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LINKAGE RELATIONSHIPS AMONG SIX GENES IN CHROMOSOME 6 

Marx, G. A. NYS Agricultural Experiment Station, Geneva, NY USA 

Genes na (9,4), .sbm. (1,2), E (7,8), Arg (3,4), and art (5) recently 
have been found to r e s i d e in ohromosome 6 , a long wi th w e l l - e s t a b l i s h e d 
markers such as w l o , p, and Pl. Most of the known markers appear to be 
c lu s t e r ed a t one ( w l o - p ) or the o ther ( P l - A r g - F l ) end of the chromosome. 

This i s a record of an attempt to e s t a b l i s h and/or v e r i f y the order 
of the f o l l o w i n g s i x genes : na . , w l o , a r t , Pl , and A r g . Two separa te 
s e r i e s of c r o s s e s a r e r e p o r t e d , supplemented by data from a f o u r - p o i n t 
l i n k a g e a n a l y s i s r e f e r r e d t o i n the p rev ious a r t i c l e ( 6 ) . I n the f i r s t 
s e r i e s , f o u r o f the markers, A r g . P l , na , w lo were a s soc i a t ed t o g e t h e r 
in one pa ren t , w h i l e a r t and p were combined in the o ther parent . Thus 
the g e n e t i c c o n s t i t u t i o n of the c ross was: 

A r g Pl na wlo. Ar t P 
x 

arg pl Na Wlo a r t p. 
The F 1 ' s o f t h i s s e r i e s o f c r o s s e s t h e r e f o r e segrega ted f o r s i x 

g e n e s s i m u l t a n e o u s l y . A second s e t o f c r o s s e s i n v o l v e d o n l y three 
markers: w lo p , and a r t . The g e n e t i c formula in t h i s case was: 

W l o - p - A r t 
x 

w l o - P - a r t 
I n t h e p o p u l a t i o n s s e g r e g a t i n g s imu l t aneous ly fo r s i x genes the 

p r e s e n c e of na. p r e s e n t e d some d i f f i c u l t i e s s i n c e a d i s p r o p o r t i o n a t e 
share of the na p lan t s succumbed b e f o r e producing pods and seeds . The i r 
s h o r t s t a t u r e rendered the .na. segregan t s r e l a t i v e l y l e s s c o m p e t i t i v e in 
r e l a t i o n t o t h e N a / - s e g r e g a n t s , t h e l a t t e r s h a d i n g out the former . 
T h i s s i t u a t i o n d i c t a t e d that the gene a n a l y s i s be c a r r i e d out by p a i r s 
o r by t h r e e ' s o r by f o u r ' s ( T a b l e 1 ) . Thus, depending on which genes 
w e r e i n v o l v e d , t h e t o t a l number o f p l an t s i n v o l v e d d i f f e r e d . For e x ­
ample, the na-wlo p a i r was analyzed s e p a r a t e l y from the r e s t because the 
p l a n t s w e r e e a s i l y and a c c u r a t e l y scored i n the s e e d l i n g s t a g e , be fo re 
the onset of s e v e r e compe t i t i on . 

A p a i r - w i s e a n a l y s i s was a l s o made f o r genes Arg and Pl. The genes 
a r t , p , and wlo were analyzed t o g e t h e r but because wlo i s c l o s e l y l inked 
with na and s ince some of the na segregan ts d id not s u r v i v e to matur i ty , 
the t h r e e - p o i n t a n a l y s i s r e v e a l s a d e f i c i e n c y o f wlo seg regan t s . T h i s , 
h o w e v e r , was no t t h e s o l e reason f o r the d e f i c i e n c y o f wlo seg regan t s , 
s i n c e t he d e f i c i e n c y was e v i d e n t e v e n i n t h e s e e d l i n g s t a g e , be fo r e 
shading became a f a c t o r . 

The s econd s e r i e s o f c r o s s e s , in which na was not i n v o l v e d , a l s o 
showed a d e f i c i e n c y of wlo segregants ( T a b l e 2 ) . 

The a v a i l a b l e d a t a , i n c l u d i n g t h e f o u r - p o i n t a n a l y s i s o f 
Arg -P l -Wlo -Na from a previous study ( 6 ) ( T a b l e 3 ) , suggest the f o l l o w i n g 
gene o r d e r : 

a r t —— na —— wlo —— p —— Pl —— Arg 
Because c e r t a i n s i n g l e gene r a t i o s were d i s tu rbed , some measure of 

doubt i s c a s t on t h e gene order a s presented , i . e , t he re s t i l l i s some 
q u e s t i o n as to which s ide of wlo the na gene i s l o c a t e d . Note that the 
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d i s t a n c e s e p a r a t i n g A r g and Pl from Ar t i s such that the l i n k a g e c h i -
squares we re n o n - s i g n i f i c a n t . A l s o , the l o c a t i o n of Arg r a i s e s anew the 
p o s s i b i l i t y tha t Arg i s a n a l l e l e a t the F l l o c u s . 
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