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The  Nuclear  D N A  Content  of L a m p r e y s  

Th e  D N A  v a lu e s  for 2C nucle i  of va r i ous  species of 
repti les,  b i rds  a n d  m a m m a l s  lie b e t w e e n  1.7 a n d  9.9 pg l -4 .  
W i t h i n  th i s  r e la t ive ly  n a r r o w  range ,  m a m m a l s  t e n d  to  
h a v e  the  h i g h e s t  va lue s  a n d  b i rds  t he  lowest.  Va lues  for 
f ishes  a n d  a m p h i b i a n s  are,  however ,  m u c h  more  var ied ,  
w i th  diploid nucle i  of one te leos t  h a v i n g  as l i t t le  as 0.8 pg  
of D N A  while  those  of an  a m p h i b i a n  a n d  a lungf i sh  c on t a in  
as m u c h  as  167 a n d  212 pg  r e spec t ive ly  1-8. M u c h  of t he  
va r i a t i o n  t h a t  c a n n o t  be a t t r i b u t e d  to  n u m e r i c a l  differ-  
ences b e t w e e n  c h r o m o s o m e  c o m p l e m e n t s ,  ref lects  t he  
presence  of differ ing a m o u n t s  of repet i t ive ,  a n d  poss ib ly  
o th e r  t y p e s  of DNA,  whose  roles are  c u r r e n t l y  be ing  

�9 s tud ied  i n t e n s i v e l y  5. 
However ,  c o m p a r i s o n s  b e t w e e n  t he  D N A  va lue s  of 2 C 

nucle i  of v a r i o u s  species  of v e r t e b r a t e s  are m a d e  diff icul t  
b y  t h e  fac t  t h a t  the  d a t a  h a v e  n o t  a lways  been  ob t a ine d  
b y  t h e  s a m e  m e t h o d  1. F u r t h e r m o r e ,  t he  va lue s  are o f ten  
expressed  in re la t ive  t e r m s ,  u s u a l l y  as  a pe r cen t age  of t he  
a m o u n t  of D N A  f o u n d  in t he  nucle i  of m a n  e. E v e n  in 
r ecen t  s tud ies ,  however ,  w h e n  an  a t t e m p t  h a s  also been  
m a d e  to  c o n v e r t  such  i n f o r m a t i o n  in to  q u a n t i t a t i v e  
va lues ,  d i s a g r e e m e n t  ex i s t s  as to  w h e t h e r  t he  l a t t e r  nucle i  
shou ld  be r eg a rd ed  as  c o n t a i n i n g  6 or 7 pg  of D N A  2, 8. I n  
t h i s  paper ,  t h e  re la t ive  da ta ,  b o t h  of ourse lves  a n d  o the r  
workers ,  h a v e  been  c o n v e r t e d  in to  p i c o g r a m s  u s ing  t he  
fo rmer  a n d  m u c h  q u o t e d  of t hese  va lues  ba sed  on t he  
work  of VENDRELY a n d  VENDRELY 7. 

Unl ike  o th e r  v e r t e b r a t e  classes w i t h  l iv ing r ep re se n t a -  
t ives ,  t h e  jawless  v e r t e b r a t e s  or A g n a t h a  ( l ampreys  a n d  
hagf ishes)  h a v e  been  la rge ly  neg lec ted  in s tud ies  of ve r t e -  
b r a t e  D N A  con ten t .  Two va lue s  h a v e  been  p u b l i s h e d  for 
l amp rey s .  Accord ing  to an  ear ly  e s t i m a t e  s, Petromyzon 
marinus nucle i  con t a in  a b o u t  5 pg (i.e. a p p r o x i m a t e l y  
92% of t h e  va lue  t he  s a m e  a u t h o r s  ob t a ined  for h u m a n  
cells) an d  in a second  r epor t  s Lampetra planeri is c i ted as 
c o n t a i n i n g  cons ide rab ly  less t h a n  ha l f  t h a t  a m o u n t .  I n  
v iew of t h e  m a r k e d  s im i l a r i t y  of t he  ka ryo typeS  of all 
l a m p r e y s  a p a r t  f r om Morclacia spp. 9, we o b t a i n e d  nuc lea r  
D N A  v a lu e s  for over  a q u a r t e r  of t he  k n o w n  species  
( represen t ing  all 3 Famil ies)  to  a sce r ta in  w h e t h e r  t h e  
p a t t e r n  exh ib i t ed  b y  these  d a t a  para l le led  those  s h o w n  in 
t e r m s  of c h r o m o s o m a l  cons t i t u t i on .  

Nuc lea r  D N A  va lue s  are g iven  for 5 gene ra  a n d  9 
species of l a m p r e y s  o b t a i n e d  f rom di f fe rent  geograph ic  

local i t ies  a n d  d i f fe rent  life cycle s t ages  (Table). L a m p r e y  
t i s sues  were  d a b b e d  on  covers l ips  before app l i ca t ion  of 
con t ro l  cells ( h u m a n  female  l eucocy tes  f r om a p p e n d i x  a n d  
tonsil) .  T h e  compos i t e  p r e p a r a t i o n s  were s t a i ne d  b y  a 
F e u l g e n  p rocedure  a n d  t he  nuc lea r  D N A  c o n t e n t  of t h e  
l a m p r e y  e r y t h r o c y t e s  a n d  con t ro l  l y m p h o c y t e s  m e a s u r e d  
in a r b i t r a r y  un i t s  u s ing  an  i n t e g r a t i n g  m i c r o d e n s i t o m e t e r  
w i th  a c r u s h i n g  c onde nse r  10. The  nuc lea r  D N A  c o n t e n t  
of t he  l a m p r e y  was  exp re s sed  as a pe r c e n t a ge  of t h a t  f o u n d  
in t he  h u m a n  female  leucocyte  a n d  t h e n  c onve r t e d  in to  
p icograms .  

A cons iderab le  degree  of s imi l a r i t y  ex is t s  be tw e e n  t h e  
m e a n  D N A  c o n t e n t  of 8 of t h e  9 species  w i th  va lue s  for  
t hese  ly ing  w i th in  t he  n a r r o w  range  of 2.2 to  2.6 pg. 
Petromyzon marinus is t he  excep t ion  wi th  a va lue  of 
3.6 pg. T h e  s imi l a r i t y  e x t e n d s  f rom species w h i c h  m a y  
h a v e  d ive rged  as r e c e n t l y  as t he  end  of t he  P le is tocene  11 
(e.g. t h e  so-cal led 'pa i red  species '  Lampetra fluviatilis 
a n d  Lampetra planeri) to t he  d i f fe ren t  genera  w h ich  
u n d o u b t e d l y  s e p a r a t e d  v e r y  m u c h  earlier. 
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The DNA content of lamprey nuclei 

Family and Species Geographical Locality Life cycle stage No. of cells DNA content 

% Pg 

Petromyzonidae 
Ichthyomyzon ]ossor Great Lakes, United States Larva/Adult 29 38.4 + 0.75 2.3 
Ichthyomyzon gage* Southern Unites States Larva/Adult 30 37.4 + 1.08 2.2 
Ichthyomyzon bdellium Southern United States Adult 15 41.3 + 2.28 2.5 
Petromyzon mar,n us Great Lakes, Canada Larva/Adult 36 60.7 + 3.47 3.6 
Lampetra lamotten*i Great Lakes. Canada Larva/Adult 30 40.0 + 1.25 2.4 
Lampetra planeri Southern England Larva/Adult 32 40.5 + 2.65 2.4 
Lampetra fluviatilis Northern England Larva 15 41.3 + 1.29 2.5 

Geotriidae 
Geotria australis Tasmania Larva/Adult 31 44.0 + 2.95 2.6 

Mordaciidae 
Mordacia mordax Southeastern Australia Larva 61 40.7 + 1.09 2.4 

Values are expressed as a mean percentage + 1 S.E./of that found in the hmnan female leucocyte and in pieograms on the assumption that 
the diploid nucleus of man contains 6 pg~. 
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The  N o r t h e r n  H e m i s p h e r e  genera  Ichthyomyzon, 
Petromyzon a n d  Lampetra h a v e  v e r y  s imi la r  k a r y o t y p e s  9. 
The  h ighe r  D N A  va lue  for Petromyzon is the re fore  n o t  t he  
resu l t  of a n  increase  in c h r o m o s o m e  n u m b e r  or size. The  
p roposed  i n t e r m e d i a t e  t a x o n o m i c  pos i t ion  of Petromyzon 
b e t w e e n  Ichthyomyzon a n d  Lampetra ~ requi res  t h a t  D N A  
increase  in Petromyzon was a s o m e w h a t  i so la ted  e v e n t  
a n d  occur red  du r ing  or a f t e r  t he  e v o l u t i o n a r y  d i f fe rent ia -  
t ion  of Petromyzon. There  is no  pa laeon to log ica l  ev idence  
to  sugges t  w h e n  th i s  a c tua l l y  t ook  place, no r  is t h e r e  a n y  
cy tochemica l  ev idence  t h a t  t he  e x t r a  D N A  is of a pa r t i cu -  
lar  t y p e  such  as r epe t i t i ve  or spacer  D N A  4, ~3 

Since the  S o u t h e r n  H e m i s p h e r e  genus  Geotria possesses 
a c h r o m o s o m e  n u m b e r  9 and  D N A  c o n t e n t  t yp i ca l  of those  
of o the r  Hola rc t i c  genera,  i t  is karyologica l ly  s imi la r  to  
Hola rc t i c  forms.  However ,  t he  o the r  S o u t h e r n  H e m i s p h e r e  
genus,  Mordacia has  a m u c h  lower c h r o m o s o m e  n u m b e r  ~4 
and  k a r y o t y p e  size t h a n  o t h e r  l a m p r e y  genera  b u t  r e t a ins  
a s imi la r  D N A  value.  Centr ic  fusions m a y  h a v e  occur red  
in t he  evo lu t ion  of Mordacia b u t  fusions a lone c a n n o t  
a c c o u n t  for t he  d i s t i nc t ly  d i f fe ren t  ka ryo types .  A l t h o u g h  
the  Mordacia k a r y o t y p e  ha s  been  descr ibed  as t he  m o s t  
d i s t inc t  of t he  l a m p r e y  g e n e r a 9  th i s  d i s t inc tness  c lear ly  
does n o t  e x t e n d  to  t he  a m o u n t  of D N A  p r e s en t  in nuclei.  

Our  resul t s  conf i rm t he  sugges t ion  (based o n  t he  D N A  
va lue  for  a s ingle species, Lampetra planeri) t h a t  l a m p r e y s  
typ ica l ly  possess D N A  va lues  of a p p r o x i m a t e l y  40% of 
t h a t  found  in man .  However ,  an  e x a m i n a t i o n  of t he  
ch romosomes  of a v a r i e t y  of l ampreys  reveals  t h a t  close 
s imi la r i ty  of k a r y o t y p e  m a y  be  a c c o m p a n i e d  b y  differences  
in D N A  c o n t e n t  (e.g. Petromyzon) and,  conversely ,  m a r k e d  

differences  in  k a r y o t y p e  m a y  be  a c c o m p a n i e d  b y  s imi la r i ty  
in D N A  va lue  (e.g. Mordacia). Since para l le l  examples  
h a v e  been  recorded  for insec ts  15 a n d  m a m m a l s  ~, t h e y  
emphas i se  t he  need  for r e s t r a i n t  w h e n  p red i c t i ng  re la t ion-  
ships  based  solely on  a few exac t  D N A  values .  

Rdsumd. Nous  avons  t r o u v 6  que  le c o n t e n u  en  A D N  
nucl6aire  va r i e  peu  chez les lamproies .  D a n s  les 3 famil les  
p r inc ipa les  ee c o n t e n u  repr6sen te  en  m o y e n n e  le 40% de 
celui de l ' h o m m e .  I1 exis te  une  corr61ation en t re  le c o n t e n u  
en  A D N  et  le c a r y o t y p e  dans  p re sque  t o u s l e s  genres.  
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J u v e n o m i m e t i c  A c t i v i t y  in  s o m e  P l a n t s  

I t  was r epo r t ed  t h a t  top ica l  app l i ca t ion  of ace tone  
e x t r a c t s  of s t em or saw dus t  of ce r t a in  p l a n t s  to  newly  
m o u l t e d  5th  i n s t a r  n y m p h s  of t he  red c o t t o n  bug  Dysder- 
cus cingulatus resu l ted  in r e t e n t i o n  of v a r y i n g  degrees of 
n y m p h a l  charac te rs .  Based  on th i s  bioassay,  i t  was found  
t h a t  ou t  of 9 p l a n t s  i nves t i ga t ed  6 h a d  cons iderab le  
juven i l e  h o r m o n e  a c t i v i t y  1. The  juven i le  h o r m o n e  act i -  
v i t y  in the  p l a n t s  s tud ied  was r ep resen ted  as F M E  
equ iva len t s ,  i.e. juven i le  h o r m o n e  ac t i v i t y  shown b y  t h e  
e x t r a c t  f rom 1 g of dr ied p l a n t  s tem,  e q u i v a l e n t  to  t he  
q u a n t i t y  of fa rnes ly  m e t h y l  e the r  in  ~zg. The  p r e sen t  
r epo r t  s u m m a r i z e s  t he  resu l t s  of our  i nves t iga t ions  
cover ing  more  p lan t s .  

Dr ied  s t em was Soxh le t  e x t r a c t e d  w i t h  acetone,  a n d  
the  ace tone  e x t r a c t  was  s tud ied  on  newly  m o u l t e d  5 th  
i n s t a r  n y m p h s  of Dysdercus cingulatus as r epo r t ed  
p rev ious ly  1. 16 p l a n t s  were col lected locally, of wh ich  12 
showed presence  of j u v e n o m i m e t i c  a c t i v i t y  in t he  e x t r a c t  
b y  the  m e t h o d  employed  for the  s tudy,  whereas  t he  
r e m a i n i n g  4 did  no t  give a n y  pos i t ive  i nd i ca t i on  of th i s  
a c t i v i t y  in t he i r  ex t rac t s .  The  p l a n t s  s tudied ,  a n d  t he  
j u v e n o m i m e t i c  ac t i v i t y  p r e s en t  in t h e m  in t e r m s  of F M E  
equ iva l en t s  is g iven  be low:  Erythrina indica Lain.  (48 
F M E  eqs);  Auracaria excelsa R. Br. (77 F M E  eqs.);  
Anona reticulata L. (65 F M E  eqs.);  Peltoforum inerme 
B e n t h .  (46 F M E  eqs.);  Tamarindus indica L. (11 F M E  
eqs.);  iVIanihot esculenta Pohl .  (56 F M E  eqs.);  Phyl- 
lanthus emblica L. (80 F M E  eqs.);  Eupatorium sp. (23 
F M E  eqs.) ; Mangi/era indica L. (47 F M E  eqs.) ; Tabernae- 
montana dichotoma Roxb .  (97 F M E  eqs.);  Macaranga 
peltata Muell. (10 F M E  eqs.) and  Psidium gaujava L. 

(5 F M E  eqs.). The  fol lowing p l a n t s  were found  no t  to  
possess a n y  apprec iab le  juven i le  h o r m o n e  a c t i v i t y :  
Millingtonia hortensis L. f., Careya arborea Roxb. ,  Ana- 
cardium occidentale L. a n d  Dalbergia lati/olia Roxb .  

The  p r e sen t  s t u d y  suppor t s  our  ear l ier  p r e s u m p t i o n  
t h a t  j u v e n o n l i m e t i c  ac t i v i t y  is wide-spread  in p l a n t s  1. 
This  j u v e n o l n i m e t i c  a c t i v i t y  m a y  be  due to t h e  j u v e n i l e  
ho rmone - l i ke  subs t ances  in t he  ex t rac t s ,  or m a y  be 
synerg is t ic  r a t h e r  t h a n  in t r ins ica l ly  h o r m o n a l  2. 

Zusammen/assung. Es wurde  bei  12 v o n  16 un te r -  
s u c h t e n  P f l a n z e n  die j u v e n o m i m e t i s c h e  W i r k u n g  in den  
A c e t o n e x t r a k t e n  fes tges te l l t ;  die r e s t l i chen  4 zeigten 
keiner le i  Effekte .  Die j u v e n o m i m e t i s c h e  W i r k u n g  wird  
auf  j u v e n i l h o r m o n a r t i g e  Stoffe in den  E x t r a k t e n  oder  
auf  e inen  Syne rg i smus  zuri ickgefi ihr t .  
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