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The popu la t ions a l s o s eg rega t ed and were scored f o r genes which were 
not r e l e v a n t to the s tudy, and, excep t to say tha t the genes segrega ted 
a c c o r d i n g to e x p e c t a t i o n , they w i l l not be cons idered f u r t h e r . Each of 
two F 2 p o p u l a t i o n s examined descended from an i n d i v i d u a l p lan t grown 
in the f i e l d . The two parents , a d d i t i o n a l F1 p l a n t s , and F2 popula t ions 
then w e r e p l a n t e d a t t h e same t i m e and grown in t h e same glasshouse 
where they w e r e f u l l y c l a s s i f i e d and measured f o r in te rnode l e n g t h . 
Nodes t o f l o w e r w e r e a l s o r e c o r d e d . A f o u r - p o i n t l i nkage a n a l y s i s o f 
Arg -P l -Wlo -Na was performed on the combined popu la t ions and is presented 
i n t h e f o l l o w i n g a r t i c l e . Arg o r P l a r e not immediately r e l e v a n t t o 
t h i s a r t i c l e . 

A l l F 1 ' s w e r e c l a s s i f i e d a s dwarf. The i n d i v i d u a l and combined F 2 

d i s t r i b u t i o n s ( T a b l e 1) r e a f f i r m the known l i n k a g e between na. and w l o . 
but t h e e s t i m a t e of l i n k a g e i n t e n s i t y (10 .8 ±_ 2 . 2 ) was somewhat h igher 
than o t h e r e s t ima tes ( 2 , 3 ) . The d i s t r i b u t i o n s do , i n f a c t , appear d i s 
t u r b e d , t h e Na wlo c l a s s be ing n o t i c e a b l y l a r g e r than the na Wlo c l a s s . 
D e s p i t e t h i s , s e g r e g a t i o n s f o r e i t h e r gene i n the i n d i v i d u a l and com
bined F2 popula t ions were s t a t i s t i c a l l y not s i g n i f i c a n t l y d i f f e r e n t from 
expec ted . 

INFLUENCE OF NON-ALLELIC INTERACTIONS ON THE PHENOTYPE OF na 

Marx, G. A. NYS A g r i c u l t u r a l Experiment S t a t i o n , Geneva, NY USA 

A preliminary experiment was conducted to study the linkage rela
t i o n s and i n t e r a c t i o n s of nana ( n a ) and microdwarf (lm), two genes known 
to r e s i d e in chromosome 6 ( 1 , 5 , 6 ) . The na. parent d e r i v e d from the na 
mu tan t i s o l a t e d a t Geneva ( 2 ) ; i t a l s o c a r r i e d o t h e r chromosome 6 
m a r k e r s , v i z . A r g . Pl , and w l o . WL 1329, ob ta ined from Dr. B l i x t , was 
used as a s o u r c e of lm. In B l i x t ' s i n v e n t o r y WL 1329, b e s i g e s being 
i d e n t i f i e d as lm, i s l i s t e d in the "geno type" c a t e g o r y as cry s , but in 
t h e " o r i g i n " c a t e g o r y a s " m i c r o c r y p t o d w a r f " . U n l i k e the n a parent , 
WL 1329 is arg pl and W l o . Thus the known or presumed genotypes of the 
two parents w e r e : 
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The data suggest that the numerical imbalance of phenotypes might be 
e x p l a i n e d by some th ing o t h e r than chance or m i s c l a s s i f i c a t i o n . Pa r t B 
of T a b l e 1 g i v e s the J o i n t d i s t r i b u t i o n between the Wlo -wlo l o c u s and a 
pheno type d e s i g n a t e d " l o n g " . Th i s d e s i g n a t i o n i s used t o c h a r a c t e r i z e 
F2 s e g r e g a n t s t h a t r e s e m b l e d t he in te rnode l e n g t h and t o t a l he igh t o f 
p l a n t s o f t h e WL 1329 p a r e n t . T h i s , and t h e two o t h e r pheno typ ic 
c l a s s e s ( d w a r f and n a n a ) . w e r e determined v i s u a l l y and by measurement 
( T a b l e 2 ) . T h e r e w e r e a t o t a l o f 55 " long" p l a n t s i n the combined F 2 

popu la t ions , the number expeoted f o r a p e r f e c t 3 : 1 . Thus " l o n g " was i n 
h e r i t e d as a r e c e s s i v e c h a r a c t e r . Of t h e 55 " l o n g " p l a n t s , 38 were 
a s s oc i a t ed w i t h Wlo and 17 wi th w l o . i n d i c a t i n g t ha t " l o n g " and wlo were 
independent ly i n h e r i t e d ( l i n k a g e ch i - square = 0 . 1 2 n . s . ) . 

Now, ( a ) s ince .na. i s known to be ra the r t i g h t l y l inked w i t h wlo ( 2 ) , 
and ( b ) s i n c e the re were 17 " l o n g " p l a n t s w i t h wlo ( t o o many to be con
s ide red as c r o s s o v e r p r o d u c t s ) , i t may be reasonable to suppose that the 
17 " l o n g " w l o p l a n t s c a r r i e d na. but tha t the nana phenotype'was masked 
by t h e " l o n g " p h e n o t y p e . T h e r e f o r e , by sub t r ac t i ng 17 ( t h e " l o n g " wlo 
s e g r e g a n t s ) from t h e Na wlo c l a s s in Table 1 A (21-17=4) and t r a n s f e r 
r i n g them t o t h e n a w l o c l a s s ( 4 1 + 1 7 = 5 8 ) , w e a r e l e f t w i t h a 
d i s t r i b u t i o n which shows the expected balance among the phenotypes. The 
adjusted d i s t r i b u t i o n becomes 153:4:5:58 f o r the Na Wlo . Na w l o , na Wlo . 
na w l o c l a s s e s , r e s p e c t i v e l y . This produces an es t imated recombina t ion 
p e r c e n t a g e of 4% be tween na and w l o . a f i g u r e which i s c o n s i s t e n t w i t h 
e s t i m a t e s ob ta ined i n o the r c ros se s ( 2 , 3 ) . O f course , t h i s Jugg l ing o f 
t h e da t a would be h i g h l y i napp rop r i a t e were i t not f o r the known t i g h t 
l inkage between na and w l o . 

O n t h e b a s i s o f t h e s e a s s u m p t i o n s , i . e . t ha t n a i s h y p o s t a t i c t o 
" l o n g " and t h a t " l o n g " i s n o t l i n k e d w i t h na, what then i s the g e n i e 
b a s i s f o r t h e pheno type d e s i g n a t e d " l o n g " ? A l t h o u g h p a r e n t a l l i n e 
WL 1329 i s r e p r e s e n t e d as c a r r y i n g c r y , i t s phenotype more c l o s e l y 
r e s e m b l e s c r y p t o d w a r f ( l a c r y ) than i t d o e s " s l e n d e r " ( l a c r y ) . 
Moreover , the phenotype of the " l o n g " F_ p l a n t s c l o s e l y approximated the 
pheno type o f t h e p a r e n t a l W L 1329 p l a n t s ( T a b l e 2 ) . T h e r e were n o 
s l ende r s eg regan t s . It would seem t h e r e f o r e tha t WL 1329 is cry r a the r 
than c r v and t h a t t h e g e n o t y p e a s g i v e n i n B l i x t ' s i n v e n t o r y i s a 
typograph ica l e r r o r . Even so , the presence o f c ryp todwar f s i n F 2 i m p l i e s 
t h a t t h e na p a r e n t as w e l l as WL 1329 were homozygous f o r la and tha t 
the C r y - c r y a l l e l e s segrega ted i n F 2 . 

S t i l l , WL 1329 is descr ibed as "microcryptodwarf" , not as c r y p t o 
d w a r f , so we have y e t to a c c o u n t f o r t h e purported presence of lm. a 
f a c t o r f o r i n t e r n o d e sho r t en ing . But s ince the parenta l and F2 " long" 
p lan t s resemble each o the r and both resemble o rd ina ry c ryp todwar r s , then 
i t i s a p p r o p r i a t e t o ask: where i s lm? The F 2 popu la t ions g i v e l i t t l e 
h i n t o f a s e g r e g a t i o n f o r t h i s g e n e . H o w e v e r , many o r most " l o n g " 
p l a n t s had weak, t h i n stems and f r e q u e n t l y the I n i t i a l shoot aborted a t 
emergence and was r ep laced by a second shoot . Since L i n d q v i s t ( 1 ) found 
1m to be c l o s e l y l i n k e d w i t h w l o . t h e r e should have been ev idence o f 
r epu l s ion phase l i n k a g e between wlo and la in the present c r o s s e s . None 
was d e t e c t e d . 
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The c o n c l u s i o n t h a t c r y p t o d w a r f i s e p i s t a t i c t o n a i s c o n s i s t e n t 
with o t h e r obse rva t ions which i n d i c a t e tha t the na phenotype i s sub jec t 
t o m o d i f i c a t i o n b y genes a t o the r l o c i ( 2 ) . I f t h i s hypo thes i s i s c o r 
rect , then the ascending o rder of he igh t f o r na p l a n t s i s assumed to be : 
na La Cry , na La c r y c na La c r y s , na la C r y , na 1a c r y c , and 
na la. c r y s . Presumably, the presence of na cannot be v i s u a l l y d e t e c t e d 
in c e r t a i n o f the f o r g o i n g gene combinat ions . Since W e l l e n s i e k ' s na i s 
e x t r e m e l y s h o r t , p o s s i b l y i t i s Le na La Cry . I t cannot be exc luded , 
however , tha t Le i t s e l f shor tens na. Obv ious ly , the ev idence deve loped 
in t h i s e x p e r i m e n t is n o t in a c c o r d w i t h the assumption t ha t WL 1329 
carr ies Lm. If i t s presence was obscured by gene i n t e r a c t i o n s and hence 
merely no t d e t e c t e d , then perhaps a c ross between WL 1329 and a known 
c r y p t o d w a r f would r e v e a l i t s presence . I t would be impor tant tha t the 
two l i n e s would have the same or s i m i l a r f l o w e r i n g genotype s ince i n t e r 
node leng th is in f luenced by t ime and node of f l o w e r i n g . 

We a r e l e f t wi th the i n t e r e s t i n g p r o p o s i t i o n tha t La i s dominant to 
le., t h a t na i s e p i s t a t i c t o Le and t o l e ( 4 ) , but tha t na i s h y p o s t a t i c 
to c o m b i n a t i o n s of l e , la, cry c and c rv s . As such t h i s scheme is r i f e 
with i m p l i c a t i o n s in p h y s i o l o g i c a l g e n e t i c s . For example, what i s the 
phenotype of p lan ts wi th the genotype Le. na la cry s ? 
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