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k 

S u m m a r y .  Six g e n e r a t i o n s ,  name ly  P $, Pro, F l ,  F2 ,  B ~ and B 2, of f ive d i f fe ren t  c r o s s e s  involv ing  d i v e r s e  p a r e n t s ,  
H14 (Local s t a n d a r d ) ,  Res  H141 ( R e s e l e c t i o n  of H141~, 419/49 (Pun jab ) ,  5143C (Ceylon)  and Banda - I  (Af r i ca )  
on one hand and PRS-72  a c l u s t e r  type s t r a i n  on the o ther ,  w e r e  s tud ied  to gain unders t and ing  of the gene t i c s  of 
shor t  f ru i t ing  b ranch  and c l u s t e r  boll  bea r ing  in upland cot ton,  Gossyplwn hirsutum L. O bse rva t i ons  w e r e  r e c o r d -  
ed on c l u s t e r  v s .  n o n c l u s t e r  no rma l  plants  in the f i r s t  and second  f i l ia l  and B~ and B~ g e n e r a t i o n s .  The s e g r e g a -  
t ion r a t i o s  of c l u s t e r :  n o r m a l  boll  bea r ing  in the F~ and B~ ( tes t  c r o s s )  p r o g e n i e s  c o n f i r m e d  that  the c h a r a c t e r  
is  monogenic  r e c e s s i v e  (cl~ cl ~) in i n h e r i t a n c e .  Though the pene t r ance  of the gene which c o n t r o l l e d  c l u s t e r  boll 
bea r ing  was  c o m p l e t e ,  i ts  e x p r e s s i o n  v a r i e d .  As many as 15 d i f fe ren t  types  of ' c l u s t e r '  have  been  d e s c r i b e d .  
Length of c l u s t e r  bea r i ng  sympods  v a r i e d .  On a v e r a g e  the sympod lengths  in PRS-72  and the c l u s t e r  type F 2 and 
B~ w e r e  2 .13  and 4.54 c m ,  r e s p e c t i v e l y ,  sugges t ing  inf luence  of spec i f i c  m o d i f i e r s  evo lved  in the c l u s t e r  donor  
pa ren t  and the d i f fe ren t  gene t ic  backgrounds .  It was sugges t ed  that  t h e r e  is  a dosage  e f fec t  of m o d i f i e r s  and in -  
t e r a c t i o n  of homeo logous  dupl ica te  a l l e l e  (CI~ CI~) in gove rn ing  the length of the c l u s t e r  bea r i ng  sympods .  

In t roduct ion  

The e longa ted  f ru i t ing  b ranch  ( sympod ium)  in c u l t i v a t -  

ed cot tons  g e n e r a l l y  is  mul t inoded and b e a r s  only one boll 

at a node.  The r a r e  o c c u r r e n c e  of an e x c e s s i v e l y  s h o r t -  

ened sympodium bea r ing  two o r  m o r e  bol ls  at the t e r m i -  

nal points  has been r e p o r t e d  by s e v e r a l  w o r k e r s .  Thada-  

ni (1923),  Neely  (1942),  Butany and Singh (1963),  and 

Santhanam and K r i s h n a m u r t h y  (1966) in Gossypiwn 

hirsutum, and Pa te l  et a l .  (1947) in G. herbaceum r a c e  

weightianwn, r e p o r t e d  the s i m p l e  monogenic  r e c e s s i v e  

i n h e r i t a n c e  of shor t  f ru i t ing b r anch .  Kea rney  (1930) in 

G. bcmbadense and Harl  and ( 1939 ) r e p o r t e d  that  th is  c h a -  

r a c t e r  i s  i ncomple t e ly  dominant  o v e r  the n o r m a l  m u l -  

t inoded branch  type .  

Since G. hirsutum i s  an amphid ip lo id  it i s  expec ted  to 

have many dupl ica te  loc i .  The shor t  f ru i t ing  b ranch  ha -  

bit i s  a l so  r e p o r t e d  to be gove rned  by dupl ica te  genes ,  

but i ts  i nhe r i t ance  is not fully unde r s tood .  Bhat and De-  

sai  (1956) ,  s tudying the F 1 of  two shor t  b ranch  c l u s t e r  

mu tan t s ,  foundthat  t h e F  1 was  n o r m a l  and they conc lud-  

ed that the c l u s t e r  and shor t  b ranch  c h a r a c t e r s  w e r e  go-  

v e r n e d  by c o m p l e m e n t a r y  l oc i .  Dalton (1966) r e p o r t e d  

that f ru i t ing  b ranch  s t r u c t u r e  in New World Cotton is  

con t ro l l ed  by dupl ica te  loc i ,  c l u s t e r  (C11) in the D g e -  

nome and shor t  b ranch  (C12) in the A genome ,  but the 

* P a r t  of the t h e s i s  submi t t ed  to the Punjab  Agr i cu l t u r a l  
Un ive r s i t y  in pa r t i a l  fu l f i lment  of r e q u i r e m e n t s  fo r  
the d e g r e e  of Doc tor  of Ph i losophy  (Gene t i c s )  by the 
s e n i o r  au tho r .  

dupl ica te  f ac to r  has  not been  s a t i s f a c t o r i l y  expla ined  by 

any known mode l .  C l u s t e r  (cl i )  is  a r e c e s s i v e  mutant  

in G.hirsutum and shor t  b ranch  (cl 2) is  a r e c e s s i v e  s e g -  

r e g a t i o n  within s p e c i e s  with t he i r  dupl ica te  na tu re  being 

d i s c o v e r e d  only when the two s p e c i e s  a r e  c r o s s e d  

(G.hirsutum • G.barbadense). The phenotypic  e x p r e s s i o n  

of the c l u s t e r  and shor t  b ranch  is  only m o d e r a t e l y  s i m i -  

l a r  ( i . e .  r educ t ion  of  the f ru i t ing  b ranch)  on t h e i r  r e -  

s p e c t i v e  s p e c i e s  background .  H o w e v e r ,  when c r o s s  

transferences are made, the action of the mutant allele 

is similar, with the observed phenotypic differences of 

the mutants governed by the species background. When the 

recessive mutants are crossed, they behave as complement- 

aries restoring the normal fruiting branch habit. The 

normal allele of one locus cannot mask the mutant allele 

of the opposite locus and this difference in masking 

ability is, as yet, not clearly understood. Dalton stud- 

ied the expression of this character in interspecific hy- 

brid populations of varying degrees of introgression of 

the gene complex of the two species and explained the 

differing expression of this character by the interpre- 

tation which he referred to as "dosage and interaction". 

Unders tanding  the i n h e r i t a n c e  of the shor t  f ru i t ing  

b ranch  is impor t an t  as  th is  gene is  being exp lo i t ed  to 

evo lve  ef f ic ient  plant  types  in co t ton .  The s tud ies  r e p o r t -  

ed h e r e  w e r e  des igned  to f u r t h e r  e x a m i n e  the gene t i c  na -  

t u r e  of dupl ica te  loc i ,  c l u s t e r  bol l  bea r i ng  and shor t  f r u i t -  

ing b ranch ,  with spec ia l  r e f e r e n c e  to p e n e t r a n c e ,  e x p r e s -  

s iv i ty  and s t ab i l i ty  in d i f fe ren t  gene t ic  backgrounds  fo r  

d i f fe ren t  g e n e r a t i o n s  of i n t r a - h i r s u t w n  c r o s s e s .  
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Materials and Methods 

The material consisted of 26 progenies; 5P• and 5 
each of Fi, F2, Bz and B2, derived from crossing the 
P2 with 5Pzs , described as below: 
P• = the first parent of the crosses, i.e. HI4 (local 

standard ) 
Res H141 (Reselectionof HI41) 
419/49 (Introduced from Punjab) 
5143C (Introduced from Ceylon) 
Banda-I (Introduced from Africa) 

P2 = the second parent of the crosses, i.e. PRS-72 
(Introduced from U.S.S.R. ). 

Though the Pzs differ in most of their characters their 
growth and fruiting habit is almost the same. All bear 
multinoded fruiting branches appearing either on the mo- 
nopods ordirectlyonthe main stem. The P2 has a strik- 
ingly different growth and fruiting habit. It (PRS-72) is 
erect growing, short-statured, and bears more than one 
boll on extremely shortened sympods (cluster bearing) 
as if the bolls are borne directly on the main stem. This 
variety is highly susceptible to jassids attack and is thus 
poorly adapted to north Indian conditions. However, it is 
very early maturing and its bolls are bold. 

The other four generations are Fz = (Pz • F2 = 
(F• selfed), B• = (PI•177 and B~ (test cross) =P2 • i. 
F~ was used as pollen parent so as to avoid selling. 

IndiVidual plants in Fz and the segregating genera- 
tions, F2, Bz and B2, were checked for fruiting habit. 
The plants which had two or more bolls on uni-noded sym- 
pods were classified as 'cluster', otherwise 'noncluster 
normal'. Among the cluster types further expression as 
varying lengths of the sympods with or without extra axil- 
larybuds was recorded. The segregation ratios inF2 and 
backcross generations were tested for gooodness of fit 
on the expected Mendelian ratios of 3 : 1 in F~ and I : 1 
in test crosses (B2) by chi-square. 

The m o n o / s y m p o d i a l  a r e  t h o s e  w h i c h  b e a r  b o t h  t y p e  of  

b r a n c h e s  o n  t h e  s a m e  p l a n t .  All  t h e  v a r i e t i e s ,  e x c e p t  

P R S - 7 2 ,  i n v o l v e d  in  t h e  p r e s e n t  s t u d y  w e r e  of  t h e  m o n o /  

s y m p o d i a l  t y p e .  H o w e v e r  t he  p r o p o r t i o n  of  m o n o p o d i a l  

to  s y m p o d i a l  b r a n c h e s  v a r i e d  f r o m  v a r i e t y  to  v a r i e t y .  

The g r o w t h  h a b i t  of  t he  c l u s t e r  t y p e  p a r e n t ,  P R S - 7 2 ,  

w a s  q u i t e  d i f f e r e n t .  The P R S - 7 2  p l a n t s  w e r e  d w a r f  a n d  

p r o d u c e d  e x c e s s i v e l y  r e d u c e d  s y m p o d i a l  b r a n c h e s  on  

t h e  m a i n  s t e m .  The s y m p o d s  a l w a y s  t e r m i n a t e d  in  two 

o r  m o r e  b o l l s .  T h e s e  p l a n t s  h a d  d e t e r m i n a n t  g r o w t h  h a b -  

i t .  The i n t e r n o d e s  w e r e  v e r y  s h o r t  ( 1 . 8 6 c m )  a n d  t h u s  

g a v e  a c o m p a c t  s t a t u r e  to t h e  p l a n t .  T h e r e  was  c o m p l e t e  

s u p p r e s s i o n  of  t h e  m o n o p o d i a l  b r a n c h e s .  P R S - 7 2  p l a n t s  

w e r e  h i g h l y  s u s c e p t i b l e  to i n s e c t  p e s t s ,  p a r t i c u l a r l y  to  

j a s s i d s  a t t a c k  and  a n g u l a r  l e a f  s p o t  d i s e a s e ,  u n d e r  t h e  

n o r t h  I n d i a n  c o n d i t i o n s  a n d  t h u s  w e r e  n e v e r  a b l e  to  e x -  

p r e s s  t h e i r  fu l l  m o r p h o l o g i c a l  v i g o u r  a n d  y i e l d  p o t e n t i a l .  

The l e a v e s  w e r e  m o s t  s e v e r e l y  a t t a c k e d  by  j a s s i d s  a n d  

t h u s  d r i e d  a n d  d r o p p e d .  S i n c e  t h e  l e a v e s ,  w h i c h  a r e  t h e  

p h o t o s y n t h e t i c  u n i t ,  w e r e  b a d l y  d a m a g e d ,  t h e  p l a n t s  wou ld  

be  p h y s i o l o g i c a l l y  u n b a l a n c e d ,  t h u s  r e d u c i n g  t he  f r u i t -  

i n g p o i n t s  a n d  n u m b e r  of  f l o w e r s .  E v e n  i f f e w b o l l s  w e r e  

s e t  t h e y  r e m a i n e d  u n d e r w e i g h t .  The  m a i n  m o r p h o l o g i c a l -  

ly  c o n t r a s t i n g  c h a r a c t e r s  o f  t h e  two s e t s  of p a r e n t s  a r e  

s u m m a r i z e d  b e l o w  : 

V a r i e t y  P l a n t  N o .  of  No .  o f  No .  of  S y m p o d i a l  I n t e r n o d a l  
h e i g h t  h e i g h t  s y m p o d s  m o n o p o d s  b r a n c h e s  l e n g t h  l e n g t h  

(cm) per per per (cm) (cm) 
p l a n t  p l a n t  p l a n t  

H14 1 0 6 . 8 3  1 8 . 7 7  5 . 2 8  2 4 . 0 5  1 6 . 3 0  2 . 7 0  

R e s H 1 4 1  1 0 2 . 0 2  2 6 . 6 9  2 . 9 2  2 9 . 6 1  1 4 . 4 4  2 . 7 9  

4 1 9 / 4 9  7 7 . 3 2  2 1 . 6 0  3 . 9 3  2 5 . 5 3  9 . 4 1  2 . 3 9  

5143C 9 6 . 4 6  2 3 . 8 4  3 . 5 0  2 7 . 3 4  1 5 . 7 7  2 . 8 8  

B a n d a - I  9 1 . 7 8  1 9 . 0 5  6 . 2 9  2 5 . 3 4  1 7 . 4 6  2 . 6 7  

P R S - 7 2  5 2 . 3 5  1 9 . 2 9  - 1 9 . 2 9  2 . 1 3  1 . 8 6  

Results 

F r u i t i n g  B r a n c h e s  

N o r m a l l y ,  hirsutum c o t t o n s  a r e  i n d e t e r m i n a t e  in  t h e i r  

g r o w t h  h a b i t  a n d  b e a r  m o n o p o d i a l  o r  s y m p o d i a l  o r  m o n o -  

p o d i a l / s y m p o d i a l  b r a n c h e s .  The  d i f f e r e n t  v a r i e t i e s  p o s -  

s e s s  s p e c i f i c  b r a n c h i n g  p a t t e r n s .  The  s y m p o d i a l  v a r i e -  

t i e s  a r e t h o s e  w h i c h b e a r  m u l t i n o d a l  f r u i t i n g b r a n e h e s  on  

t h e i r  m a i n  s t e m  i n  a d e s c e n d i n g  o r d e r ,  g i v i n g  a p y r a m i -  

da l  s h a p e  to t h e  p l a n t .  The m o n o p o d i a l  v a r i e t i e s  g i v e  v e -  

g e t a t i v e  b r a n c h e s  w h i c h  in  t u r n  b e a r  f r u i t i n g  b r a n c h e s .  

I n h e r i t a n c e  of  C l u s t e r  

The  m o d e  of i n h e r i t a n c e  of  c l u s t e r  w a s  s t u d i e d  in  c r o s s e s  

b e t w e e n  t he  s t r a i n s  w h i c h  h a d  n o n c l u s t e r  n o r m a l  b e a r i n g  

h a b i t ,  v i z . ,  H14,  R e s H 1 4 1 ,  4 1 9 / 4 9 ,  5143C a n d  B a n d a - I ,  

a n d  t h e  c l u s t e r  b e a r i n g  s t r a i n ,  P R S - 7 2 .  The s e g r e g a t i o n  

r a t i o s  a r e  p r e s e n t e d  in  T a b l e  1. The  c l u s t e r  c h a r a c t e r  b e -  

h a v e d  a s  a r e c e s s i v e  to t h e  n o r m a l  in  F 1" The  F 2 s e g r e -  

g a t i o n  d a t a  g a v e  t h e  r a t i o  o f  3 n o r m a l :  1 c l u s t e r  (X 2 P 

v a l u e  = 0 . 2 0 - 0 . 5 0 ) .  T h e t e s t  c r o s s  ( B  2)  r a t i o ,  i . e .  b a c k -  

c r o s s i n g  t h e  F l S  to t he  c l u s t e r  p a r e n t ,  PRS-72,  w a s  1 

n o r m a l :  1 c l u s t e r  ( •  v a l u e  = 0 . 1 0 - 0 . 2 0 ) .  T h e s e  s e g r e -  
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Table I. Inheritance of cluster character 

Cross 

N u m b e r  of p lants  with 
n o r m a l  c l u s t e r  
bea r i ng  bea r i ng  

Total number 
plants  

F2(H14 X PRS-72 )  100 41 141 

F2(ResH141 X PRS-72 )  61 33 94 

F 2 ( 4 1 9 / 4 9  X PRS-72 )  49 22 71 

F2(5143C x P R S - 7 2 )  73 15 88 

F 2 ( B a n d a - I  x PRS-72 )  77 17 94 

F2(C.T.I. x PRS-72)* 2512 792 3304 

Total : 2872 920 3792 

X 2 : 1 . 1 0 2 7  

Value of P (monohybr id  3 : I s e g r e g a t i o n )  = 0 . 2 0 - 0 . 5 0  (good f i t )  

BC(HII4 X PRS-72) • PRS-72 85 

BC(ResHI41 x PRS-72) X PRS-72 20 

BC(419/49 • PRS-72) x PRS-72 28 

BC(5143C • PRS-72) x PRS-72 27 

BC (Banda-I • PRS-72) X PRS-72 26 

53 138 

22 42 

26 54 

18 45 

40 66 

Total : 186 159 345 

• 2. 1130 

Value of P (monohybrid I : I segregation) = 0.10-0.20 (good fit) 

* This cross was used only for scoring the segregation. 

gation data sugges t  that the c l u s t e r  c h a r a c t e r  is  mono-  

genic  r e c e s s i v e  in i ts  i n h e r i t a n c e .  

C l u s t e r i n g  P a t t e r n  

A g r e a t  v a r i a t i o n  in the pa t t e rn  of e x p r e s s i o n  of the c l u s -  

t e r  boll  bea r ing  habit was o b s e r v e d  in the c l u s t e r  type 

plants scored in F 2 and backcross generations. Varia- 

tions were noted in the number of bolls in a cluster and 

in the way they were arranged on the sympodia. On this 

basis as many as 15 different types of "cluster" were 

recorded (Fig. I) and described under : 

I. Uninodal, cluster of two bolls with a common bract 

2. Same, but, in separate bracts 

3. Binodal, cluster of three bolls, 1 + 2 

4. Binodal, cluster of four bolls, 2+ 2 

5. Quadrinodal, cluster of five bolls, 1 + 1 + 1 + 2 

6. Uninodal, cluster of three bolls with a common bract 

7. Same, but, each boll with a separate bract 

8. Same, but sparse 

9. Binodal ,  c l u s t e r  of t h r e e  bo l l s ,  1 + 3 

10. Binodal ,  c l u s t e r  of f ive  bo l l s ,  2 + 3, two bol l s  with 

c o m m o n  b rac t  

11. Binodal ,  c l u s t e r  of  four  bo l l s ,  2+ 2 with two e x t r a  

a x i l l a r y  bo l l s  

12. Binodal ,  c l u s t e r  of  f ive bo l l s ,  2 + 3 

13. Uninodal,  c l u s t e r  of f ive  bo l l s  v e r y  c l o s e  to one an-  

o the r  

14. Tr inodal ,  c l u s t e r  of f ive bo l l s ,  2+ 1 + 2 

15. Binodal ,  c l u s t e r  of s ix  b o l l s ,  one node had two s t a l k s ,  

(1+3)  +2 

F i g .  1. F i f t e e n  d i f fe ren t  c l u s t e r s  of bo l l s  s c o r e d  in F~ 
and b a c k c r o s s  g e n e r a t i o n s  of c r o s s e s  be tween  c l u s t e r  
(PRS-72 )  and n o r m a l  p a r e n t s  
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F i g . 2 .  An  F 2 (H14 • P R S - 7 2 )  h e a v y  b e a r i n g  c l u s t e r  
p l a n t  - b o l l s  e q u a l l y  d e v e l o p e d  in t h e  c l u s t e r s  

The n o d e  n u m b e r  p e r  s y m p o d  v a r i e d  f r o m  1 to 4.  A l -  

w a y s  t h e  s y m p o d s  t e r m i n a t e d  in  m o r e  t h a n  o n e  b o l l ,  u s u -  

a l l y  in  t w o .  The  n o d e s  w e r e  v e r y  c l o s e .  G e n e r a l l y  t h e  

b o l l s  w e r e  a r r a n g e d  in  t w o s  to a c l u s t e r .  The  s p a r s e l y  b o r n e  

b o l l s  w e r e  u s u a l l y  l a r g e r  t h a n  t h o s e  in  a c l o s e  c l u s t e r .  

E v e n  in  o n e  s i n g l e  c l u s t e r  t y p e  p l a n t ,  t h e r e  w e r e  d i f f e r e n t  

g r a d e s  of  c l u s t e r - b e a r i n g .  H o w e v e r ,  a l l  c l u s t e r - t y p e  

p l a n t s  w e r e  d w a r f e r  a n d  u s u a l l y  h a d  t h i c k  l e a t h e r y  a n d  

b r o a d  d a r k  g r e e n  l e a v e s .  

In  t h e  s e g r e g a t i n g  g e n e r a t i o n s  d i f f e r e n t  c o m b i n a t i o n s  

of  t h e s e  c l u s t e r i n g  p a t t e r n s  w e r e  o b s e r v e d .  In no c a s e  

w e r e  c l u s t e r - b e a r i n g  s e g r e g a t e s  a s  m i s e r a b l e  l o o k i n g  a s  

t h e  P R S - 7 2  p a r e n t .  A c o m p l e t e  a r r a y  of  p l a n t  t y p e s ,  t a l l  

to  d w a r f ,  l ong  to s h o r t  s y m p o d s ,  b u s h y  o r  s p r e a d i n g ,  r e -  

s i s t a n t  to  s u s c e p t i b l e ,  e a r l y  to  l a t e ,  w i t h  v a r y i n g  c o m b i -  

n a t i o n ,  w a s  i s o l a t e d .  M a n y  d e s i r a b l e  c l u s t e r - b e a r i n g  
1 

p l a n t s  w e r e  r e c o v e r e d .  T h e s e  p l a n t s  w e r e  s h o r t  ( 2 ~  to 

3~1 f e e t )  , w i t h  a h i g h  n u m b e r  of  b o l l s  w h i c h w e r e  a r r a n -  

g e d i n  c l u s t e r s  of  2 to  3 a n d  e n c l o s e d  by  e n l a r g e d  b r a c t s .  

The  s y m p o d s  w e r e  e x t r e m e l y  r e d u c e d ,  g i v i n g  t h e  b o l l s  

t h e  a p p e a r a n c e  of  b e i n g  b o r n e  d i r e c t l y  o n  t h e  m a i n  s t e m .  

The  b o l l s  w e r e  b o r n e  f r o m  t h e  v e r y  l o w e s t  p o r t i o n  of  t h e  

p l a n t s .  S o m e  of  t h e s e  p l a n t s  w e r e  f r e e  f r o m  d i s e a s e s  a n d  

p e s t s .  S o m e t i m e s ,  s u c h  c l u s t e r - b e a r i n g  p l a n t s  w e r e  m u c h  

t a l l e r  ( a b o u t  5 f e e t ) ,  a n d  t h e i r  s t e m s  w e r e  th ic l (  a n d  

s t u r d y ,  bu t  t h e  b o l l s  w e r e  not  b o r n e  s o  m u c h  f r o m  t h e  

l o w e r  p a r t  of  t h e  p l a n t .  U s u a l l y ,  a l l  t h e  b o l l s  of  a c l u s t e r  

w e r e  no t  e q u a l l y  b o l d ,  bu t  r a r e l y  s o m e  p l a n t s  w e r e  i s o -  

l a t e d  w h i c h  h a d  t h e i r  b o l l s  e q u a l l y  d e v e l o p e d  ( F i g . 2 ) .  

W i t h i n  t h e  d w a r f  c l u s t e r  t y p e s  t h e  i n t e r n o d e  l e n g t h s  v a r -  

l e d .  P l a n t s  wi th  e x t r e m e l y  s h o r t  i n t e r n o d e s  g a v e  b u n c h  

t y p e  b e a r i n g ,  w h i l e  s o m e  p l a n t s  h a d  i n t e r n o d e s  a l i t t l e  

l o n g e r  w h i c h  i s  c o n s i d e r e d  to be  h i g h l y  d e s i r a b l e  f o r  

bo l l  s e t t i n g  a n d  bo l l  d e v e l o p m e n t .  

R a r e l y  s o m e  p l a n t s  w e r e  o b s e r v e d  w h i c h  h a d  m o n o -  

p o d i a l  b r a n c h e s ,  w h i c h b o r e  b o l l s  in  c l u s t e r s  on  e l o n g a t -  

e d  o r  s h o r t e n e d  s y m p o d s .  C l u s t e r - b e a r i n g  o n  e l o n g a t e d  

s y m p o d s  i s  d e s i r a b l e  f o r  g i v i n g  b o l d e r  b o l l s  a n d  c l e a n e r  

p i c k i n g .  U s u a l l y  t h e  c l u s t e r  t y p e  s e g r e g a n t s  d id  not  c o m -  

b i n e  t h e  i n s e c t  p e s t  r e s i s t a n c e  of  t h e  r e s i s t a n t  p a r e n t s  

a n d  w e r e  s e v e r e l y  a t t a c k e d b y  j a s s i d s ,  t h u s  y i e l d i n g  l e s s .  

A l s o ,  b e a r i n g  w a s  g a p p y .  P l a n t s  s i m i l a r  to  n o n c l u s t e r  

n o r m a l  b e a r i n g  p a r e n t s  w e r e  r e c o v e r e d  i n p l e n t y .  A m o n g  

s u c h  p l a n t s ,  s h o r t  p l a n t s  w e r e  i s o l a t e d  w h i c h  a t t a i n e d  a 
l '  h e i g h t  of  a b o u t  3' to 3 ~  , w i th  s h o r t  m u l t i n o d a l  s y m p o -  

d i a  a r i s i n g  in  a s c e n d i n g  o r d e r  s t a r t i n g  f r o m  t h e  l o w e r  

p o r t i o n  of  t h e  p l a n t  ( a b o u t  6"  a b o v e  t h e  g r o u n d ) ,  a n d  

c l o s e l y  s p a c e d  n o d e s .  B o l l s  b o r n e  on  t h e s e  p l a n t s  w e r e  

b o l d e r t h a n  in  e i t h e r  of t h e  p a r e n t s  . Two c r o s s e s ,  n a m e -  

ly  H14  • P R S - 7 2  an d  5143C • P R S - 7 2 ,  t h r e w  s u c h d e s i r -  

a b l e  r e c o m b i n a n t s  a t  h i g h e r  f r e q u e n c i e s  t h a n  d id  o t h e r  

c r o s s e s .  

P e n e t r a n c e  a n d  E x p r e s s i v i t y  of  t h e  C l u s t e r  G e n e  

As  d e s c r i b e d  a b o v e ,  p e n e t r a n e e  of  t h e  g e n e  w h i c h  c o n -  

t r o l l e d  c l u s t e r  b o l l  b e a r i n g  h a b i t  w a s  c o m p l e t e .  In t h e  h e -  

m o z y g o u s  c o n d i t i o n ,  f o r  w h i c h  t h e  s y m b o l  m a y  b e  c l l c l  1, 

t h e  s y m p o d i u m  t e r m i n a t e d  in  a c l u s t e r  of  two o r  m o r e  

b o l l s  ~ The  d i f f e r i n g  p a t t e r n  of  e x p r e s s i o n  of  t h i s  e h a r a c -  

t e r  h a s  a l r e a d y  b e e n  d e s c r i b e d  a b o v e .  S i n c e  t h e  F 1 w a s  

a s  n o r m a l  a s  t h e  n o r m a l  b e a r i n g  p a r e n t s ,  t h e  h o m o z y -  

g o u s  d o m i n a n t  a n d  h e t e r o z y g o u s  c o m b i n a t i o n s ,  C l l  C l l  

a n d  C11 e l  1 g a v e  n o n c l u s t e r  n o r m a l  b e a r i n g  h a b i t .  

Though  t h e  c l u s t e r - b e a r i n g  p l a n t s  h a d  t h e i r  b o l l s  b o r n e  

in  o n e  c l u s t e r  of  m o r e  t h a n  o n e  bo l l  on  o n e  s y m p o d i u m ,  

w ide  v a r i a t i o n  in  t h e  l e n g t h  of  t h e  bo l l  b e a r i n g  b r a n c h e s  

g a v e  v a r y i n g  i n t e n s i t i e s  of  c l u s t e r i n g ,  f r o m  e x t r e m e  

c l u s t e r i n g  ( i .  e . ,  b e a r i n g  r i g h t  on  t h e  m a i n  s t e m  ) to  s p a r s e  

c l u s t e r i n g  ( w h e r e  t h e  b o l l s  a r e  s e t  a w a y  f r o m  t h e  s t e m  

a t  v a r y i n g  l e n g t h s ) .  F r e q u e n c y  d i s t r i b u t i o n  of  s y m p o d i u m  

l e n g t h  in  t h e  c l u s t e r - b e a r i n g  p a r e n t  ( P R S - 7 2  ) a n d  t h e  s e g -  

r e g a n t s  r e c o v e r e d  in  F 2 a n d  B 2 =  ( P I •  = P R S - 7 2 )  • 

•  of  t h e  f i ve  d i f f e r e n t  c r o s s e s ,  a r e  p r e s e n t e d  i n F i g .  

3 a n d  4, r e s p e c t i v e l y .  The a v e r a g e  s y m p o d  l e n g t h  of  P 1  

w as  a b o u t  s e v e n  t i m e s  t h e  a v e r a g e  s y m p o d  l e n g t h  of  P 2  

( P R S - 7 2 ) ,  t h e i r  a v e r a g e  v a l u e s  b e i n g  a b o u t  1 5 c m  a n d  

2 c m ,  r e s p e c t i v e l y .  A m o n g  t h e  P 1  s ,  4 1 9 / 4 9  h a d  t h e  

s h o r t e s t  s y m p o d s  ( 9 o 4 1 C m ) .  The s y m p o d s  of  F l s  w e r e  
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F i g .  5. F r e q u e n c y  d i s t r ibu t ion  of sympodium length fo r  
PRS-72  and c l u s t e r - b e a r i n g  F~ and B~ popula t ions  
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F i g . 4 .  F r e q u e n c y  d i s t r ibu t ion  of sympodium length fo r  
PBS-72  and f ive  c l u s t e r - b e a r i n g  b a c k c r o s s  popula t ions  

a lmos t  as  long as  those  in t h e i r  n o r m a l  pa r en t s  (P1 s)  . 

This ind ica tes  that in the c r o s s e s  s tudied ,  which had as 

one pa ren t  the c l u s t e r - b e a r i n g  PRS-72  with e x t r e m e l y  

shor t  sympods ,  l onge r  sympods  w e r e  dominant  o v e r  the 

shor t  sympods  of the c l u s t e r  p a r e n t .  The s i tua t ion  might  

be d i f fe ren t  i f  the i nhe r i t ance  of  sympod length was s tud-  

ied within the hOt, c l u s t e r  types .  

In none of the c l u s t e r  type plants  did sympod length 

c o m e  within the r ange  of the nonc lu s t e r  p a r e n t s ,  excep t  

in 419/49.  The mean  length of c l u s t e r  b o l l - b e a r i n g  b r a n c h -  

es  i n c r e a s e d  f r o m  2 . 1 3 c m  in P 2 ( P R S - 7 2 )  to 3 . 3 3 c m  

in the  B 2 ( P l s •  x P R S - 7 2 ,  and to  4 . 8 4 c m  in the 

F2s  (F ig .  5) .  This means  that the reduc t ion  in sympod  

length of  the c l u s t e r - b e a r i n g  plants  was brought  about by 

the i n c r e a s e d  p ropor t ion  of the gene com plex  f r o m  PI={S- 

72. In o the r  words ,  i f  one hundred p e r  cent  of  the gene 

com plex  of PRS-72  was capab le  of giving 2.13 cm long 

sympods ,  the c l u s t e r - b e a r i n g  F2s  , which had only 50 

p e r  cent  of  the PBS-72  gene complex ,  expec ted  to have 

about 4 . 2 6 c m  long s y m p o d s ;  s i m i l a r l y ,  the b a c k c r o s -  

s e s ,  which had about 75 p e r  cent  of the PRS-72  gene 

complex ,  would be expec ted  on a v e r a g e  to p roduce  c l u s -  

t e r - b e a r i n g  sympods  m e a s u r i n g  about 3.19 cm long.  The 

o b s e r v e d  a v e r a g e  sympod length of the c l u s t e r - b e a r i n g  

plants  of the B2s and F2s  was v e r y  c l o s e  to the e x p e c t -  

ed va lue  (0 : E = 3 . 3 3 : 3 . 1 9  fo r  B2s and 4 . 8 4 : 4 . 2 6  fo r  

F 2 s ) ,  so it s e e m s  that  sympod length of c l u s t e r - b e a r -  

ing p lants  i s  con t ro l l ed  by the gene  complex  of the pa ren t  

which donates  the c l u s t e r - b e a r i n g  habi t .  

The ef fec t  of  genet ic  background of the n o n c l u s t e r  pa -  

ren t  on the sympodium length of the c l u s t e r - b e a r i n g  s e g -  

r e g a t e s  is  a lso  ev iden t .  The a v e r a g e  sympod length of 

the d i f fe ren t  p r o g e n i e s  within the two s e g r e g a t i n g  g e n e r -  

a t ions ,  i . e . ,  F 2 and B 2 v a r i e d ,  as  g iven  below:  
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Cross 

A v e r a g e  s y m p o d  l e n g t h  ( c m )  

F 2 B 2 = F 1 •  

HI4 • PRS-72 4.68 3.87 

ResHl41 • PRS-72 4.72 2.70 

419/49 • PRS-72 4.42 3.34 

5143C • PRS-72 4.66 2.44 

Banda-I • PRS-72 5.72 3.25 

The m e a n  v a l u e s  of  s y m p o d  l eng th  in t h e  d i f f e r e n t  c r o s -  

s e s  in the  two s e g r e g a t i n g  g e n e r a t i o n s ,  a s  shown a b o v e ,  

i n d i c a t e  that  r e l a t i v e  v a l u e s  w e r e  not  c o n s i s t e n t  in the  

two g e n e r a t i o n s ,  e x c e p t  f o r  5143C •  which  had 

s h o r t e r  s y m p o d s  b o t h i n t h e  F 2 and B 2.  B a n d a - I  •  

72 had the  l o n g e s t  s y m p o d s  in F 2. The c r o s s  419 /49  • 

P R S - 7 2 ,  wh ich  had the  s h o r t e s t  s y m p o d s  in F 2 ,  had  the  

l o n g e s t  in the  B2 .  

The r e l a t i v e  d i s p e r s i o n  of  t h e  d i f f e r e n t  c r o s s e s  in t he  

two s e g r e g a t i n g  g e n e r a t i o n s ,  i . e . ,  F 2 and B2 ,  h a v e  been  

g i v e n  in F i g s . 3  and 4. The d i s p e r s i o n  p a t t e r n  i n d i c a t e s  

t ha t  the  c r o s s e s  of  P R S - 7 2  wi th  H 14, 4 1 9 / 4 9  and B a n d a -  

I had  l o w e r  v a r i a n c e s .  A c o m p a r i s o n  of  the  m e a n  v a r i -  

a n c e s  of  the  P 2 ( P R S - 7 2 ) '  F 2 ( V F 2 )  and B 2 ( V B 2 )  m a y  

be  m a d e  f r o m  F i g .  5. It s e e m s  tha t  F 2 had  about  t h r e e  

t i m e s  a s  m u c h  v a r i a n c e  a s  P R S - 7 2  wh i l e  the  B 2 f a l l s  

between P2 and F 2. 

Discussion 

The monogenic recessive inheritance of cluster boll bear- 

ing on shortened sympodia has been confirmed. It was 

observed that the pattern of clustering varied, depending 

upon the number of bolls in a cluster and length of the 

fruiting branch (sympod). All the recessivehomozygous 

plants of the genotype cl I cl I had their sympodia ter- 

minating in a cluster of bolls, but the length of the sym- 

pods varied from cross to cross and from generation to 

generation. Thus, while the penetrance of the "cluster" 

gene is complete, its expressivity interms oftheextreme 

shortening of the sympod, seen in the donor parent, is 

variable in the segregants. Therefore, the present study 

indicates that though the cluster bearing habit is control- 

led by a major gene, the length of the fruiting branch is 

governed by the genetic background or minor genes, the 

so-called modifiers. 

The cytogenetic makeup of the amphidiploid New World 

c o t t o n s  (G. h i r s u t ~  and G.barbadense) h a s  g r e a t  b e a r i n g  

on the  e x p r e s s i o n  of  c h a r a c t e r s  l i k e  c l u s t e r  bo l l  b e a r i n g .  

The f r u i t i n g  b r a n c h  s t r u c t u r e  in New W o r l d  c o t t o n  i s  c o n -  

t r o l l e d  by d u p l i c a t e  l o c i ,  c l u s t e r  (C11) in the  D g e n o m e  

and s h o r t  b r a n c h  (C12) in A g e n o m e .  C l u s t e r  (c l  1) i s  

a r e c e s s i v e  mutan t  in Go88ypium hirsutum and (c l  2) i s  

a r e c e s s i v e  mutan t  in G.barbadense. Both  m u t a n t s  f o l l o w  

a m o n o h y b r i d  s e g r e g a t i o n  wi th in  the  s p e c i e s  wi th  t h e i r  

d u p l i c a t e  n a t u r e  d i s c o v e r e d  on ly  when two s p e c i e s  a r e  

c r o s s e d  (S t ephens ,  1951, and Da l ton ,  1966) .  The g e n o -  

t y p e s  of the  two s p e c i e s  f o r  t h i s  c h a r a c t e r  m a y  be  w r i t t e n  

as c11c11/C12CI 2 and C11C11/c12c12, for G.hirautumand 

G.barbadense, respectively. The normal allele of one lo- 

cus cannot mask the mutant allele of the opposite locus. 

In the present study, therefore, the cross was made be- 

tween c11c11/C12C12 ( c l u s t e r )  • C l l C l l / C I ~ C 1  ~ (non -  

c l u s t e r ) .  F o r  a s e g r e g a n t  to be  c l u s t e r - b r a n c h e d i t  m u s t  

i n h e r i t  i t s  CllCl I f r o m  P R S - 7 2 ,  whi le  the  C12 l o c i  m a y  

e x i s t  in one  of  the  t h r e e  p o s s i b l e  f o r m s ,  v i z . ,  C12C12 o r  

C1201 ~ o r  v . 2 v  2 '  in t he  p r o p o r t i o n o f  1 : 2 : 1 .  Of c o u r s e  

no i n f o r m a t i o n  i s  a v a i l a b l e  on w h e t h e r  t h e r e  m a y  be  any 

d i f f e r e n c e  in the  p o t e n t i a l i t i e s  of  C12 and C l ~ .  H o w e v e r ,  

in the  P R S - 7 2  c l u s t e r  d o n o r  p a r e n t  the  CllCl  1 i s  e v o l v -  

ed  and a d j u s t e d  to the  C12C12 c o n d i t i o n  and to i t s  s p e c i f -  

ic  g e n e t i c  b a c k g r o u n d  which  g i v e s  e x t r e m e l y  s h o r t e n e d  

un inoded  c l u s t e r - b e a r i n g  b r a n c h e s .  It i s  p o s s i b l e  tha t  

CI~CI~ 2 and C12C1 ~ m a y  show d i f f e r e n t i a l  i n t e r a c t i o n  

with  c l  i c l  1 and thus  the  l eng th  of  f r u i t i n g  b r a n c h  m a y  d i f -  

f e r  c o m p a r e d  with the  C l lC l l /C12C12  c o m b i n a t i o n .  It 

was  a l s o  o b s e r v e d  that  wi th  an  i n c r e a s i n g  p r o p o r t i o n  of  

P R S - 7 2  gene  c o m p l e x  in the  c l u s t e r  type  s e g r e g a n t s  (B2)  , 

the  l e n g t h  of  the  s y m p o d  was  p r o p o r t i o n a t e l y  r e d u c e d .  It 

i s  a l so  e x p e c t e d  that  wi th  an i n c r e a s i n g  p r o p o r t i o n  of  

P R S - 7 2  g e n e  c o m p l e x  in the  p r o g e n i e s  t h r o u g h  b a c k c r o s s -  

ing  to t h e  c l u s t e r  p a r e n t ,  t he  f r e q u e n c y  of  cl  lCl 1/C12C12 

p r o p o r t i o n s  wi l l  i n c r e a s e .  T h e r e f o r e ,  i t  i s  l i k e l y  t h a t ,  a s  

we l l  a s  the  p r o b a b l e  c h a n g e  in the  s t r e n g t h  of  the  d u p l i -  

c a t e  C12 g e n e ,  a c h a n g e  in the  b a l a n c e  of  m o d i f i e r s  i s  

v e r y  i m p o r t a n t  in chang ing  the l e n g t h s  of  the  b o l l - b e a r -  

ing branches. This suggests that there is a dosage effect 

of the modifiers and the interaction of C12 locus with 

CllCll genotype which govern the length of cluster bear- 

ing sympods. The present findings suPport the interpre- 

tation proposed as 'dosage and interaction' by Dalton 

(1966) to explain the behaviour of cluster and short 

fruiting branch habit of interspecific and intraspecific 

crosses of New World cottons. 

To differentiate the material and paternal Cl 2 allele. 
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The f ru i t ing b ranch  lengths  of the c l u s t e r  s e g r e g a n t s  

v a r i e d  f rom c r o s s  to c r o s s .  This f u r t he r  sugges t s  the 

i m p o r t a n c e  of the quant i ta t ive  background of genes  with 

sma l l  individual  e f f e c t s .  The gene t ic  s y s t e m  of c l u s t e r -  

b e a r i n g ,  with one m a j o r  gene a s s o c i a t e d  with ~eve ra l  m o -  

d i f i e r s ,  e m p h a s i z e s  the i m p o r t a n c e  of the gene t i c  back -  

ground which may al low the op t imum e x p r e s s i o n  of the 

gene .  In the p r e s e n t  study the c r o s s  419/49 x PRS-72 ,  

in which the P 1 had the s h o r t e s t  sympods  among the n o r -  

mal  types ,  did not n e c e s s a r i l y  have c l u s t e r  s e g r e g a n t s  

with the s h o r t e s t  f ru i t ing b r a n c h e s .  This sugges t s  that 

the genes  govern ing  sympod length in the n o r m a l  types 

have l i t t l e  to do with the length of the c l u s t e r - b e a r i n g  

s y m p o d s .  
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