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S u m m a r y .  Size and va r i a t i on  in pol len s a m p l e s  were  inves t iga ted  in s eve ra l  s u c c e s s i v e l y  se l fed g e n e r a t i o n s .  
A s igni f icant  d e c r e a s e  in mean  d i a m e t e r  of pol len g ra in s  accompanied  i nb reed ing ;  a lso  de c r e a se d  va r i a t i on  in 
pol len s i ze  f rom individual  p lan ts  was obse rve d .  Since loss  of developmenta l  home os t a s i s  in the sporophyte  
could affect va r i a t i on  in  the gametophyte ,  sporophyt ic  c h a r a c t e r s  were  obse rved  as  a c o n t r o l .  The main  con-  
c lus ion  reached  in th is  s tudy was that pol len d i a m e t e r  is  inf luenced by the gametophyt ic  genotype.  

I nt roduct ion 

The effect of i nb reed ing  on the sporophyt ic  gene ra t ion  

is  ve ry  well  documented ,  but co r r e spond ing  i n f o r m a -  

t ion for  the gametophyt ic  gene ra t ion  is  s p a r s e .  Here  

we repor t  i nves t iga t ions  on the inf luence  of inbreed ing  

upon pol len d i a m e t e r s  in s u c c e s s i v e  gene ra t ions  in 

Zea mays. 

This s tudy was under taken  with the knowledge that 

many  o ther  fac to rs  can affect pol len s i z e ;  for e x a m -  

ple ,  e n v i r o n m e n t a l  fac tors  such as :  wa te r  r e l a t i o n s ,  

t e m p e r a t u r e ,  and photoper iod (Kur t z ,  L ive rman ,  and 

Tucker  1960);  m i n e r a l  nu t r i t i on  (Bel l  1959);  pos i t ion  

of the f lowers  on the plant  ; s i ze  of a n t h e r s ,  and t ime  

of an thes i s  ( B a n e r j e e  and Barghoorn  1971).  Also ,  

genet ic  fac to rs  a r e  known to be s igni f icant  in the de-  

t e r m i n a t i o n  of pol len s ize  (Sax 1935; B a r b e r  1941).  

In c o r n ,  for  example ,  pol len  s i ze  is  inf luenced  by 

gametophyt ic  e x p r e s s i o n  of the sp a l l e l e ,  r e su l t ing  in 

sma l l  pol len g ra in s  (Singleton and Mange lsdor f  1940).  

F u r t h e r m o r e ,  P e t e r s o n  and Munson (1962) found 

s l ight ly  g r e a t e r  v a r i a b i l i t y  in pol len g ra in  s ize  in 

p lan t s  having one to five B - c h r o m o s o m e s  ( a c c e s s o r y  

c h r o m o s o m e s ) ,  although the mean  s izes  r e m a i n e d t h e  

same. 

The study of pollen diameters in successively selfed 

generations is of particular interest because relative 

variability could indicate the extent to which the game- 

tophytic genotype determines the gametophytic pheno- 

type. For example, one effect of repeated selfing (and 

resulting increase in homozygosity) would be to de- 

crease genetic heterogeneity among pollen grains from 

a single plant. If variance in pollen size also decreased 

as heterozygosity of the sporophyte decreased, this 

would suggest  a l a rge  component  of gametophyt ic  de-  

t e r m i n a t i o n  of pol len s i z e .  C o n v e r s e l y ,  if pol len s ize  

is  de t e rmined  l a rge ly  by genet ic  fac tors  t r a n s c r i b e d  

in the sporophyte ,  then pol len s ize  va r i a t i on  should 

e i the r  r e m a i n  cons tan t ,  or  as  explained below,  in -  

c r e a s e  with i nb reed ing .  (Since the gametophyt ic  gen-  

e r a t i on  is  hemizygous ,  the t e r m s  heterozygous and 

hvmozygvus r e f e r ,  of c o u r s e ,  to the condi t ion in the 

sporophyte .  ) 

Recen t ly ,  S a r i - G o r l a  e t  al .  ( 1975) ,  using in  v i t r o  

t echn iques ,  found g r e a t e r  v a r i a n c e  for  pol len tube 

lengths  f rom F 1 p lan t s  than f rom t he i r  i nb red  p a r e n t s ;  

th is  i n c r e a s e d  va r i a b i l i t y  in the F 1 was a t t r ibu ted  to 

genes  t r a n s c r i b e d  in the gametophyt ic  gene ra t i on .  How- 

e ve r ,  the re  a r e  two di f f icul t ies  with i n t e rp re t i ng  the 

poss ib le  source  of gametophyt ic  v a r i a t i o n :  f i r s t ,  pa -  

ren ta l  c h a r a c t e r i s t i c s  a r e  only mode ra t e ly  useful  as 

p r e d i c t o r s  of the hybr id  gametophyt ic  qual i ty  (P fah -  

l e r  1970; S a r i - G o r l a  e t  al.  1975);  secondly ,  it is  

n e c e s s a r y  to cons ide r  the r e l a t ion  between homozygo-  

s i ty  and loss  of deve lopmenta l  h o m e o s t a s i s  in the i n -  

b r ed  sporophyte .  This loss  could be e xp r e s sed  in the 

m i c r o s p o r e  mothe r  c e l l s ,  and thus also in the g a m e -  

tophytic gene ra t i on .  

The f i r s t  diff iculty may be solved by obse rv ing  the 

t r e nd  in gametophyt ic  va r i a b i l i t y  with i n c r e a s i n g  ho- 

mozygos i ty  in s u c c e s s i v e l y  se l fed g e n e r a t i o n s ,  r a t h e r  

than in p a r e n t - h y b r i d  c o m p a r i s o n s .  The second diff i -  

cul ty may be offset by us ing compara t i ve  in fo rma t ion  

on deve lopmenta l  h o m e o s t a s i s  of the sporophyte .  Such 

a control  is  n e c e s s a r y  for two r e a s o n s ;  f i r s t ,  i n b r e e d -  

ing is known to have an effect on the developmenta l  

h o m e o s t a s i s  of the sporophyte  (Mather  1953; L e r n e r  
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1954).  In co rn ,  th is  may be e x p r e s s e d  as d e c r e a s e d  

v a r i a b i l i t y  in phenotypic  c h a r a c t e r s  in h e t e r o z y g o u s  

hybr ids  as c o m p a r e d  to homozygous  l ines  (Shank and 

Adams  1960).  In the p r e sen t  s tudy,  l o s s  of deve lop -  

menta l  h o m e o s t a s i s  in the i n c r e a s i n g l y  hemozygous  

sporophyte  could be man i f e s t ed  in g r e a t e r  v a r i a b i l i t y  

in pol len g ra in  s i z e s ,  thus poss ib ly  mask ing  g a m e t e -  

phytic inf luence  on pol len  s i z e .  Secondly ,  al though 

L e r n e r '  s t h e s i s  of the r e l a t ionsh ip  between deve lop -  

menta l  h o m e o s t a s i s  and h e t e r o z y g o s i t y  i s  often sup-  

po r t ed ,  excep t ions  do e x i s t .  Levin (1970) ,  fo r  e x a m -  

p le ,  has  ind ica ted  that poor ly  co -adap ted  gene c o m -  

p lexes  may r e su l t  in l owered  deve lopmenta l  h o m e o -  

s t a s i s  in s o m e  hyb r id s .  C a s e s  in which he t e rozygous  

hybr ids  exceeded  t he i r  inbred  pa r en t s  in v a r i a b i l i t y  of 

s o m e  phenotypic  c h a r a c t e r s  have  been r e p o r t e d  a lso  

by Jones  (1918,  1920) and by Dobzhansky and Wal lace  

(1953) .  It must  be concluded ,  t h e r e f o r e ,  that the F 1 

may  s o m e t i m e s  show an i n c r e a s e  in v a r i a b i l i t y  when 

c o m p a r e d  to i ts  inbred  pa ren t s  and t h i s ,  of c o u r s e ,  

could inf luence  pol len mo the r  ce l l  deve lopmen t .  Ac-  

co rd ing ly ,  in s tud ies  deal ing with the r e l a t i v e  v a r i a -  

b i l i ty  of hybr id  pol len and that of t h e i r  inbred  p a r e n t s ,  

it is  c l e a r l y  n e c e s s a r y  to d e t e r m i n e  the r e l a t i onsh ip  

be tween h e t e r o z y g o s i t y  and deve lopmenta l  h o m e o s t a -  

s i s  in the sporophyte  for  each c a s e .  

In the p r e sen t  s tudy,  s i z e  and v a r i a n c e  in F 1 po l -  

len g ra ins  a r e  c o m p a r e d ,  not only in the inbred  pa -  

r e n t s ,  but also in s e v e r a l  subsequent  g e n e r a t i o n s .  In 

addi t ion,  data on sporophyt ic  c h a r a c t e r s  a r e  p r e s e n -  

ted  as a cont ro l  index of deve lopmenta l  h o m e o s t a s i s  

in each g e n e r a t i o n .  

M a t e r i a l  and Methods 

Po l l en  was co l l ec t ed  f rom 42 plants  r e p r e s e n t i n g  
s u c c e s s i v e  g e n e r a t i o n s  of inbreed ing  f rom the c r o s s  
Wf9 x OH40B, grown in F l o r i d a  dur ing the win te r  of 
the 1972 s e a s o n .  M e a s u r e m e n t s  w e r e  made  using an 
o c u l a r  m i c r o m e t e r  with an A . O .  Spence r  m i c r o s c o p e  
at 430 • Po l l en  s a m p l e s  w e r e  mounted in a medium 
of l ac t i c  ac id  and IKI.  Two s l i d e s  w e r e  made f rom 
each s a m p l e ,  and 50 o b s e r v a t i o n s  w e r e  made  f r o m  
each  s l i de .  The s l ides  w e r e  p r e p a r e d  24 hours  be fo re  
the o b s e r v a t i o n s  w e r e  made :  thus al l  s a m p l e s  w e r e  
a l lowed to expand in the l ac t i c  ac id  medium for  equal  
pe r i ods  be fo re  m e a s u r e m e n t s .  M e a s u r e m e n t s  w e r e  
made  of the longes t  outs ide  d i a m e t e r  of the pol len  
g r a i n s ,  and the data  w e r e  ana lyzed  through use  of the 
B i o - m e d  p r o g r a m  BMDOIV, Ana lys i s  of V a r i a n c e  for  
one -way  des ign ,  a p r o g r a m  f r o m  the Heal th  S c i e n c e s  
Comput ing  F a c i l i t y ,  UCLA, v e r s i o n  of  June  11, 1964. 

P l an t s  used  in the study w e r e  f rom 5 g e n e r a t i o n s ,  
the  F i ,  F2, F3, Fs ,  and Fv,  and t h e t w o i n b r e d p a r e n t s ,  

Wf9 and OH40B. Six plants  f rom each gene ra t ion  w e r e  
s a m p l e d .  

The upper  por t ion  of the flag leaf  was a lso  co l l ec t ed  
f rom each plant s ampled  for  the pol len s tud ie s ,  for  
use  as an index of deve lopmenta l  h o m e o s t a s i s  in the 
sporophy te .  S t o m a t a l  length was m e a s u r e d  to give an 
e s t i m a t e  of v a r i a b i l i t y  of ce l l  s i z e s  in the sporophy te .  
Also the n u m b e r s  of s t o m a t e s  in f ie lds  of constant  
s i z e  w e r e  counted as a second  index of deve lopmenta l  
s tab i l i ty  in each  g e n e r a t i o n .  The s t o m a t e  m e a s u r e m e n t s  
w e r e  made us ing an o c u l a r  m i c r o m e t e r  with an A . O .  
Spence r  m i c r o s c o p e  at 430•  A por t ion  of the leaf  a -  
bout 5 cm below the t ip was mounted in the l ac t i c  a c id -  
IKI med ium used for  pol len expans ion .  S tomates  and 
e p i d e r m a l  ce l l s  w e r e  ea s i l y  v i s i b l e  on the abaxial  s u r -  
f ace ,  due to the c l e a r i n g  effect  of the medium on the 
leaf  t i s s u e .  Twenty m e a s u r e m e n t s  p e r  l ea f  w e r e  made  
in an a r e a  on e i t h e r  s ide  of the m i d - r i b ,  avoiding l a r g e  
v e i n s .  

S tomate  counts w e r e  made in a s i m i l a r  m a n n e r ,  in 
t e n f i e l d s  p e r  l ea f ,  at 220 x (the m e t h o d u s e d b y H e i c h e l  
1971).  

The s t andard  dev ia t ions ,  m e a n s ,  and coe f f i c i en t s  of 
v a r i a t i o n  ( S . D . / ~ )  w e r e  ca lcu la ted  for  each  p lan t ,  and 
r e g r e s s i o n  ana lys i s  was used to t es t  fo r  s igni f icant  
t r e n d s .  Also the F - t e s t  (Sokal and Rohlf  1969) was 
u s e d t o  d e t e r m i n e  whe the r  va r i a t i on  in the F i pol len 
was s ign i f ican t ly  d i f ferent  f rom that of the inbred  pa-  
ren t  s .  

Results and Discussion 

Table 1 shows the mean pollen grain diameters, in mi- 

crons, for each of the two parental lines, and also for 

the five subsequent generations studied. Statistical an- 

alysis ( see Fig. 1 ) indicated a highly significant, and 

negative, linear relationship between generations F I' 
F2, F3, F6, FT, and mean pollen diameter (r = 

-0.6164 ~*~, df = 28, P <0.01). 

The frequency distributions of pollen measurements 

of the two inbred lines, Wf9 and OH40B, and their F 1 

are shown in Fig.2. An F-test of the variances showed 

that F 1 variance was not significantly different from 

that of the female parent, Wf9 (P1) (17599,599 = 1.2096, 

N .S. ). However, F 1 variance was significantly greater 

than that of OH40B, the male parent (P2) (F599 ,599 = 

1.55, P <0.01). 

Fig. 3 summarizes the frequency distributions of 

the pollen measurements for the successively inbred 

generations, FI, F2, F3, F6, and F 7. These frequen- 

cy distributions clearly show a trend toward reduced 

variability in the inbred generations. However, the as- 

pect of particular importance to this investigation is 

the extent of phenotypic variation in the pollen sample 

of each individual sporophy%e rather than each genera- 

tion. Therefore, the coefficient of variation was cal- 

culated for the pollen sample from each plant. (The 
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Table 1.  Mean d i a m e t e r s  ( i n  m i c r o n s )  of the po l l en  
s a m p l e s  s tud i ed  f rom each  g e n e r a t i o n .  E a c h  g e n e r a -  
t ion m e a n  r e p r e s e n t s  a to ta l  of  600 o b s e r v a t i o n s ,  100 
f rom each  of  the  6 p lan t s  in each  g e n e r a t i o n  

G e n e r a t i o n  P o l l e n  G r a i n  D i a m e t e r  Means  (1~) 

F~ I00 .85  ( +- 0 .618)  
F2 99.04 ( + 0 .537)  
F3 98.77 (-+ 0 .816)  
Fa 97.14 ( + 0.517) 
F7 94.03 ( + 0.497) 
P1 ( w f g )  93.71 (+ 0 .657)  
P2 (OH40B) 100.22 ( _+ 0 .  577) 
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Fig.l. Relationship between pollen diameter and 
generation. The generation means are shown as data 
points; the regression equation for the line which fits 
these points is: ~= 98 + (-0.I070)~. The data points 
are in microns; the standard errors of the means are 
indicated by the vertical lines 
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Fig .2. Frequency distributions of pollen grain dia- 
meters of an inbred line pair and their F• Measure- 
ments are in optical units (one unit = 1.75 microns). 
The mean for each distribution is indicated by an ar- 
row 

coefficient of variation (C .V. = S.D./~') allows com- 

parisons of variability between populations having dif- 

ferent means. The higher the calculated C .V. value, 

the more variable the population is for that character. ) 

These data, summarized in Fig.4, were used in a re- 

gression analysis to determine whether variation in 

pollen samples from individual plants changed signi- 

ficantly during inbreeding, F 1 through F 7. The de- 

crease in variation in pollen diameter through in- 

creasingly inbred generations was also highly signifi- 

cant (r = - 0.5530**, df = 28, P <0.01). 

It is important to aks what influence the quality of 

the sporophyte has upon pollen variation; certainly 

the decrease in pollen means from the F i through F 7 

indicates a significant sporophytic effect (see Fig.2). 

Also, the increasing similarity between members of 

increasingly inbred generations would result in smal- 

ler differences between pollen from separate plants 

(see Fig.3). However, neither of these can account 

for the observed decrease in variation in pollen sizes 

within individual plants (see Fig. 4 ). Additional evi- 

dence on this point is provided by the control measu- 

rements on developmental homeostasis in the sporo- 

phyte. A regression analysis of the coefficients of 

variation based on stomatal frequency revealed no 

significant change from the F 1 through the F 7 (r = 

- 0.219, df = 33, N.S.). Similar analysis of the sto- 

mate lengths also showed no significant change in var- 

iation from the F I to the F 7 (r = 0.163, dr=28, N.S.). 

On the basis of the characters observed in these two 

controls, it must be concluded that inbreeding did not 

have a detectable effect upon developmental homeo- 

stasis in the sporophyte. In this study, therefore, it 

seems unlikely that changes in gametophytic variance 
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Fig  .3 .  F r e q u e n c y  d i s t r ibu t ions  of  pol len g r a i n  d i a m e t e r s  of  s u c c e s s i v e l y  se l fed  
g e n e r a t i o n s .  M e a s u r e m e n t s  a r e  in opt ical  units  (one unit  = 1 .75 m i c r o n s ) .  The 
a r r o w s  indicate  the mean  d i a m e t e r  for  each  g e n e r a t i o n .  P lo t t ing  each  of  these  
f ive d i s t r ibu t ions  on n o r m a l  p robab i l i ty  pape r  r e v e a l e d  no obvious dev ia t ions  
f rom n o r m a l i t y ,  except  for  s o m e  s l ight  l ep tokur tos i s  in the s m a l l e r  s i z e  c l a s s e s  

10 
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Fig.4. Rela t ionsh ip  between coefficient of variability 
of pollen diameters and generation. The data points 
indicate the coefficient of variability for the individual 
plants in each generation. The higher the calculated 
C .V. value, the more variable the population is for 
the character in question. Regression analysis using 
these data showed a highly significant decrease in 
variation in pollen diameter over the five successive- 
ly selfed generation (r  = -0.5530**, df= 28, P <0.01) 

could be a t t r ibu ted  to changes  in sporophyt ic  v a r i a n c e .  

Acco rd ing ly ,  a m o r e  r e a s o n a b l e  i n t e r p r e t a t i o n  of the 

o b s e r v e d  reduc t ion  in gametophy t i c  v a r i a n c e  is that 

pol len  s i z e  is  s ign i f i can t ly  inf luenced  by the g a m e t o -  

phytic  genotype .  
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