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S u m m a r y ,  The p r o t e i n  t r a i t s  of  s o m e  f a s c i a t e d  a n d  n o n - f a s c i a t e d  p e a  r e c o m b i n a n t s  h a v e  b e e n  s t u d i e d  in  t h e  
l i g h t  of  m u t a n t  g e n e  a c t i o n s  a n d  i n t e r a c t i o n s .  The r e s u l t s  i n d i c a t e  t h a t  c o m b i n a t i o n s  of  d i f f e r e n t  m u t a n t  g e n e s  
a f f e c t i n g  m o r p h o l o g i c a l  c h a r a c t e r s  h a v e  i n d i r e c t  i n f l u e n c e s  o n  t h e  q u a n t i t a t i v e  c o m p o s i t i o n  of  s e e d  f l o u r  p r o -  
t e i n s  of  t h e  g e n o t y p e s .  At  t h e  l e v e l  of  s i n g l e  s p e c i f i c  a m i n o  a c i d s ,  t h e r e  w e r e  d r a s t i c  q u a n t i t a t i v e  a l t e r a t i o n s .  
The r e s u l t s  a l s o  i n d i c a t e  t h a t  d i f f e r e n c e s  in  t he  m u t a t e d  b a c k g r o u n d  g e n o t y p e s  m a y  h a v e  a r o l e  in  t h e  p r o t e i n  
q u a n t i t a t i v e  a l t e r a t i o n s .  C o r r e l a t i o n s  a m o n g  p r o t e i n  a n d  y ie ld ,  t r a i t s  h a v e  b e e n  c a l c u l a t e d  a n d  d i s c u s s e d .  P e r -  
c e n t  c r u d e  p r o t e i n  w as  f o u n d  to b e  n e g a t i v e l y  c o r r e l a t e d  w i th  d i f f e r e n t  p r o t e i n  y i e l d  t r a i t s  a t  t h e  p l a n t  l e v e l .  

I n t r o d u c t i o n  

The p o t e n t i a l  v a l u e  of  a g i v e n  g e n o t y p e  in b r e e d i n g  

p r o g r a m m e s  d e p e n d s  o n  a v a r i e t y  of  f a c t o r s .  A m o n g  

t h e m ,  p r o t e i n  t r a i t s  a r e  a m a j o r  c o m p o n e n t ,  e s p e c i a l -  

ly  in  l e g u m i n o u s  p l a n t s .  A n u m b e r  of  s i n g l e  g e n e  

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

sat ivwn by i n d u c e d  m u t a t i o n s .  U n f o r t u n a t e l y ,  m a n y  

s h o w  n e g a t i v e  f e a t u r e s ,  s u c h  as  low f e r t i l i t y  a n d  r e -  

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

v a l u e  ( G o t t s c h a l k  and  M f i l l e r  1 9 7 0 ) .  R e s t o r a t i o n  of  

f e r t i l i t y  a n d  i m p r o v e m e n t  of  y i e l d  c h a r a c t e r s  c a n  be  

a c h i e v e d  by  c r o s s i n g  t h e s e  m u t a n t s  wi th  o t h e r  f e r t i l e  

o n e s  a n d  s e l e c t i n g  n e w  r e c o m b i n a n t s  w i th  d e s i r a b l e  

q u a l i f i c a t i o n s  ( G o t t s c h a l k  1 9 7 2 ) .  D u r i n g  t h e  r a d i a -  

t i o n  e x p e r i m e n t s  c a r r i e d  ou t  by  G o t t s c h a l k  ( 1 9 6 6 ) ,  a 

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

w h i c h  the  X - r a y  i n d u c e d  m u t a n t  489C s h o w e d  a n  e x -  

t r a o r d i n a r i l y  h i g h  y i e l d i n g  c a p a c i t y  w i t h  r e g a r d  to t he  

c h a r a c t e r ,  " n u m b e r  of  s e e d s  p e r  p l a n t " .  I t s  s e e d  p r o -  

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

e r a t i o n s .  It a r o s e  a s  a r e s u l t  of  a g r o u p  of  s i m u l t a n e -  

o u s l y  m u t a t e d  g e n e s  ( G o t t s c h a l k  1972 a n d  1 9 7 5 ) .  B e -  

c a u s e  of  i t s  u n u s u a l  g e n e t i c  b a c k g r o u n d ,  m u t a n t  489C 

w a s  u s e d  a s  a r e c u r r e n t  p a r e n t  in  a s e r i e s  of  c r o s s e s  

w i th  o t h e r  f e r t i l e  a n d  l e s s - f e r t i l e  m u t a n t s  of  t h e  s a m e  

c o l l e c t i o n .  The  m a i n  goa l  b e h i n d  t h i s  p r o g r a m m e  w a s  

to e l i m i n a t e  t he  n e g a t i v e  f e a t u r e s  of  m u t a n t  489C,  s u c h  

a s  t a l l n e s s ,  l a t e n e s s  a n d  r e d u c e d  s e e d  s i z e .  It was  a l -  

s o  h o p e d  t h a t  i t s  p o t e n t i a l  v a l u e  would  be  i m p r o v e d  by  

t r a n s f e r r i n g  to i t s  g e n o r n e  s o m e  d e s i r a b l e  g e n e s  e x i s t -  

F e l l o w  of  A l e x a n d e r  yon  H u m b o l d t  F o u n d a t i o n .  

i ng  in  o t h e r  m u t a n t s .  In t h e  s e g r e g a t i n g  g e n e r a t i o n s  

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

b i n a n t s  w e r e  s e l e c t e d .  The p h e n o t y p i c  d e s c r i p t i o n  a n d  

t h e  y i e l d  q u a l i f i c a t i o n s  of  s o m e  o f  t h e s e  r e c o m b i n a n t s  

h a v e  b e e n  g i v e n  e l s e w h e r e  ( G o t t s c h a l k  a n d  H u s s e i n  

1 9 7 5 ) .  

The  p r e s e n t  p a p e r  p r o v i d e s  r e s u l t s  on p r o t e i n  t r a i t s  

o f  t h e  s e e d  f l o u r  of  s o m e  f a s c i a t e d  a n d  n o n - f a s c i a t e d  

r e c o m b i n a n t s  s e l e c t e d  d u r i n g  t h i s  p r o g r a m m e .  The r e -  

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

of  t h e s e  r e c o m b i n a n t s  a n d  t h e  i n t e r a c t i o n s  of  t he  m u -  

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

Material and Methods 

For the present investigations, 10 recombinant lines, 
mutant 489C and the initial line 'Dippes gelbe Vikto- 
ria' were used. The recombinants showed homozy- 
gosity in their morphological characters in F3 or F4 
generation. The following genotypes were used as pa- 
rental lines in the crossing programme from which 
the recombinants had been selected: 

- IL: 'Dippes gelbe Viktoria' medium in- 
ternode length with plant height of 
about 65cm; medium late with flow- 
ering time of about 50 days from 
sowing; non-fasciated with protein 
c o n t e n t  o f  a b o u t  22-237~.  It i s  t h e  
s t a n d a r d  l i n e  w i t h  w h i c h  a l l  g e n o -  
t y p e s  a r e  c o m p a r e d .  

- M u t a n t  4 8 9 C :  A p i c a l  p a r t  of  t h e  s t e m  s t r o n g l y  
f a s c i a t e d ;  t a l l ;  f l o w e r i n g  t i m e  a b o u t  
10 d a y s  l a t e r  t h a n  t h e  IL; s m a l l  s e e d  
s i z e  of  s t r o n g l y  v a r i a b l e  p r o t e i n  
c o n t e n t  in  s u c c e s s i v e  g e n e r a t i o n s  ; 
s e e d  p r o d u c t i o n  g r e a t l y  i n c r e a s e d .  

- M u t a n t  4 6 C :  E a r l y  f l o w e r i n g  due  to t h e  v e r y  l o w  
p o s i t i o n  of  t he  f i r s t  f l o w e r s  o n  t h e  
s t e m  ; s t a r t s  f l o w e r i n g  a b o u t  1 0 - 1 5  
d a y s  e a r l i e r  t h a n  t h e  i n i t i a l  l i n e ;  
r e d u c e d  s e e d  p r o d u c t i o n .  

- M u t a n t  122:  N a r r o w  l e a f l e t s ;  s e e d  p r o d u c t i o n  
s l i g h t l y  r e d u c e d .  



232 H . A . S .  Husse in :  Seed P r o t e i n  T ra i t s  of  F a s c i a t e d  P e a  Recombinan t s  

- Mutant 176A: N a r r o w  l e a v e s ;  with the except ion  
of plant height all plant o rgans  r e -  
duced;  n o r m a l  f e r t i l i t y ;  not iden t i -  
cal  with mutant  122. 

- Mutant 1201A: Dichotomous  s t e m  b i fu rca t ion ;  s o m e -  
what i n c r e a s e d  seed  p roduc t ion ;  un-  
s t ab le  pene t r ance  of the mutant  gene 
(Got tschalk  and Chen 1969).  

- C o e h l e a t a  mutant  5137: obta ined  by Blixt  (1967) ;  
showing spoonl ike  s t ipu les  and c e r -  
tain f lower  a n o m a l i e s ;  g r e a t l y  r e -  
duced f e r t i l i t y .  

Seed f lour  of the fol lowing r e c o m b i n a n t s  was used  
for  b iochemica l  a n a l y s i s :  
- R 850: v e r y  shor t  i n t e rnodes ,  f a sc i a t ed ,  

la te  and n o r m a l  l e a v e s  ( s e l e c t e d  in 
Fs of the c r o s s  489C x 122) ; 

- R 852: long in t e rnodes ,  n o n - f a s c i a t e d ,  not 
la te  and n o r m a l  l e a v e s  ( s e l e c t e d  in 
F~ of the c r o s s  489C X 5137 e o e h ) . ;  

- R 853: in te rnode  length = IL, l i nea r ly  f a s -  
c ia ted ,  not la te  and no rma l  l e a v e s  
( s e l e c t e d  in Fe of the c r o s s  489C x 
5137 coch); 

- R 854: long in t e rnodes ,  n o n - f a s c i a t e d ,  not 
la te  and n a r r o w  l e a v e s  ( s e l e c t e d  in 
F~ of the c r o s s  489C x 122);  

- R 162: medium shor t  i n t e rnodes ,  s l igh t ly  
s h o r t e r  than the ini t ia l  l ine ,  f a s c i a t -  
ed and la te  ( s e l e c t e d  in F4 of the c r o s s  
489C x 1201A); 

- 1R 25: long i n t e rnodes ,  n o n - f a s c i a t e d  and 
not la te  ( s e l e c t e d  in F3 of the c r o s s  
489C x 46C) ;  

- R 26: long i n t e rnodes ,  n o n - f a s c i a t e d  and 
not la te  ( s e l e c t e d  f rom the s a m e  c r o s s  
as R 25, but f r o m  a d i f fe ren t  F3 f a m -  
i ly ) ; 

- R 620 : long in t e rnodes ,  n o n - f a s c i a t e d ,  la te  
and n a r r o w  l e a v e s  ( s e l e c t e d  in F~ of 
the c r o s s  489C x 122);  

- R 170: long i n t e rnodes ,  l i n e a r l y  f a sc i a t ed  
and f lower ing  t i m e  la te  = mutant  489C 
( s e l e c t e d  in F4 of the c r o s s  489C x 
1201A) ; 

- R 80: v e r y  shor t  i n t e rnodes ,  f a sc i a t ed ,  not 
la te  and n o r m a l  l e a v e s  ( s e l e c t e d  in 
F~ of the c r o s s  489C x 176A). 

F o r  b iochemica l  a n a l y s e s ,  s eeds  f rom all  p lants  
ava i l ab le  of a g iven genotype w e r e  mixed  t o g e t h e r ,  
and random s a m p l e s ,  each  of 40 s eeds  were  used .  
O bse rva t i ons  on yie ld  components  were  r e c o r d e d  in 
the s ea son  1974. 

Crude  p ro t e in  was e s t i m a t e d  in the seed  f lour  
s a m p l e s  us ing the Kjeldahl  method .  The total  n i t rogen  
content  of the seed  f lour  (on dry weight b a s i s )  was 
d e t e r m i n e d .  The c rude  p ro t e in  ~ was then ca l cu l a t ed  
by mul t ip ly ing  the n i t rogen  va lues  by 6 .25  (Keil  and 
S o r m o v a  1965).  All the amino ac ids ,  except  those  
conta ining su l fu r ,  were  ana lysed  by an amino ac id  
a n a l y s e r  ( A m i n o l y s e r ,  Opt ica)  using the p r o c e d u r e s  
g iven by Mondino (1967 and 1969a ,b ) .  

The yie ld  of c rude  p ro te in ,  total  amino ac ids  (only 
15 a c i d s ) ,  e s s e n t i a l  amino ac ids  and lys ine  pe r  plant 
were  ca l cu l a t ed  by in te rpo la t ion  be tween " seed  weight 
pe r  p lant"  and the p e r c e n t a g e s  of the d i f fe ren t  p ro te in  
t r a i t s .  C o r r e l a t i o n  coe f f i c i en t s  were  ca l cu la t ed  for  
the d i f fe ren t  c h a r a c t e r s  s tud ied .  It should be noted 
that two e x p r e s s i o n s  have been used  f requen t ly  in th is  
tex t :  "p ro te in  qual i ty  t r a i t s "  for  the p e r c e n t a g e s  of 

p ro te in  t r a i t s  in the seed  f lour  unit weight ;  and " p r o -  
te in quant i ty  t r a i t s "  for  the amounts  of p ro te in  t r a i t s  
at the plant l e v e l .  

Resu l t s  

B e c a u s e  of the unusual  genotypic  background of the r e -  

c u r r e n t  pa ren t  mutant  489C, a wide r ange  of phenoty-  

pic v a r i a t i o n  o c c u r r e d  in F 2 and l a t e r  g e n e r a t i o n s  of 

the d i f fe ren t  c r o s s e s  (Got tschalk  and Milut inovi6 1973 ).  

This gene t i ca l l y  condi t ioned v a r i a t i o n  a l lowed s e l e c -  

tion of a g r e a t  n u m b e r  of r e c o m b i n a n t  l ines  d i f fe r ing  

f r o m  one another  in many morpho log ica l  c h a r a c t e r s .  

This is  a t t r ibu ted  to the r e d i s t r i b u t i o n  of the many mu-  

tant  genes  ex i s t ing  in 489C (Got tschalk  and Husse in  

1975).  The 10 r e c o m b i n a n t s  inc luded in the p r e s e n t  

inves t iga t ion  showed homozygos i ty  for  d i f fe ren t  m o r -  

phologica l  c h a r a c t e r s  in F 3 o r  in F 4 g e n e r a t i o n s .  

To f ac i l i t a t e  p r e s e n t a t i o n  of the data,  the genotypes  

s tudied were  c l a s s i f i e d  into two m a j o r  g roups :  

- n o n - f a s c i a t e d  geno types ,  and 

- f a sc i a t ed  geno types .  

F u r t h e r  c l a s s i f i c a t i o n s  w e r e  made within each  

group acco rd ing  to in te rnode  length ,  l ea f  shape and 

t ime  of f lower ing .  The va lues  of the ini t ia l  l ine  (Dip-  

pes  gelbe  Vik tor ia )  w e r e  taken as the s t anda rd  (= 100 %, 

a s s igned  by a hor izon ta l  b roken  l ine  in the g raphs )  

with which the va lues  of al l  o t h e r  genotypes  a r e  c o m -  

p a r e d .  

1. N o n - F a s c i a t e d  Recombinan t s  

This group conta ins  f ive r e c o m b i n a n t s  each s e l e c t e d  

f r o m  a d i f fe ren t  F 3 f am i ly .  These r e c o m b i n a n t s a r e :  

R852 ,  R25 ,  R26 ,  R854 and R620 .  

The t h r ee  r e c o m b i n a n t s  R852 ,  R25  and R 26 a r e  

phenotypica l ly  s i m i l a r  to each  o t h e r .  They have long 

in t e rnodes  and n o r m a l  l e a v e s  ( l ike mutant  489C) and 

t he i r  f lower ing  t ime  is  med ium la te  which is  equal  to 

that of the ini t ia l  l ine .  These t h r e e  r e c o m b i n a n t s  a r e  

v e r y  s i m i l a r  in p ro te in  qual i ty  t r a i t s  ( F i g .  1) .  Only 

R 26 has h igher  pe r cen t  c rude  p ro te in  than the ini t ia l  

l i ne .  The p e r c e n t  total  amino ac ids  and the pe r cen t  

e s s e n t i a l  amino ac ids  of  the t h r ee  r e c o m b i n a n t s  a r e  

s l igh t ly  l e s s  than in the in i t ia l  l ine ,  but they show a 

c o n s i d e r a b l e  i n c r e a s e  in lys ine  p e r c e n t a g e .  If t he se  

r e c o m b i n a n t s  a r e  c o m p a r e d  on the bas i s  of p r o d u c t i -  

vi ty p e r  plant ( F i g . 2 ) ,  it will  be s e e n  that R852 is  

s l igh t ly  h igher  in c rude  p ro te in  y ie ld ,  but a lmos t  equal  
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Fig. I .  Criteria of different protein quality traits of the seed flour unit weight (I00 gr) in mutant 489C and the 
recombinants selected from crossing 489C with other mutants. The values are related to the corresponding 
values of the initial line = 100g (broken line), a: percent crude protein; b: percent total amino acids; c: percent 
essential amino acids; d: percent lysine. S- and L-fasc. : denote strong and linear type of stem fasciation, re- 
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strong and linear type of stem fasciation, respectively 

to the initial line in total amino acids and essential 

amino acids ; its lysine yield is about 50 ~ greater 

than that of the initial line. On the other hand, the 

two recombinants R 25 and R 26 are much lower than 

the initial line in all protein quantity traits per plant. 

The superiority of R852 over R25 and R26 in pro- 

tein yield traits is due to its higher seed productivi- 

ty (viz. number of seeds and weight of seeds per plant ). 

However, the increase in the weight of seeds is not 

equivalent to the number of seeds, because of the 

smaller seed size characterizing R 852 (Fig. 3). As 

mentioned earlier, the three recombinants are pheno- 

typically similar to each other, but the present re- 

sults indicate differences in their genotypic background. 

Thus, the gene for long internodes expressed its po- 

tentiality in increasing the seed yield per plant and, 

consequently, in increasing protein yield traits in the 

background of R852, but not in R25 and R26. It 

should be remembered that the two latter recombi- 

nants have been selected from the F 3 of the same 

cross, but from two different families (see Material 

and Methods ). 

Recombinants R854 and R620 both have long 

internodes and narrow leaves. The former charac- 

ter is inherited through parent mutant 489C, and 

the latter through parent mutant 122. The main dif- 

ference between these two recombinants is in flow- 

ering time. While R854 is medium late (like the in- 

itial line), R 620 is much later (like parent mutant 

489C). The protein quality traits of the two recombi- 

nants show differences from each other. The percent 

crude protein and the percent lysine of the seed flour 

of R 854 are higher than the corresponding values 

for the initial line, while the percent total amino 

acids and the percent essential amino acids are very 

close to the values of the initial line. In contrast, the 

protein quality traits in R 620 are lower than in the 

initial line, except for lysine which is higher (Fig. 1). 
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Table I. Coefficients of correlations (r) between protein quality traits and protein and seed yield traits 

protein quality Protein quantity traits seed yield traits 
traits of the per plant 
seed flour 

1 2 3 4 5 6 7 8 9 10 

total essential lysine weight weight weight weight number weight 100seed Array 
amino amino ~ of crude of total of es- of ly- of seeds of seeds weight 
acids acids Y~ protein amino sential sine perplant perplant (gr) 

(gr) acids amino (gr) (gr) 
(gr) acids 

(gr) 

crude 
protein 

total 
amino 
acids 

essential 
amino acids 

Y~ lysine 

0 . 5 7  0 . 2 8  0 . 5 6  - 0 . 5 3  - 0 . 5 5  - 0 . 5 8  ~ - 0 . 4 4  - 0 . 6 7  ~t - 0 . 6 5  ~'~ - 0 . 0 9  A 

0 . 8 0 ~  0 . 5 1  - 0 . 1 6  - 0 . 0 4  - 0 . 0 1  - 0 . 0 3  - 0 . 4 7  - 0 . 2 5  0 . 3 8  B 

0 . 3 1  - 0 . 1 8  - 0 . 1 5  0 . 1 1  - 0 . 0 6  - 0 . 3 6  - 0 . 2 2  0 . 2 0  C 

- 0 . 1 2  - 0 . 1 0  - 0 . 1 0  0 . 1 9  - 0 . 2 5  - 0 . 2 2  0 . 0 2  D 

~ Correlation coefficients greater than 0.58 and 0.71 are significant and highly significant at 5Y~ and 
1 ~ levels of significance, respectively. Degrees of freedom = 10. 

The decrease in percent crude protein and percent 

total amino acids of the seed flour of R 620, which is 

parallel to that in mutant 489C, may indicate that the 

gene for late flowering, present in the background of 

both genotypes, has a negative effect on protein con- 

tent. The gene for narrow leaves seems to have a po- 

sitive effect on protein content of the seed flour. This 

statement finds its justification when comparing R 854 

with R 852 (Fig. 1). Both genotypes are phenotypical- 

ly similar, except that R 854 has narrow leaves. As 

mentioned earlier, the percent crude protein of R852 

is about equal to that of the initial line, while that of 

R854 is about 9~ greater. This positive effect of the 

gene for narrow leaves on protein content is dimin- 

ished or even suppressed in the presence of the gene 

for late flowering (compare R620 with R854 and 

R 852, Fig. 1). Comparing protein quantity traits at 

plant level, R 620 is greatly superior to the initial 

line, while R854 is much lower (Fig.2). The supe- 

riority of R 620 over the initial line and R854 in 

protein yield traits at the plant level is due to its 

higher seed productivity (Fig. 3), resulting from the 

action of the gene for late flowering. Thus, in R 620 

the unfavourable effect of the late flowering gene on 

protein quality traits has been compensated by better 

seed yield productivity, and consequently by favourable 

protein yield traits at plant level. This conclusion is 

supported by the significant or almost significant ne- 

gative correlations found between the percent crude 

protein and some protein and yield traits per plant 

(Table 1, array A). 

2. Fasciated Recombinants 

The present data indicate that the recurrent parent 

mutant 489C (strongly fasciated, long internodes and 

late flowering) has less crude protein in the seed flour 

compared with its initial line (Fig. 1). According to 

Gottschalk et al. (1975), this is an exceptional re- 

sult for this mutant, as its protein content during 

most of the previous generations was higher than that 

of the initial line 'Dippes gelbe Viktoria'. Our re- 

sults also indicate that the seed flour of this genotype 

contains a lower percentage of total amino acids and 

of lysine~ however, the essential amino acids re- 

mained almost the same as in the initial line (Fig. I). 

At plant level (Fig.2) all protein quantity traits are 

greatly reduced because of the smaller seed size 

characterizing this genotype (Fig. 3 ). 

As pointed out elsewhere (Gottschalk 1975~ Gott- 

schalk and Hussein 1975), the phenomenon of stem 

fasciation in the present material occurs in two dif- 
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ferent forms, "strong fasciation" and "linear fascia- 

tion". When fasciation is combined with short or very 

short internodes, it is often difficult to distinguish the 

two types. The genes for "strong" and "linear" fascia- 

tion belong to a series of at least 4 multiple alleles 

(Gottschalk 1975). In the present group of recornbi- 

nants, the gene for fasciation is combined with sev- 

eral other genes affecting internode length and flower- 

ing time. The results of the actions and interactions 

of these genes on protein traits of the seed flour will 

be presented and discussed. 

This group of recombinants contains five different 

lines differing in the type of fasciation, internode length 

and flowering time. The recombinants are denoted 

RiT0, R853, Ri62, RS0 and R850. 

Recombinant R 170 has long internodes and late 

flowering (like mutant parent 489C) and linear fascia- 

tion. The latter character had been observed to recover 

frequently in segregating generations of all crosses 

in which mutant 489C was one of the parents. The ge- 

netic mechanism behind this recovery is not yet known. 

The protein quality traits of this recombinant are var- 

iable (Fig. i). The percentages of crude protein and 

lysine in the seed flour are very close to the corres- 

ponding values of the initial line, while the total 

amino acids and the essential amino acids are much 

less and even lower than these of mutant 489C. At 

plant level (Fig. 2) similar results were found, but 

with some improvement over mutant 489C. This im- 

provement relative to 489C is due to the extraordi- 

narily high number of seed per plant in this geno- 

type: in R 170, the character "number of seeds per 

plant" reached a value of about 150 ~, while in mu- 

tant 489C it reached about 127~ of the correspond- 

ing value of the initial line (Fig.3). It is possible that 

this difference in favour of R i70 arises from the sub- 

stitution of the allele for linear fasciation instead of 

the allele for strong fasciation. However, the increase 

in the number of seeds per plant resulting from the 

action of the gene for linear fasciation is not followed 

by an equivalent increase in seed weight, and conse- 

quently in protein traits per plant, because of the re- 

duced seed size of R 170. Fortunately, this latter 

character is not correlated with any other character, 

whether of yield or protein (Table i). Even within the 

fasciated genotypes this correlation is absent. The lack 

of correlation between seed size and number of seeds 

or weight of seeds per plant, especially within the 

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

s m a l l  s e e d  s i z e  not  b e i n g  a p a r t  of  t he  p l e i o t r o p i c  

s p e c t r u m  of t h e  g e n e  f o r  s t e m  f a s c i a t i o n .  T h i s  i s  a d -  

d i t i o n a l  e v i d e n c e  f o r  t he  s a m e  c o n c l u s i o n  r e p o r t e d  by  

G o t t s c h a l k  a n d  H u s s e i n  ( i 9 7 5 ) .  It s h o u l d  be  p o s s i b l e  

to  e l i m i n a t e  t h i s  n e g a t i v e  c h a r a c t e r  of  R 170 by  f u r -  

t h e r  h y b r i d i z a t i o n  and  s e l e c t i o n .  

R 853 i s  m e d i u m  l a t e  a n d  h a s  m e d i u m  i n t e r n o d e  

l e n g t h  l i ke  t he  i n i t i a l  l i n e .  It i s  a l s o  l i n e a r l y  f a s c i a t e d .  

Al l  p r o t e i n  q u a l i t y  t r a i t s  of  t he  s e e d  f l o u r  a r e  m u c h  

m o r e  r e d u c e d  c o m p a r e d  w i t h  t h o s e  of  t h e  i n i t i a l  l i n e  

( F i g .  i ) .  At  p l a n t  l e v e l  ( F i g . 2 ) ,  R 8 5 3  i s  h i g h e r  in  

c r u d e  p r o t e i n  a n d  l y s i n e  p r o d u c t i o n ,  bu t  l o w e r  in  e s -  

s e n t i a l  a m i n o  a c i d s ,  t h a n  t h e  i n i t i a l  l i n e .  T h e r e  i s  no 

c l e a r  c h a n g e  i n  the  y i e l d  of  t o t a l  a m i n o  a c i d s .  The s i -  

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

c o m b i n a n t  wi th  m u t a n t  489C.  A s  in  t he  c a s e  of  R i 7 0 ,  

t h e  i m p r o v e m e n t  in  p r o t e i n  a n d  a m i n o  a c i d  y i e l d  p e r  

p l a n t  in  R 8 5 3  c o m p a r e d  w i th  489C i s  due  to i t s  e x -  

t r a o r d i n a r i l y  h i g h  n u m b e r  of  s e e d s  a n d  t he  w e i g h t  of  

s e e d s  p e r  p l a n t  h i g h l y  c o r r e l a t e d  to i t .  In R 853 ,  t h e  

n u m b e r  of  s e e d s  p e r  p l a n t  r e a c h e d  a v a l u e  of  a b o u t  

i 71  ~, w h i l e  t h e  w e i g h t  of  s e e d s  r e a c h e d  a v a l u e  of  

a b o u t  122 %, of t h e  c o r r e s p o n d i n g  v a l u e s  f o r  t h e  i n i -  

t i a l  l i n e  ( F i g .  3 ) .  On t he  b a s i s  of  t h e  p r e s e n t  i n f o r -  

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

s l i g h t  r e d u c t i o n  in  i n t e r n o d e  l e n g t h  h a s  no d i r e c t  n e -  

g a t i v e  e f f e c t  upon  t h e  p l a n t  y i e l d ,  a n d  c o n s e q u e n t l y  

no i n d i r e c t  n e g a t i v e  e f f e c t  on  p r o t e i n  y i e l d  t r a i t s .  The 

s a m e  g e n e  a l s o  d o e s  not  n e g a t i v e l y  a f f e c t  t he  p o t e n -  

t i a l i t i e s  f o r  p l a n t  y i e l d  e x h i b i t e d  by  t he  g e n e  f o r  l i n e a r  

f a s c i a t i o n .  C o m p a r i n g  R 8 5 3  w i t h  R 170 ( F i g s .  i ,  2 

a n d  S) ,  t he  f o r m e r  r e c o m b i n a n t  s u r p a s s e s  t h e  l a t t e r  

in  a l l  a s p e c t s .  The o n l y  m o r p h o l o g i c a l  d i f f e r e n c e  i s  

t h a t  R 852 h a s  s h o r t e r  i n t e r n o d e s  t h a n  R i 7 0 .  The e x -  

p l a n a t i o n  f o r  t h e  s u p e r i o r i t y  of  R 853 o v e r  R i 70  l i e s  

in  t h e  d i f f e r e n c e s  in  t h e i r  b a c k g r o u n d  g e n o t y p e s .  A d -  

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

t h a t  R 852 was  d e r i v e d  f r o m  two p a r e n t a l  m u t a n t s  

c o m p l e t e l y  d i f f e r e n t  in  o r i g i n :  m u t a n t  489C w a s  d e -  

r i v e d  f r o m  t h e  G e r m a n  v a r i e t y  ' D i p p e s  g e l b e  V i k t o -  

r i a '  a s  a r e s u l t  of  a g r o u p  of  s i m u l t a n e o u s l y  m u t a t e d  

g e n e s  ( G o t t s c h a l k  1972 and  1 9 7 5 ) ;  t h e  cochZea ta  m u -  

t a n t  5 i 3 7  w a s  d e r i v e d  f r o m  t h e  S w e d i s h  v a r i e t y  ' P a r -  

v u s '  ( B l i x t  1 9 6 7 ) .  

The t h r e e  r e m a i n i n g  r e c o m b i n a t n s  w h i c h  b e l o n g  to 

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

t i a l  l i n e  a n d  a l s o  d i f f e r  f r o m  o n e  a n o t h e r  in  t he  d e g r e e  
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F i g .  4.  P e r c e n t a g e s  of  the  e s s e n t i a l  a m i n o  a c i d s  i n d i v i d u a l l y  a s  r e l a t e d  to t h e  t o t a l  a m o u n t  of  t he  a m i n o  a c i d s  of  
t he  h y d r o l y s a t e  in  the  i n i t i a l  l i n e  = b l a c k  c o l u m n ,  m u t a n t  489C = s t r i p e d  c o l u m n  and  the  10 r e c o m b i n a n t s .  1 to 
5" the  n o n - f a s c i a t e d  r e c o m b i n a n t s  R 8 5 2 ,  R 2 5 ,  R 2 6 ,  R 8 5 4  and  R 6 2 0 ,  r e s p e c t i v e l y ;  6 to 10: t he  f a s c i a t e d  r e -  
c o m b i n a n t s  R 1 7 0 ,  R 8 5 3 ,  R 1 6 2 ,  R 8 0  and  R 8 5 0 ,  r e s p e c t i v e l y  

of  s h o r t e n i n g  ( f o r  d e t a i l s ,  s e e  G o t t s c h a l k  and  H u s s e i n  

1975) .  T h e s e  r e c o m b i n a n t s  a r e  R 1 6 2 ,  R 8 0  and  R 8 5 0 .  

The m e a n  p l a n t  h e i g h t  o f  R 162 i s  about  77 7o of  

t ha t  o f  t he  i n i t i a l  l i n e .  It h a s  b e e n  c l a s s i f i e d  to a d e -  

g r e e  of  s h o r t n e s s  d e n o t e d  a s  " s h o r t  I " .  As  wel l  a s  

b e i n g  f a s c i a t e d ,  it  i s  l a t e  in  f l o w e r i n g  t i m e  l i ke  p a r -  

en t  489C.  The c r u d e  p r o t e i n  and  l y s i n e  p e r c e n t a g e s  

of  R 162 a r e  about  equa l  to t he  c o r r e s p o n d i n g  v a l u e s  

f o r  t h e  i n i t i a l  l i n e ,  w h i l e  t he  t o t a l  a m i n o  a c i d s  and  

t h e  e s s e n t i a l  a m i n o  a c i d s  a r e  h igh ly  r e d u c e d  ( F i g .  1 ) .  

At p l an t  l e v e l  ( F i g .  2 ) ,  t h i s  g e n o t y p e  s h o w s  a d r a s t i c  

r e d u c t i o n  in  al l  p r o t e i n  q u a n t i t y  t r a i t s ,  c o m p a r e d  wi th  

bo th  the  i n i t i a l  l i n e  and  m u t a n t  489C.  

R e c o m b i n a n t s  R 8 0  and  R 8 5 0  a r e  p h e n o t y p i c a l l y  

s i m i l a r  in  f a s c i a t i o n  and  i n t e r n o d e  l e n g t h ,  but d i f f e r  

in f l o w e r i n g  t i m e .  R 80 i s  equa l  to t h e  i n i t i a l  l i n e  in  

f l o w e r i n g  t i m e ,  wh i l e  R 8 5 0  i s  l a t e r  (= 4 8 9 C ) .  Bo th  

r e c o m b i n a n t s  h a v e  v e r y  s h o r t  i n t e r n o d e s .  They h a v e  

b e e n  c l a s s i f i e d  to a d e g r e e  of  s h o r t n e s s  d e n o t e d  a s  

" s h o r t  I I I " .  The m e a n  p l a n t  he igh t  o f  bo th  g e n o t y p e s  

i s  abou t  54 7o of  t ha t  o f  t h e  i n i t i a l  l i n e  ( G o t t s c h a l k  and  

H u s s e i n  1975) .  The two r e c o m b i n a n t s  h a v e  b e e n  s e -  

l e c t e d  f r o m  the  s e g r e g a t i n g  g e n e r a t i o n s  of  two d i f f e r -  

en t  c r o s s e s ,  but t h e y  h a v e  o n e  p a r e n t  a s  c o m m o n  a n -  

c e s t o r ,  i . e .  m u t a n t  489C ( s e e  M a t e r i a l  and  M e t h o d s ) .  

The c r u d e  p r o t e i n  p e r c e n t a g e  of  R 80 i s  abou t  equa l  

to  t ha t  o f  t he  i n i t i a l  l i n e ,  w h i l e  t h e  l y s i n e  p e r c e n t a g e  

i s  m u c h  h i g h e r ,  s h o w i n g  an i n c r e a s e  of  o v e r  20 7o in  

t h e  s e e d  f l o u r .  It i s  t he  o n l y  f a s c i a t e d  g e n o t y p e  a m o n g  

the group which can be considered as lysine-rich. The 

protein quality traits of R 850 are almost equal to 

those of the initial line, but with a slight improvement 

in crude protein and lysine (Fig. i). At plant level, 

both recombinants showed greatly depressed protein 

quantity traits compared with the initial line as well 

as mutant 489C (Fig. 2). This negative productivity 

found in the three short internode and fasciated re- 

combinants (R162, R80 and R850)is to be expec- 

ted, since the components of seed yield per plant are 

reduced under the effect of the genes for short and 

very short internodes (Fig. 3 ). 

One may conclude that, in the presence of the genes 

for "short" and "very short" internodes, the potenti- 

alities of the genes for fasciation and late flowering 

in giving high seed productivity, with a consequent 

reflection on protein yield per plant, are negatively 

a f f e c t e d .  

The Amino Acid Quantitative Composition of the 

Genotypes 

Only 15 amino acids could be quantitatively determined 

by the amino acid analyser of the Institute using acid 

hydrolysate. The amino acid spectra of the initial line, 

mutant 489C and the 10 recombinants are graphical- 

ly illustrated in Figs. 4 and 5. The acids are arranged 

in the same order as registered by the apparatus. 

As expected, no qualitative differences were found 

between different genotypes, but the analytical data 
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Fig. 5. Percentages of the non-essential amino acids individually as related to the total amount of amino acids 
in the hydrolysate in the initial line = black column, mutant 489C = striped column and the 10 recombinants 
(arrangement as in Fig.4) 

indicate some genetically conditioned quantitative dif- 

ferences in specific amino acids. Similar results were 

reported by Gottschalk and Mtiller (1974) in mutants 

and recombinants of the same ecotype. Figure 4 shows 

the quantitative proportions of the various essential 

amino acids of the total hydrolysate. Lysine and ar- 

ginine occur in the highest proportions. The values 

for both acids ranging between 6 and 11~. It is in- 

teresting to note that most of the recombinants men- 

tioned in the present investigation show some increase 

in the proportions of both acids compared with the ini- 

tial line as well as mutant 489C. The histidine propor- 

tion is also higher in all non-fasciated, and in some 

fasciated recombinants than in the initial line and 

mutant 489C. Only the fasciated recombinant R 853 

is similar to the initial line in the proportion of his- 

tidine. The analytical data show clear differences in 

the proportions of isoleucine, leucine and phenylala- 

nine, with all recombinants showing much reduced 

proportions of these three amino acids compared with 

the initial line and mutant 489C. The latter genotype 

i s  t h e  m o s t  i s o l e u c i n e -  a n d  l e u c i n e - r i c h  of  a l l  t h e  

l i n e s .  F o r  p h e n y l a l a n i n e ,  b o t h  t h e  i n i t i a l  l i n e  a n d  m u -  

t a n t  489C a r e  a b o u t  e q u a l  in  t h e i r  p r o p o r t i o n s ~  fo r  

t h r e o n i n e  a n d  v a l i n e  no c l e a r  c h a n g e s  in  t h e i r  p r o p o r -  

t i o n s  w e r e  f o u n d .  

The n o n - e s s e n t i a l  a m i n o  a c i d s  s p e c t r a  a r e  r e p o r t e d  

in  F i g .  5. G l u t a m i c  a c i d  i s  p r e s e n t  in  t h e  h i g h e s t  p r o -  

p o r t i o n  ( b e t w e e n  18 -22  %), w h i l e  t y r o s i n e  s h o w s  t he  

l o w e s t  p r o p o r t i o n  ( b e t w e e n  0 . 4 - 2 . 2  ~) of  t h e  t o t a l  

a m i n o  a c i d s .  No c l e a r  c h a n g e s  in  the  p r o p o r t i o n s  of  

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

f a s c i a t e d  a n d  n o n - f a s c i a t e d  g e n o t y p e s  g e n e r a l l y  r e t a i n  

t h e  s a m e  v a l u e s  of  t h e s e  a m i n o  a c i d s  p r e s e n t  in  t he  i n i -  

t i a l  l i n e  a s  we l l  a s  m u t a n t  4 8 9 C .  F o r  g l u t a m i c  a c i d ,  

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

p o r t i o n  to  t h e  i n i t i a l  l i n e ,  w h i l e  a l l  t h e  f a s e i a t e d  r e -  

c o m b i n a n t s  s h o w  h i g h e r  p r o p o r t i o n s  t h a n  m u t a n t  489C,  

with some even surpassing the initial line. 

A wide range of variation among different recombi- 

nants, the initial line and mutant 489C occurred for 

the asparagine proportion. Some of the recombinants 
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Fig. 6. Percentage of lysine in I00 gr seed flour of mutant 489C and the I0 recom- 
binants. The values are related to the corresponding value of the initial line = I00 % 
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surpass the initial line, while mutant 489C is the 

only genotype containing the lowest proportion. The 

non-fasciated recombinants mostly retain the same 

proportion as in the initial line. On the other hand, 

all the fasciated recombinants contain higher pro- 

portions of asparagine than does mutant 489C. Some 

of them are even equal to the initial line, while only 

R 853 appears to have a higher proportion. 

For tyrosine, the initial line and mutant 489C 

are about equal in proportion. In general all faseiated 

and non-fasciated recombinants have a much lower 

proportion of tyrosine than do the two parental lines. 

From the foregoing debate, it seems that the mu- 

tant genes involved in the present recombinants have 

some influence on quantitative alterations in the pro- 

portions of specific amino acids. This will be de- 

monstrated in Fig. 6: all the non-fasciated, long in- 

ternode recombinants produce lysine in higher quanti- 

ties than the initial line. Thus, the combination of the 

"non-fasciata " gene with the long internode gene 

seems to have a positive effect on lysine production. 

The gene for narrow leaves seems to have no influence 

at all on lysine content (compare R854 with R852, 

R 25 and R 26). The gene for late flowering seems to 

have a negative effect on lysine production. This can 

be demonstrated by comparing R 854 and R 620: the 

latter recombinant has a much lower lysine content 

while the only difference between the two recombinants 

is that R620 flowers later than R854. In contrast, 

most of the fasciated genotypes are lysine-poor. In 

general, it seems that the "fasciata" gene has a ne- 

gative influence on lysine production. Combination of 

the "fasciata" gene with long or medium internode 

genes influences lysine production in a negative man- 

ner (compare the genotypes mutant 489C, R 170 and 

R 853). Combination of the "~sciata" gene with a gene 

for short internodes (short l) in R 162 gives a com- 

promise, as the lysine content of this recombinant is 

about equal to that of the initial line. Combination of 

the "fasciata" gene with a gene for very short inter- 

nodes (short Ill) has a positive influence on lysine 

production (compare R80 and R850 with other fas- 

ciated genotypes). However, incorporation of a gene 

for late flowering with "fasciata" and very short inter- 

nodes affects lysine production negatively (compare 

R80 with R850). The latter recombinant contains 

about 15% less lysine than the former, while the on- 

ly difference between these two recombinants is that 

R 850 flowers much later. This result is in accord- 

ance with that reported earlier for the non-fasciated 

genotypes. 

Correlations Between Protein Quality Traits and 

Protein and Seed Yield Traits: 

The coefficients of correlations between the protein 

quality traits (as percentages of the seed flour) and 

the protein and seed yield traits have been calculated 

and presented in Table I. It will be seen that no sig- 
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nificant correlations between seed size and any of the 

protein quality traits are found (see column I0, Table 1 ). 

This means that seed size is not an indicator for pre- 

dicting quantitative changes in the protein quality of 

the genotypes. The character percent crude protein 

shows negative correlations with all protein quantity 

traits and seed yield traits at the plant level. How- 

ever, some of these coefficients of correlation are 

significant and some are not (see array A, Table I). 

The weakness of these negative correlations may in- 

dicate the possibility of selecting lines rich in pro- 

tein quality and quantity traits. In this context, Gott- 

schalk et al. (1975) and Miiller and Gottschalk (1973) 

working with Pis~r, sativ~, and Hussein and Disouki 

(1976) working with Phaseolus vulgaris, selected mu- 

tant lines simultaneously rich in protein and yield 

traits. The character, percent crude protein, shows 

positive correlations (though insignificant) with other 

quality traits. It will further be seen in Table I (ar- 

ray IB) that the character, percent total amino acids, 

shows highly significant positive correlation with the 

character, percent essential amino acids. The per- 

cent total amino acids is also positively (though in- 

significantly) correlated with the percent lysine. Other 

protein quality traits do not show any specific correla- 

tion with other protein and seed yield traits. 

D i s c u s s i o n  

In Pis~ satiw~, it has been stated that striking dif- 

ferences in protein traits result from the action of 

single mutant genes (Gottschalk and Mtiller 1970). 

Moreover, the combination of two or more mutant 

genes in one genotype may also influence the quantita- 

tive and qualitative protein composition of the seed 

flour in an indirect way. In the present investigation, 

a number of different homozygous recombinants have 

been selected in the F 3 o r F 4 generations, after 

crossing the multiple gene mutant 489C with other 

mutants. The actions and interactions of the recom- 

bined mutant genes on protein quality and quantity 

traits of the seed flour of the recombinants have been 

studied. The value of a given genotype for breeding 

purposes is a complex attribute. The protein and 

amino acid traits are essential for the estimation of 

this value, also taking into account the seed yield 

(Gottschalk and Mtiller 1974). These authors gave 

two examples to show how the biochemical situation 

of the genotypes can influence their qualifications 

for breeding purposes: the first was an unfavourable 

yielding capacity not compensated by favourable quan- 

tity or quality of the seed proteins; and the second 

was a favourable seed yield supplemented by an ad- 

vantageous quantitative and qualitative alteration of 

the seed proteins. The present investigations demon- 

strate an additional situation. For example, recom- 

binant R 620 shows unfavourable protein quality 

traits of the seed flour, which are balanced by a 

favourable seed yielding capacity and, consequently, 

a favourable protein and amino acid yield per plant. 

Genes controlling the morphological characters 

of the plant may influence its seed protein quality 

and quantity traits in an indirect way. Recombinants 

R 854 and R 620 are phenotypically similar, but they 

differ in flowering time. R854 is not late (=initial 

line), while R620 is much later (=mutant 489C). 

The gene for late flowering in the background of R 620 

caused a clear reduction in all protein quality traits 

of its seed flour compared with R854. However, there 

was an inverse situation for the protein quantity traits 

at plant level, due to the increased seed production 

caused by the same late flowering gene. In contrast, 

the gene for narrow leaf present in the background of 

R 854 seems to have a positive influence on protein 

quality traits. This has been demonstrated by compar- 

ing R 854 with R 852. Both genotypes are phenotypical- 

ly similar, except that R854 has narrow leaves, but 

the percent crude protein and the percent amino acids 

of R854 are more favourable than those of R852. 

This positive effect of the gene for narrow leaves is 

diminished in the presence of the gene for late flow- 

ering (compare R620 with R854 and R852). 

Genes for stem fasciation seem to have negative 

influences on protein quality traits but they are known 

to have positive effects on seed yield and consequent- 

ly on protein yield per plant. Apart from some cases 

where different mutant gene combinations may modi- 

fy these influences, it was found that the majority of 

the fasciated genotypes (including mutant 489C)have 

lower protein quality traits than do the initial line and 

other non-fasciated genotypes. Support for the con- 

clusion that the "fasciata" gene has a negative influ- 

ence on protein quality and a positive influence on pro- 

tein quantity is provided by the negative correlations 

found in this study between the trait percent protein 

and other protein and yield quantity traits (Table I ). 
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Thi s  s i t u a t i o n  b e c o m e s  m o r e  o b v i o u s  w h e n  t h e  s i t u a -  

t i on  i s  c o n s i d e r e d  w i t h  r e g a r d  to s p e c i f i c  a m i n o  a c i d s ,  

s u c h  a s  l y s i n e .  The  p o s i t i v e  i n f l u e n c e  of  t h e  "faseiata" 

g e n e  on  p r o t e i n  q u a n t i t y  t r a i t s  p e r  p l a n t  c o m e s  f r o m  

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

s e e d  p r o d u c t i o n .  Th i s  i s  t h e  m a i n  r e a s o n  f o r  t h e  h i g h  

p r o t e i n  p r o d u c t i o n  of  t he  f a s c i a t e d  m u t a n t s  a n d  r e -  

c o m b i n a n t s  r e p o r t e d  by  M ( i l l e r  a n d  G o t t s c h a l k  ( 1 9 7 3 ) .  

C o m b i n a t i o n  of  d i f f e r e n t  m u t a n t  g e n e s  in  o n e  g e n -  

o t y p e  i n f l u e n c e s  t h e  p r o t e i n  q u a l i t y  a n d  q u a n t i t y  t r a i t s  

in  a n  i n d i r e c t  way ( G o t t s c h a l k  a n d  M~i l ler  1 9 7 4 ) .  O u r  

r e s u l t s  s u p p o r t  t h i s  c l a i m  by p r o v i d i n g  s e v e r a l  e x a m -  

p l e s .  W h e n  t h e  g e n e  f o r  s t e m  f a s c i a t i o n  i s  c o m b i n e d  

w i th  g e n e s  f o r  l o n g  o r  m e d i u m  i n t e r n o d e s ,  t h e  p r o t e i n  

q u a l i t y  t r a i t s  a r e  r e d u c e d ,  w h i l e  t he  p r o t e i n  q u a n t i t y  

t r a i t s  a t  t he  p l a n t  l e v e l  a r e  i m p r o v e d .  On t h e  o t h e r  

h a n d ,  w h e n  t he  "~asciata" g e n e  i s  c o m b i n e d  w i th  g e n e s  

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

t r a i t s  a r e  i m p r o v e d ,  bu t  a t  t h e  e x p e n s e  o f p r o t e i n q u a n -  

t i t y  p r o d u c e d  by  t h e  p l a n t .  The c o m b i n a t i o n  " fasc ia ta-  

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

p r o v e m e n t  in  t he  p r o t e i n  q u a l i t y  t r a i t s ,  bu t  t h e  p o t e n -  

t i a l i t y  of  t h e  "fasciata" g e n e  in  i n c r e a s i n g  s e e d  a n d  

p r o t e i n  y i e l d  of  t h e  p l a n t  i s  s u p p r e s s e d  in t h e  p r e s e n c e  

of  t h e  g e n e s  f o r  s h o r t  o r  v e r y  s h o r t  i n t e r n o d e s  ( c o m -  

p a r e  R 8 5 0  wi th  R 8 5 3 ) .  The i n f l u e n c e  of  t h e  i n t e r a c -  

t i on  b e t w e e n  t he  r e c o m b i n e d  g e n e s  b e c o m e s  o b v i o u s  

at  t he  l e v e l  of  s p e c i f i c  a m i n o  a c i d s ,  s u c h  a s  l y s i n e .  

It i s  k n o w n  t h a t  m e t h i o n i n e  i s  t h e  l i m i t i n g  a m i n o  a c i d  

f o r  t h e  n u t r i t i v e  v a l u e  of  t he  p r o t e i n s  of  l e g u m e s .  U n -  

f o r t u n a t e l y ,  i t  w a s  no t  p o s s i b l e  to e s t i m a t e  t h i s  a c i d  

by  t h e  p r e s e n t  m e t h o d  of  a n a l y s i s ,  so  l y s i n e  w a s  

c h o s e n  b e c a u s e  of i t s  n u t r i t i v e  v a l u e .  The c o m b i n a -  

t i on  "non- fasciata -long i n t e r n o d e s "  g i v e s  a h i g h e r  

p e r c e n t a g e  of  l y s i n e ,  w h i l e  t h e  c o m b i n a t i o n  "fasciata- 

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

c e n t a g e  of  t he  s a m e  a c i d  ( c o m p a r e  t h e  n o n - f a s c i a t e d  

g e n o t y p e s  wi th  m u t a n t  489C,  R 1 7 0  a n d  R 8 5 3 ; F i g . 6 ) .  

The p o s s i b i l i t y  c a n  no t  b e  e x c l u d e d  t h a t  t h e  m u -  

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

m u t a n t s  to  t h e  r e c o m b i n a n t s  p l a y  a c e r t a i n  r o l e  in  t h e i r  

p o t e n t i a l  v a l u e  in b r e e d i n g  p r o g r a m m e s  ( E m e r y  e t  a l .  

1 9 6 4 ) .  Th i s  c a n  be  d e m o n s t r a t e d  by  c o m p a r i n g  t he  r e -  

c o m b i n a n t s  R 8 5 2 ,  R 2 5  a n d  R 2 6 .  The t h r e e  g e n o t y p e s  

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

n o d e s ,  n o r m a l  l e a v e s  a n d  no t  l a t e )  bu t  t he  g e n e  f o r  

l o n g  i n t e r n o d e s  e x p r e s s e s  i t s  p o t e n t i a l i t y  in  i n c r e a s -  

ing  t he  s e e d  y i e l d  of  t h e  p l a n t ,  a n d  c o n s e q u e n t l y  t he  

p r o t e i n  y i e l d  t r a i t s ,  in  t h e  b a c k g r o u n d  of  R 8 5 2 ,  bu t  

no t  in  R 2 5  a n d  R 2 6 .  T h u s ,  t h e  b a c k g r o u n d  of  R 8 5 2  

s e e m s  to b e  d i f f e r e n t  f r o m  t h a t  of  R 25 o r  R 26.  A n -  

o t h e r  e x a m p l e  d e m o n s t r a t i n g  t he  r o l e  of  t he  m u t a t e d  

b a c k g r o u n d  g e n o t y p e  i s  p r o v i d e d  by  c o m p a r i n g  t h e  

f a s c i a t e d  r e c o m b i n a n t s  R 8 5 3  a n d  R 170.  The f o r m e r  

r e c o m b i n a n t  s u r p a s s e d  t he  l a t t e r  in  m a n y  a s p e c t s .  The  

o n l y  m o r p h o l o g i c a l  d i f f e r e n c e  i s  t h a t  R 853 i s  s h o r t e r  

t h a n  170.  A d d i t i o n a l  e v i d e n c e  of  t he  r o l e  of  d i f f e r e n c e s  

in  t h e  b a c k g r o u n d  g e n o t y p e  i s  t h a t  R 8 5 2  a n d  R 8 5 3  

h a d  b e e n  s e l e c t e d  f r o m  a c r o s s  in  w h i c h  t he  s e c o n d  

p a r t n e r  w a s  t h e  eoehleata m u t a n t  ( 4 1 3 7 )  d e r i v e d  f r o m  

t h e  S w e d i s h  v a r i e t y  ' P a r v u s  ' by  X - r a y s  ( B l i x t  1 9 6 7 ) .  

A c k n o w l e d g e  m e n t s  

The  a u t h o r  w i s h e s  to e x p r e s s  g r a t i t u d e  to P r o f e s s o r  
D r .  W. G o t t s c h a l k  f o r  p r o v i d i n g  h i s  m a t e r i a l  a n d  t h e  
f a c i l i t i e s  of  h i s  i n s t i t u t e  f o r  t h i s  s t u d y .  H i s  c o n s t r u c -  
t i v e  a d v i c e  a n d  c r i t i c i s m  d u r i n g  p r e p a r a t i o n  of  t h e  
m a n u s c r i p t  a r e  a l s o  a c k n o w l e d g e d .  T h a n k s  a r e  a l s o  
due  to M r s .  U r s u l a  Laux  f o r  t y p i n g  t h e  m a n u s c r i p t  a n d  
d r a w i n g  t he  f i g u r e s .  
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