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Recurring Off-types in Lettuce: Their Significance in Plant Breeding 
and Seed Production 
J . W .  Maxon Smith 
G l a s s h o u s e  Crops  R e s e a r c h  Ins t i tu te ,  Li t t lehampton,  Sussex (England)  

S u m m a r y .  The l e t tuce  cv .  Valent ine  r e g u l a r l y  p roduces  non-head ing  of f - type  plants  at the r e l a t i v e l y  high f r e -  
quency of 4 X 10 - s .  They r e su l t  f rom muta t ion  to the dominant  condi t ion.  A s i m i l a r  p ropens i ty  has been r e -  
po r t ed  twice  be fo re  in l e t tuce ;  it is highly he r i t ab l e .  

The p ropens i ty  to p roduce  o f f - types  was not p r e sen t  in the pa ren t s  of Valent ine  so it must  have a r i s e n  du- 
r ing the p e d i g r e e  b reed ing  p r o g r a m m e .  C lo se ly  r e l a t e d  c u l t i v a r s  do not c a r r y  the c h a r a c t e r  but it was s u b s e -  
quently t r a n s m i t t e d  to Dandie a new c u l t i v a r  of which Valent ine was one of the p a r e n t s .  A l l e l i s m  t e s t s  to r e -  
l a te  Valent ine  o f f - types  to those  in c r i s p h e a d  c u l t i v a r s  w e r e  not s u c c e s s f u l .  

The e l imina t ion  of o f f - types  in b reed ing  p r o g r a m m e s  is d i s cus sed .  C o n t r a r y  to the f indings in day-neu t ra l  
c r i s p h e a d  c u l t i v a r s ,  mutant  phenotypes  in long-day  bu t t e rhead  c u l t i v a r s  have no s e l e c t i v e  advantage fo r  s e e d  
product ion .  Consequent ly ,  s t r i c t  roguing e n s u r e s  adequate  va r i e t a l  s tab i l i ty .  
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Introduction Results 

The commercial exploitation of cultivars produced by 

State-aided Institutes in the United Kingdom is the res- 

ponsibility of the National Seed Development Organi- 

sation Ltd., (NSDO). Breeders' seed is maintained 

by the Institutes; basic seed is produced by the NSDO. 

Samples of basic seed are always checked for perfor- 

mance against breeders' seed before the bulk is pas- 

sed to the seed trade for further multiplication and 

sale. During the final multiplication of two glasshouse 

lettuce varieties, Valentine and Dandie, a recurring 

and less-well-hearted off-type was found in both breed- 

ers' and basic seed. 

Non-heading mutants have previouslybeen describ- 

ed in the yellow-leaved long-day butterhead cultivar 

Empereur ( syn : Kaiser Treib and Kaiser driv) by Bre- 

mer and Grana (1935) and by Lindqvist (1960) and al- 

so in the day-neutral crisphead cultivars Cornell 456 

(Pearson 1956; Pearson 1 9 6 8 ) a n d G r e a t  Lakes (Pear- 

son 1968). This paper describes the off-type found in 

Valentine and relates it to the previously reported off- 

types. Its importance relative to future breeding pro- 

grammes and to seed stock maintenance is discussed. 

Description and occurrence of the off-type in Valentine 

When compared with Valentine, its off-type is larger 

leaved, later maturing and taller. The off-type also has 

smoother, slightly darker green leaves (Fig. 1 ). In the 

close plant spacings used for protected crops these off- 

types form loose and late maturing heads rather than 

Fig. 1. Valentine off-type - one off-type surrounded 
by true types 
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Table 1. Let tuce Off - types  Valent ine  B r e e d e r s '  Seed 

Y e a r  1966 1967 1968 1969 Total 

P lan t s  840 637 720 2105 4302 
Off - types  6 2 2 7 17 

% 0.71 0 .31 0 .28 0.30 0 .40  

Table 2. Let tuce Off - types  Valent ine  Bas i c  Seed 

Y e a r  1967 1968 1969 Total 

P lan t s  320 1260 1512 3092 
Off - types  2 11 8 21 

0 .63 0 .87 0 .53  0 .68 

open r o s e t t e s .  They a r e  m a r k e t a b l e  but need  to be pack -  

ed s e p a r a t e l y .  The o v e r a l l  p e r c e n t a g e  of o f f - types  r e -  

co rded  in b r e e d e r s '  s eed  in the y e a r s  1966 to 1969 was 

0 .4  pe r cen t  with s o m e  y e a r  to y e a r  v a r i a t i o n  (Table 1 ) .  

The o f f - type  o c c u r r e d  at random within the  total  s a m p l e  

of 86 s ing le  plant p r o g e n i e s  grown and i ts  fo rm was c o n s -  

tan t .  

The number  and f r equency  of o f f - types  r e c o v e r e d  

f r o m  bas i c  s eed  in the y e a r s  1967 to 1969 a r e  shown 

in Table 2. T h e o v e r a l l  f r equency  was 0 .68  p e r c e n t .  

Half  of the p lants  used  to p roduce  the bas i c  s e e d t e s t e d  

in 1968 w e r e  f r o m  an i n s e c t - p r o o f e d  g l a s s h o u s e  and 

and the o the r  half  f rom an o p e n - v e n t i l a t e d  g l a s s h o u s e .  

They p roduced  s ix  and f ive  o f f - types  r e s p e c t i v e l y ;  all  

w e r e  s i m i l a r  to each  o the r  and to those  found in o the r  

y e a r s .  

C h a r a c t e r i s a t i o n  of the o f f - type  

Table 3 s u m m a r i s e s  the kinds of o f f - types  found in 

c r o p  p lan t s .  Because  of i ts  r e g u l a r  o c c u r r e n c e ,  uni -  

f o r m  appea rance  f rom gene ra t ion  to gene ra t ion  and 

i ts  r e l a t i v e l y  cons tant  low f r e q u e n c y ,  the d e s c r i b e d  

o f f - type  mos t  c l o se ly  r e s e m b l e s  a condi t ion induced 

by mutat ion although i t s  f r equency  at 4 x 10 -3 is  high 

c o m p a r e d  with the a v e r a g e  r a t e  of 2 x 10 -6 .  

Ten of f - type  p lants  f rom b r e e d e r s '  s eed  of Va len-  

t ine  w e r e  s e l f -po l l i na t ed  and s e e d e d .  Within the s e g -  

r ega t ing  M 2 gene ra t ion  f a m i l i e s  it was pos s ib l e  to 

r e c o g n i s e  t h r e e  kinds of plant ; V a l en t i ne - l i k e ;  off-  

t y p e s ;  and a th i rd  c a t e g o r y  with a much m o r e  ro se t t ed  

habit and even l o o s e r  heads  than the o r ig ina l  o f f - t ype .  

This sugges t ed  that the o f f - type  r e s u l t s  f rom the mu-  

ta t ion of a s ing le  gene to the i ncomple t e ly  dominant  

condi t ion .  Three  f a m i l i e s ,  B4896, B4895 and B4897, 

w e r e  chosen  fo r  f u r t h e r  s tudy.  

At tempts  w e r e  made ,  at v a r i o u s  s t ages  of growth ,  

to c l a s s i f y  the  p lants  of these  f a m i l i e s  into the t h r e e  

pos tu la ted  c l a s s e s  on v isua l  a p p e a r a n c e .  A method of 

ident i fying the  o f f - type  at an e a r l y  s t age  of growth 

would be useful  for  roguing seed  c r o p s  so the length 

and b read th  of the second t r u e  l e a v e s  was a lso  r e c o r d -  

ed.  All p lants  w e r e  p rogeny  t e s t ed  and it was then p o s -  

s ib le  to c l a s s i f y  them a c c u r a t e l y  into the t h r e e  geno-  

t ypes :  +/+ ( t r u e  Va len t ine ) ,  OT/+ (he t e rozygous  of f -  

type)  and OT/OT (homozygous  o f f - t y p e ) .  As t h e r e  is  

no p roven  r e l a t i onsh ip  with p r e v i o u s l y  r e p o r t e d  off-  

t y p e s ,  the symbol  OT is  used  h e r e  fo r  conven i ence ,  it 

is  not p roposed  as a gene s y m b o l .  The s u m m a r i s e d  da-  

ta  a r e  g iven in Table 4. The s e g r e g a t i o n s  show good 

a g r e e m e n t  with a 1 : 2 : 1 ra t io  and the r e s u l t s  a r e  in 

Table 3. Of f - types  In Crop  P l a n t s  

F i r s t  Genera t ion  

Cause Occurrence Appearance Frequency 
Behaviour in 
later generations 

Contamina t ion  Sporadic Uni fo rm*  Variable 

Cross pollination Sporadic Uniform* Variable 
/Recombination + 

Mutation Regular Uniform Constant 
low 

B r e e d  t r u e  

Show polygenic  
r e com bina t i on  

Show monogenic  
s e g r e g a t i o n  

* Assuming  one un i fo rm s o u r c e  of s eed  o r  pol len con tamina t ion  
+ Resu l t ing  f rom c r o s s - p o l l i n a t i o n  in any e a r l i e r  gene ra t i on  
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Table 4. Valent ine  Of f - t ypes .  P r o g e n y  tes t  of Me f a -  
m i l i e s  

F a m i l y  +/+ OT/+ OT/OT Total 

B4896 23 32 19 74 
B4895 21 42 12 75 
B4897 11 18 10 39 

Devia t ion  55 92 41 188 

H e t e r o g e n e i t y  

e 
x P 

1 . 7 8 5 0 . 5 - 0 . 3  
3.240 0 . 2 - 0 . 1  
0.281 0 . 9 - 0 . 8  

2 . 1 7 1 0 . 5 - 0 . 3  

3 . 1 3 5 0 , 7 - 0 . 5  

a g r e e m e n t  fo r  the t h r e e  f a m i l i e s .  This c o n f i r m s  that  

the  o f f - type  o r i g i n a t e s  by muta t ion  to the i n c o m p l e -  

t e ly  dominant  condi t ion .  

In F i g . 2  the v i sua l  a s s e s s m e n t  of p lants  in f ami ly  

B4896 at the m a t u r e  s t age  is  c o m p a r e d  w i t h t h e i r  known 

geno types  f r o m  p rogeny  t e s t i n g .  It shows that  twenty 

of the t h i r t y - f o u r  p lants  w e r e  c o r r e c t l y  c l a s s i f i e d  by 

a p p e a r a n c e ;  the four t een  m i s c l a s s i f i c a t i o n s  r e s u l t e d  

m a i n l y  f r o m  i n c o r r e c t  iden t i f i ca t ion  of the h e t e r o z y -  

g o t e s .  S i m i l a r l y ,  F i g . 3  shows lea f  m e a s u r e m e n t s  for  

plants  of known genotype ;  l e a v e s  of  +/+ p lants  tend to 

be r e l a t i v e l y  shor t  and broad ,  those  of OT/OT long and 

n a r r o w ,  with the h e t e r o z y g o t e s  i n t e r m e d i a t e .  S i m i l a r  

r e s u l t s  w e r e  obta ined  with the o the r  two f a m i l i e s .  The 

m a t e r i a l  was  f avou rab l e  b e c a u s e  of i t s  un i fo rm gen-  

e t i c  background ,  and the  p lants  w e r e  grown in the  r e -  

l a t i ve ly  un i fo rm e n v i r o n m e n t  of the g l a s s h o u s e ,  but 

even so ,  the  s c o r i n g  was not i n f a l l i b l e .  Re l i ab l e  c l a s -  

s i f i ca t ion  can only be  ach i eved  by p rogeny  t e s t i n g .  

The g l a s s h o u s e  l e t tuce  c u l t i v a r s  grown for  c r o p  

p roduc t ion  in the  au tumn,  w i n t e r  and sp r ing  p e r i o d  

have  a l ong-day  pho toper iod ic  r e s p o n s e .  Seed  c r o p s  

6 

5 6 

+ 

7 8 crn 
Length 

Fig. 3. Valent ine  o f f - t y p e .  Leaf morpho logy  in M2 
gene ra t i on  

are often grown during the summer months when these 

cultivars proceed straight to flowering without for- 

ming a head. Under such conditions it is impossible 

to identify heading characteristics and consequently 

the off-type cannot be rogued out. It is therefore im- 

portant to know the seed-producing potential of the 

three genotypes in order to determine whether the he- 

terozygous or homozygous off-type plants are at a se- 

lective advantage. 

Plants of the three families were grown on to prod- 

uce seed; all survived and their yields are shown in 

Table 5. There were no significant differences between 

the genotypes. 

The o f f - type  in c u l t i v a r s  r e l a t e d  to Valent ine  

OT/OT 
@ @ O O  

O O O 0  

0 @ @ @ o 0 0 o 

~ OT/+ o o o o 
0 0 0 

o -  

�9 �9 e 0 O o 

4-/+ �9 �9 �9 �9 

+/+ OT/+ OT/OT 
By observotion 

F i g .  2. Va len t ine  o f f - t ype .  Whole plant c l a s s i f i c a t i o n .  
M2 generation 

The p e d i g r e e s  of Valen t ine  and r e l a t e d  c u l t i v a r s  have  

been  publ i shed  (Maxon Smith  1972) and a r e  s u m m a r -  

Table 5. Valent ine  O f f - t ypes .  Seed  Yie lds  
(g p e r  plant)  

Family +/+ OT/+ OT/OT Mean 

B4896 2.89 3.95 3.73 3.52 
B4895 3.58 2 .95 1.55 2.69 
B4897 3.36 3 .63 4 .27 3.75 

Mean 3.28 3.51 3.18 3.32 

Based  on 108 p l an t s .  No s ign i f ican t  d i f f e r e n c e s  
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FMR X Cheshunl 5B 

I 
1 2 ~ - - F ,  i Ampius 

F7 F8 I / F \  
F8 F8 Neptune ~ 1 Emerold Seaqueen 

F8 

[Off- type producer I 

F i g . 4 .  P e d i g r e e s  of  V a l e n t i n e  a n d  r e l a t e d  c u l t i v a r s  

i s e d  in  F i g . 4 .  S ix  of  t h e s e  c u l t i v a r s  h a v e  b e e n  s u r -  

v e y e d  f o r  o f f - t y p e  p r o d u c t i o n ;  t h e  r e s u l t s  a r e  s h o w n  

i n T a b l e  6.  W h e n e v e r  p o s s i b l e  a t  l e a s t  670 p l a n t s  p e r  

c u l t i v a r  w e r e  g r o w n ;  t h i s  b e i n g  t h e  n u m b e r  c a l c u -  

l a t e d  to  i n c l u d e  at  l e a s t  o n e  o f f - t y p e  p l a n t  in  19 out  

of  20 t r i a l s  w h e n  t h e  m u t a t i o n  r a t e  i s  0 . 4  p e r  c e n t .  

The  o r i g i n a l  c r o s s  b e t w e e n  F o r c i n g  M i l d e w  R e -  

s i s t i n g  a n d  C h e s h u n t  5B w a s  m a d e  in  1956 u s i n g  s e -  

l e c t e d  p l a n t s  g r o w n  f r o m  c o m m e r c i a l  s e e d .  S t o c k s  

of  C h e s h u n t  5B t h e n  a v a i l a b l e  w e r e  h i g h l y  v a r i a b l e  

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

s e v e r a l  y e a r s  at  t h e  G C R I  l e d  to an  i m p r o v e d ,  u n i -  

f o r m ,  v i r u s - f r e e  t y p e  w h i c h  w a s  r e l e a s e d  a s  S o u t h -  

down  5B ( M a x o n  S m i t h  1 9 7 2 ) .  B o t h  C h e s h u n t  5B a n d  

S o u t h d o w n  5B w e r e  u s e d  in  t h i s  s u r v e y  but  t h e  r e s u l t s  

c a n  b e  c o n s i d e r e d  t o g e t h e r  s i n c e  n e i t h e r  p r o d u c e d  

o f f - t y p e s ,  a n d  s i n g l e  p l a n t  s e l e c t i o n  w o u l d  b e  u n l i k e -  

ly  to  e l i m i n a t e  t h e  a b i l i t y  to  p r o d u c e  o f f - t y p e s  s h o u l d  

i t  h a v e  e x i s t e d  in  t h e  o r i g i n a l  c u l t i v a r .  It w a s  a l s o  

T a b l e  6.  O f f - t y p e s  In L o n g - d a y  B u t t e r h e a d  C u l t i v a r s  

C u l t i v a r  P l a n t s  O f f - t y p e s  

C h e s h u n t  5B 560 0 
S o u t h d o w n  5B 700 0 

F o r c i n g  M i l d e w  R e s i s t i n g  560 17"  
R e s i s t a n t  E a r l y  F r e n c h  F r a m e  650 13"  

V a l e n t i n e  700  3 

N e p t u n e  675 0 

F o r c i n g  M i l d e w  R e s i s t i n g  1430 0 
( r e s e l e c t e d ,  t r u e  to  t y p e )  

* Due  to  c r o s s - p o l l i n a t i o n ,  s e e  t e x t  

found that the black seeded Forcing Mildew Resisting 

and Resistant Early French Frame which are usually 

listed as synonyms of Gotte s forcer ~ graine noire 

(Rodenburg et al. 1960) were identical. The commer- 

cial seed stocks obtained in 1971 and used for this 

study contained contaminant plants which were large 

and leafy and sometimes white seeded. Progenies 

derived from these were quite mixed which suggests 

that the source of these off-types was pollen conta- 

mination in a previous seed crop, see Table 3. Five 

true-to-type plants of Forcing Mildew Resisting were 

seeded and their progenies grown the following year, 

none of the 1,430 plants were off-type. Valentine 

produced 0.43 per cent off-types; the very closely 

related Neptune had none. 

Evidence on the other varieties in Fig.4 is less 

formal but equally convincing. Amplus is a variety 

of Dutch origin which has never been observed or re- 

ported to produce off-types. In the production of breed- 

ers and basic seed of Emerald and Seaqueen, during 

which large numbers of plants were carefully screen- 

ed, no evidence of off-types has been found. Con- 

versely Dandle, a new cultivar which had Valentine 

as one of its parents, does produce off-types. They 

appear to be similar to and occur at the same fre- 

quency as Valentine off-types. 

R e l a t i o n s h i p  to o t h e r  r e p o r t e d  o f f - t y p e s  in  l e t t u c e  

A s  o u t l i n e d  in  t h e  i n t r o d u c t i o n  r o s e t t i n g  o r  n o n - h e a d -  

ing  m u t a n t s  in  l e t t u c e  h a v e  b e e n  r e c o r d e d  p r e v i o u s l y .  

E a r l i e r  d e s c r i p t i o n s  c o m p l e t e l y  f i t  t h a t  f o r  t h e  V a -  

l e n t i n e  o f f - t y p e .  Al l  o r i g i n a t e  a s  h i g h  f r e q u e n c y  r n u -  

t a t i o n s  to  t h e  d o m i n a n t  c o n d i t i o n  a n d  s e g r e g a t e  1 : 2 : 1 

on  p r o g e n y  t e s t i n g .  

It h a s  no t  b e e n  p o s s i b l e  to  o b t a i n  s e e d  of  E m p e r -  

e u r ,  t h e  f i r s t  r e p o r t e d  s o u r c e ,  bu t  f i v e  d a y - n e u t r a l  

c u l t i v a r s  h a v e  b e e n  a s s e s s e d  f o r  o f f - t y p e s  in  o u t d o o r  

s u m m e r  c r o p s  ( T a b l e  7 ) .  C o r n e l 1 4 5 6  w a s  t h e  m a i n  

c u l t i v a r  s t u d i e d  b y  P e a r s o n  ( 1 9 5 6 ,  1 9 6 8 ) ,  who a l s o  

t r a c e d  t h e  o f f - t y p e  to  o n e  of  i t s  p a r e n t s ,  B r i t t l e  I c e ,  

w h i c h  i s  a s y n o n y m  of  I c e b e r g .  H i s t o n  K r i s p i e  i s  r e -  

g a r d e d  a s  a s y n o n y m  of  C o r n e l l  4 5 6 .  

The  r a t h e r  h i g h  f r e q u e n c i e s  of  o f f - t y p e s  found  in  

I c e b e r g  a n d  C o r n e l l  456 s u g g e s t  t h a t  t h e  s e e d  w a s  

f r o m  i n c o m p l e t e l y  r o g u e d  s t o c k s .  T h i s  w a s  c o n f i r m -  
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Table 7. Of f - types  in Day -neu t r a l  C u l t i v a r s  

C u l t i v a r  P lan t s  Of f - types  % 

Off - type  p r o g e n i e s  

No. grown Status 

Corne l l  456 732 20 2 .73 5 OT/OT 
I cebe rg  732 14 1.91 4 OT/OT 
His ton K r i s p i e  732 3 0.41 3 S e g r e g a t e d  
Avonc r i sp  732 2 0 .27 2 OT/OT 
Avondef iance  732 0 0 - - 

ed by the p rogeny  t e s t ing  which r e v e a l e d  that s o m e  

of the plants  had the OT/OT genotype .  C o n v e r s e l y ,  

His ton  K r i s p i e  appea red  to be a w e l l - r o g u e d  s tock 

with 0 .4  p e r  cent  o f f - t y p e s .  Thei r  p r o g e n i e s  s e g r e -  

ga ted ,  indica t ing  that the muta t ion  had newly o c c u r r e d .  

The o c c u r r e n c e  of o f f - t ypes  in A v o n c r i s p  was s u r -  

p r i s i n g  s i n c e  they  had not been p r e v i o u s l y  r e p o r t e d  

in th is  c u l t i v a r .  The v a r i e t y  Avondef iance  which is  

c l a s s e d  as a bu t t e rhead  was inc luded in the tes t  s i nce  

it is  r e l a t e d  to A v o n c r i s p  but it did not p roduce  off-  

t y p e s .  

C r o s s e s  w e r e  made  be tween  the n o r m a l  and ho-  

mozygous  o f f - type  v e r s i o n s  of Valen t ine  and Corne l l  

456, and F 2 seed  was p roduced .  The pa ren ta l  types  

and the F 2 f a m i l i e s  w e r e  grown in win te r  g l a s s h o u s e  

and e a r l y  s u m m e r  f ie ld  t r i a l s  but it was not pos s ib l e  

to c a r r y  out r e l i a b l e  c l a s s i f i c a t i o n  into headed or  

r o s e t t e d  t y p e s .  F o r t y  plants  with s e e m i n g l y  def in i te  

heading or  ro se t t i ng  habit w e r e  s eeded  but t h e i r  p r o g -  

en ie s  r e v e a l e d  that in n e a r l y  half  of the c a s e s  the pa-  

rent  plant c l a s s i f i c a t i o n  had been i n c o r r e c t .  S i m i l a r y ,  

140 plants  s e e d e d  at r andom f r o m  the F 2 fa i l ed  to con-  

f o r m  to any p r e d i c t a b l e  pa t t e rn  b e c a u s e  of the d i f f i -  

cul ty  of a c c u r a t e l y  c l a s s i fy ing  t h e i r  p r o g e n i e s .  P lan t s  

with the long-day  r e s p o n s e  bolt r e ad i l y  as the days 

lengthen ,  t he r eby  o b s c u r i n g  t h e i r  hea r t ing  c h a r a c t e r -  

i s t i c s .  D a y - n e u t r a l  types  f o r m  v e r y  loose  heads  when 

grown under  g l a s s  dur ing  shor t  days and th is  a l so  

m a s k s  any hea r t i ng  t e n d e n c i e s .  It i s  t h e r e f o r e  not 

s u r p r i s i n g  that  the  c r o s s  be tween  a long-day  b u t t e r -  

head ,  Va len t ine ,  and a d a y - n e u t r a l  c r i s p h e a d ,  C o r -  

nel l  456, fa i l ed  to r e v e a l  whe the r  the genes  in the two 

c u l t i v a r s  a r e  a l le l ico  

S ign i f i cance  of the o f f - type  in plant  b r e e d i n g  p r o -  

g r a m m e s  

S impl i f i ed  p e d i g r e e s  of s o m e  of the  c r i s p h e a d  cu l t i -  

v a r s  a r e  shown in F i g . 5 .  The data  for  Grea t  Lakes 

and Corne l l  456 a r e  f r o m  Bohn and Whi taker  (1951) 

and for  Oswego ,  Fu l ton  and Minetto f rom Rale igh  and 

Minotti  (1967) .  C u l t i v a r s  known to p roduce  o f f - types  

a r e  B r i t t l e  Ice  and Corne l l  ( I m p e r i a l )  456. C u l t i v a r s  

r e p o r t e d  to p roduce  o f f - types  include Grea t  Lakes 

( P e a r s o n  1968) and Oswego ,  Ful ton  and Minetto ( R a -  

le igh and Minotti  1967).  The Grea t  Lakes pa ren ta l  m a -  

t e r i a l  p roduces  o f f - types  as r e p o r t e d  by P e a r s o n  

(1968) but in the absence  of any publ i shed  r e p o r t s  

it is  i m p o s s i b l e  to know which of the Grea t  Lakes n u m -  

b e r e d  s e l e c t i o n s  a lso  p roduce  t h e m .  Rale igh  and Mi -  

notti  (1967) when d i s cus s ing  the p r e s e n c e  of o f f - types  

in Oswego,  Ful ton  and Minetto a l so  d e s c r i b e d  Grea t  

Lakes 659 but made  no r e f e r e n c e  to o f f - types  in th is  

c u l t i v a r  o 

In the p e d i g r e e s  of Valent ine  and Dandle ,  F i g . 4 ,  

it appea r s  that the p ropens i t y  to p roduce  the o f f - type  

a r o s e  dur ing the s e l ec t i on  of Valen t ine  and was a lso  

Imperiot152 - I - -  ~ 
Imperio[615 - -~ - -F4  

F4 

iGreet t.3kes L 
L_!42_eZ_J 

Imperiol _~_ ~ 152 
Imperiol 

152 --~ F1 

ICorneU 456 I 
llmperiol 456J 

~6 

Empire - - X - -  F9 
I 
F4 

LF_u Uo_n' 
I 

F5 
[ O.T. Producer] 

',Producer J 

F i g . 5 .  P e d i g r e e s  of C r i s p h e a d  c u l t i v a r s .  (1) Known 
o r  r e p o r t e d  o f f - type  p r o d u c e r s  
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I 
I 
I 
I 

Climax (41571 

Doffed line indicQtes indirect pedigree, 
(Other parents featuring in the pedigrees 
ore shown in the brackets) 

Grand i Giant Cosbia I Imperial rapids summer 847 
Grand ~ Ft F~ , 
rapids 

/ 

F4- I.--F~ 
F 4 . - / F ~  

Fs 41/~00 ~ Fs 41B3~"~ F, 4157 
I 

Golden states o,b,c& d 
(Great tokes 407) 
Climax (4160) 
Vanguard 
(L.viroso, L. serrlolo, 

i Great lakes, Red besson, 
, Climax) 
Fio Lokelond 

F i g .  6. P e d i g r e e s  of Cr i sphead  c u l t i v a r s  (2) 

Imperial X EI.IO4054 
~ l 

lmperiolF i Fi 

Imperial X, F 1 3172 
152 / 

Imperial152 i F~ 

F3 

~ 14 ~ Fn46451-55(44 types) 
FiT I Fls . 

40431 I 45634M ~ X  Borough wonder 

( K - type) ~ Avondefiance* 
Not released 

*Butterheod types- 
Borough wonder synonymous with Unrivalled 
and White boston 

F i g . 7 .  P e d i g r e e s  of Cr i sphead  cu l t iva r so  (3) Cu l t i -  
v a t s  with Bremia r e s i s t a n c e  f rom P . I .  104854 

t r a n s m i t t e d  to Dandie .  Taking the known ev idence  

f rom this  c a s e  and f rom the Corne l l  456/Oswego pe -  

d ig rees  it s e e m s  that the off- type producing  p r ope n -  

s i ty  once e s t ab l i shed  is  highly h e r i t a b l e .  

Out l ine ped ig rees  of the v a r i e t i e s  C l imax ,  Lake- 

land ,  Golden Sta tes  A, B, C and D and Vanguard  a r e  

shown in  F i g . 6 .  They a r e  s u m m a r i s e d  f rom Thompson 

and Ryder  (1961) where  full de ta i l s  a r e  p r e s e n t e d .  

Two known off- type p r o d u c e r s ,  Grea t  Lakes and 10899, 

f rom the Corne l l  456 ped ig r ee ,  f ea tu re  in t he i r  pa -  

r en t age .  There  is  consequen t ly  a s t rong  poss ib i l i t y  

that  some  o r  al l  of these  v a r i e t i e s  p roduce  o f f - types .  

F u r t h e r  ped ig rees  of c r i s p h e a d  c u l t i v a r s ,  F i g . 7  

a r e  adapted f rom Whi taker  et a l .  (1958) and the s e c -  

t ion on Avoncr i sp  and Avondef iance f rom Wat t s (1955) .  

The appea rance  of off - types  in  Avonc r i sp  was not ex-  

pec ted  s ince  none of i t s  i m m e d i a t e  a n c e s t o r s  had 

p r ev ious ly  been  r epo r t ed  to p roduce  t h e m .  Thei r  oc -  

c u r r e n c e  in Avoncr i sp  has s ince  been  r epor t ed  by 

worke r s  at the National  Vegetable  R e s e a r c h  Stat ion 

(Dixon and Lewthwaite 1972) .  They also r e p o r t e d  that 

" S i m i l a r  rogues  (to the  Corne l l  type)  with s i m i l a r  

s eg rega t iona l  behav iour  have been found in cv.  Webb ' s  

Wonderful  and the p rob lem may be m o r e  genera l  than 

s uppo sed' ' .  

Indeed it may  be  v e r y  much m o r e  gene ra l  - F i g . 8  

shows out l ine  ped ig rees  for  the e a r l y  I m p e r i a l  v a r i -  

e t ies  based  on Jagge r  et a l .  (1941) .  The c u l t i v a r s  

Imper i a l  2, 3 and 6 were  se lec ted  for  brown blight r e -  

s i s t a n c e  f rom New York Special  and the l ines  69, AA 

and B were  s i m i l a r l y  se lec ted  f rom New York.  The 

c r o s s  New York • Blonde de Chavigne which gave 

r i s e  to Imper i a l  13 was made  in  o r d e r  to i n c o r p o r a t e  

the b rown blight  r e s i s t a n c e  of Blonde de Chavigne 

into the c r i sphe a d  type .  The ped igree  of Impe r i a l  17 

is  f rom Bohn and Whi taker  (1951) .  As can be seen 

f rom F i g .  9 the subsequent  Impe r i a l  t ypes ,  which i n -  

New York speciot New York 
Selection Selection 

./. / I X  Imperial Imperial Imperial 6g AA B 
2 3 B 

NewYork X Blonde de Chovigne 

I 
Fs 
M1 
S1 

Grand rapids X ]mperia[ 
/ 13 

M = Mass multiplication 
Fg S = Single plant selection 

[mpedo{ 
17 

Fig .8o  P e d i g r e e s  of Cr i sphead  c u l t i v a r s .  (4) The 
e a r l y  I m p e r i a l  s e l ec t ions  
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NewYork X Blonde Iente o monter 
- - I  

6g#XA107 F zA10A X New Y o r k ;  . . . .  A10AXAA . . . .  A10AX B 
- I  I 

/ " ~ - - ~ / ! ~  F4/X Imperial F, X [mperio, - -  ~ F, i Imperial /~X Imperial _3 ~ - -  / ~ ' _ 3  F, X Imperial 

F 3 F 3 ~ 148-1-3 F 3 F3 F~ X--F4 F3148-1-3" 
lmpeda[ ]mperial Imperial t ImperiQ[ Mz / 

152 F O 615 S 1 X Fz 
F1 1 May king t 

Imperial X F 5- / F z ~  
* See imperial 44pedigree 152 I M1 M1 F 4 S~ Sz 
M -- Moss multiplication Imperial Imperial Imperial 
S : Single plant selection 44 847 B50 
New York and selections undertined 

F i g .  9. P e d i g r e e s  of C r i s p h e a d  c u l t i v a r s .  (5) La te r  I m p e r i a l  types  

c o r p o r a t e  mi ldew r e s i s t a n c e  f r o m  Blonde len te  

m o n t e r ,  al l  f e a t u r e  New York o r  one of  i t s  d e r i v a -  

t i ve s  in t h e i r  p e d i g r e e s .  New York  is  synonymous  

with Webb ' s  Wonderful  ( syn .  Wonderful )  ( J a g g e r  et 

a l .  1941, p l ;  Rodenburg et a l .  1960; Watts  1955) so 

it i s  p o s s i b l e  that  s o m e  of the I m p e r i a l  types  p roduce  

o f f - t y p e s .  I m p e r i a l s  D,  F and 152 f ea tu r ed  in the pe -  

d i g r e e  of A v o n c r i s p  and it i s  f r o m  t h e s e  that the off-  

type  p roduc ing  p ropens i t y  of the l a t t e r  may  have  been  

i n h e r i t e d .  

Many mode rn  c r i s p h e a d s  have  s i m i l a r  p e d i g r e e s  

to that  of A v o n c r i s p  being p a r t l y  based  on Lactuca 

serx~ola PI 91532 (now known as  PI 104854) b e c a u s e  

of i t s  r a c e - s p e c i f i c  mi ldew r e s i s t a n c e .  Thus ,  in ad-  

di t ion to the 44 type s e l e c t i o n s  f r o m  the s a m e  ped i -  

g r e e  as A v o n c r i s p ,  the  c r o s s  I m p e r i a l  152 x 3172 

s e l e c t e d  to F 14 and beyond gave  the I m p e r i a l  D- type  

m i l d e w  r e s i s t a n t  l i nes  46140, 46255, 44418-9 and 46450. 

A s i m i l a r  b a c k c r o s s  s e r i e s  but with Grand  Rap ids ,  

I m p e r i a l  847 and I m p e r i a l  850 as addi t ional  p a r e n t s  

was s e l e c t e d  to F 3 ,  c r o s s e d  with C o s b e r g  and s e -  

l e c t ed  to F 7 and beyond to g ive  the 325 types  (Whi-  

t a k e r  et a l .  1958).  F u r t h e r  c r o s s i n g  and s e l e c t i o n  of 

t h e s e  mi ldew r e s i s t a n t  l i nes  led  to the  m o r e  r e c e n t  

c r i s p h e a d  c u l t i v a r s  such as  C a l m a r  (Welch et a l .  

1965).  B e c a u s e  of the high h e r i t a b i l i t y  of  the o f f - type  

p roduc ing  p r o p e n s i t y  and i t s  p o s s i b l e  t r a n s m i s s i o n  

f r o m  New York  to A v o n c r i s p  many of the mode rn  

c r i s p h e a d  c u l t i v a r s  must  be r e g a r d e d  as  po ten t ia l  

o f f - type  p r o d u c e r s .  

That the o f f - type  produc ing  c h a r a c t e r i s t i c  i s  not 

a lways  t r a n s m i t t e d  through the g e r m  l ine  is  shown 

by c u l t i v a r s  c l o s e l y  r e l a t e d  to Valent ine  which do not 

c a r r y  i t ,  and by i ts  ab sence  f r o m  Avondef iance  which 

is  r e l a t e d  to A v o n c r i s p .  The a p p e a r a n c e  of the c h a r -  

a c t e r  in Valent ine  although it i s  not p r e s e n t  in the  

paren t  v a r i e t i e s  shows that  the change f r o m  s tab i l i ty  

to mutab i l i ty  can a r i s e  anew.  

The d i f f icu l t i es  of ident i fy ing o f f - t ypes  and the ne -  

c e s s i t y  fo r  c o n f i r m a t o r y  p rogeny  t e s t s  have  been  d i s -  

c u s s e d .  These  magnify  the  p rob l em  of s e l e c t i n g  

agains t  the produc t ion  of o f f - types  in the e a r l y ,  widely  

s e g r e g a t i n g  g e n e r a t i o n s  of a p e d i g r e e  b r eed ing  p r o -  

g r a m m e .  Even  when the m o r e  un i fo rm advanced  gen-  

e r a t i ons  a r e  r e a c h e d ,  it i s  n e c e s s a r y  to s c r e e n  at 

l eas t  670 plants  p e r  f ami ly  in o r d e r  to have  a good 

chance  of de tec t ing  an o f f - type  p roduc ing  l ine  so that 

the to ta l  n u m b e r  of p lants  which need  to be grown in 

the p r o g r a m m e  is  much l a r g e r .  The v a r i a b l e  e n v i r o n -  

ment  of f ie ld  c r o p s  fu r t he r  magn i f i e s  t h e s e  d i f f icu l -  

t i e s .  

Unfor tuna te ly  it was n e c e s s a r y  to t e r m i n a t e  the  

work  on d a y - n e u t r a l  c r i s p h e a d  types  but a m o r e  de -  

t a i l ed  s u r v e y  of o f f - type  p roduc t ion  in t he se  c u l t i v a r s  

i s  d e s i r a b l e .  If such types  a r e  to be used  in b r eed ing  

p r o g r a m m e s  a t tent ion  should be g iven  to the o f f - type  

p r o b l e m  b e f o r e  c o m m e n c i n g .  

C r i s p h e a d  c u l t i v a r s  a r e  being used  in p r o g r a m -  

m e s  to modify  the  t e x t u r e  of g l a s s h o u s e  c u l t i v a r s .  

Valen t ine  and Dandle a r e ,  b e c a u s e  of t he i r  good win-  
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t e r  g r o w t h  c h a r a c t e r i s t i c s ,  l i k e l y  to  f e a t u r e  a s  p a -  

r e n t s  in  f u t u r e  b r e e d i n g  p r o g r a m m e s .  C o n s e q u e n t l y ,  

t h e r e  i s  a r i s k  t h a t  o f f - t y p e  p r o d u c t i o n  m a y  b e c o m e  

w i d e s p r e a d  in  g l a s s h o u s e  c u l t i v a r s  u n l e s s  p o s i t i v e  

s e l e c t i o n  a g a i n s t  t h i s  c h a r a c t e r  i s  p r a c t i s e d .  

O f f - t y p e s  a n d  s e e d  p r o d u c t i o n  

O f f - t y p e  p r o d u c t i o n  in  V a l e n t i n e  i s  0 . 4  p e r  c e n t .  

P e a r s o n  ( 1 9 5 6 )  g a v e  a f r e q u e n c y  f o r  C o r n e l l  456 of 

a b o u t  o n e  p e r  c e n t  a l t h o u g h  in  a l a t e r  p a p e r  ( 1 9 6 8 )  

h e  q u o t e d  0 . 1  p e r  c e n t .  O f f - t y p e  p r o d u c t i o n  in H i s t o n  

K r i s p i e  w h i c h ,  a s  d i s c u s s e d  e a r l i e r ,  c a n  b e  r e g a r d e d  

a s  a fu l l y  r o g u e d  s t o c k  of  C o r n e l l  456 w a s  0 . 4 3  p e r  

c e n t .  A r e a s o n a b l e  e s t i m a t e  of  t h e  r a t e  of  o f f - t y p e  

p r o d u c t i o n  a p p e a r s  to  b e  O. 4 p e r  c e n t .  

P e a r s o n  ( l o c .  c i t . )  r e p o r t e d  a t h r e e - t o - e i g h t  fo ld  

s u r v i v a l  a d v a n t a g e  f o r  o f f - t y p e  c o m p a r e d  w i t h  n o r m a l  

w h e n  t h e  d e n s e l y  h e a d e d  c r i s p h e a d  v a r i e t i e s  a r e  g r o w n  

f o r  s e e d .  The  p r e s e n t  s t u d y  h a s  s h o w n  no s u c h  a d v a n -  

t a g e  in  t h e  c a s e  of  l o n g - d a y  b u t t e r h e a d  t y p e s .  

If  s e e d  c r o p s  of  l o n g - d a y  l e t t u c e  c u l t i v a r s  a r e  

g r o w n  d u r i n g  t h e  s u m m e r  m o n t h s ,  o f f - t y p e  d e t e c t i o n  

a n d  r e m o v a l  i s  i m p o s s i b l e  b e c a u s e  a l l  p l a n t s  p a s s  d i -  

r e c e t l y  f r o m  t h e  r o s e t t e  to t he  f l o w e r i n g  s t a g e .  F i g .  

10 s h o w s  t h e  t h e o r e t i c a l  b u i l d - u p  p e r  g e n e r a t i o n  f o r  

e a c h  g e n o t y p e  w h e n  t h e  m u t a t i o n  r a t e  i s  0 . 4  p e r  c e n t .  

The  OT/+ g e n o t y p e s ,  w h e t h e r  a r i s i n g  d i r e c t l y  f r o m  

n e w  m u t a t i o n  o r  i n d i r e c t l y  f r o m  s e g r e g a t i o n ,  r a p i d l y  

s t a b i l i s e  a t  0 . 7 8  p e r  c e n t ;  t h e  p r o p o r t i o n  of  h o m o z y -  

g o u s  o f f - t y p e s  i n c r e a s e s  s t e a d i l y .  A t  a n y  t i m e ,  t h e  

s e l e c t i o n  of  n o r m a l ,  + / + ,  g e n o t y p e s  f o r  s e e d i n g  wil l  

r e t u r n  t h e  s i t u a t i o n  to g e n e r a t i o n  o n e .  

20 ] 
% , . ~  lotai 
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1.o 
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Generation 

F ig .  10. Theoret ical  f requency of o f f - types.  0.4 ~ mu-  
tat ion ra te .  No select ion 

B r e e d e r s '  s e e d  t a k e n  f r o m  s e l e c t e d  t r u e  to t y p e  

p l a n t s  g i v e  r i s e  to  a c r o p  w i t h  0 . 4  p e r  c e n t  h e t e r o -  

z y g o u s  o f f - t y p e s .  If b a s i c  s e e d  w e r e  p r o d u c e d  f r o m  

t h i s  w i t h o u t  r o g u i n g ,  t h e  t o t a l  f r e q u e n c y  of  o f f - t y p e s  

in  t h e  n e x t  g e n e r a t i o n  wou ld  b e  0 . 7  p e r  c e n t  i n c l u -  

d ing  O. 1 p e r  c e n t  u n m a r k e t a b l e  r o s e t t e d  p l a n t s .  The  

b a s i c  s e e d  t e s t e d  h a d  0 . 6 8  p e r  c e n t  o f f - t y p e s  ( T a b l e  

2 ) ,  w h i c h  i s  v e r y  c l o s e  to  t h e  e x p e c t e d  0 . 7  p e r  c e n t .  

A f u r t h e r  m u l t i p l i c a t i o n  w o u l d  g i v e  a t h e o r e t i c a l  0 . 9 5  

p e r  c e n t  o f f - t y p e s  i n c l u d i n g  0 . 2 5  p e r  c e n t  r o s e t t e d  

h o m o z y g o t e s .  L e v e l s  s u c h  a s  t h e s e  a r e  r e a s o n a b l y  

a c c e p t a b l e  e v e n  f o r  g l a s s h o u s e  c r o p s  in  w h i c h  t h e  i n -  

v e s t m e n t  p e r  p l a n t  i s  r e l a t i v e l y  h i g h .  It i s  h o w e v e r  

b e t t e r  to  r o g u e  t h e  b a s i c  s e e d  c r o p ,  of n e c e s s i t y  g r o w n  

in  r e l a t i v e l y  s h o r t  d a y s  a n d  u n i f o r m  e n v i r o n m e n t a l  

c o n d i t i o n s ,  t h e r e b y  e n s u r i n g  t h a t  c o m m e r c i a l  s e e d  

wi l l  c o n t a i n  o n l y  0 . 7  p e r  c e n t  o f f - t y p e s .  T h i s  i s  now 

r o u t i n e  p r a c t i c e  f o r  V a l e n t i n e  a n d  D a n d l e .  It i s  e s s e n -  

t i a l  t h a t  t h e  s e e d  p r o d u c t i o n  s e q u e n c e ,  b r e e d e r s  ' - 

b a s i c  - c o m m e r c i a l ,  i s  m a i n t a i n e d .  If f u r t h e r  g e n e r -  

a t i o n s  a r e  p r o d u c e d  f r o m  c o m m e r c i a l  s e e d ,  u n a c c e p -  

t a b l e  p r o p o r t i o n s  of  o f f - t y p e s  wi l l  r e s u l t .  

V a r i e t y  l i s t i n g  a n d  P l a n t  B r e e d e r s  ' R i g h t s  

No p r o b l e m s  h a v e  b e e n  e n c o u n t e r e d  in c o n n e c t i o n  w i th  

t h e  r e g u l a t i o n s  g o v e r n i n g  t h e  u n i f o r m i t y  a n d  s t a b i l i t y  

r e q u i r e m e n t s  f o r  v a r i e t y  l i s t i n g  and  p l a n t  b r e e d e r s '  

r i g h t s  w i t h  t h e  c u l t i v a r s  V a l e n t i n e  and  D a n d l e .  Of f -  

t y p e  p r o d u c t i o n  h a s  b e e n  a c c e p t e d  a s  a v a r i e t a l  c h a r -  

a c t e r i s t i c  j u s t  a s ,  f o r  e x a m p l e ,  b l a c k  s e e d  o r  a n t h o -  

c y a n i n  p i g m e n t a t i o n  a r e .  The  v a r i e t y  I c e b e r g ,  an  o f f -  

t y p e  p r o d u c e r ,  i s  o v e r  200 y e a r s  o l d ;  i t  h a s  m a i n -  

t a i n e d  i t s  v a r i e t a l  s t a t u s  a n d  i d e n t i t y  o v e r  t h i s  l o n g  

p e r i o d  of  t i m e .  

D i s c u s s i o n  

T h i s  p a p e r  d e a l s  m a i n l y  w i t h  t h e  m a n i f e s t a t i o n s  of  o f f -  

t y p e  p r o d u c t i o n  a t  i t s  s e c o n d a r y  l e v e l  - t h e  p r o d u c t i o n  

of  o f f - t y p e s  in  c u l t i v a r s  w h i c h  a r e  u n s t a b l e .  T h i s  a s -  

p e c t  i s  now w e l l  u n d e r s t o o d  a n d ,  f r o m  a p r a c t i c a l  p o i n t  

of v i e w ,  c o n t r o l l a b l e .  

The  m o r e  f u n d a m e n t a l  c h a r a c t e r  w h i c h  d e t e r m i n e s  

w h e t h e r  a p a r t i c u l a r  v a r i e t y  i s  i t s e l f  s t a b l e  o r  m u -  

t a b l e  f o r  o f f - t y p e  p r o d u c t i o n  i s  m o r e  d i f f i c u l t  to  s t u d y .  
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P e a r s o n  (1968) d i s c u s s e s  the m e c h a n i s m s  of gene t ic  

ins tab i l i ty  of rogue  and o f f - type  p lants  in a n u m b e r  

of s p e c i e s  but b a s i c  i n fo rma t ion  is  l a r g e l y  l ack ing .  

Mutabi l i ty  has  o r i g ina t ed  at l ea s t  t h r e e  t i m e s  in l e t -  

tuce  and t h e s e  o c c u r r e n c e s  appea r  to be independent .  

Once e s t a b l i s h e d ,  mutab i l i ty  is  highly h e r i t a b l e  a l -  

though it is  not a lways  p r e s e n t  in the p rogeny  (c f .  

Avondef iance)  �9 A study of the i n h e r i t a n c e  of the un-  

de r ly ing  con t ro l  m e c h a n i s m  would be use fu l .  The 

p r o b l e m s  out l ined in the sec t ion  on b r eed ing  p r o -  

g r a m m e s  would have  to be faced  and l a r g e  n u m b e r s  

of p lants  would be invo lved .  One approach  is  to hy-  

b r i d i s e  known o f f - type  produc ing  and s t ab le  p a r e n t s ,  

u t i l i s e  the Single  Seed Descen t  method to obtain r e l a -  

t i ve ly  un i form l ines  f r o m  random F 2 s e l e c t i o n s  and 

tes t  a l a r g e  number  of t h e s e  for  o f f - type  p roduc t ion .  

This is  being a t t e m p t e d .  

Whils t  it is  useful  to d e s c r i b e  the mutat ion which 

g ives  r i s e  to o f f - types  in uns tab le  c u l t i v a r s  as being 

the i n c o m p l e t e l y  dominant  condi t ion ,  th is  is  just  a 

c o n v e n i e n c e .  The d i r e c t i o n  of mutat ion is by no means  

c e r t a i n .  The v a r i e t y  type could r e p r e s e n t  the dominant  

condi t ion with the change being towards  r e c e s s i v i t y .  

On the  o the r  hand,  t r u e  b reed ing  o f f - types  with t h e i r  

f l a t t ened ,  r o s e t t e d  habit  a r e  m o r e  p r i m i t i v e  and r e -  

s e m b l e  wild l e t tuce  s p e c i e s .  In th is  s e n s e  the mu ta -  

t ion may  r e p r e s e n t  a r e v e r s i o n  towards  wild type which 

is  a rguab ly  the dominant  condi t ion .  
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