
Theor .  Appl.  Genet .  50, 173-177 (1977) 

~ by Springer-Verlag 1977 

Genotypic Effects on the Amino Acid Relationships in Maize 
(Zea mays L.) Pollen and Style 
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U n ive r s i t y  of Ni jmegen ,  Ni jmegen  ( the  Ne the r l ands )  and Un ive r s i t y  of F l o r i d a ,  Ga inesv i l l e ,  F l o r i d a  (USA) 

S u m m a r y .  The f r e e  amino acid  content  of the pol len g ra in s  and the s ty le  f rom t h r e e  s ing le  c r o s s  hybr ids  (Wf9 • 
H55, Ky49 x Ky27, K64 x K55) and two inbred  l ines  (Oh43, H55) was de t e rmined .  No t y r o s i n e  was de tec ted  in 
the pol len  g ra in s  of any genotype.  Signif icant  d i f f e r ences  between pol len genotypes  w e r e  found for  a s p a r t i c  acid,  
th reon ine ,  s e r i n e ,  ly s ine  and h i s t id ine  with no effect  r e su l t ing  f rom the v igor  of the pol len s o u r c e .  No p ro l ine  
was found in the s ty l e  of any genotype.  Signif icant  d i f f e r ences  between s ty le  genotypes  were  obtained for t h r e o -  
nine,  s e r i n e ,  g lu tamic  acid,  l euc ine ,  t y ros ine ,  e thanolanine,  _~ aminobutyr ic  ac id  and h is t id ine  with a r e l a t i o n -  
ship between v igo r  of the s ty le  genotype p re sen t  for  t y r o s i n e ,  e thanolanine  and c~ aminobu ty r i c  ac id .  The r e l a -  
t ionship  be tween the pol len  and s ty le  leve l  for  each amino acid  as inf luenced by genotype  was analyzed .  A s ign i -  
f icant  nega t ive  c o r r e l a t i o n  was found only for  th reon ine .  Apparen t ly ,  a c o m p l e m e n t a r y  r e l a t i onsh ip  between the 
pol len and s ty l e  ex i s t s  for  s o m e  amino ac ids .  P r o l i n e  and t y r o s i n e  a r e  ava i l ab le  only f rom the pol len and s ty le  
r e s p e c t i v e l y .  Threonine  l e v e l s  a r e  ba lanced with vary ing  cont r ibu t ions  f rom both pol len and s ty le  depending on 
the genotype.  
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In t roduct ion  

Knowledge r e g a r d i n g  the p o l l e n - s t y l e  i n t e r ac t ion  and 

i ts  r e l a t i onsh ip  to d i f fe ren t ia l  m a l e  t r a n s m i s s i o n  of 

gene t ic  i n fo rma t ion  is  e x t r e m e l y  l imi t ed .  F e r t i l i z a -  

t ion abi l i ty  or  in vivo s tud ies  in m a i z e  have shown 

that m a l e  t r a n s m i s s i o n  r a t e s  a r e  inf luenced both by 

the pol len  and s ty le  genotype ( P f a h l e r  1965, 1967, 

1974). 

At the p r e sen t  t i m e  the spec i f i c  p r o c e s s e s  in the 

p o l l e n - s t y l e  i n t e r a c t i o n  which could  poss ib ly  inf luence  

m a l e  t r a n s m i s s i o n  r a t e s  a r e  unknown. However ,  du- 

r ing  the in i t ia l  phases  of g e r m i n a t i o n  and tube growth,  

an exchange  of numerous  b i o l o g i c a l l y - a c t i v e  subs tances  

including f r e e  amino ac ids  o c c u r s  between the pol len  

g r a in  and s ty le  (Linskens 1967; Linskens and Sch rau -  

wen 1969; Stanley and Linskens 1965). F r e e  amino 

acids  r e p r e s e n t  a va luable  r e s e r v e  m a t e r i a l  which 

can  be u t i l i zed  for  d i rec t  i nco rpo ra t i on  into e s s e n t i a l  

p ro t e in s ,  as  a s o u r c e  of ene rgy  and n i t rogen  and as 

a m e d i a t o r  in many impor tan t  phys io log ica l  r e a c t i o n s .  

The spec i f i c  funct ions of f r e e  amino acids  i n the  po l l en -  

s ty le  i n t e r ac t i ons  a r e  unknown. However ,  the l a r g e  

amounts  of c e r t a i n  f r e e  amino ac ids  in the pol len 

g ra in s  of mos t  s p e c i e s  sugges t  that  t he i r  p r e s e n c e  

and activities are of major importance (Britikov 1975 ; 

Britikov et al. 1964, 1970; Tup~r 1964). Recent studies 

(Linskens and Pfahler 1973 ; Pfahler and Linskens 

1970) have indicated that pollen genotype influences 

the content of certain free amino acids in ungermin- 

ated maize pollen grains. Therefore, the amount and 

balance of free amino acids in the pollen and style 

may be a factor in differential male transmission. 

This study reports the free amino acid content of 

the ungerminated pollen grains and unpollinated style 

from three hybrids and two inbreds of maize. The in- 

fluence of genotype and vigor on each amino acid was 

determined in both the pollen and style. The relation- 

ship between the pollen and style for those free amino 

acids found to be under genotypic control was analyzed 

in an effort to elucidate pollen-style interactions which 

could contribute to differential male transmission. 

Material and Methods 

Pollen grains and styles were collected from at least 
25 plants in each of three single cross hybrids, Wf9x 
H55(W), Ky49 • K64 • andtwo 
inbreds, Oh43(0), H55(H). The hybrid group was 
more vigorous than the inbred group. Pollen was col- 
lected and screened by the method of Pfahler (1965). 

Unpollinated styles (bagged before emergence) 
were collected and cut into 1 cm sections to hasten 
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Tab le  1. A m i n o  a c i d  c o n t e n t  (~  m o l e s / m g  d r y  w e i g h t )  of  p o l l e n  g r a i n s  a n d  s t y l e s  f r o m  e a c h  g e n o t y p e  

Amino acid Tissue Genotype F value M i n i m u m  d i f f e r e n c e s  

W Ky K O H 57~ IX 

A s p a r t i c  a c i d  P o l l e n  6 . 9  9 . 3  5 . 7  4 . 2  9 . 5  2 0 . 8 4  ++ 1 . 9  3 .1  
S ty l e  7 . 5  7 . 3  7 . 1  5 . 0  5 .2  4 . 5 9  

T h r e o n i n e  P o l l e n  12 .2  2 5 . 1  2 1 . 2  1 1 . 0  1 9 . 0  1 4 . 3 6  ++ 6 . 0  9 . 5  
S t y l e  1 2 . 4  6 . 4  6 . 5  1 5 . 0  1 1 . 1  8 5 . 9 1  ++ t . 5  2 . 5  

S e r i n e  P o l l e n  4 3 . 7  3 2 . 4  3 7 . 9  1 4 . 4  3 3 . 0  8 . 4 9  + 1 4 . 4  
S ty l e  17 .6  1 1 . 2  9 . 8  1 6 . 2  1 9 . 0  14 .16  ++ 4 .1  6 . 5  

G l u t a m i c  a c i d  P o l l e n  1 1 . 9  1 4 . 6  1 0 . 0  1 1 . 7  1 4 . 9  1 .36  
S ty le  6 . 8  4 . 4  2 . 5  6 . 3  3 . 6  6 . 6 6  + 2 . 7  

P r o l i n e  P o l l e n  1 8 7 . 6  1 5 3 . 1  1 8 0 . 6  1 9 4 . 6  2 1 0 . 0  0 . 8 4  
S ty le  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

A l a n i n e  P o l l e n  2 2 . 3  1 5 . 6  1 5 . 7  1 2 . 4  1 7 . 3  5 . 0 3  
S ty l e  2 7 . 0  2 2 . 5  2 3 . 4  2 1 . 6  1 9 . 9  3 . 9 6  

V a l i n e  P o l l e n  3 . 1  1 . 8  3 . 1  3 . 8  3 . 2  0 . 8 8  
S ty l e  4 . 2  3 . 9  4 . 6  3 . 2  3 . 0  3 . 9 6  

I s o l e u c i n e  P o l l e n  0 . 3  0 . 4  0 . 3  1 . 3  0 . 4  0 . 7 8  
S ty l e  1 . 3  1 . 2  1 .6  1 .3  0 . 9  5 . 0 0  

L e u c i n e  P o l l e n  0 . 3  0 . 6  0 . 5  1 . 4  0 . 5  0 . 8 8  
S ty l e  0 . 7  0 . 5  1 . 1  0 . 8  0 . 6  4 5 . 0 0  ++ 0 . 1  0 . 2  

T y r o s i n e  P o l l e n  0 . 0  O. 0 0 . 0  0 . 0  0 . 0  
S ty l e  1 4 . 8  1 5 . 7  18 .1  7 . 4  1 0 . 2  3 4 . 7 7  ++ 2 . 8  4 . 4  

E t h a n o l a n i n e  P o l l e n  2 1 . 4  1 7 . 4  1 5 . 7  2 0 . 6  3 4 . 6  3 . 9 7  
S ty le  2 . 3  2 . 4  1 . 9  4 . 0  3 . 6  1 4 . 7 3  ++ 0 . 9  1 . 4  

_~ A m i n o b u t y r i c  
a c i d  P o l l e n  3 . 6  2 . 8  5 .1  3 . 2  5 . 3  1 . 6 8  

S ty l e  8 . 6  1 2 . 2  8 . 5  4 .1  6 . 6  8 . 0 1  + 4 . 0  
NH3 P o l l e n  1 5 . 4  1 6 . 8  1 7 . 1  1 8 . 7  16 .6  0 . 3 6  

S ty l e  6 3 . 0  9 0 . 8  5 8 . 1  4 3 . 4  4 4 . 7  0 . 3 4  
L y s i n e  P o l l e n  1 . 3  2 . 2  2 . 9  0 . 4  2 . 5  5 0 . 0 0  ++ 0 . 5  0 . 9  

S ty l e  0 . 3  0 . 4  0 . 3  0 . 4  0 . 3  1 . 2 5  
H i s t i d i n e  P o l l e n  1 .5  1 . 7  1 .1  1 .2  2 . 8  5 0 . 4 2  ++ 0 . 4  0 . 6  

S ty l e  0 . 6  0 . 2  0 . 3  0 . 4  0 . 2  6 4 . 0 0  ++ 0 . 1  0 . 2  

+ '  ++ F v a l u e s  s i g n i f i c a n t  a t  t h e  5 a n d  1 ~ l e v e l  r e s p e c t i v e l y  

d r y i n g .  At  t h e  t i m e  of  c o l l e c t i o n ,  t h e  s t y l e s  h a d  a t -  
t a i n e d  m a x i m u m  l e n g t h .  I m m e d i a t e l y  a f t e r  c o l l e c t i o n ,  
t h e  p o l l e n  a n d  s t y l e  s e c t i o n s  w e r e  r a p i d l y  d r i e d u s i n g  
s i l i c a  ge l  a s  a d e s i c c a n t  a n d  a t e m p e r a t u r e  of 3 0 ~  

A m i n o  a c i d  c o n t e n t  w as  d e t e r m i n e d  by  w e i g h i n g  
5 m g  of p o l l e n  g r a i n s  o r  10 m g  of  s t y l e s  in  a c e n t r i -  
fuge  t u b e  a n d  t h e n  a d d i n g  2 m l  of  t h e  e x t r a c t i o n  m e -  
d ium (25 m l  d o u b l e  d i s t i l l e d  w a t e r :  1 m l  t h i o d i g l y c o l :  
70 m g  c i t r i c  a c i d  p . a .  : 73 m l  e t h a n o l )  a n d  150 
m o l e s  n o r l e u c i n e  a s  a n  i n t e r n a l  s t a n d a r d .  The  m i x -  
t u r e  w a s  c e n t r i f u g e d  f o r  10 m i n  a t  20000  g a n d  t h e n  
t h e  s u p e r n a t a n t  w a s  r e m o v e d :  A s e c o n d  e x t r a c t i o n  
w i th  2 m l  of  t h e  m e d i u m  w a s  c o n d u c t e d  o n  t h e  r e s i -  
due  w i th  t h e  s a m e  c e n t r i f u g a t i o n  s c h e d u l e .  The  two 
2 m l  s u p e r n a t a n t s  w e r e  c o m b i n e d  w i th  10 m l  c h l o r o -  
f o r m  a n d  t h i s  m i x t u r e  w a s  c e n t r i f u g e d  f o r  5 m i n  a t  
3000 g.  F o r  t h e  p o l l e n ,  t h e  s u p e r n a t a n t  f r o m  t h i s  
c e n t r i f u g a t i o n  w a s  p a r t i a l l y  d r i e d  to  r e m o v e  t h e  a l -  
c o h o l i c  c o m p o n e n t s  a n d  t h e  d r y  r e s i d u e  wa s  d i s s o l v e d  
in  0 . 2  N s o d i u m  c i t r a t e  (pH 2 . 2 )  f o r  a n a l y s i s  in  t h e  
a m i n o  a c i d  a n a l y z e r  ( J e o l  6 A H ) .  F o r  t h e  s t y l e ,  a 
f u r t h e r  p u r i f i c a t i o n  of  t h i s  s u p e r n a t a n t  w a s  r e q u i r e d  
to r e m o v e  s u g a r s  a n d  p r o t e i n s .  Th i s  w a s  d o n e  by 
p a s s i n g  t h e  s u p e r n a t a n t  t h r o u g h  a s u l f o n a c i d  c o l u m n  
( D o w e x  50 •  2 5 - 5 0  m e s h ,  8 ~  c r o s s l i n k a g e s )  to  
c o u p l e  t h e  a m i n o  a c i d s  to  t h e  r e s i n .  A f t e r  t h e  s u g a r s  
a n d  p r o t e i n s  w e r e  e l u t e d ,  t h e  a m i n o  a c i d s  w e r e  r e -  
m o v e d  f r o m  t h e  r e s i n  u s i n g  5N N H ,  OH. Then  t h e  s o -  
l u t i o n  c o n t a i n i n g  t h e  a m i n o  a c i d s  w a s  d r i e d  a n d  t h e  

r e s i d u e  d i s s o l v e d  in  0 . 2  N s o d i u m  c i t r a t e  (pH 2 . 2 )  
f o r  a n a l y s i s .  

F o r  e a c h  a m i n o  a c i d ,  a n  a n a l y s i s  of v a r i a n c e  i n -  
c l u d i n g  a l l  g e n o t y p e s  was  p e r f o r m e d  f o r  t h e  p o l l e n  
a n d  s t y l e  a n a l y s e s  s e p a r a t e l y .  The m i n i m u m  d i f f e r -  
e n c e s  f o r  s i g n i f i c a n c e  p r e s e n t e d  in  T a b l e  1 w e r e  o b -  
t a i n e d  f r o m  D u n c a n ' s  r a n g e s  u s i n g  f o r  p o n l y  t h e  
m a x i m u m  n u m b e r  of m e a n s  to b e  c o m p a r e d  ( H a r t e r  
1 9 6 0 ) .  L i n e a r  r e g r e s s i o n  t e c h n i q u e s  o u t l i n e d  by  Sne-  
d e c o r  ( 1 9 5 6 )  w e r e  u s e d  to d e s c r i b e  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  p o l l e n  a n d  s t y l e  f o r  e a c h  a m i n o  a c i d .  

R e s u l t s  

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

s t y l e s  a r e  s h o w n  in  Tab le  1. No t y r o s i n e  w a s  p r e s e n t  

in  t h e  p o l l e n  g r a i n s  of  a n y  g e n o t y p e .  F o r  p o l l e n  g r a i n s ,  

s i g n i f i c a n t  d i f f e r e n c e s  a m o n g  g e n o t y p e s  w e r e  f o u n d  

f o r  a s p a r t i c  a c i d ,  t h r e o n i n e ,  s e r i n e ,  l y s i n e  a n d  h i s t i -  

d ine  w i th  no c o n s i s t e n t  r e l a t i o n s h i p  b e t w e e n  v i g o r  a n d  

t h e  c o n t e n t  of t h e s e  a m i n o  a c i d s  e v i d e n t .  No p r o l i n e  

was  found  in  t h e  s t y l e s  of  a n y  g e n 0 t y p e .  F o r  s t y l e s ,  
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Table 2. The r e l a t i o n s h i p  be tween the  amino  ac id  L I 
content  of the  po l len  g r a i n s  and s t y l e s  a s  e x p r e s s e d  f. 
by l i n e a r  r e g r e s s i o n  equat ions  

Amino  a c i d  equat ion Linear  r e g r e s s i o n  t va tue  ~ ~_ 

A s p a r t i c  a c id  y ; 5 . 7 6 + 0 . 0 9 3 x  0 .309 -- ~ , 1 2  E 
Threonine  y=20 .63 -0 .  585x 4. 423 + ~ [ -  
Ser ine  y=16 .00 -0 .  038x 0. 180 i I~ t 
G lu t amic  ac id  y = 4 . 9 5 - 0 .  018x 0. 231 
Atan ine  y=14.40+0.  509x 1.685 
Val ine  y = 4 . 6 8 - 0 .  299x 0. 060 ~' et- 
I so l euc ine  y= l .  26-0 .  O03x O. 009 ~ 
Leucine y=O. 71+0.052x 1.690 e k E thanolan ine  y= l .  24+0. 073x 1. 304 I 
~ A m i n o b u t y r i c  a c id  y=10 .67 -0 .  067x 0.286 Io 
~IH3 y=lS .  99-5.  906x 0. 680 
Lysine  y=0 .39 -0 .  028x 1. 037 
H i s t i d ine  y = 0 . 5 3 - 0 ,  l14x 0. 919 

+ b va lue  in the  r e g r e s s i o n  equat ion s ign i f ican t  f rom 
z e r o  at the  5 7~ leve l  

I I I I I I I I I I I I I I I I ,  

I 

l i l l i l l l l l l i l i l l  
12 14 16 18 20 22 24 26 

POLLs 

Fig. I. The influence of genotype on the threonine con- 
tent of the pollen grains and styles as indicated by 
linear regression 

significant differences among genotypes were found 

for threonine, serine, glutamic acid, leucine, tyro- 

sine, ethanolanine, c~ aminobutyric acid and histidine. 

Vigor was associated with the amount of certain amino 

acids in the styles. In comparison to the three hybrids 

as a group, the two inbreds as a group had a lower 

content of tyrosine and c~ aminobutyric acid and a 

higher content of ethanolanine. 

The linear regression equations characterizing 

the relationship between the amino acid content of the 

pollen grains and styles as influenced by genotype 

are presented in Table 2. With the exception of threo- 

nine, the b values were small and not significant 

from zero. The significant inverse relationship for 

t h r eon ine  i s  i l l u s t r a t e d  g r a p h i c a l l y  in F i g .  1. In gen-  

e r a l ,  the  o b s e r v e d  da ta  fi t  the  l i n e a r  r e g r e s s i o n  l ine  

within r e a s o n a b l e  l i m i t s  with e v e r y  1 _~ m o l e / m g  dry  

weight d e c r e a s e  in s t y l e  content  a c c o m p a n i e d  by a 

0. 585 i! m o l e / r a g  d ry  weight i n c r e a s e  in po l len  g r a i n  

content .  

Discussion 

In the genetic analysis of the pollen grain-style inter- 

action, the fact that different ploidy levels are involved 

must be considered. Genetically, the pollen grain is 

haploid and thus, the effect of all alleles inthe genome 

is expressed. Since heterosis is a major factor in- 

fluencing the expression of quantitative characters in 

maize, the sporophyte producing the pollen grains 

can manifest heterosis while the pollen grains tech- 

nically cannot. On the other hand, styles are geneti- 

cally diploid and as a result, the effect of certain 

alleles can be altered depending on the type of gene 

action involved. Also, styles can exhibit heterotic 

effects. Therefore, the genetic effects in the pollen 

grain-style interaction include not only classical gen- 

etic elements and patterns but also haploid and diploid 

components with possible heterotic expression. 

Considerable diversity in the amino acid content 

of the pollen grains was found in this study. A high 

level of proline was present with no significant geno- 

typic effect detected. Other studies with maize pollen 

grains have shown that certain endosperm mutants 

(Pfahler and Linskens 1970) and pollen storage in- 

teracting with endosperm mutants (Linskens and 

Pfahler 1973) alter proline a small but statistically 

significant amount. The presence of extremely high 

levels of proline in the pollen grains of many species 

led to the postulation that proline was involved in 

fundamental reactions in the sexual process (Bathurst 

1954; Britikov et al. 1964). Proline was found to be 

an important source of nitrogen in plant metabolism 

(Britikov 1975; Britikov et al. 1970; Linskens and 

Schrauwen 1969). In this study no tyrosine was found 

in the pollen grains of any genotype. Apparently, ty- 

rosine is not necessary to maintain the viability of 

the pollen grain when independent, and if necessary 

for germination and tube growth, adequate amounts 
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must  be suppl ied  by the s ty le .  The content  of c e r t a i n  

amino ac ids  was inf luenced by pol len genotype but no 

pronounced  and cons i s t en t  effect  was r e l a t e d  to the 

v igor  of the pol len s o u r c e .  C e r t a i n  endosperm m u -  

tants  ( P f a h l e r  and Linskens 1970) and pol len  s t o r a g e  

in te rac t ing  with c e r t a i n  endospe rm mutants  (Linskens 

and P fah l e r  1973) w e r e  shown to a l t e r  c e r t a i n  amino 

ac ids .  Informat ion  on the effect  of pol len s o u r c e  v igor  

on b iochemica l  cons t i tuen ts  is  e x t r e m e l y  l imi ted .  Ash 

p e r c e n t a g e  of m a i z e  pol len g ra in s  was found to be 

c lo se ly  a s s o c i a t e d  with pol len s o u r c e  v igor  ( P f a h l e r  

and Linskens 1974). 

Substantial  va r i a t i on  in the amino ac id  content  of 

the s ty le s  was found. No p ro l ine  was p re sen t  in any 

genotype indicat ing that if p ro l ine  is  n e c e s s a r y  for 

pollen g e r m i n a t i o n  and tube growth,  it must  be con-  

t r ibu ted  by the pol len  g ra in .  

Signif icant  d i f f e rences  between s ty le  genotypes  

for c e r t a i n  amino acids  were  found with a r e l a t i onsh ip  

between the v igor  of the s ty le  genotype p re sen t  for  

t h r e e  amino  ac ids .  No in fo rmat ion  is  ava i l ab le  r e g a r -  

ding the effect  of genotype o r  v igor  on the amino ac id  

content of the s ty l e s .  However ,  ash p e r c e n t a g e  of 

m a i z e  s ty l e s  was found to be r e l a t e d  to v igo r  l eve l  

( P f ah l e r  and Linskens 1974). 

The s c a r c i t y  of in fo rma t ion  about the gene t ic  in-  

f luence on the b iochemica l  cons t i tuen ts  and pathways 

in pol len g r a i n s  and s ty le s  and the complex i ty  of the 

pol len g r a i n - s t y l e  i n t e r ac t ion  makes  ana lys i s  of the 

m e c h a n i s m s  a s s o c i a t e d  with d i f fe ren t ia l  m a l e  t r a n s -  

m i s s i o n  e x t r e m e l y  diff icul t .  Di f fe ren t ia l  m a l e  t r a n s -  

m i s s i o n  by the pol len  g ra in s  f rom the hybr ids  used  

in this  study has  been e s t ab l i shed  ( P f ah l e r  1965, 1967). 

Pos s ib ly  t he se  d i f f e r ences  r e su l t  f rom va r ious  l e v e l s  

of c e r t a i n  amino ac ids  in the pol len  g r a i n s  and s ty le s  

so that a fo rm of amino ac id  complemen ta t i on  o c c u r s .  

If this  is the c a s e ,  the t r a n s m i s s i o n  of a pol len g ra in  

will be a l t e r e d  by i ts  level  of c e r t a i n  amino ac ids  in 

r e l a t i o n t o  the leve l  of c e r t a i n  amino ac ids  in the s ty le .  

The nega t ive  r e l a t i onsh ip  found in th is  s tudy with t h r e -  

onine sugges t s  that a m e c h a n i s m  of this  na tu re  may  

be a cont r ibut ing  fac to r  in d i f fe ren t ia l  m a l e  t r a n s -  

m i s s i o n .  However ,  much m o r e  knowledge must  a c c u -  

mula te  be fo re  a c o m p l e t e  and meaningful  explanat ion 

is  pos s ib l e .  

Acknowledgment  

S ince re  app rec i a t i on  is e x p r e s s e d  to the la te  M. van 
der  Donk and M . G ~  Buis  for  a s s i s t a n c e  in the amino  
acid  ana lyses  and to H~ Anspach and W.T.  Mixon 
for  a s s i s t a n c e  in the co l l ec t ion  and p r e p a r a t i o  n of the 
m a t e r i a l .  

L i t e ra tu re  

Bathurs t ,  N .O .  : The amino ac ids  of g r a s s  pol len.  
J .  Exp.  Bot.  5, 253-256 (1954) 

Br i t ikov ,  E . A .  : B io l i g i t s cheska j a  rol j  p ro l ina  Mos-  
kwa, 1975 

Br i t ikov ,  E . A .  ; Musatova,  N .A .  ; V l a d i m i r t s e v a ,  
S. V. ; P ro t s enko ,  M . A .  : P r o l i n e  in the r e p r o -  
duct ive  sys tem of plants .  In: Po l l en  physiology 
and f e r t i l i z a t i on  (ed.  Linskens ,  H . F . ) ,  pp. 77-85.  
A m s t e r d a m :  Nor th -Hol l and  Publ .  1964 

Br i t ikov ,  E . A .  ; Schrauwen,  J .  ; Linskens,  H . F .  : 
P r o l i n e  as a s o u r c e  of n i t rogen  in plant m e t a b o -  
l i s m .  Acta  Bot.  Nee r l .  1...99, 515-520 (1970) 

H a r t e r ,  H.L.  : C r i t i c a l  va lues  for  Duncan ' s  mul t ip le  
range  t e s t .  B i o m e t r i c s  1...66, 671-685 (1960) 

Linskens,  H . F .  : Po l len .  Encyc lop .  Plant  Phys io l .  
18, 368-406 (1967) 

Linskens,  H . F .  ; P f ah l e r ,  P . L .  : B iochemica l  c o m -  
pos i t ion  of m a i z e  (Zea mays L. ) pol len.  III. E f -  
fec ts  of a l l e l e  x s t o r a g e  in t e r ac t ions  at the waxy 
(w....xx), suga ry  (s._u_ul) and shrunken  (s_.hh~) loci  on 
the amino ac id  content .  Theor.  Appl.  Genet .  4.~3, 
49-53 (1973) 

Linskens,  H . F .  ; Schrauwen,  J .  : The r e l e a s e  of f r e e  
amino ac ids  f rom ge rmina t i ng  pol len.  Acta  Bot.  
N e e r l .  1..88, 605-614 (1969) 

P fah le r ,  P .L .  : F e r t i l i z a t i o n  abi l i ty  of m a i z e  pol len 
g r a in s .  I. Po l l en  s o u r c e s .  Gene t i c s  52, 513-520 
(1965) 

P fah l e r ,  P .L .  : F e r t i l i z a t i o n  abi l i ty  of m a i z e  pol len 
g r a in s .  II. Po l len  genotype,  f ema le  sporophyte  
and pol len  s t o r a g e  i n t e r ac t i ons .  Gene t i c s  5...~7, 
513-521 (1967) 

P fah le r ,  P .L .  : F e r t i l i z a t i o n  abi l i ty  of m a i z e  pol len 
g r a in s .  IV. Inf luence of s t o r a g e  and the a l l e l e s  
at the shrunken,  sugary  and waxy loc i .  In: F e r -  
t i l i za t ion  in h igher  plants  (ed.  Linskens,  H. F ,  ) ,  
pp. 15-25. A m s t e r d a m :  Nor th -Hol l and  Publ .  
1974 

P fah l e r ,  P .L .  ; Linskens ,  H . F .  : B iochemica l  c o m -  
pos i t ion  of m a i z e  (Zea mays L. ) pol len.  I. Ef fec t s  
of the endosperm mutants ,  waxy (w...~x), shrunken 
(s_..hh2) and sugary  (s_~ui) on the amino ac id  content  
and fatty ac id  d i s t r ibu t ion .  Theor .  Appl.  Genet .  
40, 6-10 (1970) 

P fah l e r ,  P . L .  ; Linskens,  H . F .  : Ash p e r c e n t a g e  and 
m i n e r a l  content  of m a i z e  (Zea mays L. ) pol len and 
s ty le .  I. Genotypic e f fec t s .  Theor .  Appl.  Genet .  
45, 32-36 (1974) 

Snede---cor, G.W.  : S ta t i s t ica l  Methods,  5th edn. A m e s ,  
Iowa: Iowa State Un ive r s i ty  P r e s s  1956 

Stanley,  R . G .  ; Linskens,  H . F .  : P r o t e i n  diffusion 
f rom ge rmina t i ng  pol len.  Phys io l .  P lant .  l.~8, 47- 
53 (1965) 



H . F .  Linskens  and P . L .  P f a h l e r :  Genotypic  Ef fec t s  on Amino  Ac id  in Maize  177 

Tup~r, J .  : Me tabo l i sm  of p r o l i n e  in s t y l e s  and pol len  
tubes  of Nieotiana a l a t a .  In: Po l l en  phys io logy  

and f e r t i l i z a t i o n  (ed .  L inskens ,  H . F . ) ,  pp.  88-  
94, A m s t e r d a m :  N or th -H o l l a nd  Publ .  1964 

R e c e i v e d  A p r i l  15, 1977 P r o f .  Dr .  H . F .  Linskens  
D e pa r tme n t  of Botany 
Un ive r s i t y  of N i jmegen  
Toernoo ive ld  
N i jmegen  ( the N e t h e r l a n d s )  

P r o f .  Dr .  P . L .  P f a h l e r  
D e pa r tme n t  of A g r o n o m y  
U n ive r s i t y  of F l o r i d a  
G a i n e s v i l l e ,  F l o r i d a  32611 (USA) 


