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Morphogene t i c  and Cytogenet ic  Effects of 7 , 1 2 - D i m e t h y l b e n z ( a ) a n t h r a c e n e  on Haworthia Callus in 
vitro 1 

Recen t  inves t iga t ions  have  shown t h a t  Benz (a) an th ra -  
cene s and  o ther  re la ted  tobacco  smoke  components3 ,  4 
induce  vege ta t ive  buds  on the  callus der ived  f rom haploid  
p lan t s  of 'Bur ley  21' tobacco.  The effects  of the  chemical  
carcinogen s, 7, 12-d imethy lbenz  (a) an th racene  (DMt3A), 
on p l a n t  t issue cul tures  have  no t  been  s tudied.  In  t he  
p resen t  inves t iga t ion  und i f fe ren t i a t ed  Hawor th ia  callus 
cells were used to de t e rmine  the  effects  of DM13A on the i r  
growth,  morphogenes i s  and the  chromosomes .  

The callus cells used in th is  s tudy  were der ived f rom the  
f lower axes of Hawor th ia  variegata by cul tur ing  inflores- 
cences on W h i t e ' s  modif ied  m e d i u m  6-s. The callus was 
induced  to  de f fe ren t i a te  in to  m a n y  shoots  and  a few roots  
by  subcu l tu r ing  on the  W h i t e ' s  basal  med ium conta in ing  
indole-3-acet ic  acid (IAA, 1 mg/l),  k ine t in  (0.5 mg/1), 
coconut  milk (20%), v i t amins  (thiamine-HC1, 0.1 rag/l;  
pyridoxine-HC1. 0.1 mg/1; niacin, 0.5 rag/l), sucrose (2%) 
and  Difco Bac to -agar  (0.8%). This served  as the  contro l  
medium.  The second m e d i u m  has all the  nu t r i en t  supple-  
men t s  found  in the  contro l  b u t  no IAA, k ine t in  or coconut  
milk was added.  The expe r imen ta l  nu t r i en t  med ia  were 
s u p p l e m e n t e d  wi th  1, 5, 10 and 20 mg/1 of DMI3A b u t  
lacking in IAA, k ine t in  and  coconut  milk. The carc inogen ~ 
was dissolved in benzene  before add ing  to  the  agar  n u t r i e n t  
media  and  the  p H  of t he  media  was ad jus ted  to  5.8. The 
media  were au toc laved  at  15 lb pressure  for 15 min  and  
the  cul tures  were kep t  a t  26 ~ • 1 ~ under  con t inuous  
l ight  (40 wat t ,  Gro-Lux  f luorescent  Sylvania  lamp).  
25 cul ture  tubes  were set  up for each t r e a t m e n t  and  mor-  
phological  changes  were s tudied  for 10 weeks.  

Chromosome slides were p repa red  f rom callus and root  
t ips  using the  sqash  t echn ique  af ter  f ixing the  mate r ia l  in 
1:3 acetic  acid-alcohol  and  s ta in ing  wi th  1.5% orcein or 
carmine.  Some 35-4-0 me taphase s  and  anaphases  were 
examined  for each t r e a t m e n t .  

The callus g rowth  and  organ fo rma t ion  on the  contro l  
med ium were vigorous over  the  10-week period.  By  4 
weeks, t he  cul tures  had  fo rmed  m a n y  nodules,  and  devel-  
opmen ta l  s tages of m a n y p l a n t l e t s  were  visible in each tube.  
Very  few nodules  were visible af ter  8 weeks when  nodule  
d i f fe ren t ia t ion  and  organ fo rma t ion  were found to  be 
extensive.  On the  average,  10 week-old cul tures  con ta ined  
somewhere  be tween  15-30 leafy shoots  b u t  general ly  no 
more  t h a n  2 roots  per  tube .  The progress ion of cul ture  
d i f fe ren t ia t ion  in the  cont ro l  med ium is given in the  
Table,  

Very  l i t t le  g rowth  of the  callus was observed on med ium 
lacking in IAA, k ine t in  and  coconut  milk. In  add i t ion  no 
organogenesis  was observed in the  med i u m;  therefore ,  it  
was felt  unnecessa ry  to  include the  resul ts  in the  Table.  

Calluses on the  DMBA media  p roduced  m a n y  nodules  
and some vege ta t ive  buds  in a few tubes  (Table) 2 weeks 
af ter  inoculat ion.  By the  four th  week, mos t  of the  con- 
cen t ra t ions  of the  DMBA group p roduced  shoots  and 
roots  in over  half  of t he  25 tubes  inocula ted  for each 
t r e a t m e n t .  As can be seen f rom the  Table,  the  increase in 
d i f fe ren t ia t ion  pe rcen tage  rose w i th  the  increase in t he  
concen t ra t ion  of DMBA in the  medium.  Af te r  6 weeks, 
the  g rowth  and  d i f fe ren t ia t ion  of the  calluses con t inued  
in the  h igher  concen t ra t ions  bu t  leveled off in the  lower 
concen t ra t ions  (1 and  5 mg/1). In  these  2 lower concent ra-  
t ions  some bud  d i f fe ren t ia t ion  was seen dur ing  the  8 and 
10 weeks per iod and on the  average each cul ture  tube  
con ta ined  3-10 shoots  and 2-4 roots  a t  t he  end of 10 
weeks. On b o t h  the  media  conta in ing  DMBA at  10 mg and 
20 rag/l, the  pe rcen tage  of tubes  w i th  vege ta t ive  buds  
increased to 88% at  t he  end of 10 weeks of g rowth  com- 
pa red  to  93% in the  control .  Abou t  6-20 shoots  and  4-8 
roots  were visible f rom each tube  at  th is  stage, bu t  com- 
pa ra t ive ly  more  roots  t en d ed  to  form in 20 rag/1 DMBA 
media.  However ,  t he  roots  in the  DMBA media  were 
f r equen t ly  feeble in appearance .  

Chromosome s tudies  of calluses and  root  t ips  grown in 
t he  contro l  and  the  DMBA m e d i a  showed 14 normal  
chromosomes ,  8 long and  6 short .  The k a r y o t y p e  was 
per fec t ly  no rma l  and  the  separa t ion  of the  chromosomes  
in anaphase  was equal. The cells in the  d iv id ing  areas 
appeared  heal thy ,  and no ch romosomal  aber ra t ions  such 
as ch roma t id  breaks,  f r agment s  or any  in te rchanges  were 
seen. The cy togene t ic  effects  of DMBA on p lan t s  have  
received no a t t en t ion .  The chemical  carcinogen,  7, 12-di- 
m e t h y l b e n z  (a) an thracene ,  is well known for its leukegenic 
and  ch romosome-break ing  effects  in animals  5,'~ Our 
s t u d y  p resen ted  here  shows for the  f i rs t  t ime  t h a t  ~his 
carcinogen s t imula tes  callus g rowth  and induces  ca:lus 
d i f fe ren t ia t ion  to  p roduce  m a n y  shoots  and  root~ :'" the  
absence  of IAA, k ine t in  and  coconut  milk. This  chemical  
def in i te ly  s t imu la t ed  root  fo rma t ion  as ev idenced t: v the  
r emarkab le  ex t en t  of root  p roduc t ion  on all of t he  DMBA 
media.  In te res t ing ly ,  t he  chemical  did no t  a l ter  the  chro- 
mosome s t ruc tu re  or the  n u m b e r  in Hawor th ia  cul ture  
ceils. We  canno t  explain  wi th  ce r t a in ty  w h y  th is  animal  

Progression of Haworthia callus differentiation on the control and on 
different concentrations of DMBA media 

Treatment % culture ~ differentiation in weeks 

2 4 6 8 

Control b 36 67 82 93 

DMBA e (1 mg/1) 4 42 78 78 

DMBA (5 mg/l) 8 57 82 82 

DMBA (10 rag/l) 16 67 82 86 

DMBA (20 mg/l) 16 71 86 88 

Each treatment consisted of 25 replicates, b Supplemented with IAA, 
kinetin and coconut milk. ~No IAA, kinetin or coconut milk was 
added to the media. 
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c h r o m o s o m e  b r e a k i n g  a g e n t  was  u n a b l e  to  induce  chro-  
m o s o m a l  a b e r r a t i o n s  in  t h i s  p l a n t  species. W e  know, 
however ,  t h a t  m a n y  chemica l s  w h i c h  d a m a g e  a n i m a l  
chromosomes ,  m a y  n o t  induce  c h r o m o s o m a l  a b n o r m a l i t i e s  
in  p l a n t s  as was  found  in c o n n e c t i o n  w i t h  t h e  cy togene t i c  
s tud ies  of cyc l ama te s  n- l~,  a n d  d i f fe ren t  p l a n t  species m a y  
r eac t  d i f f e ren t ly  to  t he  same  chemica l  as was revea led  b y  
a s t u d y  of RILEY a n d  INTEuROTH l~ on  t h e  effect  of L S D  on 
p l a n t  chromosomes .  

Z u s a m m e n / a s s u n g .  7 ,12 -Dime thy lbenz  ( a ) an th r acen  
(DMBA) in v e r s c h i e d e n e n  K o n z e n t r a t i o n e n  ans te l le  yon  
Auxin ,  K i n e t i n  u n d  K o k o s m i l c h  i m  N~thrmedium indu-  
z ier t  die B i l d u n g  yon  W u r z e l n  u n d  b e b l ~ t t e r t e n  Sprossen  
au f  den  Kal l i  yon  Haworthia variegata. Dieses E rgebn i s  
g le icht  d e m j e n i g e n  i m  vollst~tndigen K o n t r o l l m e d i u m  
ohne  DMBA,  m i t  d e m  Unte r sch ied ,  dass  u n t e r  d e m  Ein-  
f luss yon  D M B A  weniger  Sprosse u n d  eine grdssere 

A n z a h l  y o n  W u r z e l n  geb i lde t  werden .  Cytologische 
U n t e r s u c h u n g e n  a n  Kal lus-  u n d  Wurze lze l l en  aus  d e m  
DMBA-?Ciedium zeig ten  eine n o r m a l e  K o n s t i t u t i o n  des 
C h r o m o s o m e n s a t z e s  ohne  c h r o m o s o m a l e  Abe r r a t i onen .  
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Induced Morphogenetic Variations in Aspergillus 

One of t he  m o s t  p o t e n t  modif iers  of genet ic  t r ansc r ip -  
t ion  in m e t a z o a n  sys t ems  is 8-azaguanine ,  wh ich  is k n o w n  
to replace  guan ine  in messenger  R N A  ( m - R N A ) 1  The  
knowledge  t h a t  such  r e p l a c e m e n t  can  be  e n v i r o n m e n t a l l y  
p r o g r a m m e d ,  led t he  a u t h o r s  to  i nves t i ga t e  t he  i m p a c t  of 
8 -azaguan ine  on d iverse  s t r a in s  of A.  oryzae, cu l tu red  in 
def ined  n u t r i e n t  mil ieu,  This  c o m m u n i c a t i o n  repor t s  t h e  
new S morpho log ica l  v a r i a t i o n s  i nduced  in A.  oryzae b y  
th i s  aza-base .  

Materials and methods. The  d iverse  cul tures  of A.  oryzae 
f igur ing  ia  th i s  i nves t iga t ion  are f rom KAKKAR'S pe r sona l  
stock,  and  these  s t r a ins  were or ig ina l ly  i so la ted  f rom t h e  
soil and  rh izosphere  microf lora  of w h e a t  fields of A l l a h a b a d  
and  s u b u r b s  in  1960-1961. D u r i n g  the i r  en t i re  pe r iod  of 
r e t e n t i o n  u n d e r  cu l tu ra l  condi t ions ,  these  s t r a in s  h a v e  
r e t a ined  the i r  r igid s t r u c t u r a l  p a t t e r n  and  general  m o r p h o -  
logy, as descr ibed b y  RAPER and  FENNELL ~ w i t h o u t  a n y  
a p p a r e n t  d iscern ib le  a b n o r m a l i t y .  

The  basa l  m e d i u m  of t h e  p re sen t  i nves t iga t ion  was t h e  
modi f ied  Czapek 's  m e d i u m  con ta in ing :  Sucrose, 10 g; 
KHePO4, 1 g; N a N O  a 3.0g;  KC1, 0.5 g; MgSO 4, 7H,O, 0.5g;  

oryzae by 8-Azaguanine 

FeSO 4, 0.01 g; an d  p y r e x  th r i ce  d is t i l led  w a t e r  to  m a k e  
1 1. 8 -azaguan ine  was a d d e d  to  t h e  basa l  mediurr~ in t h e  
c o n c e n t r a t i o n  of 85 rag/1. T h e  re in forced  m e d i u m  was 
a p p o r t i o n e d  in p y r e x  (white  label)  150 m l  E r l e n m e y e r  
cu l tu re  flasks,  each  f lask c o n t a i n i n g  25 ml  of t h e  cu l tu re  
solut ion.  T h e  f lasks c o n t a i n i n g  t h e  cu l tu re  s o l u t i o n  were 
sub jec ted  to f r ac t iona l  s t e r i l i za t ion  in  Arno ld ' s  s teamer ,  
b y  s t e a m i n g  t h e m  for 30 m i n  each  d ay  for 3 consecu t ive  
days.  T h e  p H  of t h e  cu l tu re  f luid was 6.5. 

T h e  i nocu lum was p r e p a r e d  f rom t h e  conid ia  of d iverse  
s t r a in s  of A.  oryzae, which  were washed  b y  c e n t r i f u g a t i o n  
an d  f ina l ly  suspended  in doub le  dis t i l led  water .  I n o c u l a t i o n  
was pe r fo rmed  b y  p i p e t t i n g  1 ml.  of t h e  s t a n d a r d i z e d  
spore  suspens ions  (approx.  25,000 spores) in to  t h e  f lasks 
con ta in ing  t h e  cu l tu re  solut ion.  Af ter  inocula t ion ,  t h e  
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Fig. 1. An abnormal bead of A. oryzae witb 6 secondary septate stalks, 
terminating into fertile miniature vesicles bearing chains of globose 
or sub-globose eonidia. • 800. 

Fig. 2. All abnormal bead of A. oryzae with secondary stalks in various 
stages of development. • 800. 


