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MAPPING OF THE Sn LOCUS TO CHROMOSOME 2 
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S i x g e n e s have been d e s c r i b e d t h a t s p e c i f i c a l l y i n f l u e n c e f l o w e r 
ing in t h e g a r d e n pea ( 1 , 4 ) . The gene Lf i s l o c a t e d on ch romosome 1 
near A, E on chromosome 6 n e a r Na, Hr on chromosome 3 n e a r M and L a p - 2 , 
and Dne on chromosome 3 n e a r S t ( 1 , 2 ) . D e s p i t e c o n s i d e r a b l e e f f o r t 
( 3 ) , t h e two r e m a i n i n g l o c i , Sn and Veg, have not been mapped. The Sn 
gene i s o f major p r a c t i c a l i m p o r t a n c e s i n c e i n a d d i t i o n t o f l o w e r i n g 
node i t i n f l u e n c e s o t h e r t r a i t s o f h o r t i c u l t u r a l s i g n i f i c a n c e , i n c l u d 
ing b r a n c h i n g p a t t e r n , number o f r e p r o d u c t i v e n o d e s , and s e e d y i e l d 
( 4 ) . Homozygous s n p l a n t s a r e n o n p h o t o p e r i o d i c and g e n e r a l l y e a r l i e r 
f l o w e r i n g t h a n S n p l a n t s . Many e a r l y f l o w e r i n g c u l t i v a r s a r e 
h o m o z y g o u s r e c e s s i v e a t t h e S n l o c u s . W e r e p o r t h e r e t h a t t h i s l ocus 
maps v e r y n e a r Amy-1 on chromosome 2. 

D u r i n g a n a l y s i s o f a n F 2 p o p u l a t i o n f rom t h e c r o s s b e t w e e n 
' S p a r k l e ' and a l i n e from A f g h a n i s t a n ( o r i g i n a l l y o b t a i n e d from Dr . T . 
A. LaRue, Boyce Thompson I n s t i t u t e , I t h a c a , NY as a s o u r c e of t he sym-2 
m u t a n t ) , w e o b s e r v e d a n a s s o c i a t i o n b e t w e e n n o d e o f f l o w e r i n g and 
a m y l a s e p h e n o t y p e . The l o c u s r e s p o n s i b l e for t h e v a r i a t i o n i n amylase 
p h e n o t y p e , Amy-1, has been mapped to one arm of chromosome 2 d i s t a l to 
Oh ( 5 ) . Because none of t h e f o u r p r e v i o u s l y mapped f l o w e r i n g g e n e s are 
l o c a t e d o n c h r o m o s o m e 2 , w e s u s p e c t e d t h a t w e m i g h t b e f o l l o w i n g 
s e g r e g a t i o n a t S n . H o w e v e r , d a y l e n g t h h a d n o t b e e n m o n i t o r e d 
r i g o r o u s l y in t h e i n i t i a l e x p e r i m e n t s . A second F2 from the same c r o s s 
w a s , t h e r e f o r e , g r o w n u n d e r s h o r t day c o n d i t i o n s ( 9 . 5 h r l i g h t ) t o 
maximize t h e d i f f e r e n c e be tween Sn and sn s e g r e g a t e s . Tne p l a n t s were 
g rown u n d e r a c o m b i n a t i o n of f l u o r e s c e n t and i n c a n d e s c e n t l i g h t in a 
growth chamber w i t h a c o n s t a n t t e m p e r a t u r e of 19o . All p l a n t s f L o w e r 
i n g a t o r b e f o r e node 14 ( n o d e s were c o u n t e d from t h e f i r s t s c a l e l ea f 
as node 1) p o s s e s s e d t h e S p a r k l e Amy-1 g e n o t y p e , aa. ( T a b l e 1). None of 
t h e p l a n t s f l o w e r i n g a f t e r n o d e 1 4 had t h e a a g e n o t y p e . The S p a r k l e 
c o n t r o l bloomed one node e a r l i e r t h a n t h e e a r l i e s t b looming- F 2 p l a n t , 
w h e r e a s t h e A f g h a n i s t a n c o n t r o l b l o o m e d abou t node 4 0 , c o n c u r r e n t l y 
w i t h t h e l a t e s t b looming F 2 p l a n t s . A d d i t i o n a l d a t a ( n o t p r e s e n t e d ) 
were o b t a i n e d on c o s e g r e g a t i o n of f l o w e r i n g node and t h e Loci A, M, and 
L a p - 2 , b o t h i n t h e above and o t h e r c r o s s e s . The d a t a i n d i c a t e d t h a t 
t h e A f g h a n i s t a n l i n e was L f H r , and p h o t o p e r i o d i c ( g e n o t y p e S n Dne) 
and t h a t S p a r k l e was l f h r , and n o n p h o t o p e r i o d i c ( p r e s u m a b l y sn D n e ) . 
S i n c e t h e r e w e r e no e a r l y p h o t o p e r i o d i c s e g r e g a t e s ( g e n o t y p e l f E Sn 
Dne) i n t h e A f g h a n i s t a n x S p a r k l y c r o s s b o t h p a r e n t s a p p e a r t o h a v e 
g e n o t y p e e . 

T o c o n f i r m t h a t t h e e a r l y - f l o w e r i n g gene l i n k e d t o Amy-1 was s n , 
S p a r k l e was c r o s s e d w i t h H P L 7 3 , a l i n e known t o b e L f s n h r . l f 
S p a r k l e was l f s n h r , t h e p r o g e n y o f t h i s c r o s s s h o u l d b e s n s n 
( n o n p h o t o p e r i o d i c ) . A l t e r n a t i v e l y , i f t h e F 1 was p h o t o p e r i o d i c S p a r k l e 
must c o n t a i n a r e c e s s i v e m u t a t i o n d i f f e r e n t f rom s n . The F 1 p l a n t 
f l owered e a r l y (node 11) u n d e r s h o r t day c o n d i t i o n s ( T a b l e 2 ) , c o n f i r m 
i n g t h a t t h e g e n o t y p e o f S p a r k l e was , i n d e e d , l f s n h r . 
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T o f u r t h e r c h a r a c t e r i z e t h e i n t e r a c t i o n o f t h e f l o w e r i n g g e n e s i n 
t h e s e c o n d S p a r k l e x A f g h a n i s t a n F 2 p o p u l a t i o n , F 3 p r o g e n y f r o m 
s e l e c t e d F 2 p l a n t s w e r e g r o w n u n d e r s h o r t day c o n d i t i o n s a l o n g w i t h 
c o n t r o l l i n e s o f known f l o w e r i n g g e n o t y p e . The F2 p l a n t s were s e l e c t e d 
on t h e b a s i s o f p h e n o t y p e s a t t h e marker g e n e s A, Amy-1, L a p - 2 , and M . 
Both w h i t e - a n d w i l d t y p e - f l o w e r e d p l a n t s w e r e c h o s e n t o t e s t t h e 
e f f e c t o f t h e l f - L f d i f f e r e n c e . A l t h o u g h a p p r o x i m a t e l y 10% recom
b i n a t i o n was e x p e c t e d be tween A . and Lf, most of t h e w h i t e - f l o w e r e d F3 
c a n b e a s s u m e d t o b e h o m o z y g o u s r e c e s s i v e l f . A l l t h r e e Amy-1 
p h e n o t y p e s were i n v o l v e d . F i n a l l y , a l l p l a n t s s e l e c t e d were homozygous 
h r i n o r d e r t o a v o i d t h e v e r y l a t e f l o w e r i n g S n H r p h e n o t y p e . 

The r e s u l t s o f t h e s e e x p e r i m e n t s a r e g i v e n i n T a b l e s 2 and 3 . 
Days t o f l o w e r a n d n o d e s t o f l o w e r showed v e r y l i t t l e w i t h i n - l i n e 
v a r i a t i o n a s can b e s e e n b y t h e low s t a n d a r d e r r o r s . The I n f l u e n c e o f 
l f on f l o w e r i n g t i m e , a s i n d i c a t e d by t h e w h i t e - f l o w e r e d p h e n o t y p e , can 
b e s e e n i n s e v e r a l p r o g e n i e s . However, even p l a n t s w i t h c o l o r e d p e t a l s 
b l o o m e d e a r l y (node 11-14) as l o n g as t h e y were homozygous Amy-1a . In 
c o n t r a s t , t h o s e p l a n t s i n p r o g e n i e s 3741-4 and 3741-6 p o s s e s s i n g e i t h e r 
an Amy-1a b o r Amy-1bb g e n o t y p e d i d not p r o d u c e f u l l y d e v e l o p e d f l o w e r s 
u n t i l nodes 1 7 - 2 2 , i n c l u s i v e , a l t h o u g h f l o w e r p r i m o r d i a o c c a s i o n a l l y 
f o r m e d a t l o w e r n o d e s i n t h e fo rmer p r o g e n y . A b o r t i o n o f f l o w e r buds 
a t l o w e r nodes i n s h o r t day c o n d i t i o n s i s t y p i c a l o f S n p l a n t s ( 4 ) . 
The f l o w e r i n g d i f f e r e n c e s found among t h e d i f f e r e n t amyla se g e n o t y p e s 
t h e r e f o r e mimicked t h o s e o b s e r v e d be tween t h e c o n t r o l l i n e s h o m o z y g o u s 
f o r s n (HPL59 a n d HPL73) and t h o s e c o n t a i n i n g t h e dominan t a l l e l e S n 
(HPL60 and HPL2). 

D e s p i t e t h e h i g h w i t h i n - l i n e r e p r o d u c i b i l i t y o f d a y s t o f l o w e r and 
node t o f l o w e r , t h e s e p a r a m e t e r s d i d v a r y among l i n e s w i t h t h e same 
g e n o t y p e a t t h e t h r e e f l o w e r i n g l o c i b e i n g m o n i t o r e d . The d i f f e r e n c e s 
were p a r t i c u l a r l y o b v i o u s i n t h e L f s n h r g e n o t y p i c c l a s s i n w h i c h t h e 
c o n t r o l (HPL 7 3 ) a n d p r o g e n y f rom t h e F 2 p l a n t 3940-24 were c l e a r l y 
l a t e r f l o w e r i n g t h a n p rogeny from 3 7 4 1 - 3 , 3 7 4 1 - 6 , and 3740-9 ( T a b l e s 2 
a n d 3 ) . Such d i f f e r e n c e s among p l a n t s o f t h e Lf sn h r g e n o t y p i c c l a s s 
have been examined p r e v i o u s l y and a t t r i b u t e d t o q u a n t i t a t i v e s y s t e m s 
( 4 ) . 

F i v e o f t h e s i x known major f l o w e r i n g g e n e s a r e now l o c a t e d and a t 
l e a s t f o u r ( L f , S n , Dne , a n d H r ) a r e c l o s e t o g o o d m a r k e r s . 
S e g r e g a t i o n f o r some f l o w e r i n g g e n e s c a n b e o b s c u r e d i n c e r t a i n e n 
v i r o n m e n t a l c o n d i t i o n s o r a s a r e s u l t o f e p i s t a t i c r e l a t i o n s h i p s among 
t h e g e n e s t h e m s e l v e s . The a v a i l a b i l i t y o f a g o o d m a r k e r f o r S n i s 
p a r t i c u l a r l y w e l c o m e s i n c e t h i s gene i s o f major a p p l i e d s i g n i f i c a n c e 
and g r e a t i n t r i n s i c i n t e r e s t i n r e g a r d t o t h e p h y s i o l o g i c a l m e c h a n i s m 
b y w h i c h i t c o n t r o l s f l o w e r i n g a n d t h e a b i l i t y t o r e s p o n d t o 
p h o t o p e r i o d . 
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Table 1. Joint segregation analysis of flowering 
node and amylase (Amy-1) phenotype in 
the F2 of cross Sparkle x Afganistan 
grown in a 9.5 hr photoperiod. 

Amylase phenotype 

aa (sparkle; 
bb (Afghanistan) 
aa 
ab 
bb 

First flowering node 
10-14 
4 
0 
13 
0 
0 

16-22 
0 
0 
0 
13 
4 

23-40 
0 
2 
0 
19 
14 

Table 2. Days to flower, node of flower initiation, and flowering 
genotype of control lines and Sparkle x HPL 73 F, grown 
under short day conditions. 

Line 
HTL2 
HPL59 
HPL60 
HPL6 7 
HPL7 3 
K218 
Sparkle 
Afghan. 
Sparkle 
HPL 73 

No. of 
plants 

5 
5 
5 
5 
3 
5 
8 
2 

x 1 

(Fl) 

Days to 
flower 
67.4+/-1.0 
37.2+/-0.6 
55.6+/-1.9 
--2 

47.3+/-3.1 
38.8+/-1.1 
38.5+/-0.5 
--2 

40 

Node of flower 
initiation 
28.8+/-1.1 
10.0+/-0.0 

12.6+/-0.21 

--2 

16.7+/-0.6 
15.0+/-0.7 
10.8+/-0.1 
--2 

11 

Flowering 
genotype 
Lf Sn hr Dne E 
If sn hr Dne E 
If Sn hr Dne E 
Lf Sn Hr Dne E 
Lf_ s_n hr Dne E 
Lf_ Sn hr dne E 
lf sn hr Dne e 
Lf Sn Hr Dne e 
Lf/lf sn hr Dne E/e 

1 - Initial flower buds did not develop into flowers. First flowers to 
develop were usually on secondary branches. 

2 - Did not flower during the short-day period of the experiment. 

Table 3. Days to flower, node of flower initiation, and postulated 

flowering genotype of Sparkle x Afghanistan F3 plants grouped 
according to F2 parent, flower color, and amylase phenotype. 

Parental 
1ine 

3774-3 

3741-4 

3741-6 

3741-13 

3940-9 

3940-23 

3940-24 

Flower 
color 
white 
violet 
white 
white 
white 
violet 
violet 
violet 
white 
violet 
white 
violet 
white 
violet 
violet 

Amylase 
phenotype 

aa 
aa 
aa 
ab 
bb 
aa 
ab 
bb 
aa 
aa 
aa 
aa 
aa 
aa 
aa 

No. of 
plants 

1 
5 
1 
6 
3 
7 
10 
3 
1 
7 
1 
2 
2 
3 
9 

Days to 
flower 
34 

36.2+/-0.8 
33 

56.4+/-3.2 
57.3+/-5.7 
40.5+/-1.4 
58.0+/-0.7 
57.3+/-5.7 
32 

36.9+/-0.6 
31 

36.0+/-2.0 
36.5+/-4.9 
40.0+/-1.4 
44.6+/-0.8 

Node of flower 
initiation 

11 
13.0+/-0.4 

11 
20.8+/-1.31 

20.0+/-1.61 

12.0+/-0.5 
19.1+/-0.51 

20.0+/-1.61 

12 
13.3+/-0.4 

11 
12.0+/-0.0 
11.5+/-1.0 
14.3+/-1.1 
15.9+/-0.3 

Presumed 
genotype2 

lf sn 
Lf sn 
lf sn 
lf Sn 
lf Sn 
Lf sn 
Lf Sn 
Lf Sn 
lf sn 
Lf sn 
lf sn 
Lf sn 
lf sn 
Lf sn 
Lf sn 

1 - Development of flowers often on secondary branches. 
2 - All plants hr Dne e. 

***** 


