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Correlations Between Nuclear Volume,  Cell Volume and DNA Content in 
Meristematic Cells of Herbaceous Angiosperms 

Many inves t iga t ions  over  the  pas t  80 years  suggest  t h a t  
a general  re la t ionship  m a y  exis t  be tween  nuclear  volume 
and  cell vo lmne  and  more  recent ly  be tween  nuclear  
volume and  the  a m o u n t  of D N A  per  cell. As early as 
1893, STRASBURGER 1 repor ted  evidence for a cons t an t  
ra t io  be tween  the  average d iamete r  of a p l an t  mer is te-  
ma t ic  cell and  t h a t  of its nucleus. La te r  observa t ions  on 
diploid p l a n t  cells f rom species charac ter ized  by  differ- 
ences in chromosome size suggested t h a t  to ta l  ch romosome  
mass  m a y  be corre la ted  wi th  nuclear  and cell size ~,8. 
This idea was fu r the r  suppor t ed  by  the  m a n y  repor t s  of 
larger nuclei  and cells in polyploid  t h a n  in closely re la ted  
diploid p lan ts  a-~3, and  by  the  increase in nuclear  and  cell 
vo lume resul t ing f rom the  presence  of B-chromosomes  ~, ~5. 
F r o m  a s tudy  of 13 angiosperm species, MARTIN 16 
repor ted  t h a t  t he  fresh weigh t  of mer i s t emat ic  cells is 
corre la ted wi th  D N A  content .  A near ly  di rect  re la t ion 
exists  be tween  D N A  con t en t  and  cell size among  uni- 
cellular algal species ~ and  in a polyploid  series, 1 ~ to  
8 z, of yeas t  is. 

The herbaceous  angiosperms  have  the  wides t  range  of 
D N A  con ten t  of any  vascular  p l a n t  group ~9. BA~TCI~E 
et  al. ~~ in th is  l abora to ry  m a d e  paral lel  q u a n t i t a t i v e  
measu remen t s  of D N A  con ten t  and  nuclear  vo lume f rom 
root  mer i s t emat ic  ceils of 30 angiosperm species represent -  
ing a 36-fold range in D N A  con t en t  pe r  cell. Their  resul ts  
indica ted  t h a t  t he  average nuclear  volumes  of b o t h  root  
and shoot  mer i s t em cells were  d i rec t ly  p ropor t iona l  to  
D N A  content ,  and  the  da t a  p lo t t ed  on a double  logar i thmic  
scale f i t t ed  a regression line of slope = + 1. 

Materials  and methods. To tes t  t he  hypo thes i s  t h a t  a 
quan t i t a t i ve  re la t ionship  exis ts  be tween  mer i s t ema t i c  
nuclear  volume,  cell vo lume and D N A  content ,  we have  
de t e rmined  nuclear  and  cell volumes  in 14 species of 
herbaceous  angiosperms (Table) represen t ing  an evolu- 
t ionar i ly  diverse a r ray  of families. Nuclear  volumes  of the  
ceils in t he  outer  cell layer  of ac t ive ly  growing shoot  
mer i s tems  were de t e rmined  f rom longitudil lal  sect ions 
using previously  descr ibed techniques2~,~L For  each 
nucleus measured  the  cor responding  cell was measured  in 

2 d imensions  and  the  vo lume calculated using the  formula,  
volume -~ leng th  • (width)2, assuming  the  d e p t h  to  be 
equal  to  t he  width .  Measurements  of d e p t h  of cells in 
t ransverse  sect ions of 5 of these  species showed t h a t  
var ia t ion  be tween  d e p t h  and  w i d t h  did no t  exceed 10%. 
At  least  10 sets of nuclear  vo lume and  cell vo lume 
m e a s u r e m e n t s  were ob ta ined  for each species. 

Results  and discussion. The average  nuc lear  volume,  
cell volume,  and nuclear  vo lume as pe rcen t  of cell 
vo lume (NV/CV) for each species s tud ied  are given in t he  
Table.  W h e n  values  in co lumn 5 are averaged,  t he  nucleus 
is seen to  occupy  18% of the  to ta l  cell volume,  a cyto-  
nuclear  ra t io  of 5.6 : 1. However ,  an average of all indiv idual  
NV/CV values  (170 cells) shows a ra t io  of 5.3:1 (19 :J- 1%). 
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Nuclear volume and cell volume in shoot meristems of 14 species of herbaceous angiosperms, and average nuclear volume/cell volume for 
each species 

Species Family Nuclear volume Cell volume Nuclear vol./Cell vol. 
([xm 3 4- S.E.) ([~m ~ 4- S.Z.) (% -4- S.Z.) 

1 Arabidopsis ~hMiana Cruciferae 32 :h 3 202 =h 11 16 4- 2 

2 Lobularia maritima Crueiferae 49 4- 5 321 4- 16 16 4- 2 

3 Hypericum virginicum Guttiferae 83 =h 8 448 • 45 19 4- 2 

4 Cicer arietinum Leguminosae 96 4- 5 394 4- 16 25 4- 2 

5 Nelumbo lutes Nymphaeaceae 139 4- 7 1089 4- 129 15 4- 2 

6 Spinacia oleracea Chenopodiaceae 156 4- 7 711 • 29 22 4- 1 

7 Cyanotis pilosa Commelinaeeae 173 i 9 1188 ~- 124 16 4- 1 

8 AneMone pulsatilla Ranuneulaceae 435 :j= 27 2505/2 153 17 xh 1 

9 Tradescan~ia navicularis Commelinaeeae 552 4- 27 3558 4- 323 17 =12 1 

10 Convallaria ma]alis Liliaceae 710 • 17 5260 4- 508 15 4- 2 

11 Fritillaria laneeolata Liliaceae 1466 4- 115 9329 4- 878 16 4- 1 

12 Fritill~ria camtschatcensis Liliaeeae 1824 4- 103 10991 4- 1327 18 4- 2 

13 Lilium Iongiflorum (4 x ) Liliaceae 3273 4- 167 20799 4- 1568 16 =h 1 

14 Sprekelia ]ormosissima Amaryllidaeeae 4638 4- 262 19258 4- 1400 26 4- 1 

Average of individual NV/CV values for each species. 
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Regress ion  ana lys i s  ind ica tes  t h a t  log cell vo lume  is 
l inea r ly  r e l a t ed  to  log nuc lea r  v o l u m e  a n d  t h e  slope of t he  
l ine ( +  0.990) is no t  s ign i f i can t ly  d i f fe ren t  f rom + 1 . 0  
(p = 0.78) (Figure).  The  d a t a  of BAETCI~E et  al. ~ r e l a t i ng  
nuc lea r  v o l u m e  to  D N A  c o n t e n t  f i t  a para l le l  regress ion 
l ine (Figure).  

Nuc l ea r  a n d  cell vo lumes  were  d e t e r m i n e d  for  4 
a d d i t i o n a l  species, a g y m n o s p e r m ,  a s u b s h r u b b y  angio-  
spe rm a n d  two p t e r i d ophy t e s .  The  same  N V / C V  correla-  
t i on  was observed ,  e x t e n d i n g  t h e  d a t a  i n to  a f o u r t h  o rder  
of m a g n i t u d e  for  b o t h  p a r a m e t e r s .  Th i s  would  sugges t  
t h a t  t he  obse rved  r e l a t i onsh ip  p r o b a b l y  ho lds  for p l a n t  
g roups  o t h e r  t h a n  t he  he rbaceous  angiosperms.  

Fac to r s  o t h e r  t h a n  D N A  c o n t e n t  such  as age of t h e  
mer i s t em,  loca t ion  of t he  m e r i s t e m  on t he  pIant ,  degree of 
h y d r a t i o n ,  t i m e  of year ,  phys io logica l  a c t i v i t y  of the  
t issue, a n d  n u t r i t i o n a l  s t a t e  of t he  p l a n t  are  k n o w n  to  
inf luence  c h r o m o s o m e  size a n d  nuc lea r  volume=O, 2~-~7 
The  cy tonuc l ea r  r a t io  var ies  a m o n g  t issues  of t he  same  
p l a n t  ~s-a0 m a y  change  d u r i n g  cell' e longa t ion  a n d  differ- 
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Relationship between nuclear volume and cell volume in apical 
meristems of 14 herbaceous angiosperms. Numbered points corre- 
spond to data in the Table. Dashed line represents correlation be- 
tween nuclear volume and DNA content per cell as reported by 
BAETCKE et al. ~~ 

e n t i a t i o n  2s-30, a n d  is in f luenced  b y  physiological ,  genet ic  
a n d  e n v i r o n m e n t a l  fac tors  31. H e n c e  t he  s imple  re la t ion-  
ship  shown  above  for t he  two size p a r a m e t e r s  and  D N A  
c o n t e n t  m a y  no t  a lways  hold  for  d i f f e r en t i a t ed  cells. 

A l inear  r e l a t ionsh ip  also exis ts  in  diploid p l a n t s  be- 
tween  nuc lea r  v o l u m e  a n d  mi to t i c  cycle t i m e  a2, be tween  
D N A  c o n t e n t  pe r  cell a n d  mi to t i c  cycle t i m e  a=-a4 a n d  
be tween  D N A  c o n t e n t  a n d  t he  d u r a t i o n  of meiosis~L 
BENNET as r e p o r t e d  a r e l a t ionsh ip  b e t w e e n  D N A  c o n t e n t  
a n d  m i n i m u m  gene ra t i on  t i m e  in he rbaceous  ang iosperms .  
S tudies  os nuc lea r  p a r a m e t e r s  and  cell size in  r e l a t i on  to  
g r o w t h  fo rm a n d  ecological a d a p t a t i o n s  a p p e a r  to  be  a 
p romis ing  a p p r o a c h  to a b e t t e r  u n d e r s t a n d i n g  of t he  
e v o l u t i o n a r y  s ignif icance of t he  wide v a r i a t i o n  in D N A  
c o n t e n t  pe r  cell a m o n g  h igher  p lan ts .  

Rdsumd. Les vo lumes  cel lulaires et  nucl6aires  de 14 
esp&ces herbac6es  d ' a n g i o s p e r m e  ou t  &6 mesur6s  dans  les 
m6r is t~mes  apicaux.  P o u r  un  acc ro i s semen t  de 100 lois, 
le v o l u m e  cellulaire es t  d i r e c t e m e n t  p r o p o r t i o n n e l  au 
vo lume  nucl6aire  et, sur  une  6chelle d o u b l e m e n t  loga- 
r i t hmique ,  d o n n e  une  r6gression l in6aire  de p e n t e  ~quiva-  
len te  g + 1 .  
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E n h a n c e m e n t  of E t h y l e m e t h a n e  Sul fonate -Induced  Mutat ion Frequency  in Drosophila by 
D i m e t h y l  Su lphox ide  

D i m e t h y l  su lphox ide  (DMSO) is a dipolar ,  ap ro t i c  
s u b s t a n c e  1, possess ing  a h i g h  die lectr ic  c o n s t a n t  s (3.9), 
wh ich  m a k e s  t h i s  r e ag en t  a n  exce l len t  so lven t  for m o s t  of 
t he  inorganic  and  organic  c o m p o u n d s L  JACOB et  al. 4, ~ re- 
p o r t e d  a h igh  p e n e t r a b i l i t y  of D M S O  t h r o u g h  biological  
m e m b r a n e s .  O t h e r  i nves t i ga to r s  also d e m o n s t r a t e d  t h a t  
in biological  sys t ems  D M S O  is a v e r y  good ca r r i e r  for  
drugs*-S, e lec t ro ly tes  as well  as non-e lec t ro lytes~,  po l a r  
a n d  poIar izab le  molecules  i0. I t s  role ha s  been  sugges ted  to  
be  to  e n h a n c e  t h e  p e n e t r a b i l i t y  for  dyes  11 bac te r ioc ides  i~, 
n u t r i e n t s  13 a n d  also to  t r a n s f o r m  a c t i v i t y  of p o l y o m a  vi- 

rus ii. It has been shown to be a useful carrier for chemical 
m u t a g e n s  15; 16 and  colchinc ine  z: in  p lan t s .  ALEXANDER 18 

did  no t  obse rve  a n y  i n d u c t i o n  of m u t a t i o n s  in  Drosophila 
b y  DMSO alone. 

The  p r e sen t  i nves t i ga t i ons  were u n d e r t a k e n  to s t u d y  t h e  
c o m b i n e d  t r e a t m e n t  of DMSO a n d  e t h y l e m e t h a n e  sul- 
p h o n a t e  (EMS) on m u t a t i o n  r a t e  in  Drosophila melano- 
gader. Male flies of Oregon  K s t r a ins  were g iven  in t r a -  
a b d o m i n a l  i n j ec t ion  of 1% DMSO,  0115% E M S  in 0 . 7 N  
sal ine so lu t ion  and  0 .15% E M S  so lu t ion  m a d e  in 1% solu- 
t i on  of DMSO.  Flies in j ec ted  w i t h  0 . 7 N  sal ine so lu t ion  


