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A Study of the Differentiation of Bracts  in Drosophi la  me lanogas te r  U s i n g  two Mutat ions ,  H 2 and sv de 

In  Drosophi la  melanogaster, t he  ch i t inous  pa r t s  of the  
br is t le  organ consis t  of a socket  and  a shaf t  which  develop 
dur ing  me tamorphos i s  f rom two poly tenic  ceils, t he  to rmo-  
gen and  the  t r ichogen cell. These arise by  di f ferent ia l  cell 
divis ion f rom a single ec todermal  cell w i th in  the  ep i the l ium 
of the  imaginal  disks. Most  br is t les  on the  dis ta l  leg 
segments ,  as well as some on the  costa  of t he  wing, are 
accompan ied  b y  a special  t r ichome,  called a b rac t  t, 2 
(Figure 1). These brac t s  occupy  well def ined pos i t ions  
re la t ive to  t he  bris t les  and represen t  der iva t ives  of a 
single ec todermal  cell. In  genet ic  mosaics 8-5, a brist le  and 
its accompany ing  b rac t  m a y  differ in genotype .  This  
indica tes  t h a t  t he  two s t ruc tures  arise f rom two di f ferent  
cells which  are no t  necessar i ly  re la ted  t o  each o the r  by  
immed ia t e  cell lineage. In  reaggregates  of dissociated 
imaginal  disks, isolated brac t s  w i thou t  an accompany ing  
bris t le  were  never  observed.  By definit ion,  th is  shows 
t h a t  t he  p r e s u m p t i v e  b rac t  cell was no t  ye t  de t e rmined  to  
form a b rac t  pr ior  to  dissociat ion.  The hypo thes i s  was 
advanced  t h a t  the  fo rma t ion  of a b rac t  is induced  by  the  
developing bris t le  3,a. W h e n  the  d i f fe ren t ia t ion  of the  
t o rmogen  cell was  preferent ia l ly  blocked wi th  Mi tomycin  
C 6, 7, or w i th  n i t rogen  m u s t a r d  s, no brac t s  were found  near  
bris t les  t h a t  were  devoid  of a socket.  These da t a  suggest  
t h a t  e i ther  a comple te  br is tel  organ, or t he  fo rma t ion  of 
a socket,  is a necessary  prerequis i te  for t he  induc t ion  of 
a bract .  This  r epor t  provides  evidence t h a t  the  differ- 
en t i a t ion  of a b rac t  requires  the  presence  of a comple te  
br is t le  organ. 

The m u t a t i o n  Hair less  2 (H2: 3-69)9 is d o m i n a n t  and 
homozygous  lethal .  The ba lanced  s tock H 2 / T ( 2 ; : 3 ) a p  xa 
was used for our inves t iga t ion .  Shaven-depi late  (sva~: 4-2.0) 

is recessive and  homozygous  le thal  dur ing  the  late pupa l  
stage, w i th  a few 'escapers '  dy ing  dur ing  the  1st or 2nd 
day  af ter  emergence,  sv a~ is kep t  in a s tock ba lanced  wi th  
eye less -Dominant  (eyD:4--2.0). H 2 and sv a* were chosen 
because b o t h  of these  m u t a t i o n s  lead to the  fo rma t ion  of 
brist le  organs w i t h o u t  or w i th  a grossly reduced  shaft .  
The stocks were  raised on s t an d a rd  food (corn, sugar, 
agar, yeast)  a t  25~ Adul t  i n t egumen ta l  pa r t s  were  
eviscera ted  for 10 rain in ho t  5% KOH,  washed  in distill-  
ed water ,  and m o u n t e d  in Fau re ' s  rubber  solut ion on glass 
slides for microscopic examina t ion .  P h o t o g r a p h s  were 
t aken  wi th  a Zeiss photomicroscope .  

H 2 is expressed mos t  d i s t inc t ly  on the  head  where t he  
occipital,  pos tver t ica l ,  and ocellar se tae  are affected.  The 
bris t les  of t he  an t en n ae  and vibr issae show the  m u t a n t  
p h e n o t y p e  m u c h  less f requent ly .  Sockets  w i t h o u t  shaf t s  
were also found  on the  thorax ,  scutel lum, abdomina l  
tergites,  ex te rna l  genitalia,  wings, and legs. No shaft- less  

1 A. HANN~H-ALAVA, J. Morph. 103, 281 (1958). 
t3. PEYER and E. HADORN, Arch. Klaus-Stift. Vererb.-Forsch. 40, 
19 (1965). 

3 H. TOBLER, J. Embryo1. exp. Morph. 16, 609 (1966). 
4 A. GARCIA-BI~LLIDO, Devel. Biol. 7d, 278 (1966). 
5 p . j .  BRYAhr.I, and H.A. SCHNmD~R~AN, Devel. Biol. 20, 263 (1969). 
6 H. TOBL~R, Experientia 25, 213 (1969). 

H, TOBLER and M. PFLUGER, Wilhehn Roux Arch. EntwMeeh. Org. 
76d, 293 (1970). 

s H. TOBLER and V. MAIER, Wilhehn Roux Arch. EntwMecb. Org. 
76d, 303 (1970). 

9 For a description of mutations and stocks see D. L. LINDSLEV and 
E. H. GRELL, Carnegie Inst. Wash. Publ. 627, (1968). 

Fig. 1. Wildtype: Distal region of foreleg femur where certain longitudinal rows of bristles are regularly accompanied by bracts. 
Fig. 2. Hairless: same region as in Figure 1. Note that sockets without a shaft are without a bract. 
Fig. 3. Hairless: region of the femur showing a very small bristle with a bract of normal size (arrow). 
Fig. 4. Shaven-depilate: region of the tibia showing the high cellular penetranee of this mutation, and the absence of bracts from bristles 
without or with a very short shaft. Magnification for all Figures X 780. 
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sockets  a p p e a r e d  on  t h e  b r a c t e a t e d  cos ta  of t he  wing.  
However ,  some 40% of t h e  br i s t le  o rgans  loca ted  on  t he  
d i s ta l  p a r t  of t he  f e m u r  d i f f e ren t i a t e  n e i t h e r  a sha f t  no r  a 
b r a c t  in  H 2. B r a c t s  were a b s e n t  w h e n e v e r  a s h a f t  was  
miss ing  a t  pos i t ions  where  b r a c t s  are  a lways  fo rmed  in 
wi ld - type  flies (Figure  2). On t h e  o the r  hand ,  b r a c t  were 
p r e s e n t  nea r  comple t e  b r i s t l e  o rgans  on  m u t a n t  forelegs. 
I t  is i n t e r e s t i ng  t h a t  also a sma l l  b r i s t le  w i t h  a v e r y  sho r t  
sha f t  m a y  be  a c c o m p a n i e d  b y  a b r a c t  of n o r m a l  size 
(Figure  3, arrow).  

C o m p a r e d  w i t h  H 2, t h e  m u t a t i o n  sv*e is cha rac t e r i zed  
b y  a h ighe r  'ce l lu lar  p e n e t r a n c e '  in  t h e  sense t h a t  more  
cells e x h i b i t  a m u t a n t  p h e n o t y p e .  Sockets  w i t h o u t  br i s t les  
are  found  on  a d u l t  i n t e g u m e n t a l  de r i va t i ve s  of all  
i m a g i n a l  disks. The  f r e q u e n c y  of t h i s  e x t r e m e  cel lular  
p h e n o t y p e  reaches  a l m o s t  100% on t he  t h o r a x  l ead ing  to  
t h e  ' s h a v e n '  a p p e a r a n c e  of t he  a d u l t  fly. W h e r e  shaf t s  do 
occur  in  t he  sv ae m u t a n t ,  t h e y  ra re ly  e x h i b i t  n o r m a l  shape  : 
in  m o s t  ins t ances  t h e y  are e i t he r  ben t ,  twis ted ,  or forked.  
U p  to  97% of t he  br i s t le  o rgans  of t h e  wing  cos ta  or 
d i s t a l  leg p a r t s  d id  no t  d i f f e ren t i a t e  a n o r m a l  shaf t .  I n  
all  these  cases, b r a c t s  were also missing,  w i t h  a v e r y  few 
excep t ions  ( <  0.1%) where  sockets  t h a t  l acked  a s h a f t  
were neve r the l e s s  a c c o m p a n i e d  b y  a b rac t .  However ,  
most ,  if n o t  all, of these  ra re  e x a m p l e s ' m u s t  be  ascr ibed  
to  shaf t s  h a v i n g  been  lost  d u r i n g  p r e p a r a t i o n  of t h e  flies 
for microscopic  e x a m i n a t i o n  10 As in H 2, comple te  br i s t le  
o rgans  were a c c o m p a n i e d  b y  brac ts .  On t h e  o t h e r  h a n d ,  
b r a c t s  were a b s e n t  nea r  b r i s t l e  o rgans  t h a t  h a d  on ly  
deve loped  a v e r y  sho r t  sha f t  (Figure  4). 

I t  has  been  a rgued  ~t t h a t  t h e  f o r m a t i o n  of br i s t les  
w i t h o u t  sockets  a n d  b r a c t s  a f t e r  t r e a t m e n t  w i t h  mi to-  
m y c i n  C or n i t rogen  m u s t a r d  m a y  be  due  to  t he  2 d rugs  
i n h i b i t i n g  b o t h  t he  p r e s u m p t i v e  socke t  and  t h e  b r a c t  cell 
s i m u l t a n e o u s l y  a n d  i n dependen t l y .  Such  a h y p o t h e s i s  is 
now r e n d e r e d  v e r y  un l ike ly  b y  our  o b s e r v a t i o n  of a 
pe r fec t  co r re l a t ion  b e t w e e n  a n o r m a l  br i s t le  o rgan  a n d  t he  
f o r m a t i o n  of an  a c c o m p a n y i n g  b r a c t  in  t he  two  m u t a n t s ,  
H 2 a n d  sv ~. I n  t he  l igh t  of t he  a d d i t i o n a l  ev idence  now 
avai lable ,  t h i s  h y p o t h e s i s  would  h a v e  to m a k e  t he  follow- 
ing  two a s s u m p t i o n s :  1. t h a t  2 d rugs  ( m i t o m y c i n  C and  
n i t r o g e n  mus t a rd ) ,  and  2 m u t a t i o n s  (H 2 a n d  sv ~) exer t  
2 i n d e p e n d e n t  effects on  2 d i f fe ren t  cells ( t o rmogen /  
t r i chogen  a n d  b r a c t  cell); 2. a n d  t h a t  t h e  p r e s u m p t i v e  
b r a c t  cell exh ib i t s  t he  same sens i t i v i t y  as t he  t o r m o g e n  
cell t o w a r d s  m i t o m y c i n  C a n d  n i t r ogen  m u s t a r d ,  whereas  
in H 2 a n d  sv a* i t  r e sponds  in t he  same w ay  as t he  t r i c h o g e n  
cell. W e  t h i n k  i t  is m u c h  more  r easonab le  to  a s sume  t h a t  
t h e  2 drugs  a n d  t he  2 m u t a t i o n s  exe r t  on ly  one effect, 

n a m e l y  to  i n h i b i t  t he  d e v e l o p m e n t  of e i the r  t he  t o r m o g e n  
or t he  t r i chogen  cell, respec t ive ly ,  whereas  t h e y  leave 
una f fec t ed  t h e  c o m p e t e n c e  of t h e  p r e s u m p t i v e  b r a c t  cell 
to  r e spond  to t h e  i n d u c t i v e  s t imu lus  of t he  b r i s t l e  organ.  
Th i s  l a t t e r  conclus ion  is ba sed  u p o n  t he  f ac t  t h a t  in  
m u t a n t  flies, b o t h  H e a n d  sv *e, comple t e  br i s t le  o rgans  are  
a lways  a c c o m p a n i e d  b y  brac t s ,  p r o v i d e d  t h e y  are loca ted  
in regions  where  b r a c t s  are r egu la r ly  fo rmed  in  w i ld - type  
flies. 

I f  t he  a d d i t i o n a l  d a t a  o b t a i n e d  w i t h  d issocia ted  a n d  
r eaggrega ted  imag ina l  d isks  are t a k e n  in to  cons idera t ion ,  
we are forced to  accep t  as a fac t  t h a t  b r a c t s  in  Drosophila 
are d i f f e r en t i a t ed  u n d e r  t he  i n d u c t i v e  inf luence  e m a n a t i n g  
f rom a comple t e  a n d  n o r m a l  br i s t le  organ.  I n  H 2 even  a 
br i s t le  w i t h  a sho r t  sha f t  is capab le  of i nduc t ion ,  whereas  
in  sv ~ t h i s  is no t  t he  case. Th i s  d i f ference does n o t  p r e s e n t  
a n y  diff icul t ies  for our  concep t  since t he  two m u t a t i o n s  
m a y  well  a f fec t  d i f fe ren t ly  t he  i n d u c t i v e  c a p a c i t y  of 
r u d i m e n t a r y  br i s t le  organs.  

Zusammenfassung .  Die M u t a n t e n  <~Hairless2~ u n d  
<~shaven-depilate~> yon  Drosophila melanogaster f t ih ren  in 
den  B o r s t e n o r g a n e n  zu e inem Ausfal l  des Schaftes .  Bet  
be iden  M u t a n t e n  feh len  B o r s t e n s c h a f t  u n d  ((bracts> 
gleichzei t ig  in  Regionen,  wo b e i m  W i l d t y p  i m m e r  <(bracts ~> 
ausgeb i lde t  werden.  Die Kor r e l a t i on  zwischen f e h l e n d e m  
Schaf t  u n d  <<bracts) wi rd  im Z u s a m m e n h a n g  in i t  f r i iheren  
B e f u n d e n  d i sku t ie r t .  Es  wi rd  de r  Schluss  gezogen, dass  
n u r  ein vollstS, ndiges  B o r s t e n o r g a n  die Di f fe renz ie rung  
eines <~bracts>> zu induz ie ren  ve rmag .  
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C o u m a r i n s  of Angelica pachycarpa 
Angel ica  pachycarpa Lge. is one of t he  Umbe l l i f e r ae  

endemic  to  NW.  Spa in  1-3 a n d  W. P o r t u g a l  (Ber l anga  
is land) 8, 4. To our  knowledge  t h e  p l a n t  ha s  n e v e r  been  
s tud ied  for  i ts  c o n s t i t u e n t s  S, 6, desp i te  t h e  fac t  t h a t  
occur rence  of c o u m a r i n s  could be  assumed.  W e  r e p o r t  in  
th i s  p a p e r  t h e  i den t i f i ca t ion  of severa l  of t h e m  in  t he  p lan t .  

Mater ials  and methods. Aeria l  p a r t s  of t h e  p l a n t s  (300 g), 
exclusive  of f lowers  and  frui ts ,  were col lected in N o v e m b e r  
a n d  homogen i zed  w i t h  m e t h a n o l  (1.5 1) a t  r oom t e m p e r a -  
ture .  Af te r  a 7-day e x t r a c t i o n  w i t h  occas ional  s t i r r ing,  t h e  
suspens ion  was f i l te red  a n d  t he  e x t r a c t i o n  r epea t ed  for 
2 consecu t ive  24-h periods.  The  f i l t r a t e s  were combined ,  
c o n c e n t r a t e d  in vacuo  a n d  t he  res idue  was t a k e n  up  in 
60% m e t h a n o l .  P i g m e n t s  and  o t h e r  fa t - so luble  m a t e r i a l  
were r e m o v e d  b y  e x t r a c t i o n  in to  h e x a n e  7. T he  res idua l  

60% methanolic solution was concentrated in vacuo and 
the methanol-free aqueous residue was continuously 
extracted overnight with ether. 

The ether solution was dried over anhydrous sodium 
sulphate, concentrated and chromatographed on What- 
man 3ram paper with either toluene-acetic acid-water 
(4: i: 5 by volume; upper layer, TAW) or isopropanol- 
ammonia-water (i0:1 : 1 by volume, IAW) as descending 
solvents. The chromatograms were observed under 
shortwave light (254 nm) and bands corresponding to 
fluorescent compounds were eluted with methanol. 
Overlapping of substances was showed by rechromato- 
graphy in different solvents. Consequently, the eluates 
were sublimed at 130-190 ~ and the sublimates were 
chromatographed in TAW. Several bands were Muted and 


