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Ah&act-Dormant seeds of Vaccaria pyramidata are characterized by a high level of [‘4C]leucine in- 
ccorpDr~~on’~~Dpr~~~n~. aY$n>eve5 c5i :,-~~~~a~~“mcDlpor~~on’~n~D~~X anh an uniki~ti~s~eh 3yfi3eks 63 
pc0>@$ -%%A.: hDWeVeJ, IS%14 gvSibeSis >s very much rebuceb. ~erni,oa%on 03 bormaDt Yaccaria seebs can 
ba UIhT)ceh &fner pafiltiy by CY~Dhitims DJ mDJe cDm$le~e’_Y br CY~D%L&IS anb e1h_Y>ene. ~_Y1D~ltiirns cause a 
dra%&ay imrcrca%& <-‘KS%+~~rni&= incmpwattin im ~ti$ls of &&&ing S&X. S-ix e%xf~ 6 r&tan& by 
ethylene. The incorporation of [‘Hlthymidine in radicles is also stimulated, but to a lesser extent. Cytokinin- 
depenben’t sGmtia%on 01 >‘MXnymXine incorporaiion can be relerrea lo as an aciivatmn 01 nuc3ear ‘DNA 
synthesis. 

INTRODUCTION 

Phytohormones decisively interfere with the phy- 
siological processes of seed germination and may 
dti@z?z&p, ‘GAYS yz~~&~g r’ilp, &&~~p,?r: & fzurr- 
sc&@on& anh ‘rrantia%on& nut&Sic adih contch o? 
enzyme formation at the ribsomal level [l-3]. Indeed, 
a major question in dormancy seems to be the degree 
of involvement oE this regulation. Frequently ethy- 
lene [4], different gibberellins [5] or cytokinins [6] are 
involved in the breaking of dormancy, whereas ab- 
SC&ii ar.& %%% +z&z% -5, TX%+&S~ ~~&Trm&~fL~. P&Sei 
characteristic changes in the phytohormone dynamics 
and inhibitor contents were observed during the 
naturally occurring after-ripening processes 17-123. 
However, details of these regulations, starting from 
the initial reactions of the phytohormones (i.e. bind- 
ire aS receptorsj up Co rlre comple% regrrlafion of 
physiological processes (i.e. overcoming of seed 
dormancy and germination) are not fully understood. 
‘IhereZore, all processes detectable before 1%~ emeT- 
gence of the radicle in the seeds should be of parti- 
cular interest, because they may be important in this 
rceaclion seguence. It can be assume6 1ba1 they may 
be involved directly or indirectly in the regulation of 
activity changes. 

We have found that dormancy of seeds of V. 
pyramidata (Caryophyllaceae) can be broken by 
simultaneous. application of cytokinins and ethylene. 
It was shown that this physiological activation of the 
seeds was preceded by a striking stimulation of the 
[3H~hymidine incuq~uration irr eot&&rns. 

RESULTS AND DISCWSlON 

[3H)Thytnidine incorporation in cotyledons and uxes 
c<datmarr~ a& a&r-+m3i seeds a( V. qyramkhta 

Immediately after harvest the seeds of V. pyrami- 

*To whom correspondence should be addressed. 

data are in a natural state of dormancy; they are not 
a& ta germinate at 20” (Fig. 1). Only after a p&ad 
of after-riperring for SOIIIC weeks, d&g w&AI the 
seeds were stored in a dry state at room temperature 
were fhey capable of germination .(Fig. 1; d. rd.ll3l). 
ri i&v, I&ST &I&IT ~IV&~Z&IT & CAe m&-le & 
r3H]thymidine incorporation in the axes increased, 
whereas it temained at a far lower level in the coty- 
&&ITS @j& 2). zl-l LXnn!i-%~ to cl& Syrlihe&S lYE RATA 
and proteins, the synthesis of DNA in imbibing seeds 
did not start immediately after soaking 113-18J and 
the in_cpQcatiQn at ~K~t.Ymi&:me iKtQ DNA sha\Ned 
a: c&al- &MT&rrLT ITpUrr CfTe physi&giGT~ sGrte of 
the seeds. Dormant seeds incorporate far less 
[‘H]thymidine than after-ripened ones. This depres- 
sion of DNA synthesis was limited to the axes. In 
cotyledons of dormant as well as after-ripened seeds, 
-a -Gst&?d1y ‘1Uw ‘nzi&L & SHQi!!e ‘mTzTn-pQ-r-d$mn 
was measured (Fig. 2; see also ref. [13]). After the 
radjde has protruded Qe, after 29 JJT> a sjgn%cantJJy 
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Fig. I. Germination of dormant (0) and after-ripened (0) 
seeds of V. pylakdatu. The kkuen of $&.wK<~ ai+& 
(GA,; 50 ppm), ethylene (10 ppm) and benzylaminopurine 
(BAP; 50ppm) on the germination of dormant seeds. 

Abscissa: Days of germination at 20”. 
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Fig. 2. Incorporation of [‘Hlthymidine (as a percentage of 
the rate of [‘Hlthymidine uptake) by axes (A) and coty- 
ledons (C) of dormant and after-ripened seeds of V. 
pyramid&a during the imbibition period (7, 15, 17 hr im- 
bibition, 3 hr incubation in 20 &i [‘Hlthymidine). The up- 
take rates (cpm and per embryo part) are indicated on the 
top of the columns. After germination the incorporation in 
the cotyledons rises; it remains at a low level in dormant 
ones (of Fig. 3). Included in the figure: Water uptake of 
dormant (d) and after-ripened (a) embryos as a percentage 
of the initial weight. The arrow indicates the radicle pro- 
trusion of after-ripened seeds. Abscissa: Imbibition time in 

hr (for importance of water see ref. [26]). 

enhanced [3H]thymidine incorporation began in the 
cotyledons of the after-ripened seeds (Fig. 2). This 
was observed in seeds of V. pyramidata [I91 as well 
as in seeds of Agrostemma githago. This observation 
is remarkable in that in cotyledons of germinating 
seeds of A. githago and V. pyramidata cell divisions 
have not been found [19]. This thymidine incor- 
poration is mainly due to nuclear DNA synthesis [19]. 

The influence of phytohonnones on the incorporation 
rate of dormant seeds 

fiormant seeds stored at -20” maintained dor- 
mancy, and at room temperature they germinated 
even after a very long period of imbibition only to a 
maximal amount of 5-10% (see also ref. [13]). 
Gibberellic acid did not enhance germination, 
whereas ethylene applied as a gas and above all 
benzylaminopurine were more effective. Most 
effective in breaking dormancy was a combined ap- 
plication of benzylaminopurine and ethylene (Fig. 1). 

The influence of phytohonnones on the incorporation 
of [3H]thymidine in dormant embryos of V. pyrami- 
data 

Neither gibberellic acid [unpublished data] nor 
benzylaminopurine markedly affected the incor- 
poration of r3H]thymidine in after-ripened embryos. 
This phenomenon may be due to the already very 
high rates of incorporation in untreated after-ripened 
controls. However, the action of phytohormones on 
the incorporation of r3H]thymidine in dormant 

embryos was parallel to the dormancy breaking 
effect, i.e. applied in combination, a cytokinin and 
ethylene, but not gibberellic acid, stimulated DNA 
synthesis. 

After treatment with benzylaminopurine, a 
significant enhancement of the 13H]thymidine incor- 
poration, mainly in the cotyledons, was obtained. 
Compared with the untreated controls after 24 hr 
imbibition the increase was to 100%; it advanced 
further to 300% after 72 hr. 

The most pronounced stimulation of [3H]thy- 
midine incorporation was seen after a combined 
treatment with ethylene and benzylaminopurine (Fig. 
3). Gibberellic acid has no effect on the incorporation 
of [‘Hlthymidine, the amounts were identical with the 
controls and therefore were not demonstrated 
separately (Fig. 3). 

Particularly striking was the finding that the stimu- 
lation of [3H]thymidine incorporation was first 
detectable in the cotyledons and only at a 
significantly later period and much less clearly in the 
radicles (Fig. 3). In contrast, the phytohormones had 
no influence on the incorporation of L-[‘4C]Ieucine 
[20]. Furthermore, the results indicate that the DNA 
synthesis occurring after germination in cotyledons 
(Fig. 2) is triggered in dormant embryos by phyto- 
hormones (BAP, ethylene) even before the radicle 
protrudes (see also Figs. 1 and 3). 

The amount of [3H]thymidine incorporation 
measured in imbibing embryos significantly reflects 
the physiological activity of the seeds: a high degree 
of [“Hlthymidine incorporation is a characteristic 
marker for the imminent protrusion of the radicle, 
whereas in physiologically blocked seeds the DNA 
synthesis remains at a low level (seeds of A. githago 
[l9]); seeds of V. pyrumidata 1131). The dormancy of 
the V. pyramidata seeds can be broken by phyto- 
hormones, especially by treatment with cytokinins 

D I2 34 i 234 

Fig. 3. Incorporation of [‘Hlthymidine (as a percentage of 
the rate of [3H]thymidine uptake) by cotyledons and radicles 
of dormant seeds of V. pyrumidata during the imbibition 
period under the influence of 10 ppm ethylene and 50 pg/ml 
benzylaminopurine (BAP) (24, 48, and 72 hr imbibition, 2 hr 
incubation in [‘Hlthymidine). The uptake rate (cpm and per 

embryo part) is indicated in the columns. 



and ethylene. This dormancy breaking action of the 3 hr with the addition of 30 pg chloramphenicol (see also 
phytohormones is preceded by a significant stimula- ref. [13]). 
tion of [3H]thymidine incorporation, which was first In most cases the incorporation by cotyledons and axes 
detected in cotyledons and later in radicles. The was determined separately by excision of the parts from the 
effect of benzylaminopurine on the measurable intact embryos after incubation. The determination of the 
[3H]thymidine incorporation in dormant seeds could uptake and of the incorporation of [‘Hlthymidine into sub- 
be detected even after 16-24 hr soaking. After a stances precipitable by TCA was performed according to 
prolonged imbibition it increased from 300 to 600% in ref. [24] modified in refs. [23,25]. The rates of uptake and 
comparison to the control. incorporation were expressed as cpm per embryo part and as 

It can generally be reported that the DNA synthesis percentage incorporation of the total precursor uptake. 
of cotyledons is affected only by those phyto- Preparation of nucleic acids and their separation by 
hormones which are able to break seed dormancy. MAK-CC were carried out as described earlier [26]. 
These results may indicate a causal relationship be- 
tween the activation of DNA synthesis in cotyledons Acknowledgements-We are grateful to Ms. A. Liibke and I. 
and the breaking dormancy. Bernschein for technical assistance. 

[‘H]Thymidine incorporation in cotyledons of 
dormant seeds initiated by cytokinin is caused by 
DNA synthesis, as was shown by MAK-CC of 
radioactively labeled nucleic acids prepared from the 
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