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chae ta  number ,  and  p r o b a b l y  for chae t a  n u m b e r  else- 
where  on the  fly. Chae ta  n u m b e r  t ra i t s  seem to be con- 
trol led by  polygenic  ac t iv i ty  ma in ly  res t r i c t ed  to  specific 
pa r t s  of t he  genome  4,s. Thus  it is necessa ry  to  c o m m e n c e  
wi th  s t ra ins  h a v i n g  the  a p p r o p r i a t e  genes. Tra i t s  such as 
v iabi l i ty  and  f ecund i ty  are p r o b a b l y  inf luenced b y  an  
enormous  n u m b e r  of genes so t h a t  polygenic  a c t i v i t y  

cont ro l l ing  t h e m  m a y  be e x p e c t e d  to  be  ub iqu i tous  and  
less localized, leading p e r h a p s  to  less h e t e r o g e n e i t y  and  
hence  less var iab i l i ty  in t he  response  to d i rec t ional  selec- 
t ion.  There  is ev idence  t h a t  t he  genet ic  a r c h i t e c t u r e  of 
such  t ra i t s ,  which  in n a t u r e  are  ma in ly  sub jec t  to  direc-  
t ional  selection,  differs f rom those  such as c h a e t a  n u m b e r  
which  are  sub jec t  to  s tabi l iz ing  select ion 6n, so t h a t  a r t i -  
ficial d i rec t iona l  se lect ion will be expec ted  to  be less 
ef fect ive  for t r a i t s  no rma l ly  subj ec t  to  d i rec t ional  select ion 
t h a n  those  sub jec t  to  s tabi l iz ing select ion s . 
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Fig. 2. The mean chaeta number in the 4 selection lines (S) and 
COntrol lines (C) set up from populations as described in the text 

(males). 

Rdsumd. Chacune  de 16 souches,  f i l iat ions de Iemelles 
uniques ,  e t  f6cond6es dans  la na ture ,  m o n t r a i t  une  pro-  
p o r t i o n  carac t6r i s t ique  de mo u c h e s  a y a n t  p lus  de 4 soies 
scutel la i res  (soies suppl6menta i res ) .  La  s~lection pour  
soies supp l6menta i re s  al lai t  g une  v i tesse  b ien  plus g rande  
chez les lign6es p o r t a n t  un  h a u t  n iveau  de soies suppM- 
men ta i r e s  que  chez les lign6es oil ce n iveau  6tai t  plus bas.  
Ces r6sul ta ts  o n t  une  r~percussion i m p o r t a n t e  sur  la 
th~orie des exp6r iences  de s$1ection. 
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O b s e r v a t i o n s  o n  t h e  C e n t r o m e r e  A r e a  of  H u m a n  
C h r o m o s o m e s  

U n c e r t a i n t y  over  t he  exac t  func t ion  and  s t ruc tu re  of 
the  cen t romere  area of ch romosomes  pers is t s  1-5. The  area 
a d j a c e n t  to  the  c e n t r o m e r e  of ten  has a pa r t i cu la r ly  br ight ,  
clear, s l ight ly  refract i le  appea rance  (Figure).  GERMAN 
i n d e p e n d e n t l y  has  m a d e  the  same obse rva t ion  and  com- 
m e n t e d  t h a t  t he  c h r o m a t i d s  in t he  area of exchange  in 
somat ic  crossing over  were  a t  t imes  d i s to r t ed  by  a mate r ia l  
s imilar  in appea rance  to  t h a t  which  no rma l ly  i nden t s  the  
cent romere% This  appea rance  of t he  cen t romere  area  has  
no t  o therwise  been  c o m m e n t e d  upon  or s tud ied  intensively .  
The t e r m  cen t romere  area  will be  used to  descr ibe  th is  
area a d j a c e n t  to  the  c e n t r o m e r e  and  the  t e r m  cent ro-  
mere  will refer  to  the  na r rowed  por t ion  of t he  c h r o m o s o m e  
itself. I t  is t he  purpose  of t he  p r e s e n t  r epo r t  to  record  
cer ta in  obse rva t ions  on the  behav io r  and  a p p e a r a n c e  of 
the  cen t romere  area  in cu l tu red  h u m a n  lymphocy te s .  

Methods. The  obse rva t ions  were  m a d e  p r imar i ly  by  
phase  mic roscopy  on  a i r -dr ied h u m a n  leucocytes  s ta ined  
wi th  ace to-orce in  af ter  a cul ture  per iod  of 3 days  as 
prev ious ly  desc r ibedL E x c e p t i o n s  are inc luded unde r  
observa t ion .  Acr id ine  orange s ta in ing  for R N A  was  
carr ied ou t  as descr ibed  by  GLUCK et  al. s and  D D D  s ta in-  
ing for SH groups  as descr ibed by  BARNETT et  a12,1°. 

Monoch roma t i c  l ight  was  o b t a i n e d  wi th  a green fi l ter  and  
a Zeiss m e r c u r y  arc UV- l igh t  source.  

Observations. A br ight ,  clear, w e l l - d e ma r c a t e d  circle 
was  p r e s e n t  a t  near ly  eve ry  cen t romere  area  in some cells 
(Figure a), and  a t  few or none  in o the r  cells. Clear areas  
have  been  seen a t  t he  c e n t r o m e r e  of eve ry  ch romosome ,  
and  a l though  usual ly  p r e s e n t  bi la teral ly ,  a t  t imes  m a y  be 
e i ther  less ev iden t  or a b s e n t  a t  1 of t he  2 cen t romere  
areas  of a c h r o m o s o m e  (Figure a). T h e y  were bes t  seen by  
phase  microscopy,  b u t  were  also p r e s e n t  on b r i g h t  field 
e x a m i n a t i o n  as well as w h e n  observed  wi th  monoch ro -  
ma t i c  l ight.  W h e n  the  b r i g h t  appea rance  was  p r e s e n t  a 
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concave  appearance  was usual ly  i m p a r t e d  to  t he  centro-  
mere,  r a the r  t h a n  a doub ly  convex  p inch ing  in. Suff ic ient  
s ta in ing of t h e  c y t o p l a s m  wi th  orcein  or  Wr igh t s  s t a in  to  
p rov ide  con t ras t  fac i l i ta ted  obse rva t ion  of th is  area, and 
the  same  clear  b r igh t  appearance  was p resen t  in orcein  
squashes  as well  as uns ta ined  air-dr ied cells. Rare ly ,  t he  
clear  area  was no t  in the  shape of a circle b u t  formed a 
l inear  s t reak  ex tend ing  ou t  f rom the  cen t romere  for a 
d is tance  twice  the  d i ame te r  of t he  chromat id .  These 
streaks occasional ly ex tended  f rom a cen t romere  to  an  
ad jacen t  secondary  cons t r ic t ion  or  t he  a rea  be tween  the  
chromat ids  (Figure  b). I n  t h e  cells n o t  t r ea t ed  wi th  
colcemide and cells in prophase  this  appea rance  was seen 
m u c h  tess f requent ly ,  and  the  clear  a rea  was m u c h  smaller.  
Colchicinized cells n o t  t r ea ted  w i t h  hypo ton ic  solut ion 
also showed the  b r igh t  areas. Cells p repared  w i t h o u t  hypo-  
tonic  t r e a t m e n t  and colcemide were  too  poor ly  spread to 
p e r m i t  observa t ion  of t he  cen t romere  area. A v e r y  close 
associat ion of these  br igh t  areas and even  appa ren t  fusion 
was of ten  seen, bo th  be tween  acrocentric,  chromosomes  
in associat ion (Figure c) and be tween  the  cen t romere  areas 
of me tacen t r i c  and  submetacen t r i c  chromosomes  (Figure 
d). 

Occasionally,  s imi lar  clearly demarca t ed  b u t  less re- 
f ract i le  circles were  p resen t  a long the  a rms  of t he  chro-  
mat ids .  T h e y  m a y  e i ther  be  a d j a c e n t  to  a s t r a igh t  a rm or  
displace the  a r m  and  a t  t imes  were  seen ad j acen t  to  a 
secondary  constr ic t ion.  

A t t e m p t s  to  ident i fy  any  ma te r i a l  in the  cen t romere  
a rea  were  unsuccessful.  Pa r t i cu la r  efforts  were m a d e  to  
ident i fy  R N A  or spindle f iber  mater ia l .  A l though  the  deep 
orange f luorescence charac ter i s t ic  of R N A  when  s ta ined 
wi th  acr idine orange and  examined  wi th  UV- l igh t  ex-  
t ended  into  t he  cen t romere  area, t he  appearance  was in- 
d is t inguishable  f rom the  res t  of t he  cy toplasm.  W r i g h t ' s  
s ta in  de l inea ted  t h e  a rea  clear ly  b u t  no pos i t ive  s ta in ing 
was seen. No  pos i t ive  s ta in ing  for sulfide groups  wi th  
D D D  was  seen in the  lymphocytes ,  a l t hough  cont ro l  r a t  
skin f ixed in me thy l -ace t i c  acid was posi t ive.  P A S  s ta in ing 
was s imilar ly  nega t ive  in the  lymphocytes ,  a l though  
pos i t ive  in control  r a t  l iver  cells. 

The  appearance  of t he  cen t romere  could no t  be a t t r i -  
bu ted  to a specific f ixa t ive  since the  b r igh t  area  was 
present  using a va r i e t y  of f ixat ives ,  b u t  a non-specific 
effect  of f ixa t ion  could no t  be ru led  o u t  since even  spread-  
ing di rec t ly  f rom the  med ia  solut ion invo lved  air drying.  
The  b r igh t  areas were  p resen t  in  uns ta ined  metaphases  
observed  b y  phase  microscopy  and  there fore  were  n o t  
a t t r i bu t ab l e  to  a n y  of  t h e  s ta in ing procedures .  

A s imi lar  appearance  was p resen t  a t  t he  cen t romere  of 
o ther  species, where  i t  was looked for. Br igh t  areas were  
easily seen in cells f rom the  golden hams t e r  and  rhesus 
monkey ,  b u t  were  smaller  and more  diff icult  to observe  in 
chromosomes  of t he  mouse.  Many  publ ished pho tog raphs  
show the  same appearance  of the  centromere .  

Discussion. Severa l  ques t ions  are  raised b y  these  
observat ions ,  which  canno t  be answered wi th  ce r ta in ty .  
Of p r ime  impor t ance  is t h e  reason for t he  b r igh t  appear -  
ance ad j acen t  to  t he  cent romere .  I t  is possible t h a t  all  or  
p a r t  of th is  appearance  is due to  d i f f rac t ion  of l igh t  b y  
the  iden ta t ion  a t  the  cent romere ,  b u t  there  are  a n u m b e r  
of points  agains t  this  in te rpre ta t ion .  I n  some chromosomes  
the  clear  areas were seen a t  only  1 of the  2 cen t romere  
areas which were o therwise  appa ren t ly  ident ica l  in shape 
(Figure a), and should, therefore,  h a v e  p roduced  s imilar  
d i f f rac t ion of l ight .  Where  t he  arms of a short ,  sym- 
met r ica l  me taphase  chromosome such as No.  19 h a v e  
pul led a p a r t  to  form a wide X ,  on ly  2 such areas were 
general ly  seen. T h e  occasional  l inear  s t reak ing  f rom t h e  
cen t romere  cons t i tu tes  t he  s t ronges t  a r g u m e n t  t h a t  a 
col lect ion of ma te r i a l  or  s t ruc tu re  is p resen t  r a the r  t h a n  
an  opt ica l  effect.  There  is, however ,  no p roof  t h a t  t he  

C 

(a) The bright appearance of the paraeentromere area is present at 
nearly every eentromere. Only 1 of the 2 eentromere areas of chromo- 
some No. 1 {center), however, shows this appearance. Oreein stain. 
(b) Centromere streaks extending from the eentromere of No, 9 to 
the terminal interehromatid area of adjacent No. 6 and to the eentro- 
mere of a group G chromosome on the opposite side. (e) Association 
of eentromere area bright spots in a group of aeroeentrie chromo- 
somes. (d) Association of centromere areas of chromosomes No. 1 and 

group C chromosome. 
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streaks and fight spots are chemically identical although 
their appearance is identical. The occasional presence of 
similar clear, bright areas along the arms of the chromatids 
is also not  explained by diffraction. Lastly, the appearance 
of the centromere area was unchanged when observed by  
monochromatic light. Taken together, however, these 
points constitute sufficient evidence to make diffraction 
of light an unlikely cause. 

Differential th inning or tearing of the cytoplasm during 
fixation, with a resulting increase in transmiss.ion of light 
in the centromere area is a second possible explanation. 
The occurrence of this appearance under a wide variety 
of conditions and fixation makes this unlikely. These 
conditions included aceto-orcein squashes, air drying 
following fixation with methyl-acetic acid and Carnoy's, 
as well as the sedimentation technique recently described 
by ~AILLARD et al. 11 which permitted use of a fixative not  
containing alcohol or acetic acid (formaldehyde). 

I t  is likely tha t  both the bright spots adjacent to the 
centromere and the streaks extending out from the centro- 
mere, as well as the material noted by GERMAN to distort 
the chromatids in areas of somatic crossing over, are due 
either to spindle fiber material which was unstained by 
the procedures employed or to the structures recently 
observed in this area by electron microscopy vS. The small 
size of the areas in question undoubtedly contribute to the 
difficulty in histochemical identification of the area by 
light microscopy, and in  the absence of positive histo- 
chemical identification a final conclusion cannot  be 
reached. 

The appearance of the configuration shown in Figure c, 
as well as the association of the acrocentric chromosomes 
with the centromere of No. 1 in man  1~ suggest tha t  the 
centromere, as well as the nucleolus and secondary con- 
strictions, plays a role in chromosome association xs 

Zusammenfassung. Das dem Centromer der mensch- 
lichen Chromosomen (ebenfalls bei anderu Arten) anlie- 
gende Gebiet erscheint hell, klar und rund. Dies wurde in 
einigen Zellen bei fast jedem Centromer, bei andern Zellen 
nur  selten oder fiberhaupt nicht beobachtet. Eine ~2mliche 
Erscheinung t rat  auch in Form yon Streifen auf, die sich 
manchmal  vom Centromer aus zu anliegenden Chromo- 
somen erstreckten oder sich ins Cytoplasma ausbreitetem 
Die m6gliche Deutung dieser Beobachtung wurde be- 
sprochen. 
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Regulation of Tryptophan Metabolism in the 
Parasitic Wasp, Habrobracon ]uglandis  

The synthetic pathway from t ryptophan to the dark 
eye-pigments (ommochromes) has been analyzed by paper 
chromatography, fluorometric methods, and enzymatic 
assay. For quant i ta t ive determination of intermediate 
products, extracts of wild type o + (stock 33) and of the 
mutants  o (orange eyes) and o s (for survey see 1) were 
centrifuged and the supernatants  chromatographed in n- 
propanol (70%) and Na-citrate (4%). Kynurenine,  kynu-  
renic acid, 3-hydroxykynurenine, and xanthurenic acid 
were identified as fluorescent spots (365 nm). The con- 
centration of these substances during postembryonic 
development is shown in Figure I (for abbreviations see 
this Figure). There are higher concentrations of kynurenine 
in o than  in o + at  all stages of development. No 3-hydroxy- 
kynurenine is synthesized in o. Even the eggs of the 
mu tan t  0 contain more kynurenine than  do those of wild 
type. This is due to predetermination. The mu tan t  o ~ 
accumulates kynurenine at  the same rate as o, except in 
6'6' of 3-day-old pupae (X4-t(~=2o/o;l.S)X s ~ = 8 . 9 +  1.89 
fluorometric units/2 P8 of the m u t a n t  o and 13.1 + 2.1 
fluorometrJc units/2 P8 of the mu tan t  o8). There is still no 
explanation for this significant difference. 

In  Habrobravon t ryptophan is degraded via kynurenine 
to kynurenic acid and via 3-hydroxykynurenine to 
xanthurenic acid ~. VVhereas the orange-eyed m u t a n t  lacks 
xanturenic acid, both substances are found in o% I t  has 
been proved  tha t  kynurenine is rapidly metabolized to 
3-hydroxykynurenine in fls and sl. Therefore the concen- 

tration of kynurenic acid is lower at  these stages than  the 
concentration of xanthurenic acid (Figure 1). A high level 
of kynurenine in ' the  mu tan t  o or in wild type which had 
been fed t ryptophan (by injection into the Ephestia hosts, 
mu tan t  a) yields the large amount  of 1 7 kynurenic acid/5 
sl of o respectively, 2 7]5 sl of wild type. Nearly all 
kynurenic acid and xanthurenic acid is excreted during 
the moult  to prepupa. 

In  spite of high concentrations of kynurenine and" 3- 
hydroxykynurenine at the pupal stages, there are very 
low but  constant  amounts  of kynurenic acid and xanthu-  
renic acid at  this time of development. I t  seems, there- 
fore, tha t  only in t3  and sl there are s t rong in vivo activi- 
ties of kynurenine and 3-hydroxykynurenine transami- 
nase. I t  is still unknown whether these reactions are per- 
formed by  2 specific transaminases or by  1 transaminase 
which is less specific for kynurenine than  for 3-hydroxy- 
kynurenine.  

Enzymatic  assays (Figure 2, I I  and III)  of crude ex- 
tracts show, however, low transaminase activities in old 
feeding larvae and spinning larvae and high activities in 
2-day-old pupae and in adults. This result is in contrast  
to the assumed high in vivo activity at  fl s and sl and the 
very low activity at  pupal and imaginal stages. There- 
fore, i t  is thought  tha t  substrate concentrations are less 
responsible for the contrasting results in vivo and in vitro 
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