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sc r ib ing  t he  r e l a t i onsh ip  b e t w e e n  e lec t rophore t i c  d i s tance  
a n d  t i m e  are c u r r e n t l y  unre l i ab le  13. Never the less ,  t he  rela-  
t ive  degree of t e m p o r a l  i so la t ion  b e t w e e n  species can  be 
a p p r e c i a t e d  w h e n  c o m p a r e d  to levels of d i f f e r en t i a t i on  
b e t w e e n  conspecif ic  p o p u l a t i o n  s. For  example ,  s imi lar i t ies  
a m o n g  geograph ic  samples  of c o n t i n u o u s l y  d i s t r i b u t e d  
N o r t h  A m e r i c a n  fishes t yp i ca l l y  h a v e  I = 0.95-0.98:0,  :4,15 
I n  Lake  Malawi,  s imi lar i t ies  a m o n g  3 geograph ic  samples  
of Labeotropheus /uUeborni ( tab le  1, B) r a n g e d  f rom I = 
0.940 to  0.977. 8 s epa ra t e  compar i sons  b e t w e e n  endemic  
c ichl ids  e x h i b i t e d  I >0 .95 ,  3 of wh ich  h a d  I in excess of 
0.980 ( table  1, A - D ,  C-E ,  F - G ) .  A ga i n s t  t h e  b a c k g r o u n d  
of in t raspec i f ic  d ivergence ,  m o s t  in terspeci f ic  d i f ferences  
are  t r i v i a l  and  sugges t  v e r y  r ecen t  genet ic  con t i nu i t y .  This  
idea  is cons i s t en t  b o t h  w i t h  e l ec t rophore t i c  e s t ima te s  in 
o t h e r  c ichl id  f ishes (Kornf ie ld ,  R i t t e ,  R ich le r  a n d  W a h r -  
man ,  in p r epa ra t i on )  as well  as w i t h  s t r a t i g r a p h i c a l  esti-  
m a t e s  of d ive rgence  (5000 years)  for t he  endemic  c ichl ids  
of Lake  N a b a g a b o o ,  Uganda3 .  

Table 2. Allele frequencies from endemic Malawi cichlids collected 
in sympatry at 2 localities* 

Locality 1 Locality 2 

Locus Allele A B C D E F G 

PGI-1 1.00 1.0 0.89 1.0 1.0 0.99 0.83 0.99 
1.05 0.1I 0.01 0.17 0.01 
n 80 97 90 102 111 48 100 

1.00 0.69 1.0 1.0 1.0 1.0 1.0 1.0 
1.10 0.31 
n 26 44 74 80 96 62 96 

1.00 1.0 1.0 1.0 1.0 1.0 0.79 1.0 
1.05 0.04 
0.95 0.17 
n 52 46 74 102 96 56 100 

0.85 0.23 
0.90 0.61 0.09 0.21 0.52 
0.95 0.11 0.55 0.38 0.06 0.01 
1.00 0.10 0.10 0.40 0.08 
1.05 0.02 0.86 
0.00 0.05 0.26 0.29 0.02 0.05 
n 48 90 97 102 108 

1.00 0.44 0.64 
1.10 0.56 0.36 
n 64 98 

GP-I 

GP-3 

EST-1 

LDH 

*Locality 1 (14 ~ 02'00" S; 34 ~ 54' E); Locality 2 (14 ~ 17' S; 34 ~ 56" 
E). Species and loci abbreviations as in table 1. 

The  h i g h  degree of s imi la r i ty  a m o n g  these  fishes m a k e s  i t  
i m p e r a t i v e  t h a t  specific s t a t u s  be  c r i t ica l ly  es tab l i shed .  
Viab le  h y b r i d s  c an  be  a r t i f i ca l ly  p r o d u c e d  b e t w e e n  some 
M b u n a  16, b u t  h y b r i d s  in t he  lake are  unknown2 .  The  7 
Malawi  endemics  differ  in  b reed ing  co lo ra t ion  a n d  mor-  
pho logy  :7, a n d  m o s t  species are ecological ly d i s t ingu i sh-  
able  2. However ,  morpho log ica l  a n d  ecological  d i s t i nc tness  
m a y  be  mis leading .  I n  New W o r l d  cichlids,  d iscre te  eco- 
m o r p h o t y p e s  m a y  ex is t  s y m p a t r i c a l l y  w i t h i n  a single 
species of Cichlasoma is. T h o u g h  some ev idence  ha s  cas t  
d o u b t  u p o n  th i s  i n t e r p r e t a t i o n  :9, 20, r e c e n t  e thologica l  ob- 
s e rva t ions  s u p p o r t  conspec i f ic i ty  of t r o p h i c  m o r p h s  (Tay- 
lor, pe r sona l  c o m m u n i c a t i o n ) .  
Morphologica l  p o l y m o r p h i s m  m u s t  be cons idered  for  t he  
Lake  Malawi  cichlids.  If  a n y  of these  endemics  were con- 
specific, allele f requencies  a t  al l  loci wou ld  be  t h e  same  
for  m o r p h o t y p e s  col lected s i m u l t a n e o u s l y  a t  a n y  local i ty.  
T h a t  is, p a n m a x i a  would ensure  allelic u n i f o r m i t y  a m o n g  
morphs .  Allele f requencies ,  however ,  di f fer  s i g n i f i c a n t l y  
a m o n g  species col lected s y m p a t r i c a l l y  in Lake  Malawi  
( table  2). This  genet ic  ev idence  f u r t h e r  suppor t s  r ep roduc-  
t ive  i so la t ion  a m o n g  these  species. 
Severa l  r ecen t  s tud ies  h a v e  also r epo r t ed  h igh  s imi lar i t ies  
a m o n g  r e p r o d u c t i v e l y  i so la ted  t a x a  :0,14, ~1. The  a p p a r e n t  
d i s c r epancy  be tween  such  s imi la r i t i es  a n d  those  p re sum-  
a b l y  t yp i ca l  of m o s t  o the r  species emphas izes  t h a t  a gen-  
eral  t i m e t a b l e  for  t a x o n o m i c  d i f f e r en t i a t i on  m a y  no t  be 
real is t ic .  T h a t  is, r a t e s  of spec ia t ion  m a y  differ  d r a m a t i -  
ca l ly  a m o n g  t a x o n o m i c  g roups  ~2, 23. T h o u g h  s t r u c t u r a l  
genes  p rov ide  c o n v e n i e n t  b e n c h m a r k s  to  assess t h e  ra tes  
of phy l e t i c  evo lu t ion ,  the  s t r u c t u r a l  loci are a p p a r e n t l y  
n o t  i nvo lved  in spec ia t ion  pe r  se. 
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Summary. 2 k inds  of i n t e r r e l a t i o n s h i p  b e t w e e n  cucumis  v i rus -3  a n d  p o w d e r y  mi ldew fungus  in b o t t l e  gourd  were 
no ted .  The  funga l  conid ia  t r a n s m i t t e d  t he  mosaic  v i rus  in fec t ion  f rom in fec ted  to  h e a l t h y  b o t t l e  gourd  p l a n t s  w i t h  
ease. T h e  t r a n s m i s s i o n  r e l a t i on  was found  to  be  ex te rna l .  P o w d e r y  m i l d e w  s y m p t o m s  were r e s t r i c t ed  on mosaic  in- 
fec ted  leaves  a n d  a p p e a r e d  late,  whi le  v i rus  s y m p t o m s  a p p e a r e d  precoc ious ly  in mi ldew infec ted  p lan t s .  

Vi ruses  a n d  fungi  i n t e r a c t  in  m a n y  ways  in t h e i r  h o s t  
p l an t s .  F u n g a l  t r a n s m i s s i o n  of p l a n t  v i ruses  ha s  been  
e s t ab l i shed  b e y o n d  d o u b t  a n d  fungus  v e c t o r - v i r u s  re- 
l a t i o n s h i p  ha s  been  e x t e n s i v e l y  s tud ied  1. S y n e r g i s m  or 
a n t a g o n i s m  b e t w e e n  v i ruses  a n d  n o n - v e c t o r  funga l  p a t h o -  
gens  in p l a n t s  ha s  also been  desc r ibed  b y  m a n y  workers  2-n.  
However ,  t he  i n t e r a c t i o n  b e t w e e n  t he  v e c t o r  fungus  a n d  
t he  t r a n s m i t t e d  v i rus  in  r e spec t  of disease d e v e l o p m e n t  

h a s  n o t  been  suf f ic ien t ly  explored.  Moreover ,  t he  m a j o r i t y  
of t h e  examples  of t r a n s m i t t i n g  fungi  a re  found  in soil- 
b o r n e  g roup  where  t h e  in fec t ion  is b r o u g h t  t h r o u g h  hos t  
roots .  T h e  p r e s e n t  i n v e s t i g a t i o n  revea ls  b o t h  t he  aspects  
of r e l a t i onsh ip  b e t w e e n  t he  2 leaf  p a t h o g e n s ,  n a m e l y  
Oidium sp. (powdery  mildew) a n d  cucumis  v i rus-3  (mo- 
saic) of b o t t l e  gou rd  (Lagenaria siceraria Mol. Standl . ) .  
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Materials and methods. C u c u m i s  v i rus -3  s t r a i n  M - B G M V  
was  m a i n t a i n e d  in bo t t l e  gou rd  p l a n t s  by  sap  inocu la -  
t ions  ~.  T h e  p o w d e r y  mi ldew  f u n g u s  ident i f ied  by  C.M.I. ,  
K e w  (Surrey,  E n g l a n d )  as  Oidium sp. (C.M.I.211351} was  
m a i n t a i n e d  b y  per iodica l  s u b c u l t u r i n g  on v i rus - f ree  seed-  
l ings.  
I n  f u n g a l  t r a n s m i s s i o n  s tud ies ,  t he  mi ldew conid ia  f r om 
v i rus - in fec t ed  as  well as  h e a l t h y  leaves  were a sep t i ca l ly  
col lected a n d  su b j ec t ed  to u n i f o r m  d ry  d u s t i n g  on in ju red  
and  u n i n j u r e d  co ty ledons .  The  t r e a t e d  p l a n t s  were k e p t  
for 24 h in h u m i d  c h a m b e r s  before t r a n s f e r r i n g  t h e m  to 
i so la ted  blocks  for obse rva t ions .  In  an  a t t e m p t  to k n o w  the  
m o d e  of t r a n s m i s s i o n ,  con id ia  h a r v e s t e d  f rom v i rus - in -  
fec ted  a n d  v i rus - f ree  leaves  were t r e a t e d  for 6 h w i t h  
specific v i rus  a n t i s e r u m ,  p r epa red  b y  t he  m e t h o d  descr ibed  
earl ier  ~2 a n d  t h e n  t r a n s f e r r e d  to t e s t  p l an t s .  
In  a s ep a ra t e  e x p e r i m e n t ,  t he  i n t e r ac t i on  was  s t ud i e d  b y  
a r r a n g i n g  v a r i o u s  c o m b i n a t i o n s  of v i rus  and  mi lde w  in- 
ocu la t ions  as s h o w n  in t ab le  2. E a c h  t r e a t m e n t  was  re- 
p e a t e d  thr ice .  
Results. Transmission: C u c n m i s  v i rus-3  was  eas i ly  t r a n s -  
m i t t e d  b y  the  conid ia  of Oidium sp., as is e v i d e n t  f r om the  
d a t a  in t ab le  1. I t  is on ly  in cases  where  the  conid ia  were 
h a r v e s t e d  f rom mosa ic -a f f ec t ed  leaves  t h a t  t r a n s m i s s i o n  

Table 1. Transmission of mosaic virus by the conidia of Oidium sp. 

Treatments Percent infection 
Mosaic* Mildew** 

Conidia Irom virus-infected leaves given 
transmission feeding on: 
Cotyledons injured 80 90 
Cotyledons not injured 60 100 
First true leaf injured 60 80 
First true leaf not injured 70 90 

Conidia from virus-free leaves given 
transmission feeding on: 
Cotyledon injured 0 100 
Cotyledon not injured 0 100 
First true leaf injured 0 80 
First true leaf not injured 0 90 
Antiserum-treated conidia 
from virus-infected leaves 0 60 
Antiserum-treated conidia 
from virus-free leaves 0 70 

* Reaction of virus was systemic. ** Reaction of powdery mildew was 
localized. 

Table 2. Interaction between cucumis virus-3 and powdery mildew 
fungus in bottle gourd 

Treatments Appearance of Severity* of powdery rail- 
symptoms (days) dew on days after in- 

oculation 
Mosaic Mildew 4 6 8 10 12 

Virus alone 7 - 
Fungus alone - 4 
First virus**, 
then fungus 7 7 
First fungus**, 
then virus 5 4 
Virus and fungus 
sinmltaneously 6 7 
By macerating both 
and inoculating 
simultaneously 8 - 

+ + + +  + + + +  + + + +  + + + +  

+ + +  + +  

+ +  + + +  + + +  

+ +  + + +  + + +  

* Severity grades: + ~ 1-25% Leaf area occupiedbypowderygrowtb; 
++ = 26-50 % Leaf area occupied by powdery growth; +++ = 51-75 % 
Leaf area occupied by powdery growth; ++++ = 76-100% Leaf area 
Occupied by powdery growth; **Second inoculation 8 days after 
first one. 

occur red  i r r e spec t ive ly  of i n j u r y  or no i n j u r y  m a d e  pr ior  
to  t r ans fe r s .  The  r e spec t ive  con t ro l  t r e a t m e n t s  r e m a i n e d  
free f r om v i rus  infec t ion.  MiIdew deve loped  in all t h e  
t r e a t m e n t s  a nd  p e r c e n t  inc idence  d id  n o t  s i gn i f i can t ly  
v a r y  b e t w e e n  t he  2 sources .  Tile per iod  t a k e n  for s y s t e m i c  
mosa ic  exp re s s ion  r a n g e d  be tw e e n  15 a nd  20 d a y s  f rom 
the  t ime  of inocu la t ion ,  while  t he  localized mi ldew s y m p -  
t o m s  deve loped  w i t h i n  6-7  days .  F u n g a l  t r a n s m i s s i o n  of 
v i rus  in e x t e r n a l  m a n n e r  was  i nd i c a t e d  w he n  t he  a n t i -  
s e r u m  t r e a t e d  conid ia  acqu i r ed  f rom mosa ic -a f f ec t ed  leaves  
fai led to t r a n s m i t  t he  v i ru s  disease.  A n t i s e r u m  wash ,  
however ,  did n o t  i nh ib i t  p o w d e r y  mi lde w  infect ion.  
Interaction: Tab le  2 dep ic t s  the  r e su l t s  of c o m b i n e d  in- 
fec t ion  on mosa ic  a nd  mi lde w  d e v e l o p m e n t .  The  p o w d e r y  
mi ldew was  found  r e s t r i c t ed  to g reen  p a t c h e s  of mosa ic -  
in fec ted  leaves.  The  p e r c e n t  leaf a rea  t h u s  occupied  b y  
t he  mi lde w  was  c o m p a r a t i v e l y  less t h a n  on v i rus - f ree  
leaves.  The  inh ib i t i on  was  f u r t h e r  d i sp l a ye d  b y  e n h a n c e d  
i n c u b a t i o n  per iod  of mi ldew.  N orma l ly ,  t he  f u n g u s  de- 
ve loped  s y m p t o m s  w i t h i n  4 d a y s  b u t  on v i rus - in fec t ed  
leaves  it  was  found  to t a k e  c o n s i s t e n t l y  7 days .  In  con-  
t r a s t ,  t h e  mosa ic  s y m p t o m s  a p p e a r e d  precoc ious ly  on  
p l a n t s  p r e v ious ly  in fec ted  w i th  t h e  fungus .  In  case of 
s i m u l t a n e o u s  inocu la t ions ,  on ly  m i l d e w  a p p e a r a n c e  was  
de layed .  T h e  mi ldew did no t  deve lop  in p l a n t s  i nocu la t ed  
w i th  c rude  sap  p r e p a r e d  f rom m i l d e w - m o s a i c - a f f e c t e d  
leaves.  
Discussion. The re  are e x t r e m e l y  few e x a m p l e s  of mosa ic  
v i ruses  t r a n s m i t t e d  by  p o w d e r y  mi ldew fungi .  Y a r w o o d  la 
d e m o n s t r a t e d  t h a t  t obacco  mosa ic  v i ru s  (TMV) c o n t a m i -  
n a t e d  conid ia  of Sphaerotheca lanestris (powdery  mildew) 
f rom o a k  p l a n t s  w he n  h e a v i l y  d u s t e d  on Chenopodium 
quinoa leaves  p r o d u c e d  lesions r e s e m b l i n g  those  of local 
lesions of v i rus  which  were followed b y  s y s t e m i c  infect ion.  
N i e n h a u s  14 e x t r a c t e d  s t r a i n s  of T M V  f rom conid ia  of S. 
lanestris a n d  Erysiphe graminis. F r o m  the  p r e s e n t  s tud ie s  
it  is e v i d e n t  t h a t  the  conid ia  of Oidium sp. acqu i re  t he  
v i rus  as an  e x t e r n a l  c o n t a m i n a n t .  T h e  fac t  t h a t  a n t i s e r u m -  
d ipped  conidia  failed to t r a n s m i t  t he  v i rus  ind ica ted  t he  
i n a c t i v a t i o n  of su r f ace -bo rne  v i rus  par t ic les  a n d  t h u s  sup-  
po r t e d  the  v iew of e x t e r n a l  r e la t ionsh ip .  The  v i rus  is 
m e c h a n i c a l l y  t r a n s m i s s i b l e  a n d  hence  a s l igh t  i n j u r y  m a d e  
b y  the  in fec t ing  c o n i d i u m  d u r i n g  g e r m i n a t i o n ,  en t r ance ,  
a p p r e s o r i u m  f o r m a t i o n  or h a u s t o r i a l  i n i t i a t ion  m i g h t  h a v e  
been  suf f ic ien t  to ga in  v i ru s  e n t r y  in to  p rope r  cells. U n -  
i n ju red  leaves  pr ior  to  conid ia l  t r a n s f e r  also b r o u g h t  suc-  
cessful  v i rus  infect ion,  w h ic h  s u g g e s t s  t h a t  the  v i rus  pa r -  
t icles r each  t he  a p p r o p r i a t e  si te  of repl ica t ion .  
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