snape: E f f ec t s  of Linkage and In t e r ac t i on  

Table 3. Means for  popula t ions  d e r i v e d  by SSD o r  DH when l inkage  and c o m p l e m e n t a r y  i n t e r -  
ac t ion  is  p r e s e n t  

Ini t ial  l inkage  phase  

Coupling Repu l s ion  Mixed c o u p l i n g / r e p u l s i o n  

p SSD DH SSD DH SSD DH 

No l inkage  0 .50  10.07 9.98 - - 

0 .45 10.10 10.26 9.91 9.75 10.03 10.01 
2 l inkage  g roups  0 .25 10.82 11.01 9.38 8 .95  ~ 10.04 10.02 
of 4 l o c i  0 .05 11.67 11.70 8 .38  8 .13 ~ 10.05 10.00 

I linkage group I 0.45 9.12 9.22 9.88 9.81 9.95 10.03 
0.25 9.54 9.87 ~ 9.28 9.05 ~ 9.05 9.90 ~*~* 

of81oci I 0.05 11.78 11.80 8.41 8.11 ~ 9.95 9.76 

*, **, ***: s i gn i f i c ance  at P < 0 .05 ,  0 .01 ,  0 .001 ~ r e s p e c t i v e l y  fo r  d i f f e r e n c e s  be tween  SSD 

and DH populat ion means  s . e .  d i f f e r e n c e =  V VSSD0--dVDH 

r e s p o n s e  to change  in p fo r  the coupl ing a r r a n g e m e n t s  

was again  v e r y  m a r k e d .  This f u r t h e r  i l l u s t r a t e s  the 

p r o p o r t i o n a t e l y  g r e a t e r  ef fec t  of r e c o m b i n a t i o n  when 

m o r e  than 2 loc i  a r e  invo lved  in coupl ing l inkage .  

F r o m  Tables  1 and 2 it can  be s e e n  that the d i f f e r ence  

in v a r i a n c e  be tween  SSD and DH popula t ions ,  though not 

a lways  s t a t i s t i c a l l y  s ign i f i can t ,  i nd ica t ed  a c o n s i s t e n t l y  

h igher  f r e q u e n c y  of r e c o m b i n a t i o n  i n t h e  SSD popula t ions  

when l inkage  was e i t h e r  in coupl ing o r  r e p u l s i o n .  This 

was p a r t i c u l a r l y  the c a s e ,  howeve r ,  fo r  r e p u l s i o n  l i n -  

kages  in these simulations, and was maintained at the 

lowest recombination frequency of 0.05 ~. Interaction 

makes it difficult to discern differences with coupling 

linkages but inflates the differences with repulsion 

linkages. Where equal numbers of loci were involved 

in coupling and repulsion phase linkage, no consistent 

difference could be observed between the variances 

of the SSD and DH populations, nor would this be ex- 

pected. 

In the absence  of i n t e r ac t i on ,  no d i f f e r e n c e  was 

expec t ed  be tween  the means  of the SSD and DH popu-  

l a t ions ,  which,  apar t  f r o m  s m a l l  f luc tua t ions  due to 

s ampl ing ,  took the m i d - p a r e n t a l  va lue  for  all  r u n s .  

When homozygo te  • homozygo te  ( i)  type i n t e r a c t i o n s  

w e r e  p r e s e n t ,  h o w e v e r ,  d i f f e r e n c e s  in the populat ion 

means  w e r e  apparen t  as  shown in Table 3. 

The d i r e c t i o n  and magni tude  of the d i f f e r e n c e  was 

shown by Snape (1976) fo r  2 loc i  to depend upon the 

in i t ia l  l inkage  phase  and the  r e c o m b i n a t i o n  f r e q u e n c y  

r e s p e c t i v e l y .  With coupl ing l inkage  the  m e a n s  of both 

popula t ions  i n c r e a s e d  as p d e c r e a s e d .  The m e a n s  of 

the DH popula t ions  w e r e  a lways  h ighe r  o r  equal  to 

those  of the SSD popula t ions  with the g r e a t e s t  d i f f e r ence  

at the i n t e r m e d i a t e  va lue  of p. This a g r e e s  with the 

t heo ry  fo r  the 2 - l o c u s  model  (Snape 1976).  

This was a lso  the c a s e  fo r  r e p u l s i o n  l inkage :  the 

m e a n s  w e r e  g e n e r a l l y  l o w e r  than those  when l inkage  

was in coupl ing,  and in th is  c a s e  the m e a n s  of the SSD 

popula t ions  e x c e e d e d  those  of the c o r r e s p o n d i n g  DH 

popula t ions .  All the m e a n s  d e c r e a s e d  with d e c r e a s e  

in p. Again  the d i f f e r ence  be tween  the two popula t ions  

was l a r g e  at the i n t e r m e d i a t e  r e c o m b i n a t i o n  f r equency  

(p = 0 . 2 5 ) .  

When equal  n u m b e r s  of loc i  w e r e  invo lved  in coup-  

l ing and r e p u l s i o n  phase  l i nkages ,  populat ion means  

w e r e  i n t e r m e d i a t e  and, with one excep t ion ,  did not 

d i f fe r  m a r k e d l y  be tween  popula t ions  d e r i v e d  by the 

d i f fe ren t  me thods .  

P roduc t ion  of haplo ids  f r o m  an F~ hyb r id  l i m i t s  

the oppor tuni ty  fo r  r e c o m b i n a t i o n  be tween  loci  to a 

s ing le  m e i o s i s .  In the absence  of l inkage  an unb iased  

s a m p l e  f rom all pos s ib l e  genotypes  should be obta ined  

but when l inkage  is  p r e s e n t ,  the f r e q u e n c y  of r e c o m -  

binant genotypes  in a populat ion of d ip lo id ized  haplo ids  

will  be r e l a t i v e l y  l o w e r  and the d e g r e e  of  l inkage  d i s -  

e q u i l i b r i u m  g r e a t e r  than in an equal  s i z e d  populat ion 

of l ines  d e r i v e d b y  s ing le  s e e d  descen t  (Tables  1 a n d 2 ) .  

D i f f e r e n c e s  de t ec t ed  in p r a c t i c e  be tween  DH and 

SSD popula t ions  ( e . g .  P a r k  et al .  1976) cou ld  be due 

to l inkage  a n d / o r  unconsc ious  s e l e c t i o n  in the  d e v e l -  

opment  of l i nes  by e i t h e r  method .  Linkage with no in -  

t e r a c t i o n  would l e a d  to d i f f e r e n c e s  in the v a r i a n c e s  

only,  whi ls t  s e l e c t i o n ,  o r  l i nkage  with i n t e r ac t i on ,  

would r e s u l t  in d i f f e r e n c e s  in v a r i a n c e s  and m e a n s .  
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The h igher  p ropor t ion  of r e c o m b i n a n t  genotypes  

in popula t ions  de r ived  by SSD when l inkage  is  p r e s e n t ,  

could be i m p o r t a n t  whether  the s e v e r a l  loci  involved 

cont ro l  the e x p r e s s i o n  of only one c h a r a c t e r ,  as a s -  

s u m e d  he r e ,  or  of two or  m o r e  c h a r a c t e r s .  Indeed,  

the enhanced  oppor tuni ty  p rov ided  by SSD for the 

b reak ing  of a s soc i a t i ons  be tween c h a r a c t e r s  might 

be the m o r e  impor t an t  advantage .  

F r o m  the b r e e d e r ' s  point of view the m a i n  i n t e r e s t  

will g e n e r a l l y  be in  obta in ing  the m a x i m u m  v a r i a t i o n  

f rom a c r o s s  be tween pa r en t s  usua l ly  c o m p l e m e n t i n g  

each o ther  for s t r eng th s  and weaknes se s  and t h e r e f o r e  

l ike ly  to p roduce  an F 1 with loci  ma in ly  in  r epu l s ion .  

If he wishes  to a c c e l e r a t e  the product ion  of h omoz y-  

gous l i nes  f rom such a c r o s s ,  t heore t i ca l  c o n s i d e r a -  

t ions  sugges t  that the b r e e d e r  should use  SSD r a t h e r  

than the DH method,  s ince  l inkage  may be p r e s e n t .  

In addi t ion,  the DH method may r e q u i r e  c o n s i d e r a b l e  

e x p e r t i s e ,  and it may be difficult  in  some  c i r c u m -  

s t ance s  to produce  and diploidize  haploids  in  suff ic ient  

n u m b e r s  to adequate ly  exploit  the hybr id .  This con -  

s i d e r a t i o n  apar t ,  the DH method might  be m o r e  s u i t -  

able  for  spec i e s  having a r e l a t i v e l y  l a rge  n u m b e r  of 

c h r o m o s o m e s  where  new v a r i a t i o n  would be r e l e a s e d  

m a i n l y  as a r e s u l t  of r e a s s o r t m e n t  of c h r o m o s o m e s ,  

and the i m p o r t a n c e  of l inkage  would be r e l a t i ve ly  l e s s  

than in spec i e s  with fewer  c h r o m o s o m e s .  

Although the r a t e  of f a i l u re  in d ip lo id ized haploid 

p roduc t ion  in  b a r l e y  may be f a i r ly  high, t he r e  is  ap-  

pa ren t ly  no ev idence  that the l o s s e s  a re  genotype s p e -  

c i f ic  (Kasha  and Re inbe rgs  1972; Kasha  1974).  Losses  

dur ing  SSD may also be high and t he r e  is  some  ev i -  

dence for  b a r l e y  that these  l o s s e s  may not be r a n d o m l y  

d i s t r i bu t ed  (Riggs  and Hayte r  1976).  The s e r i o u s n e s s  

of th is  p rob l em will depend upon the c rop  c o n c e r n e d  

and the ag ronomic  methods  used .  
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