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Ital ian4,  5 shows t h a t  the  k a r y o t y p e  under  s t u d y  consti-  
tu tes  an in t e rmed ia t e  condi t ion  and  the re  is an inverse 
re la t ionship  of the  n u m b e r  of b i a rmed  chromosomes  to 
the  n u m b e r  of acrocentr ics .  F u r t h e r  the  ch romosomes  of 
Mysore popu la t ion  differs f rom the  s t a n d a r d  type  (Dr. 
T. C. Hsu ,  personal  commun.~ Ju ly  1971) w i th  2n = 42 
in a) absence  of 4 pairs  of acrocentr ic  chromosomes ,  b) 
absence of i pai r  of subme tacen t r i c  ch romosomes  and 
c) presence  of 2 pairs  of me tacen t r i c  and  1 pai r  of large 
subte locent r ic  chromosomes .  Whi le  s t ruc tu ra l  po lymor-  
p h i s m  exis ts  in d i f fe rent  popula t ions ,  i t  is the  au thors '  
cons idered  opinion t h a t  Robe r t son ian  centr ic  fusion and 
cent r ic  dissociat ion migh t  have  p layed  the i r  role in 
reducing the  n u m b e r  f rom 42 to  38 in Mysore popula t ions .  - 

Rdsumd. Cont r ibu t ion  k l '6 tude du p o l y m o r p h i s m  chro- 
mosomique  chez le ra t  noir  Rattus rattus L. 
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A) Chromosomes of Rattus rattus (female) 2n : 38.13) Karyogram of 
Rattus rattus (male) 2n = 38. 
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Evidence for a Transmiss ib le  Substance Affec~ting 

Among  the  numerous  chlorophyl l  m u t a n t s  of Pisum,  
alt is especial ly d i s t inc t ive  2-5. Homozygous  recessive 
p lan ts  (air~air) exhfbi t  no rmal  p i g m e n t  d e v e l o p m e n t  unt i l  
t hey  reach the  5 or 6 node  s tage;  t hen  above  a r a the r  
sha rp ly  def ined zone of t r ans i t ion  the  t issue is b leached 
whi te  (Figure 1), fu r the r  g rowth  is checked,  and the  m u t a n t  
p lan ts  die w i thou t  p roduc ing  seeds. 

In  order  to  inves t iga te  t he  na tu re  of t he  m u t a n t  we 
first  pe r fo rmed  graf t ing  expe r imen t s  using alt/alt and 
normal  (Alt/Alt)  plan ts  as par tners .  The  graf t  pa r t ne r s  
were placed in con tac t  a f te r  r emov ing  a t h in  t angen t i a l  
slice of nodal  t issue f rom the  normal  (Alt/-) donor  p l an t  
as well as f rom the  rec ip ient  alt/alt plant .  The si te of the  
graf t  for the  rec ip ient  p l an t  was in the  region of normal  
green tissue, usual ly the  3rd or 4 th  vege ta t ive  node.  

The basal  or axi l lary  buds  in the  f i rs t  3-4 nodes  of t he  
main  s t em of the  m u t a n t s  are ac t iva t ed  by  decap i t a t ion  
or by  loss of apical  dominance  fol lowing the  dea th  of t he  
apical  mer is tem,  b u t  such b ranches  - which are chlorot ic  
even  t hough  t h e y  arise f rom the  region of t he  p lan t  
which  is green - soon die. Successful graf t  t r ansmiss ion  of 
an act ive subs tance  resul ted  in the  fo rma t ion  of chloro- 
phy l l  in the  basal  or axi l lary  b ranches  of the  m u t a n t .  

Pigment  Synthesis  in P i s u m  1 

These b ranches  u l t ima te ly  p roduced  flowers, fruits,  and 
seeds. Seeds p roduced  in th is  m a n n e r  on alt/alt t issue, 
when  p lan ted ,  all gave rise to  p lan t s  wi th  the  m u t a n t  
pheno type .  

The m u t a n t  express ion was a t t e n u a t e d  by  low l ight  
in t ens i ty  ( <  500 It-c) in a g rowth  chamber .  The leaves 
above node 6 or 7 were only  par t i a l ly  chlorot ic  and  
suff icient  p i g men t  was p resen t  to  sus ta in  weak growth,  
the  p lan t s  even tua l ly  reaching the  f ru i t ing s tage of 
d e v e l o p m e n t  bu t  dy ing  before mature ,  v iable  seeds were 
formed.  

We  nex t  a t t e m p t e d  to ext rac t ,  isolate, and  chemical ly  
iden t i fy  the  gra f t - t ransmiss ib le  subs tance  p resen t  in 
normal  p lan t s  b u t  def ic ient  in the  m u t a n t .  Fo r  th is  a 
b ioassay  was devised (Figure 2). M u t a n t  p lan t s  were decap-  

1 Approved by the Director of the New York Strate Agricultural 
Experiment Station, Geneva, New York, for publication as Journal 
paper No. 1916. 

2 H. LAMPRECHT, Agri. Hort. Genetiea 78, 135 (1960). 
a S. BLIXT, Agri. Hort. Genetiea 79, 103 (1961). 
4 H. LAMrRECH% Agri. Hort. Genetica 73, 103 (1955). 
5 H. LA~PRECHT, Agri. Hort. Genetiea 18, 15 (1959). 



1506 Specialia EXPERIENTIA 28[12 

i t a t e d  1 cm above  t he  3rd node  and  a glass t u b e  (6 m m  0D 
b y  10 cm) was  p laced  over  t he  cu t  end. The  t u b e  was 
sealed to  the  s t em w i t h  pa ra f f in  fi lm, a t t a c h e d  to a suppo r t  
a n d  p a r t i a l l y  fi l led w i t h  0.3 ml  of 1.5% agar.  T h e n  0.5 ml  
of s ample  was p laced  in t he  tube .  The  t r e a t e d  and  con t ro l  
(dist i l led water)  p l a n t s  were e x a m i n e d  for a c t i v i t y  10 days  
later .  A silIgle app l i ca t ion  of t he  m o s t  ac t ive  ex t r ac t s  led 

Fig. 1. Mutant alt/alt plant showing chlorosis of tissue appearing at 
and above the 5th node. 

to  t h e  p r o d u c t i o n  of shoots  bea r ing  f lowers an d  smal l  
f ru i t s  b u t  w i t h o u t  ma t u r e ,  v i ab le  seeds. 

A crude  e x t r a c t  of pea  seeds was p r e p a r e d  as follows: 
1,300 g of dr ied seeds were soaked in 21 of w a t e r  for 16 to  
18 h. A n  equa l  v o l u m e  of ace tone  (2 1) was  added  an d  t h e  
peas  were homogen ized  in a b l en d e r  a n d  enough  1 : 1 v / v  
ace tone  w a t e r  so lu t ion  was added  to keep t h e  h o m o g e n a t e  
l iquid.  Th i s  m a t e r i a l  was f i l tered t h r o u g h  s h a r k  skin  
p a p e r  a n d  the  f i l t r a t e  was  e x t r a c t e d  twice  w i t h  a n  equa l  
vo lume  of p e t r o l e u m  ether .  T h e  aqueous  phase  was 
c o n c e n t r a t e d  u n d e r  v a c c u m  a t  45 ~ to 500 ml.  Th i s  c rude  
e x t r a c t  was ac t ive  in t h e  b ioas say  e v e n  a f t e r  6 m o n t h s  
s torage  a t  - -13~ The  resu l t s  i nd i ca t e  t h a t  h y d r a t e d  
seeds of n o r m a l  p l a n t s  c o n t a i n  one or more  chemica ls  
which  compensa te ,  a t  leas t  in  pa r t ,  fo r  t h e  def ic iency 
caused b y  the  gene. 

F u r t h e r  s tudies  of the  c rude  e x t r a c t  revea led  t h e  follow- 
ing: .  1. Passage  of the  crude  e x t r a c t  t h r o u g h  a c o l u m n  of 
s t rong  ca t ion  exchange  res in  (Dowex 50, h y d r o g e n  form) 
r e m o v e d  all  t he  a c t i v i t y  of t h e  ex t rac t .  2. However ,  
passage  of t h e  ex~cract t h r o u g h  a c o l u m n  of a n  an ion  
exchange  res in  Dowex  3 ( O H -  form) reduced  s l ight ly  b u t  
d id  n o t  comple te ly  re lnove  t h e  ac t iv i ty .  3. The  ash  of th i s  
c rude  e x t r a c t  was i nac t i ve  even  w h e n  c o m b i n e d  w i t h  t h e  
e x t r a c t  w h i c h  was passed  t h r o u g h  t h e  ca t ion  exchange  
resin.  4. T h e  a c t i v i t y  was r e m o v e d  when  t h e  e x t r a c t  was  
passed t h r o u g h  t h e  ca t ion  exchange  res in  a n d  t h e n  
t h r o u g h  t h e  an ion  exchange  res in  or vice versa .  These  
resul t s  ind ica te  t h a t  t h e  p r inc ip le  in  t h e  crude  e x t r a c t  is 
a ca t ion  an d  i t  is n e i t h e r  a m e t a l  ion nor  a co mp l ex  
b e t w een  a m e t a l  ion a n d  a n  anion.  

No ac t i v i t y  was recovered  w h e n  t h e  res in  was e lu ted  
w i t h  0.5 N HC1. However ,  a c t i v i t y  was p a r t i a l l y  recovered  
w h e n  t h e  res in  was e lu ted  w i t h  a s t ronger  acid ( 6 N  HC1). 
The  ex t r ac t s  were ad ju s t ed  to p H  7 w i t h  N a O H  or w i t h  
Dowex  1 ( O H -  form).  

These  resul ts  suggest  t h a t  t h e  ac t ive  p r inc ip le  is a 
s t rong  base. The  cy tok in ins  are cha rac te r i s t i ca l ly  s t rong  
bases  6. However ,  zeat in ,  k ine t in ,  a n d  N -6 b e n z y l a d e n i n e  
were i nac t i ve  in t h e  bioassay,  as was a n u m b e r  of n a t u r a l l y  
occur r ing  subs t ances  inc lud ing  18 a m i n o  acids, 10 carbo-  
hydra tes ,  an d  15 v i t a m i n s  an d  minera ls .  Clearly, t h e  
m u t a n t  lacks a t r a n s l o c a t a b l e  s u b s t a n c e  p r e s en t  in n o r m a l  
peas  wh ich  e i the r  cont ro l s  or is a me tabo l i c  i n t e r m e d i a t e  
in the  e l ab o ra t i o n  of t h e  p h o t o s y n t h e t i c  p igmen t s .  
F u r t h e r  work  is in  progress  to  i so la te  an d  chemica l ly  
i den t i fy  th i s  ac t ive  pr inciple .  

Zusammen/assung. Alt-rezessive E r b s e n p f l a n z e n  zeigen 
als Ke iml inge  n o rma l e  ]? igmentb i ldung,  werden  abe r  
o b e r h a l b  des 5. oder  6. K n o t e n s  ch lo ro t i sch  u n d  s t e rb en  
vor  der  Samenre i fe  ab. Aufpf ropfen  des W i l d t y p s  u n d  
Zugabe  eines E x t r a k t e s  regener ie ren  die P i g m e n t b i l d u n g  
in der Mutante, was auf die Anwesenhei~c einer iibertrag- 
baren, stark basischen Substanz sehliessen l~isst. 
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Fig. 2. B ioas say  se tup .  P l a n t  on  r igh t ,  suppl ied  wi th  c rude  ex t r ac t ,  
shows basal shoot with near-normal development, whereas control 
plant (ieft), supplied with H20 olfly, shows 3 activated but undevelop- 
ed shoots. Photo taken 9 days after application. 
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