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RNA, DNA AND GROWTH OF THE THREE BASAL 

INTERNODES OF DWARF AND TALL PEAS 
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Department of Botany, The University, Southampton 

(Received 28 June 1965) 

Abstract-After 14 days growth the lengths of the first three internodes of dwarf (Meteor) and tall (Alderman) 
peas are proportional to the widely differing RNA, but not to the DNA contents of seedlings grown in dark 
or liisht and in dark with gibberellic acid. In the presence of both light and gibberellic acid the relationship 
between growth and RNA content is altered. 

INTRODUCTION 

IN THE course of studies on the photomorphogenetic effects of light, large correlated changes 
in RNA and DNA1 and protein2 were found in the hypocotyl of Lupinus albus, which during 
germination grows solely by cell enlargement. Light effects on epicotyl tissue are much more 
complex; Butler3s4 working on internodes of Viciafaba showed that both cell division and 
enlargement were involved and that the successive internodes reacted differentially to light. 
Pisium satiwm shows analogous morphological reactions to light but has added interest 
because of the occurrence of dwarf mutants which not only show accentuated light effects 
but also striking responses to gibberellic acid. 

In this investigation of nucleic acid contents of pea internodes we have attempted to 
separate light and gibberellic acid (G.A.) effects by growing both dwarf (Meteor) and tall 
(Alderman) varieties of pea in the absence and in the presence of G.A. with and without light, 
giving eight combinations of treatments. As an internode is a clearly defined population of 
cells it is possible to compare treatments. 

RESULTS 

The lengths, DNA and RNA contents were measured after 14 days germination, only the 
basal three internodes being analysed because in the dark these are the only ones which elon- 
gate sticiently for comparison with those in the light. The results for the individual internodes 
are presented in Table 1. The relative reponses in each plant to the various treatments may 
differ in quantitative detail in the individual internodes but not qualitatively so that for ease of 
discussion the values for the three internodes have been totalled in Table 2. 

* Prese.nt address: Department of Botany, University College, Cower Street, London, W.C.l. 
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Parameter 

Length f mm I 

RNA fpgwx.) 

I \t lntcrnodc 

x4 32 7 
4 12.3 47 7 

lh6 4) 9 
\f 9.5 ‘I.5 

11.X ‘4.1 
:5 .- 11.1 ‘5.6 

__ lb.9 19.x 
_. ---- _.~-_-_--- - 

TABLE 2. THE TOTAL LENGIHS. RNA AND DNA cohrrEhTs 01 THE FIRST THRL~ IUITR~OUFS OI 
METFOR (hl) AND ALDFRhjAN (A) PF~S GROWN UNDER cw~;~1~u6us LTC~II~ IL) OR INRI~ rnb. 

ATcDlU THE PRFSENCE (+) AND ABSENCE (-, ~~FCrlBBFKEIt.I('A~~ID 

Length (mm) RNA f pg) DNA (pg) 
--_- -._ __.-- c_.- ___‘___-.-, _. -2 - .-__ --. 

Variety G..4. L D L D L D 
_ __------_-_. -- . ..__ -.___._ ____ ____-______.. _ ._ _.. _ 

51 - 18 166 IV 144 25 70 
I6n ‘77 87 223 54 79 

.-4 79 273 87 284 45 84 
1 ib .w X6 302 57 79 

DISCUSSION 

The results show remarkable correlated changes in length and RNA content. Under the 
extreme conditions of dark plus G.A. and light in the absence of G.A.. it can be seen from the 
totals of the three internodes (Table 2) that in the dwarf Meteor, changes of 15 s in length. 
12 x in RNA and 2 x in DNA arc found. In the tall Alderman these changes arc less marked 
but still considerable being 4 E: in length, 3 x in RNA and 2 x in DNA content. 

The obvious control conditions are the absence of both stimuli. i.e. plants grown in the 
dark in water only. The situation is however complicated hy the presence of physiologically 
effective endogenous gibberellin-like substances,’ the amount of which ma! Hell differ in the 
two varieties. It can be deduced from Butler’s results that light has at least two distinctive 
effects both of which can be stored ; (a) the induction of new internodes at the apical meristem 
and (b) the regulation of growth of those internodes already light induced in the maturing 
seed. It follows that the controls xe of necessity only relative. 

If the two varieties are both given G.A. the parameters of length, RNA and DNA are 
virtually identical under the given conditions of light or dark, and furthermore, Alderman 
when grown in the dark is unaffected by G.A. In the light hoaever G.A. has a pronounced 

5 M. RADLEY, AM. f30lrm.1 (Lo,~z~/wII 22. 297 (19%). 
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effect on the growth of Alderman but only slight on its DNA and none on its RNA contents, 
which demonstrates that endogenous G.A. cannot be optimal, suggesting that light in this case 
inhibits or destroys G.A. or that endogenous and exogenous G.A. are not functionally 
identical. 

Meteor as expected shows marked growth stimulation together with nucleic acid changes 
on G.A. treatment in both the light and dark. Thus in Meteor it is possibie to examine separ- 
ately the effect of exog~ous G.A., the effect of light and of both treatments together. Wi~out 
Ziljht,G.A.has~~eeff~onDNAbutincreasesRNAby55percentandlengthby67percent. 
In the absence of G.A. light has drastic inhibitory effects resulting in decreases of 66 per cent in 
DNA, 87 per cent in RNA and 89 per cent in length. The result of giving both stimuli together 
is that DNA is reduced by 23 per cent, RNA by 40 per cent, but the length is unaffected. If the 
effects were independent the expected changes would be decreases of 52 per cent DNA, 
25 per cent RNA and 21 per cent in length. Therefore the stimuli interact. 

TABIB 3. mm RATIOS OF LENGTH/RNA FOR THE 
TOTALSOFTHEFIRSTTHREEINTERNGDESOF 
METlR)R (M) AND ALeDERMAN (A) PEAS GROWN 
UNDER WNTMUGW LIGRT (L) OR DARK @), AND 
IN PRESENCE f+) AND ABSENCE t-) OF GIBBE- 

RELLIC ACID 

M - 0.95 1.15 
-I- 1.84 1.24 

A - 0.91 O*% 
+ 1.58 099 

When the results are expressed as growth per unit of RNA (mm/pg)-Table 3-it can 
ideally be seen that the combined effects, in both varieties, of G.A. and light give ratios 
which are much higher than with the in~vid~ stimu~ by a factor of l-6. 

Since 80-90 per cent of the total RNA is ribosomal the ratio expresses a ~lations~p 
between the number of ribosomes and the final length of the tissue. This relationship is con- 
stant except with both stimuli together, so that although the ribosomes appear to be limiting 
in all cases, the actual mechanism linking number of ribosomes with final length is altered in 
the presence of both stimuli. The most likely explanation is that some factor is present only 
with light and G.A. which either increases the relative rate of protein synthesis or delays the 
senescence of the (poly) ribosomes6 

EXPERIMENTAL 

The seeds were planted on the surface of John Znnes Compost No. 1 in pots, in order to 
expose the seedlings to light from the start of g~nation, The light plants were grown under 
a bank of fluorescent tubes (Phillips Reflectorized Daylight) giving a surf&e light intensity of 
about 200 ft-candles. The G.A. treated seedlings were watered with a solution of 100 ppm 
commercial G.A. per ml. 

6 E. R. GUWWACKI and R. L. MuUTIB, J. Mol. ISol. 11,116 (1965). 
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Batches of ten seedlings were harvested after 14 days at 25’ C. the respective internodch 
were excised, measured and fixed in boiling alcohol. The internodes were cut into 2- 3 mm 
pieces and extracted with alcohol in a soxhlet apparatus and then mashed with a large 
excess of 0.2 “0 PCA (perchloric acid) at 0.. The tissue was transferred to graduated tube\ 
made up to a known volume with water. an equal volume of 20 I’,, PCA added and the 
nucleic acids extracted at 30 overnight. Total nucleic acids b\‘ere estimated by u.\. absorption 
at 260 m/t. a correction applied’ for the small amount of optically interfering substances 
present. An aliquot was taken for DNA estimation by an improved diphen>lamine method ’ 
and the RNA determined bq difference. 

.JcXlron/e~/~envntv-Our thanks are due 10 Mr. L. Mockett for hit Laluable tcchnwl awstancr 
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