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LINKAGE BETWEEN T p i - p AND Le 

Weeden, N. F. and D. M. Hagens NYS A g r i c u l t u r a l Exper imen t S t a t i o n 
Geneva , NY 14456 USA 

Two t r i o s e p h o s p h a t e i s o m e r a s e ( T P I ) i sozymes a r e p r e s e n t i n pea 
l e a f e x t r a c t s ( 1 ) . T h e i s o z y m e s c a n b e c l e a r l y r e s o l v e d b y 
e l e c t r o p h o r e s i s o n h o r i z o n t a l s t a r c h g e l s u s i n g t h e b u f f e r sys t em o f 
S e l a n d e r e t a l . ( 2 ) . The i s o z y m e s w e r e v i s u a l i z e d b y t h e a s s a y 
d e s c r i b e d p r e v i o u s l y ( 1 ) . W e i d e n t i f i e d a n e l e c t r o p h o r e t i c v a r i a n t 
( d e s i g n a t e d " a " ) f o r t h e more a n o d a l , p l a s t i d - s p e c i f i c i s o z y m e i n t h e 
l i n e J I 1794 ( k i n d l y p r o v i d e d b y P . M a t t h e w s , John I n n e s I n s t i t u t e ) . 
H y b r i d s be tween J I 1794 and s e v e r a l o t h e r l i n e s ( e a c h f i x e d f o r t h e 
s l o w e r m i g r a t i n g v a r i a n t " b " ) d i s p l a y e d a 3 - b a n d e d " h e t e r o z y g o u s " 
p h e n o t y p e e x p e c t e d f o r t h i s d i m e r i c enzyme ( F i g . 1 ) . J I 1794 was u s e d 
a s t h e m a t e r n a l p a r e n t i n some o f t h e c r o s s e s and a s t h e p a t e r n a l 
p a r e n t i n o t h e r s . The a p p e a r a n c e o f t h e h e t e r o z y g o u s p h e n o t y p e i n a l l 
h y b r i d s p r o v i d e d e v i d e n c e t h a t t h i s p l a s t i d - s p e c i f i c i sozyme was coded 
b y a n u c l e a r g e n e , T p i - p . F u r t h e r e v i d e n c e f o r t he n u c l e a r l o c a t i o n o f 
t h e c o d i n g g e n e was g e n e r a t e d b y t h e M e n d e l i a n s e g r e g a t i o n r a t i o s 
o b t a i n e d f o r t h e TPI p h e n o t y p e s i n s e v e r a l F 2 p o p u l a t i o n s ( T a b l e 1 ) . 

Two of t h e F2 p r o g e n i e s were s e g r e g a t i n g fo r a c o n s i d e r a b l e number 
of known marke r l o c i . The JI 1794 x s low s e g r e g a t e d at A a t - p , I d h , I , 
G a l - 2 , Amy-1 , A a t - m , S k d h , Oh, S, Wb, Fum, M, A c p - 3 , G ty , Le , A c p - 1 , 
P g d - c , P l , P g d - p , P e p - 3 , R , and B t . The J I 1794 x A 7 8 3 - 1 6 I p r o g e n y 
s e g r e g a t e d f o r many o f t h e above m a r k e r s p l u s Arg , S i l , P a l , and L a p - 1 . 
S i g n i f i c a n t d e v i a t i o n from random a s s o r t m e n t was o b s e r v e d be tween T p i - p 
a n d L e i n b o t h o f t h e F 2 p r o g e n i e s ( T a b l e 2 ) . None o f t h e o t h e r 
m a r k e r s gave a r e c o m b i n a t i o n f r e q u e n c y w i t h T p i - p of l e s s than 30%. 

These r e s u l t s i n d i c a t e t h a t T p i - p i s l o c a t e d n e a r L e o n chromosome 
4 . The c a l c u l a t e d map d i s t a n c e d i f f e r e d c o n s i d e r a b l y b e t w e e n t h e two 
c r o s s e s , s o t h a t w e a r e n o t a b l e t o g i v e a p r e c i s e e s t i m a t e o f t h i s 
d i s t a n c e . Nor were we a b l e t o d e t e r m i n e t h e p o s i t i o n o f T p i - p r e l a t i v e 
t o o t h e r m a r k e r s o n chromosome 4 . D e s p i t e t h e s e u n c e r t a i n t i e s , w e f e e l 
t h a t t h e s e l i n k a g e s a r e not caused b y k a r y o t y p e d i f f e r e n c e s between t h e 
p a r e n t s b e c a u s e a l l o t h e r m a r k e r s d i s p l a y e d normal s e g r e g a t i o n r a t i o s 
and t h e f e r t i l i t y i n t h e F 2 p l a n t s a p p e a r e d n o r m a l . The p o s i t i o n o f 
T p i - p i s f a r f rom o t h e r i s o z y m e l o c i , t h e n e a r e s t b e i n g a n e s t e r a s e 
l o c u s d e s c r i b e d b y Hunt and B a r n e s ( 3 ) . O t h e r l o c i c o d i n g p l a s t i d -
s p e c i f i c p r o t e i n s h a v e been mapped t o chromosomes 1 , 2 , 5 , and 7 , but 
none have been p r e v i o u s l y p l a c e d on chromosome 4 . Once we h a v e t r a n s ­
f e r r e d t h e r a r e a a l l e l e t o a dwarf b a c k g r o u n d , i t s h o u l d p rove t o b e 
a n e x c e l l e n t m a r k e r b e c a u s e t h e p h e n o t y p e s a r e e a s i l y d i s t i n g u i s h e d and 
t h e r e a r e few o t h e r c o n v e n i e n t m a r k e r l o c i o n t h a t r e g i o n o f t h e 
chromosome. 
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Table 1. Segregation of triosephosphate isomerase 
phenotypes 

D e s i g n a t i o n s : a = f a s t e r m i g r a t i n g v a r i a n t , ab = 3-banded 
phenotype, b = s l o w e r m i g r a t i n g v a r i a n t . 

Table 2 . J o i n t s e g r e g a t i o n of Le and T p i - p . 

Fig. 1. Segregation of triosephosphate isomerase phenotypes in the 
JI 1794 x slow progeny. The parental phenotypes are shown 
on the left side of the gel. Anode is toward top of figure, 
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Cross 
JI 2018 x J I 1794 
JI 1794 x s low 
JI 1794 x A783-161 

TPI pheno type* 
a 
9 

19 
11 

ab 
19 
32 
26 

b 
9 

12 
16 

2 
X 

( 1 : 2 : 1 ) 
0 .02 
1 .57 
0 .96 

Cross 
JI 1794 x s low 
JI 1794 x 161 

N 
63 
53 

No. p l a n t s w i t h d e s i g n a t e d p h e n o t y p e * 
+ / a a 

19 
11 

+ / ab 
32 
23 

+ / b b 
0 
5 

- / a a 
0 
0 

- / a b 
0 
3 

- / b b 
12 
11 

x2 

6 3 . 0 
2 1 . 7 

Recomb 
F r a c t . 

1 +/- 1 
15 +/- 5 


