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PEA 6-PHOSPHOGLUCONATE DEHYDROGENASE ISOZYMES 

Weeden, N. F. NYS Agricultural Experiment Station, Geneva, NY, USA 

Two isozymes of 6-phosphogluconate dehydrogenase (6PGD) have been 
i d e n t i f i e d i n spinach ( 1 ) , radish ( 2 ) , cas tor bean ( 4 ) and Senec io s y l -
v a t i c u s ( 5 ) . In each o f these spec i e s one o f the i s o z y m e s i s found in 
the c y t o s o l w h i l e the second i s l o c a l i z e d i n the p l a s t i d ( c h l o r o p l a s t , 
l e u c o p l a s t , e t c . ) . In t h i s r e p o r t I p resent ev idence that two i s o z y m e s 
o f 6PGD a r e a l s o p r e s e n t i n pea l e a v e s , t h a t one o f these i s i n the 
c y t o s o l and the o ther in the c h l o r o p l a s t , and tha t the two i s o z y m e s a r e 
s p e c i f i e d by d i s t i n c t genes . 

Starch g e l e l e c t r o p h o r e s i s was performed as descr ibed in the accom
panying a r t i c l e ( 8 ) u s i n g t h e pH 6.1 b u f f e r system. Ch lo rop la s t and 
c y t o s o l i c f r a c t i o n s were obtained as descr ibed p r e v i o u s l y ( 6 ) . The a s 
say f o r 6PGD was m o d i f i e d from Shaw and Prasad ( 3 ) . Two zones of 6PGD 
a c t i v i t y were observed a f t e r e l e c t r o p h o r e s i s of e x t r a c t from a number of 
inbred l i n e s ( F i g . 1 ) . In every l i n e examined only one band o f a c t i v i t y 
wi th in Group A and one w i t h i n Group B were observed ( s e e F i g . 1 ) . The 
more anodal s e t (Group A) was present in whole l e a f and c h l o r o p l a s t e x 
t r a c t s but absent from soaked p o l l e n e x t r a c t s , i n d i c a t i n g a p l a s t i d 
l o c a l i z a t i o n . The s l o w e r m i g r a t i n g bands (Group B) were observed in 
whole l e a f and soaked p o l l e n but not in the c h l o r o p l a s t p e l l e t and a r e 
b e l i e v e d to be contained in the c y t o s o l . M i t o c h o n d r i a l , peroxisomal and 
vacuola r compartments were not i n v e s t i g a t e d . 

The v a r i a b i l i t y present between l i n e s permi t ted g e n e t i c a n a l y s i s o f 
the i s o z y m e s by c l a s s i c a l i n h e r i t a n c e s t u d i e s . An a p p r o p r i a t e F2 
progeny was t e s t ed f o r s e g r e g a t i o n of forms A and A' and forms B and B ' . 
Within each s e t t h r e e p h e n o t y p e s w e r e o b s e r v e d i n t h e F 2 ; two w e r e 
p a r e n t a l and the th i rd cons i s t ed of a broad r e g i o n of a c t i v i t y cove r ing 
both p a r e n t a l z o n e s . T h i s t h i r d pheno type was t h a t s e e n i n a l l F 1 

p lan t s and is considered to be that of a he te rozygous i n d i v i d u a l because 
a l l e l i c forms o f isozymes a r e gene ra ly c o d o m i n a n t . For bo th s e t s t h e 
r a t i o of t h e t h r e e phenotypic c l a s s e s in the F2 was very c l o s e to the 
1:2:1 r a t i o expected f o r two a l l e l e s s e g r e g a t i n g a t one l ocus (Tab le 1 ) . 
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These r e s u l t s d e m o n s t r a t e t h a t the 6PGD's in each s u b c e l l u l a r 
compartment are coded by g e n e s l o c a t e d on n u c l e a r DNA. In o r d e r to 
de t e rmine whe the r the two s e t s of 6PGD's a re coded by the same or by 
d i s t i n c t n u c l e a r g e n e s t h e i r j o i n t s e g r e g a t i o n was i n v e s t i g a t e d 
( T a b l e 2 ) . The a n a l y s i s i n d i c a t e s that the c h l o r o p l a s t and c y t o s o l i c 
isozymes are s p e c i f i e d b y d i s t i n c t g e n e s , 6 p g d - 1 and 6 p g d - 2 r e s p e c 
t i v e l y , and are only d i s t a n t l y l i n k e d , i f l i nked a t a l l . These f i n d i n g s 
represent the f i r s t demonstration o f the g e n e t i c b a s i s o f p l a s t i d and 
c y t o s o l i c 6 P G D ' s . The r e s u l t s p a r a l l e l t h o s e f o r t h r e e o t h e r 
c h l o r o p l a s t / c y t o s o l i c isozyme pa i r s which have been i n v e s t i g a t e d a t t h e 
genet ic l e v e l ( 7 ) . 

Fig . 1. E l e c t r o p h o r e t i c pa t te rns of 6PGD isozymes in homozygous b reed
ing l i n e s . D i r e c t i o n o f mig ra t i on i s toward t h e anode a t t he 
top of the photograph. Group A c o n s i s t s of the two more anodal 
bands l a b e l e d A and A ' . Group B i n c l u d e s t h e i n t e n s e bands 
designated B and B'. 
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ISOZYME VARIATION AT SELECTED LOCI IN PISUM 

Weeden, N. F. NYS A g r i c u l t u r a l Experiment S t a t i o n , Geneva, NY, USA 

S e v e r a l r e c e n t s t ud i e s have demonstrated the ex i s t ence o f a l l e l i c 
v a r i a n t s ( a l l o z y m e s ) at isozyme l o c i in Pisum and have used such v a r i a 
t i o n to he lp e l u c i d a t e r e l a t i o n s h i p s among taxa w i t h i n the genus ( 1 , 2 ) . 
In an e f f o r t t o i d e n t i f y a d d i t i o n a l a l l o z y m i c v a r i a t i o n f o r l inkage and 
b i o c h e m i c a l s t u d i e s I surveyed approximate ly 100 d i v e r s e l i n e s and ten 
USDA P l a n t I n t r o d u c t i o n acces s ions . The l a t t e r group included samples 
l a b e l l e d P. e l a t i u s . P. j o m a r d i i . and P. sativum ssp. syriacum. abys-
s i n i c u m and h o r t e n s e . The 4 3 i s o z y m e s t a i n s used i n t he su rvey 
p e r m i t t e d t h e v i s u a l i z a t i o n o f p r o d u c t s from 7 7 d i s t i n c t l o c i . O f 
t h e s e , 40 were found to exh ib i t a l l o z y m i c forms. The l i s t of c u r r e n t l y 
a v a i l a b l e i s o z y m e v a r i a n t s i s g i v e n in Tab le 1 a long wi th the l i n e s in 
which t h e r a r e r v a r i a n t s were d i s c o v e r e d . This author would app rec i a t e 
i n f o r m a t i o n r e g a r d i n g polymorphism a t add i t i ona l isozyme l o c i not i n 
cluded in Table 1. 
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