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A THREE-POINT LINKAGE ANALYSIS INVOLVING Am-1 — A f - ~ I 

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

This article adds to the unfolding account of the am-1 and am-2 
genes and t h e i r a s s o c i a t e d s eed d i s o r d e r s ( 6 , 7 , 8 ) . With respec t t o 
flower and a x i l c o l o r , both genes e x e r t seemingly an i d e n t i c a l e f f e c t . 
Moreover, p l a n t s t h a t a r e homozygous r e c e s s i v e f o r both am-1 and am-2 
cannot be d i s t i ngu i shed , on the bas i s of f l o w e r p h e n o t y p e , from p l a n t s 
that ca r ry e i t h e r g e n e a l o n e . H o w e v e r , the two genes may be d i s t i n 
guished one from another on the bas i s of t he seed d i s o r d e r w i t h which 
each is p e c u l i a r l y a s s o c i a t e d . They may a l s o be d i s t i n g u i s h e d by t h e i r 
linkage r e l a t i o n s , although thus f a r o n l y am-1 has been mapped. The 
linkage r e l a t i o n s of am-1 are considered h e r e . 

A l l four o f the l o c i r e l e v a n t t o t h i s d i s c u s s i o n , v i z . A , A f , I , 
Am-1 . a r e known to r e s i d e in chromosome 1, but _ is w i d e l y separated 
from the other t h r ee . Am-1, d i s c o v e r e d by de Haan ( 1 ) , was found by 
Wellensiek (10) to be l i n k e d wi th I at a map d i s t ance of about 26 u n i t s . 
Lamprecht (4 ) confirmed the l i n k a g e but found w i d e l y v a r y i n g c r o s s o v e r 
va lues , r a n g i n g from a low of 9% to a high of 48%. S t i l l , the mean of 
a l l his crosses (28*) was c l o s e to t ha t r epor t ed by W e l l e n s i e k . Linkage 
values be tween .Af and X were repor ted by Khangi ld in ( 3 ) , Snoad ( 9 ) , and 
Kielpinski ( 2 ) to be 45, 14, and 8 percent , r e s p e c t i v e l y . F i n a l l y , Marx 
(5) r e p o r t e d a r e l a t i v e l y t i g h t l i n k a g e b e t w e e n _ f and Am-1 ( 7 - 8 % ) . 
Together, the f o r e g o i n g two-po in t t e s t s suggest the f o l l o w i n g o r d e r and 
approximate map d i s t ances : 

Am-1 8 Af 10 I 
Apparent ly t h i s i s the f i r s t r e p o r t o f a t h r e e - p o i n t c ross i n v o l v 

ing the above l o c i . Rec iproca l c ros se s were made between two l i n e s w i t h 
the fo l lowing genotypes : 

P1 a af i Am-1 
P2 A Af I am-1 ( s d - 1 ) 

F 2 p l a n t s , 250 i n a l l , w e r e grown and s c o r e d i n t h e g r e e n h o u s e . 
Additional seeds from the same c ross w i l l be planted in the f i e l d in the 
summer of 1983 , but the essence of the experiment is a l r eady r e v e a l e d in 
the F 2 da ta p r e s e n t e d i n T a b l e 1 . M o r e o v e r , t h e r e i s u s u a l l y l e s s 
chance o f m i s c l a s s i f y i n g the y e l l o w ( I / - ) v s . green ( i / i ) c o t y l e d o n d i f 
ference in greenhouse-grown p lan t s than in f i e l d - g r o w n p lan t s where the 
seeds of ten are subject to b l each ing . 

Two of the s e g r e g a t i n g t r a i t s in F2 could be d iscerned p r i o r to 
flowering, v i z . f o l i a r a r c h i t e c t u r e ( A f v s . a f ) and a x i l c o l o r . A x i l s 
were e i ther p u r p l e - v i o l e t (A Am-1) . pink (A am-1), or c o l o r l e s s ( a ) . No 
af am-1 F2 recombinants were recovered because the two genes were l i n k e d 
in r e p u l s i o n and apparen t ly t he re were too few p l a n t s to r e v e a l c r o s s 
overs. Since approximately one fourth of the p o p u l a t i o n was r e c e s s i v e 
for a . and s i n c e the Am-1 l o c u s is h y p o s t a t i c to a , s e g r e g a t i o n f o r 
Am-1-am-1 could not he observed in a. p l a n t s , at l e a s t not d i r e c t l y . 

At f l o w e r i n g , two classes of f l o w e r c o l o r could be d i s t i n g u i s h e d : 

Purp le -v io le t (A Am-1) and whi t e (A am-1, and a ) . These two p h e n o t y p e s 
were expected in an approximate r a t i o of 9 co lo r ed to 7 w h i t e . The o b 
served r a t i o of 125:125 yielded a Chi-square value of 3 .97 (1 d . f . ) , a 
value which is s i g n i f i c a n t at 0.05 but not at 0 .001 . 
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A l l A. am-1 seg regan t s e x h i b i t e d the seed d i s o r d e r and a l l such 

p l a n t s w e r e homozygous f o r I ( I / I ) N o n e o f the a I / I s e g r e g a n t s e x 
h i b i t e d a seed d i s o r d e r , y e t , because of the c l o s e l i n k a g e between I and 
am-1, a l l or nea r ly a l l of the a. I /I s eg regan t s would be expected to be 
am-1. Th i s , then, is a way to i d e n t i f y am-1 p l a n t s in an a. background 
and shows t h a t e x p r e s s i o n of the seed d i s o r d e r is blocked in a . p l a n t s . 
These r e s u l t s confirm progeny t e s t r e s u l t s of A / a . am-1/am-1 sd-1 p l a n t s 
p r e s e n t e d e a r l i e r ( 8 ) . Thus a i s e p i s t a t i c t o am-1 no t o n l y w i t h 
respect t o the f l o w e r c o l o r phenotype, but a l s o w i t h respec t t o t h e a s 
s o c i a t e d seed d i s o r d e r . I n c o n t r a s t , b i s h y p o s t a t i c t o am-1 and/or 
am-2 with respec t to f l o w e r c o l o r ( i . e . am-1 b and am-2 b . f l o w e r s a r e 
w h i t e ) but e p i s t a t i c t o am-1 a n d / o r am-2 w i t h r e s p e c t t o t h e i r a s 
soc ia t ed seed d i s o r d e r s . B-b_ did not s e g r e g a t e in the presen t c r o s s e s . 
T h i s was p r e d i c t a b l e on the bas i s tha t the seeds of the am-1 parent e x 
h i b i t e d the seed d i s o r d e r and b . i s t hough t to mask t h e e x p r e s s i o n of 
seed d i so rde r in am-1 p l an t s j u s t as i t does in am-2 p l a n t s . 

Because of the way t h i s c ross was c o n s t i t u t e d , t h e l i n k a g e r e l a 
t i o n s among Am-1 - - A f - - I a l l o w one t o use t h e seed pheno type o f one 
gene ra t i on to r e l i a b l y i n d i c a t e the p lan t genotype o f the ensuing gene r 
a t i o n . Thus, i / i F3 seeds ( e i t h e r A or a) can be expected to produce af 
F3 p lan ts wi thout the seed d i s o r d e r . I / I seeds w i t h A w i l l p roduce Af 
am-1 p l a n t s wi th the seed d i s o r d e r and I/I seeds wi th a w i l l produce Af 
am-1 p lan t s wi thout the seed d i s o r d e r . H e t e r o z y g o u s I/i (A/-) can be 
used as a c o n t i n u i n g s o u r c e of s e g r e g a t i n g g e n o t y p e s and as a id in 
deve lop ing i s o g e n i c l i n e s . The conf idence that can be p l a c e d in t h e s e 
p r e d i c t i o n s i s , o f course , a func t ion o f the i n t e n s i t y o f the l i n k a g e s . 
I n the present c ro s s the p r o b a b i l i t y o f b e i n g c o r r e c t i s h igh because 
t h e o b s e r v e d l i n k a g e i n t e n s i t y b e t w e e n Am and I was c o n s i d e r a b l y 
s t ronger than tha t r epor ted p r e v i o u s l y . The a f - i l i n k a g e g a v e an e s 
t i m a t e d r e c o m b i n a t i o n f r a c t i o n of 3.7 + 1.2. Linkage ch i - square fo r A 
v s . Af and I was n o n - s i g n i f i c a n t . 

Since my o r i g i n a l source of am-1 ( L - 3 from Dr. Lamm) e x h i b i t e d f a i r 
t o poor seed s e t , I have s e l e c t e d f o r f u l l y f e r t i l e , p r o d u c t i v e am-1 
p l a n t s i n o r d e r t o b e s u r e t h a t t h e seed d i s o r d e r i s t h e d i r e c t , 
p l e i o t r o p i c e f f e c t o f am-1 and no t t h e r e s u l t o f some o t h e r c a u s e . 
Moreover , Lamprecht ( 4 ) suggested tha t am-1 p l a n t s were weaker than Am-1 
p lan t s , a sugges t ion I have not. been able to conf i rm. I now have f u l l y 
f e r t i l e , p roduc t ive am-1 l i n e s which, as was the case in the popu la t ions 
discussed h e r e i n , g i v e f u l l y f e r t i l e F2 seg regan t s i n c r o s s e s . 

The am-1 l i n e used as a p a r e n t in t he p r e s e n t c rosses showed a 
s t rong e x p r e s s i o n of the seed d i s o r d e r in the greenhouse but when grown 
in the f i e l d exp re s s ion was cons ide rab ly d imin ished . Upon re turn to the 
greenhouse expres s ion of t h i s l i n e was again s t rong , as was t h e e x p r e s 
s i o n in a l l t h e A am-1 F2 s e g r e g a n t s d e r i v e d from the c ross w i t h the 
above l i n e . Thus, the seea d i s o r d e r phase o f am-1 e x p r e s s i o n i s i n 
fluenced to some degree by the growth environment. What component(s) of 
the environment tha t may ope ra t e to e f f e c t these d i f f e r e n c e s in e x p r e s 
s ion remains unknown. S o i l pH is one p o s s i b i l i t y . 
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PLANT STATURE AS AFFECTED BY THE INTERACTION OF na AND le la c r y C 

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

Indirect evidence obtained in 1981 and 19 82 ( 1,2) indicated that 
the extreme d w a r f i n g e f f e c t of _a i s counteracted when na i s combined 
with l a c ry c (and presumably l a . c r y s ) . Thus, when n a . i s p r e s e n t 
together wi th La and/or Cry, the p l an t s a re nana in phenotype, but when 
na is combined wi th la cry c the p lan t s a re cryptodwarf . In e f f e c t , na is 
hypos ta t i c t o l e l a c r y c . Th i s a r t i c l e o f f e r s d i r e c t c o n f i r m a t o r y 
evidence favor ing t h i s hypo thes i s . 

Seeds from 29 i n d i v i d u a l na wlo F2 seg regan t s from e n t r i e s C281-308 
and C281-309 [ s e e ( 2 ) ] w e r e p l a n t e d i n g r e e n h o u s e f l a t s f i l l e d w i t h 
quartz sand and t h e r e s u l t i n g s e e d l i n g s were scored f o r the marker wlo 
and for plant s t a t u r e . The na and WL 1329 parents were included as con
t r o l s . I f t he e p i s t a t i c e f f e c t o f na i s o v e r r i d d e n i n an l e . l a cry c 

background and i f , as the F2 data showed, the cry c a l l e l e s e g r e g a t e d in 
F2, then i t f o l l o w s tha t some of na wlo F2 seg regan t s should s e g r e g a t e 
for cryptodwarf p l a n t s . The progeny t e s t s Bear t h i s o u t . N i n e t e e n of 
29 F3 p r o g e n i e s t e s t e d had one or more c ryp todwarf p l a n t s (Tab le 1 ) , 
very c lose t o the expected 2:1 r a t i o . C o l l e c t i v e l y , t h e s e g r e g a t i n g 
p rogen ies c o n t a i n e d 197 nana p l a n t s and 53 c r y p t o d w a r f s . A l l r a t i o s 
must, o f course, be i n t e r p r e t e d in the l i g h t o f t h e s m a l l s i z e o f t h e 
i n d i v i d u a l p r o g e n i e s . A l l p l a n t s m a n i f e s t e d the wlo phenotype, thus 
ver i fy ing the c l a s s i f i c a t i o n f o r tha t gene in the F2 p o p u l a t i o n s . 

The F2 and F3 data toge the r demonstrate tha t na is masked ( a t l e a s t 
in a gross morphologica l s ense ) in the presence of la. c r y c . By e x t e n 
s ion , the e f f e c t of na i s m o d i f i e d by the dosage of a l l e l e s a t La and 
Cry. Hence, some of the F2 and F3 segregan t s tha t f i t t h e d e s c r i p t i o n 
of "compactum" may be the product of t h i s gene i n t e r a c t i o n . In e f f e c t , 
the act ion of na is p a r t i a l l y overcome in c e r t a i n gene combinat ions . 


