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The Influence of RNA-Synthesis Inhibitors on in vivo Pollen Tube 
Growth and the Self-Incompatibility Reaction 

in Lilium longitlorum Thunb.* 

PETER D. ASCHER 

D e p a r t m e n t  of Hor t icul tura l  Science, Univers i ty  of Minnesota, St. Paul  (USA) 

Summary. Injection of 3 • t0 -4 g/ml acridine orange, 2 • 10 -5 g/ml actinomycin-D, or 1.34 • 10 -3 g/ml 6-methyl- 
purine in stigmatic exudate into the hollow styles of Lilium longiflorum immediately before, or 6 or 12 hr after pollina- 
tion restricted compatible pollen tube growth to lengths typical of incompatible tubes. Treatment 24 hr after polli- 
nation resulted either in no effect on compatible tube growth or in a significant retardation of compatible tube growth 
but  not to the length of tubes in incompatibly pollinated styles. Aqueous solutions of these inhibitors at the same con- 
centrations injected into lily styles 6 or 12hr beforepollination significantly stimulated incompatible pollen tube growth. 
These results suggest that  RNA synthesis in the style is necessary for the self-incompatibility reaction and 1RNA syn- 
thesis in the pollen tube is required for compatible tube growth. The IRNA synthesis in the pollen tube may be comple- 
ted by 24 hr after pollination. 

Introduction 

The hollow style of Lilium longiflorum, t h rough  
which pollen tubes grow to the ovary ,  makes  the 
Eas te r  lily an excellent tool  for in vivo studies of 
pollen tube  growth  and the self- incompatibi l i ty re- 
action. Uti l izing s t igmat ic  exuda te  as a carrier, me- 
tabolic inhibitors can be injected into the style to elu- 
cidate the pa thways  involved in pollen tube  growth.  
The results of such an exper iment  with 6-methyl-  
purine, an inhibi tor  of R N A  synthesis,  suggested tha t  
compat ible  pollen tube growth  in the lily requires 
R N A  synthesis  bu t  incompat ible  tube growth  does 
no t  (Ascher and Drewlow, t970b) .  However ,  the in- 
te rpre ta t ion  of these in vivo experiments  is complica- 
ted, for injection places the inhibitor  in contac t  with 
bo th  the style and the pollen tubes growing in the 
s ty lar  canal. Modification of pollen tube  growth  by  
an altered s tylar  metabol ism is confounded with the 
direct  effects of the inhibi tor  on pollen tube  meta-  
bolism. 

T rea tmen t  of pollen tubes outside of the style is 
h indered by  the necessi ty of in vivo pollen tube 
growth for the self- incompatibi l i ty reaction. How-  
ever, t r ea tmen t  of styles wi thout  pollen tubes could be 
accomplished by  injection of an inhibitor  in a sui- 
table carrier into the style some t ime before pollina- 
tion. While lily styles filled with s t igmatic  exudate  
contain  exudate  up to 48 hr  af ter  injection, styles fil- 
led with distilled water  appear  to absorb the  water  
within 2 hr  of injection. In  addit ion,  the presence of 
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distilled water  in the style at the t ime of pollination, 
whether  due to injection or flushing, has no signifi- 
can t  effect on pollen tube  growth  or the self-incom- 
pat ib i l i ty  react ion (Ascher, unpublished).  A compa-  
rison of the results of pre-poll ination s tylar  t reat -  
men t  involving R N A  inhibitors in water  with those 
of pollination or post-poll inat ion t r ea tmen t  of pollen 
tubes and style involving inhibitors in s t igmatic  exu- 
date  should clarify the role of R N A  synthesis  in the 
metabol isms of in vivo grown compat ible  and incom- 
pat ible pollen tubes. 

Materials and Methods 
Pistils from flowers of greenhouse-grown Lilium longi- 

florum 'Ace' and 'Nellie White'  were harvested for experi- 
mental use on the day after anthesis by cutting through 
the ovary. Cut flowers held in water in the laboratory 
served as pollen donors. Incompatible pollen tubes result 
from intracultivar pollination while compatible tubes re- 
sult from intercultivar pollination. Styles were incuba- 
ted in petri dishes containing moist filter paper at 24.5 ~ 
for 48 hr after pollination. After incubation, pollen tube 
length was determined by bissecting the styles longitudi- 
nally with a razor blade, staining (Ascher and Drewlow, 
1970b), and measuring the longest pollen tube to the 
nearest mm in each half style with the aid of a dissecting 
microscope. Half-style values formed subsamples in 
completely random experimental designs; each inhibitor 
t reatment and application time were separate experi- 
ments with 4 or 8 replications. 

The stigmatic exudate used as a carrier for pollen tube 
treatments was gathered in the laboratory from cut flo- 
wers and stored frozen (Ascher and Drewlow, 1970a). 
Glass redistilled water served as the carrier for stylar 
treatments. Injection of the styles was accomplished by  
snapping the ovary from the style, inserting a hypodermic 
needle on a syringe into the stigma, and injecting until a 
drop of the injected material appeared at the ovarian end 
of the style. Acridine orange at 3 • 10 -4 g/ml, actinomy- 
cin-D at 2 •  t0-Sg/ml, and 6-methylpurine at 1.34 x 
10 -3 g/ml in stigmatic exudate were individually injec- 
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ted into styles imnlediately before, 6, 12, or 24 hr after 
pollination for pollen tube treatment. Solutions were 
made by dissolving the inhibitor in glass redistilled water 
at a concentration ten-fold higher than the final concen- 
tration and diluting the stock solution with 9 parts tha- 
wed stigmatic exudate. Injections for control styles con- 
sisted of stigmatic exudate containing 10% redistilled 
water (v/v). 

Stylar treatments involved injecting styles 6 or 12 hr 
before pollination with aqueous solutions of the inhibitors 
at the same concentrations used for pollen tube treatment, 
with the exception of actinomycin-D, which was also used 
at I • f0 -i g/nil. Styles were flushed with glass redistil- 
led water at the time of pollination to remove unabsorbed 
inhibitor. Control styles were injected with water 6 or 
12 hr before pollination and flushed with water at polli- 
nation. 

Results and Discuss ion  

Acridine orange at 3 • 10-4 g/ml in s t igmatic  exu- 
date  injected into styles of L.  longiflorum immedia-  
te ly  before, or 6 or 12 hr  after  poll ination res t r ic ted 
compat ible  pollen tube  growth to lengths no t  signifi- 
cant ly  different f rom incompat ible  tubes,  wi thout  af- 
fecting incompat ible  pollen tube growth (Table 1). 

Table f. The effect of 3 • lo-4 g/ml acridine orange in 
stigmatic exudate injected before, 6, or 12 hr after pollination 

on pollen tube growth in L. longiflorum styles 

Treatment 

Length of pollen 
tubes (mm) 48 hr 
after pollination 

Incomp- Comp- 
atible atible 

Injection before pollination 
Acridine orange 74.9 a 1 75.0 a 
Control (exudate only) 73. 1 a 86.6 b 

Injection 6 hr after pollination 
Acridine orange 
Control (exudate only) 

Injection 12 hr after pollination 

78.3 a 79.5 a 
70.2 a 98.2 b 

Acridine orange 67.2 a 64.6 a 
Control (exudate only) 65.6 a 80.8 b 

1 Means within t reatment  times followed by different leLters 
are significantly different at the t % level (Duncan's New Mul- 
tiple Range Test). 

The results of acridine orange t r ea tmen t  dupl icated 
the results observed with 6-methylpur ine  t rea tment .  
Since the response of pollen tube  growth to 6-methyl-  
purine in this s tudy  did not  differ f rom tha t  repor ted  
earlier (Ascher and Drewlow, t970b) ,  the da t a  f rom 
pre-pollination, and 6 and t2  hr  post-poll inat ion 
t rea tments  with 6-methylpur ine  in s t igmatic  exudate  
will not  be repeated  here. In ject ion of ac t inomycin-D 
at 2 • t0  -5 g/ml in exudate  before, 6, or t2  hr  after  
poll ination re tarded compatible  pollen tube growth 
to lengths typical  of incompatible  tubes (Table 2). 
However ,  post-poll inat ion applications of ac t inomy-  
cin-D resulted in somewhat  less tube growth in trea- 

Table  2. 
w i t h  2 x 

Pollen tube growth in styles of L, longiflorum filled 
lo -~ g/ml actinomycin-D in stigmatic exudate be- 

fore, 6, or 12 hr after pollination 

Treatment 

Length of pollen 
tubes (ram) 48 hr 
after pollination I 

Incomp- Cmnp- 
atible atible 

Injection before pollination 
Aetinomycin-D 50.5 a 1 58.8 a 
Control (exudate only) 59.4 a 95.6 b 

Injection 6 hr after pollination 
Actinomycin-D 54.9 a 57.6 ab 
Control (exudate only) 61.7 b 83.8 c 

Injection 12 hr after pollination 
Actinomycin-D 58.3 a 58.8 a 
Control (exudate only) 69.2 b 80.8 c 

1 Means within t reatment  times followed by different letters 
are significantly different at  the 1% level (Duncan's New Mul- 
tiple Range Test). 

ted styles than  in incompat ib ly-pol l ina ted  control  
styles. 

All three inhibitors affect R N A  synthesis (Goldberg, 
Reich and Rabinowitz ,  t963;  Miller and Kempner ,  
1963; Nicholson and Peacocke, 1966). When  applied 
in exudate  to the Eas te r  lily style, they  restrict  com- 
patible pollen tube growth  to lengths typical  of in- 
compat ible  tubes,  suggesting tha t  lily pollen carries 
sufficient R N A  for growth  as an incompat ible  tube  
bu t  requires the synthesis of new R N A  for compa-  
tible growth.  

The effect of these inhibitors on pollen tube  growth  
is less clear when application occurs 24 hr  after  polli- 
na t ion (Table 3). While 6-methylpur ine  had no ef- 
fect on compatible  or incompatible  tube growth,  ac- 
t inomycin-D significantly re tarded compat ible  pollen 
tube growth,  bu t  not  to the level of incompat ible  tu-  

Table 3. The effect on pollen tube growth of three R N A  
synthesis inhibitors injected in exudate into the style of 

L. longiflorum 2 4 hr after pollination 

Length of pollen 
tubes (ram) 48 hr 

Treatment after pollination 

Incomp- Comp- 
atible atible 

6-methylpurine at 1.34 • 10 -8 g/ml 43.3 a 1 50.2 b 
Control (exudate only) 44. ~ a 54.7 b 

Acridine  orange  at  3 • t 0 - 4 g / m l  55.9c  51 .2b  
Control (exudate only) 43.9 a 58.5 c 

Actinomycin-D at 2 • 10-Sg/ml 45.9 a 52.4 b 
Control (exudate only) 43.9 a 58.5 c 

I Means within each inhibitor t rea tment  followed by diffc- 
rent letters are significantly different at the t % level(Duncan's 
New Multiple Range Test). 
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bes. Acridine orange significantly retarded compa- 
tible tube growth and significantly stimulated in- 
compatible tube growth. The relativ'~ly shortened 
pollen tubes in these experiments arise from the ad- 
verse effect of injections 24 hr after pollination 
(Ascher and Drewlow, 1970a). However, a compari- 
son of pollen tube lengths in treated compatibly-polli- 
nated styles with tube lengths in non-treated incom- 
patibly-pollinated styles suggests that the RNA syn- 
thesis necessary for compatible pollen tube growth is 
well underway, if not nearly completed, by 24 hr af- 
ter pollination. 

In contrast to its inhibitory effect on compatible 
pollen tube growth when applied in stigmatic exu- 
date at or after pollination, 6-methylpurine admini- 
stered in water to styles 6 hr before pollination stimu- 
lated incompatible pollen tube growth to lengths not 
significantly different from those of compatible tubes 
(Table 4). Treatment t 2 hr before pollination yielded 
the same results. Injection of acridine orange in wa- 
ter into the style 6 hr before pollination also stimu- 
lated incompatible pollen tube growth but, in addi- 
tion, significantly retarded compatible tube growth 
(Table 5). Treatment of styles 12 hr before pollina- 
tion with aqueous acridine orange had no effect on 
incompatible tube growth although compatible tube 
growth was decreased to the same degree observed in 
6 hr pre-pollination treatment. There was no signi- 
ficant difference in the lengths of compatible and in- 
compatible pollen tubes grown in styles injected with 
actinomycin-D in water t2 hr before pollination 
(Table 6). Pollen tube growth in treated styles was 
significantly longer than in incompatibly-pollinated 
control styles but significantly shorter than in com- 
patibly-pollinated controls. 

Stylar treatment with each of the RNA inhibitors 
significantly increased the length of incompatible 
pollen tube growth, suggesting that RNA synthesis 
in the style is necessary for the self-incompatibility 
reaction. Since the effect of stylar treatment with 
inhibitors of RNA synthesis appears to be one of wea- 
kening the self-incompatibility reaction thereby allow- 
ing longer incompatible tube growth, the effect of 
combined pollen tube-stylar treatment at or after pol- 
lination with inhibitors in exudate must result from 
the influence of the inhibitor on pollen tube meta- 
bolism preventing compatible pollen tube growth. 
Therefore, compatible pollen tube growth in L. longi- 
/ lorum must depend on RNA synthesis in the pollen 
tube after pollen germination. The significantly shor- 
tened pollen tube length observed in styles treated 
before pollination with acridine orange or actinomy- 
cin-I) might be explained by the effect of residual in- 
hibitor in the style on the nucleic acid metabolism of 
the pollen tubes. Although pollen tubes receiving no 
stylar contribution to the incompatibility reaction 
from an inhibitor-blocked stylar metabolism should 
be capable of compatible growth, inhibitor present in 

Table 4. The effect on pollen tube growth of 1.34 • lo -3 g~ 
ml 6-raethylpurine in water injected into L. longiflorum 
styles 6 hr before pollination (styles flushed with distilled 

water immediately before pollination) 

Trea tment  

Length  of pollen 
tubes (mm) 48 hr  
after  pollination 

Incomp- Comp- 
atible atible 

6 - m e t h y l p u r i n e  84.9 a 1 88.1 a 
Con t ro l  (wa te r  only) 49.3 b 98.9 a 

1 Means followed by different letters are significantly diffe- 
rent  at  the 1% level (Duncan's New Multiple l tange Test). 

Tab le  5. The effect on pollen tube growth of 
3 • 1o-4 g/ml of acridine orange in water in- 
jected into L. longiflorum styles 6 hr before 
pollination (styles flushed with distilled water 

immediately before pollination) 

Trea tment  

Length  of pollen 
tubes (mm) 48 hr  
after poll ination 

Incomp- Comp- 
atible atible 

Acr id ine  o range  74.1 b 1 79.8 b 
Control (water only) 46.8 c 97.4 a 

1 Means followed by different letters are signifi- 
cant ly  different at  the t % level (Duncan's New 
Multiple Range Test). 

Table 6. The effect on pollen tube growth of actinomycin-D 
in water injected into L. longiflorum styles t2 hr before polli- 
nation (styles flushed with distilled water immediately before 

pollination) 

Trea tment  

Length  of pollen 
tubes (ram) 48 hr  
af ter  poll inat ion 

Incomp- Comp- 
atible atible 

A c t i n o m y c i n - D  a t  2 X 10 -5 g /ml  52.8 b 1 54.8 b 
Actinomycin-D at I • t0 -4 g/ml 58.7 b 57.2 b 
Control (water only) 41.4 c f00.1 a 

1 Means followed by different letters are significantly diffe- 
rent  a t  the 1% level (Duncan's New Multiple Range Test). 

or on the surfaces of the cells lining the stylar canal 
may prevent the RNA synthesis in the pollen tube 
necessary for compatible tube growth. 

The role of RNA synthesis in pollen tube growth 
and the self-incompatibility reaction in L. longiflorum 
appears to consist of at least two steps: a stylar syn- 
thesis involved with manufacturing the stylar contri- 
bution to the incompatibility reaction, and synthesis 
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in the pollen tube  requisi te  for compat ible  tube  
growth. Expe r imen t s  in progress ut i l iz ing radioac- 
t ive labeled precursors to RNA and  prote in  synthes is  
should fur ther  clarify the mechan i sm of the  self-in- 
compa t ib i l i ty  react ion.  
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