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Fig. 3. Symbionts in the yolky region of young embryo. Note the 
absence of a host membrane. • 14,250. 

Fig. 4. Bacteroids in mid-gut mycetome. Arrow indicates character- 
istic division of Gram negative bacteria. • 14,500. 

sects ~,ls, cer ta in  of which  have  a s imilar  r ep roduc t ive  
sys t em to tse tse  flies, it  has  been shown t h a t  2 symb i o n t  
t ypes  are def ini te ly  present ,  a gut  form and  a r icket ts ia l  
ovar ian  form. Each  of these  is conveyed  to the  offspr ing 
along an i n d e p e n d e n t  pa thway ,  t he  gut  form moving  in 
the  milk  secret ion and the  ovar ian  form via the  egg. On 
presen t  evidence we suggest  t h a t  the  r icket ts ia- l ike  
inclusions in th is  Glossina sp. are also passed f rom genera-  
t ion  to  genera t ion  in the  egg, and  t h a t  the  Gram negat ive  
mid-gu t  symbionts ,  which  f rom our and  o the r  a observa-  
t ions  closely resemble  the  milk gland forms, are t rans-  
m i t t ed  in the  milk. 

The precise role of bacter ia l  symbion t s  wi th in  insect  
t issues has no t  been fully e lucidated a l though  there  is 

evidence t h e y  con t r ibu te  to the  synthes is  of factors  
essent ial  for normal  insect  deve lopmen t  ~. Indeed ,  it  
has  been d e m o n s t r a t e d  in some insect  spp. t h a t  when  tile 
s y mb i o n t  popu la t ion  is r emoved  or reduced  by  anti-  
biot ics t h e n  g rowth  is r e t a rded  and egg p roduc t ion  is 
res t r ic ted  ~4. Some recen t  expe r imen t s  involving tile 
ant ib iot ic  t r e a t m e n t  of t se tse  have  also p rov ided  evidence 
for a considerable  reduc t ion  of bac tero ids  in the  royce- 
t ome  ~5. Al though  i t  was no t  known  a t  th is  t ime  t h a t  
ovaries car ry  symbion t s  it  is in te res t ing  to  record t h a t  the  
au thors  repor t  degenera t ion  of egg follicles and germaria .  
Similarly, female G. austeni fed upon  rabb i t s  whose diet  
con ta ined  a coccidiostat ,  su lphaquinoxa l ine  and  pyri-  
me thamine ,  suffered marked  in ter ference  in the i r  abi l i ty  
to  p roduce  offspring,  a l though  i t  failed to increase the  
mor t a l i t y  ra te  of the  mo the r s  ~G. Al though  we have  not  
examined  females t r e a t ed  in t h i s  way  one is never the less  
t e m p t e d  to  suggest  t h a t  the  r icket ts ia- l ike popu la t ion  
could also be s ignif icant ly  reduced  by  the  chemicals,  in 
which case the i r  presence  m a y  be essent ial  for normal  
ovar ian  deve lopment .  I t  should,  however ,  be po in ted  out  
t h a t  th is  conflicts w i th  the  suggest ion ~ t h a t  the  r icket ts ia-  
like inclusions are to some ex t en t  paras i t ic  and appear  to  
cause degenera t ion  of the  tissues. We could de tec t  no ill- 
effects in the  hos t  t issues and,  moreover ,  the  colony f rom 
which our mater ia l  was d rawn had  normal  fecundi ty .  

As Glossina spp. are the  vec tors  of tile Afr ican t r y p ano -  
somiases,  our observa t ions  m a y  have  some bear ing oil the  
p rob lem of insect  control .  I t  has  been descr ibed how under  
cer ta in  condi t ions  t se tses  are v i r tua l ly  d e p e n d e n t  on one 
species of domes t ic  an imal  for the i r  nu t r i t ion .  The resul ts  
out l ined in th is  article serve to under l ine  the  suggest ion ~6 
t h a t  by  sui table hos t  t r e a t m e n t  a means  of localized 
t se tse  e radica t ion  m a y  be achieved.  

Summary .  A ricket ts ia- l ike symbiont ,  located in the  
ovaries of G. m. morsi tans is ma te rna l ly  t r a n s m i t t e d  to 
the  offspr ing via the  egg. I t  is sugges ted  t h a t  t h e y  m a y  be 
essent ial  for normal  ovar ian  deve lopment .  

Rdsumd. Un symbion te  de t y p e  r icke t t s ien  localis6 dans  
les ovaires de G. m. morsi tans est  t r ansmis  ma te rne l l emen t  
par  l'ceuf ~ la prog6niture.  Le symbion te  est  p r o b a b l e m e n t  
indispensable  au d6ve loppement  normal  des ovaires. 
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Hybridization of Incompatible Poplars Following 

Interspecif ic  incompa t ib i l i t y  barriers,  normal ly  pre- 
ven t ing  hybr id iza t ion  be tween  whi te  poplars  and black 
poplars ,  are now well known.  I t  was r epor ted  recent ly  1, 2 
t h a t  successful hybr id iza t ion  be tween  Popu lus  deltoides, 
f rom Sect ion Aigeiros a, the  b lack poplars ,  and P.  alba, 
f rom Sect ion Leuce 3, the  whi te  poplars ,  could be accom- 
pl ished exper imen ta l ly  using recogni t ion  po l l en ,  i.e. 
compat ib le  pollen rendered  inviable  by  var ious  means,  

Solvent Treatment of Stigmas 

which was then  mixed  wi th  incompat ib le  pollen and 
dus ted  on to  recept ive  st igmas.  Success ra tes  of 15-30% 
seed set  (5-11 ferti le seeds per  capsule,  as compared  wi th  

1 R. B. KNox, R. R. WILZlNO and A. E. ASHFORD, Nature, Lond. 
237, 381 (1972). 

2 R. B. KNOX, R. R. WILLING and L. D. PRu Silvae Genet. 21, 65 
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3 F.A.O., Poplars in Forestry and Land Use (Rome 1958). 
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35 seeds pe r  capsule  for a c o m p a t i b l e  po l l ina t ion)  were 
ob ta ined .  

I n  discussing t he i r  results ,  t h e  a u t h o r s  of these  r epo r t s  1, 
emphas i zed  ti le i n v o l v e m e n t  of pol len  wal l  p ro t e in s  in t he  
recogni t ion  process.  T h e y  sugges ted  t h a t  p ro te ins  l i be ra t ed  
f rom t h e  walls of kil led c o m p a t i b l e  pol len  were 're- 
cognized ' ,  t h u s  pre -d ispos ing  t he  s t i g m a  to accep t  t he  
i n c o m p a t i b l e  pol len  mixed  w i t h  it. T he  t e r m  ' r ecogni t ion '  
is no t  a precise  one in  th i s  c o n t e x t  since i t  al lows every-  
t h i n g  f rom sel f -not  self immuno log ica l  reac t ions ,  t h r o u g h  
e n z y m e - s u b s t r a t e  in te rac t ions ,  to  p r o m o t e r - i n h i b i t o r  
ba lanc ing .  I t  would  ce r t a in ly  seem plaus ib le  ,if no t  
essential ,  t h a t  a m a t e r n a l l y - d e r i v e d  s u b s t a n c e  loca ted  on 
t he  s t i gma t i c  surface m i g h t  also be  i nvo lved  in  recogni-  
t ion.  This  would  be  in keep ing  w i t h  sugges t ions  made*,  5 
for  t h e  se l f - incompat ib i l i ty  (SI) m e c h a n i s m  in crucifers  
where  cu t i cu la r  l ipids h a v e  been  impl ica ted ,  t h u s  suppor t -  
ing a n  earl ier  sugges t ion  6 t h a t  t h e  s t i gma t i c  cut ic le  is t he  
i m p o r t a n t  ba r r i e r  in  SI  sys tems .  

The  p r e s e n t  s t u d y  sough t  to  c o m p a r e  resu l t s  f rom 
a t t e m p t e d  whi t e  p o p l a r / b l a c k  p o p l a r  crosses us ing  
recogn i t ion  pol len  w i t h  o thers  where  s t igmas  were s imply  
p r e t r e a t e d  w i t h  l ip id  so lven ts  before  a n y  a t t e m p t e d  
i n c o m p a t i b l e  pol l ina t ion .  

I n  t he  f i rs t  expe r imen t ,  t he  b l ack  pop la r  female  p a r e n t  
was a h y b r i d  (P .  deltoides • P .  / r emon t i i )  while  t he  in- 
c o m p a t i b l e  w h i t e  p o p l a r  pol len was der ived  f rom P.  alba 
cv. ' M a k t a r ' .  Compar i sons  were possible  be t w een  resul t s  
of po l l i na t i on  a f t e r  no  p r e t r e a t m e n t  of s t igmas,  a f te r  
p r e t r e a t m e n t  b y  careful  wip ing  of s t i gma t i c  surfaces w i t h  
a smal l  b r u s h  v e r y  l igh t ly  mo i s t ened  w i t h  h e x a n e  for a 
few seconds,  and  t r e a t m e n t  w i t h  s i m u l t aneous  add i t i on  of 
recogni t ion  pol len  (Table  I). I t  is seen t h a t  no  successful 
crosses were m a d e  with. i n c o m p a t i b l e  pol len  alone.  
The  add i t i on  of r ecogn i t ion  pol len  al lowed t he  p r o d u c t i o n  
of a b o u t  3 fert i le  seed pe r  capsule.  I n  con t ras t ,  t h e  pre-  
t r e a t m e n t  w i t h  h e x a n e  p romoted ,  on average,  a b o u t  18 
fert i le  seeds pe r  capsule  wh ich  compares  v e r y  f a v o u r a b l y  
w i t h  a n  ave rage  of 19.4 for t he  con t ro l  cross w i t h  t he  
c o m p a t i b l e  Chi lean  Semi-evergreen,  a form of P .  n igra  cv. 
' i t a l i ca '  7. 

I n  t he  second expe r imen t ,  t he  female  p a r e n t  was 
P.  deltoides (p rovenance  'Mississippi ') ,  t h e  i n c o m p a t i b l e  
pol len was der ived  f rom P .  t remuloides ,  and  t he  c o m p a t i b l e  

pol len  f rom P .  n igra  cv. ' i t a l ics ' .  The  t r e a t m e n t s  were t h e  
same as for t he  p rev ious  expe r imen t ,  excep t  t h a t  a n  
e the r  p r e t r e a t m e n t  of t he  s t i gma  was used in add i t i on  to 
t he  h e x a n e  p r e t r e a t m e n t .  Resu l t s  (Table  I I )  were even  
more  s t r ik ing  t h a n  those  o b t a i n e d  in t he  f i rs t  expe r imen t .  
P r e t r e a t m e n t  wi t t l  h e x a n e  enab led  n o r m a l l y  i n c o m p a t i b l e  
crosses to  be m a d e  w i t h  a success r a t e  of b e t t e r  t h a n  97% 
of t h a t  of a n  acknowledged  c o m p a t i b l e  one. P r e t r e a t m e n t  
w i th  e the r  was  on ly  s l igh t ly  less successful,  enab l ing  seed 
se t t ings  of over  95% of con t ro l  values.  The  use of recogni-  
t ion  pol len  aga in  resu l ted  in successful s e t t i ng  of h y b r i d  
seed, b u t  a t  a r a t e  of j u s t  over  13% of con t ro l  se t t ings .  

I n  b o t h  expe r imen t s ,  as in p rev ious  studies1,  ~ sub-  
s equen t  sowings of t he  seed ob ta ined ,  a n d  ana tys i s  of 
seedl ing charac te r i s t i c s  were used to  ver i fy  t he  successful  
h y b r i d i z a t i o n s  r e su l t ing  from. t h e  t r e a t m e n t s .  

These  p r e l i m i n a r y  resul t s  focus a t t e n t i o n  once more  on  
t he  role of t h e  s t i g m a  in ce r t a in  i n c o m p a t i b i l i t y  mecha -  
nisms.  I t  would  seem l ikely t h a t  t h e  h e x a n e  a n d  e the r  
p r e t r e a t m e n t s ,  wh ich  ove rcame  i n n a t e  i n c o m p a t i b i l i t y  so 
comple te ly ,  f unc t ioned  to  r e m o v e  some subs tance(s)  
f rom the  s t i gma t i c  surface.  F u r t h e r m o r e ,  cons ider ing  t he  
so lvents  used, w h a t e v e r  is be ing  r e m o v e d  m i g h t  well  be  
l ipoid in na tu re ,  since t r e a t m e n t  w i t h  cool or w a r m  w a t e r  
and  s l ight  ab ra s ion  w i t h  t h e  b r u s h  a lone  h a v e  n e v e r  
i nduced  pol l ina t ion .  I n  ex tens ions  of th i s  work  s, t r ea t -  
m e n t  of s t igmas  w i th  d i lu te  d e t e r g e n t  also looks p romiz ing ,  
t h o u g h  q u a n t i t a t i v e  resu l t s  are no t  ye t  to  h a n d .  This  
lends  f u r t h e r  s u p p o r t  to  the  n o t i o n  t h a t  t he  i n c o m p a t i b i l i t y  
ba r r i e r  in  these  cases m i g h t  be  in t he  fo rm of emuls i f iable  
l ipids  on t he  surface of t he  s t igma.  

I den t i f i c a t i on  of t he  subs tance(s )  r e m o v e d  f rom the  
s t igmas  b y  so lven t  t r e a t m e n t  a n d  t he  asc r ib ing  of 
def in i te  roles to  t he  pol len  wal l  p ro t e in s  are  o u t s t a n d i n g  
p rob lems  w h i c h  m u s t  be solved before  t he  ope ra t i ve  
i n c o m p a t i b i l i t y  m e c h a n i s m  in v ivo  can  be  charac te r ized .  
At  t i le  p rac t i ca l  level  however ,  t he  v e r y  s impl ic i ty  of t he  
so lven t  m e t h o d  a n d  i ts  d e m o n s t r a t e d  ef fec t iveness  in  

4 H. P. J. R. ROGGEN, Euphytiea 27, 1 (1972). 
T. TATEBE, J. hort. Soc. Japan 37, 227 (1968). 

6 H. F. LINSKENS and M. IiROH, Encycl. Plant Physiol. 78, 506 (1967). 
7 L. D. PRYOR and R. R. WILLING, Silvae Genet. ld, 123 (1965). 
s R. R. WILLING, unpublished results. 

Table I. Numbers of fertile seeds per capsule (10 capsules per sample) Table I I. Nunlbers of fertile seeds per capsule (10 capsules per sample) 
from manipulated poplar crosses from manipulated poplar crosses 

Parent - P. deltoides • P. ]remontii hybrid Parent - P. deltoides 'Mississippi' 

(~ Parent) (d ~ Parent) 

P. alba cv. 'Maktar' Semi-evergreen P. tremuloides P. nigra cv. 'italica' 

+Hexane  + RPa + 0  + 0  +Hexane  + E t h e r  + RPa + 0  -t-0 

18 3 0 14 24 23 4 0 27 
20 4 0 22 3 23 1 0 24 
17 3 0 21 27 24 5 0 24 
14 5 0 24 25 28 3 0 27 
21 2 0 17 25 25 2 0 23 
18 0 0 16 27 22 5 0 26 
21 1 0 18 24 21 6 0 27 
17 4 0 19 28 29 1 0 27 
17 2 0 21 21 27 3 0 28 
16 3 0 22 27 24 4 0 24 

Mean 17.9 2.7 0 19.4 Mean 25.1 24.6 3.4 0 25.7 

Recognition pollen (see text). ~ Recognition pollen (see text). 
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p romot ing  the  in tersec t ional  hybr id iza t ion  of poplars ,  
m u s t  p rove  a boon to breeders .  Large  number s  of hybr id  
p rogeny  can be obta ined ,  m u c h  grea ter  t h a n  wi th  re- 
cogni t ion pollen, so t h a t  selections for cloning m a y  be 
made  f rom a m u c h  wider  choice. This is ve ry  desirable 
since the  pe rcen tage  of valuable  t ypes  p roduced  by  
these  wider  crosses will a lways  be smaller  t h a n  for com- 
pat ib le  crosses. 

Summary .  P r e t r e a t m e n t  of s t igmas  of popla r  flowers 
wi th  hexane  or e ther  p r o m o t e d  hybr id iza t ion  be tween  

normal ly  incompat ib le  black and  whi te  popla r  species. 
Success rates,  as measured  by  se t t ing  o f  ferti le hybr id  
seed, exceeded 95% of those  resul t ing normal ly  f rom 
compat ib le  crosses. Resul ts  suggest  the  exis tence of some 
incompat ib i l i ty  factor,  possibly of a l ipoid nature ,  located 
on the  s t igmat ic  surfaces. 

M. I. WHITECROSS and R. R. ~VILLING 

Botany Department, Austral ian National University, 
P.O. Box  4, Canberra A .C.T. 2600 (Australia), 
70 February 1975. 

A23187 and Red Cells: Changes  in Deformabi l i ty ,  K +, Mg 2+, Ca ~+ and A T P  

Inco rpo ra t ion  of calc ium into  the  inter ior  of the  red cell 
ma rked ly  reduces  t he  de fo rmab i l i ty  of the  cell mem-  
b rane  I, 2. Because calc ium is eff ic ient ly p u m p e d  ou t  of 
t he  no rma l  red  cell 3, expe r imen ta l  incorpora t ion  of 
calcium has requi red  deple t ion  of cellular A T P  to  allow 
leakage 1, or hemolys is  and  reseal ing ~. The ionophore  
A23187 t r a n s p o r t s  d iva len t  cat ions  across cell mem-  
branesS-7, and  we have  used th is  ionophore  to  in t roduce  
calcium into  red  cells con ta in ing  no rma l  a m o u n t s  of 
hemoglob in  and  A T P  in order  to  inves t iga te  deformabi l i ty  
in a sys t em as i n t ac t  as possible.  

Materials and methods. H u m a n  blood was collected in 
ACD solut ion and  immed ia t e ly  washed  3 t imes  wi th  Na- 
tris (135 m M  NaC1; 4.5 m M  KC1; 15 m M  choline;  10 m M  
tris-HC1, p H  7.3) or I(-tris (140 m M  KC1; 15 m M  NaC1; 
10 m M  tris-HC1, p H  7.3) buffer,  supp l emen ted  wi th  1 ram 
E D T A  in the  f i rs t  wash  to  r emove  exogenous calcium 8. 
Stock solut ions (1 M) of t he  above  monova l en t  salts  
were t r e a t ed  wi th  Chelex res in  (Dow) to  r emove  Ca 2+ and 
Mg e+. Cells were  r e suspended  to  10% hema toc r i t  in the  
washing  buffer  and  the  d iva len t  ca t ion t r a n s p o r t  ant i -  
biot ic  A23187 (at 6 mg /ml  in 75% e thanol :  25% DMSO) 
was added  to  make  0.1% of the  volume for a f inal  ant i -  
biot ic  concen t ra t ion  of 10 ixm. (A23187 was a gift  of 
Dr. R. L. HA~MILL of El i  Lil ly and  Co.2.) Af ter  30 min  
equi l ibra t ion  a t  room t e m p e r a t u r e  d iva len t  cat ions  were 
added  and  incuba ted  wi th  t he  cells for 30 rain. 

U p t a k e  of Ca 2+ and  Mg 2+ was measured  using a tomic  
absorp t ion  spect roscopy.  In t race l lu lar  Na  and  K con ten t s  
were measured  by  f lame p h o t o m e t r y  on cells washed  I to  
3 t imes  in isotonic MgC12. 

The de fo rmabi l i ty  of the  ceils was measured  by  fi l tra-  
t ion  t h rough  po lyca rbona t e  fi l ters w i th  2.5 ~m pores 
(Nuclepore, General  Elect r ic  Corp), a t  10 m m  H20 

Table I. Changes in filterability, mean cell volume and monovalent 
cation content 

Addition Filterability (%) MCV (~x 3) K i Nai 

None 59 91 95 9 
A23187 only 59 73 50 13 
A23187 + 5 ~zM CaCI~ 71. 62 42 -- 
A23187 + 50 ~xM CaC12 46 67 33 16 
A23187 + 500~zM CaCI~ 10 72 35 -- 
A23187 + 50 lxM MgC12 61' 68 37 19 

Washed red cells at 10 % hematocrit in Na-tris buffer were incubated 
30 min with A23187 and an additional 30 min with divalent cations. 
Controls were incubated in parallel. Filterability was measured as 
described. Mean cell volume (MCV) in cubic microns; intracellular K 
and Na, in mmole/i packed cells. Concentrations of divalent cations 
are the amounts added to the cell suspension. 

pressure,  or by  m e a s u r e m e n t  of the  pressure  required to  
pull  red  cells t h ro u g h  microp ipe t t es  as descr ibed previ-  
ously 1. A T P  co n t en t  was measured  by  a luciferin-luci- 
ferase m e t h o d  10. 

Results. The minimal  solut ion concen t ra t ion  of A23187 
requi red  to  p roduce  the  effects descr ibed below was 1 $ of 
s tock A23187 solut ion per  ml  of red cells a t  10% hema-  
tocri t .  Upon  addi t ion  of A23187, ceils suspended  in Na- 
tris med i u m sh rank  b y  25%, while intracel lular  K + fell 
f rom 95 to  50 m M  and  int racel lular  Na+ rose f rom 9.3 to 
12-16 m M  (Table I). The rap id  K+ efflux has been 
repor ted  by  o thers  6. 

Add i t ion  of calcium to A23187-t reated cells a l tered the  
mean  cell vo lume (MCV) in p ropor t ion  to t he  calcium 
added.  The a p p a r e n t  shr inkage caused b y  5 /~M Ca 2+ 
correlates  w i th  increased f i l terabi l i ty  of these  cells, bu t  
h igher  concen t ra t ions  of calcium caused f i l terabi l i ty  to  
decrease marked ly  despi te  shrinkage.  Addi t ion  of 
magnes ium caused a similar  loss of MCV bu t  f i l terabtyi l i  
was unchanged.  Thus  MCV and  K + co n t en t  appear  to be 
mos t  s t rongly  inf luenced by  A23187, bu t  cell f i l terabi l i ty  
appears  to  be regula ted  pr imar i ly  b y  calcium. 

Deformabi l i ty  of cells was  also measured  by  use of a 
mic rop ipe t t e  t echn ique  1 (Table II).  Addi t ion  of A23187 
alone s l ight ly increased the  pressure  requi red  to  aspi ra te  
the  cells, and  also changed  the  morphology.  Addi t ion  of 
calcium caused a marked  increase in P t  for A23187 cells. 

Since loss of in t racel lular  A T P  can cause loss of de- 
formabi l i ty ,  the  A T P  levels of ceils conta in ing  A23187 
and A23187 plus calcium were measured.  The results ,  
shown in Table  I I I ,  indica te  t h a t  addi t ion  of A23187 
caused accelera ted deple t ion  of A T P  rela t ive to  controls .  
However ,  add i t ion  of calcium did no t  p roduce  fu r ther  
loss of ATP.  Deple t ion  of A T P  thus  appears  to  be caused 
by  the  A23187 itself. The mechan i sm of th is  rapid  loss is 
no t  readi ly  explained.  
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