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Summary. - V i r u s e s  f r o m  e a c h  g e n u s  o f  Bunyaviridae h a v e  p r e f e r e n ­
tial re lat ionships  t o  t h e  arthropods o f  o n l y  o n e  or  t w o  famil ies ,  i. e .  
Bunyavirus  t o  m o s q u i t o e s  (Cul i c idae ) ,  Phlebovirus  t o  sand  f l ies  
(Psychodidae) and  m o s q u i t o e s ,  Uukuv irus  a n d  Nairovirus t o  t icks 
(Ixodidae a n d  Argasidae). A n  except ion  i s  g e n u s  Hantavirus n o t  
proven  t o  b e  transmitted by  vectors .  W i t h i n  t h e  Bunyavirus  g e n u s  
16 serogroups  have  b e e n  recognized  o n  t h e  basis  o f  the ir  ant igenic  
relationship.  B a s e d  o n  i so lat ions  f r o m  t h e  nature e a c h  serogroup is 
preferentially l inked with arthropod s p e c i e s  ( m o s t l y  m o s q u i t o e s )  o f  
o n e ,  or t w o  genera.  F o r  8 o u t  o f  16 serogroups  Culex m o s q u i t o e s  are 
t h e  ma in  insect  vectors .  T w o  serogroups  are l inked wi th  Aedes 
m o s q u i t o e s ,  three  with  Anopheles m o s q u i t o e s .  Aedeomyia m o s q u i ­
t o e s ,  Culicoides bitt ing m i g e s  and  Hyalomma t icks are vectors  o f  o n e  
serogroup each .  Evolut ionary trends  wi th in  t h e  g e n u s  Bunyavirus  
a n d  wi th in  t h e  family  Bunyaviridae can b e  recognized  based  o n  rela­
t ionsh ips  o f  bunyaviruses  t o  their  arthropod vectors .  
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Introduction 

T h e  majority o f  arboviruses  has  b e e n  serological ly c lass i f ied in  fami l i e s  
Togaviridae, Flaviviridae, Reoviridae, Bunyaviridae, a n d  Rhabdoviridae, w h i c h  
all p o s s e s s  R N A  g e n o m e s .  N o w  there  are 5 0 4  v iruses  registered in t h e  Interna­
tional  Cata logue  o f  Arboviruses  a n d  African s w i n e  f e v e r  i s  t h e  o n l y  D N A  virus 
that  is unequivoca l ly  cons idered  t o  b e  a n  arbovirus (Karabatsos,  1985). 

T h e  fami l i e s  Togaviridae, Flaviviridae, and  Rhabdoviridae p o s s e s s  n o n s e g -
m e n t e d  g e n o m e s ,  in w h i c h  variations arised m o s t  probably a s  a c o n s e q u e n c e  o f  
n u c l e o t i d e  s e q u e n c e  de le t ions ,  invers ions ,  a n d  subst i tut ions .  Arboviruses  
with  s e g m e n t e d  g e n o m e s  (Bunyavir idae ,  orbiviruses  o f  Reoviridae) have  e v e n  
greater evolut ionary  potential  d u e  t o  their capability o f  R N A  s e g m e n t  reassort-
m e n t .  T w o  evolut ionary  m e c h a n i s m s ,  intramolecular changes ,  a s  wel l  a s  reas-
s o r t m e n t ,  func t ion  t o  p r o m o t e  g e n e t i c  diversity for  s e g m e n t e d  v iruses  (Beaty 
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el al., 1988). T h e  b e s t  e x a m p l e  o f  a s u c c e s s f u l  e v o l u t i o n  o f  v i r u s e s  w i t h  
s e g m e n t e d  g e n o m e s ,  d i spers ing  i n t o  d i v e r s e  ecological  n i c h e s  w i t h  v a r i o u s  
arthropod a n d  vertebrate  hosts,  is t h e  f a m i l y  Bunyaviridae. 

Bunyaviridae genera and arthropods 
T h e  Bunyaviridae w i t h  m o r e  t h a n  300 r e c o g n i z e d  v i r u s e s  c o m p r i s e s  o n e  o f  

the largest f a m i l i e s  o f  a n i m a l  v i ruses.  O n  t h e  bas is  o f  ant igen ic  re lat ionships  
the fami ly  is d i v i d e d  i n t o  5 g e n e r a  ( m o r e  t h a n  265 v i r u s e s )  a n d  a b o u t  40 v i r u s e s  
have not  b e e n  a s s i g n e d  t o  a g e n u s  (Karabatsos, 1985). T h e  v i r u s e s  o f  4 g e n e r a  
(Bunyavirus, Ph lebov i rus ,  U u k u v i r u s ,  a n d  Nairov irus)  are typical  arbov iruses.  
There is n o  e v i d e n c e  f o r  ar thropod  hosts  o f  t h e  v i r u s e s  b e l o n g i n g  t o  t h e  f i f t h  
genus o f  t h e  f a m i l y  - Hantav i rus  (Lee, 1982). 

Despite o f  t h e  variety o f  vertebrate  h o s t s  a n d  ar thropod  vectors  w h i c h  can b e  
infected w i t h  arboviruses,  e a c h  a r b o v i r u s  s h o w s  a remarkab le  speci f ic ity  w i t h  
respect t o  its natural  hosts,  i n f e c t i n g  o n l y  o n e  o r  a smal l  n u m b e r  o f  vertebrate  
and arthropod spec ies  (Chamber la in ,  1980), represent ing  t h e  spec i f i c  ecolo ­
gical niche for an arbovirus. T h i s  ecological n iche  is inf luenced by many 
factors, but is predetermined by trophic relationships o f  t h e  arthropod vectors 
to the selected vertebrates. 

It is well  known,  that in nature each individual arbovirus o f t h e  family  Bunya­
viridae infects  strikingly l imited n u m b e r  o f  arthropod hosts  (Murphy  et al., 
1975; McClintock, 1978). Moreover,  the  viruses o f  each g e n u s  o f  Bunyaviridae 
have the preferential relationships t o  t h e  arthropods o f  only  o n e  or two  fami­
lies. From the  data col lected in t h e  International Catalogue o f  Arboviruses 
(Karabatsos, 1985) and from a number  o f  other published papers more  than 

Table 1. Parlicipation of arthropod families in the isolations of bunyaviruses of different genera 
in nature 

Bunyaviridae 
Arthropod family 

Bunyavirus Phlebovirus Uukuvirus  Nairovirus 

Culicidae 89.4 % ? - 0.3 % 
Ceratopogonidae 10.3 % - - 0-4 % 
Psychodidae 0.1 °/o (99.7 °/o) 
Ixodidae 0.1 % - 75.6% 82.7 % 
Argasidae - - 24.4 % 16.3 % 
Other 0 . 1 %  - - 0 . 3 %  

No. of viruses per 114/3515 (21/380) 6/119 21/719 
No. of strains* 

'Based  o n  data  f rom International  Catalogue of Arboviruses (Karabatsos, 1985) 
?=mosqui to-borne  phleboviruses are missing, n o  exact n u m b e r s  available 
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5000 strains o f  v i r u s e s  o f  Bunyav i rus ,  Ph lebov i rus ,  U u k u v i r u s ,  a n d  Nairov irus  
g e n e r a  h a v e  b e e n  s u m m a r i z e d  w i t h  regard t o  t h e  isolat ions  f r o m  ar thropods  
(Tab le  1). 

T h e  largest g e n u s  o f  t h e  Bunyaviridae f a m i l y  is g e n u s  B u n y a v i r u s  w i t h  129 
registred a n d  m o r e  than  153 r e c o g n i z e d  v i r u s e s  (Cal isher  a n d  Karabatsos, 
1988); 114 v i r u s e s  o f  t h e  g e n u s  registred in  t h e  Cata logue  h a v e  b e e n  iso lated 
f r o m  ar thropods  (about  3500 strains)  a n d  a l m o s t  n i n e  t e n t h  (89.4%) o f  strains 
h a v e  resu l ted  f r o m  m o s q u i t o e s  (Cuticidae). Typica l  insect  hosts  f o r  21 v i r u s e s  
o f  t h e  P h l e b o v i r u s  g e n u s  are s a n d  f l i es  (Phlebotominae, Psychodidae). A l m o s t  
100 % o f  a b o u t  400 strains o f  t h e s e  v i r u s e s  h a v e  b e e n  iso lated f r o m  t h e m .  
Moreover,  4 v i r u s e s  o f  P h l e b o v i r u s  g e n u s  are f r e q u e n t l y  isolated f r o m  m o s q u i ­
toes ,  a m o n g  t h e m  Rift Valley fever virus for many t imes.  A l m o s t  100% o f  isola­
t ions  o f  these  viruses have b e e n  from mosqui toes  (data o f  these  4 viruses are 
not  included in the  Table  1). 

Ticks are the  main arthropod hosts  o f  viruses o f  the  g e n u s  Uukuvirus and 
Nairovirus. T h e  six registered viruses o f  the  g e n u s  Uukuvirus have b e e n  
isolated from arthropods about 120 t imes  and all the  isolates are from ticks. Out 
o f  them,  73.9% are from ticks o f  g e n u s  Ixodes  (Ixodidae) and 24.4% from g e n u s  
Argas (Argas idae) .  Tick-borne are also t h e  21 registred viruses o f  g e n u s  Nairo­
virus, more  than 700 strains having b e e n  isolated from arthropods, most ly  from 
ticks (99%) belonging t o  various genera o f  Ixodidae (82.7%) and  Argasidae 
(16.3%). 

Tabic 2. Serogroups of (he genus Bunyavirus in relation to the genus of the main arthropod hosts 
expressed as the percentual participation of arthropod genus in the isolations from nature 

Serogroup No.  of viruses Ar thropod 
% No.  of strains* genus  % 

Capim 7 /  61 Culex 100 
C group 13/ 267 C u lex 92.9 
G u a m a  9 /  324 Culex 94.7 
Minatitlan 1/ 3 Culex 100 
Patois 5 /  92 Culex 98.9 
01  if antsvlci 4 /  6 Culex 83.3 
Koongal 2 /  67 Culex 94.0 
Turlock 4 /  300 Culex 100 
G a m  boa 3 /  44 A edeomyla 100 
California 13/ 472 Aedes 86.7 
Bwamba 2 /  57 A e des 73.7 
Anopheles  A + B 7 /  24 Anopheles 54.2 
Bunyamwera 24/ 1545 Anopheles 47.6 
Simbu 18/ 250 Culicoicles 84.0 
T c t c  2 /  3 Hyalomma 100 

*No. o f  viruses isolated f rom ar th ropods /No.  o f  strains of these  viruses isolated f rom arthro­
pods 
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Relationships among Bunyaviridae genera 
T h e  b u n y a v i r u s e s  h a v e  b e e n  d i v i d e d  i n t o  five g e n e r a  o n  t h e  bas is  o f  the i r  

antigenic re lat ionships.  M e m b e r s  o f  e a c h  g e n u s  d o  n o t  share  ant igen ic  rela­
tionship with m e m b e r s  o f  t h e  other  four  genera (Calisher and Karabatsos, 
1988). T h e  g e n o m e  o f  t h e  Bunyaviridae consists  o f  three unique,  s ingle 
stranded R N A  segments  o f  negative (or ambisense)  polarity enc losed  in the  
spherical and enve loped  virions, 90 t o  100 n m  in diameter. Extens ive  studies  o n  
the molecular biology o f  bunyaviruses in recent years demonstrated similar, 
but distinctive coding strategies for t h e  five genera o f  Bunyaviridae. 

Briefly, each bunyavirus virion R N A  s e g m e n t  has a conserved R N A  
sequence with inverted complementarity o f  8 - 1 3  nucleot ides  at the  3' and 5' 
termini. T h e  conserved region is distinct for each genus ,  although very similar 
for Uukuvirus and Phlebovirus where  the  first 8 bases are identical (Gonzales-
Scarano and Nathanson,  1989). 

The  large (L) R N A  s e g m e n t  c o d e s  for the  large protein which  is viral R N A  
polymerase (Endres  etal., 1989). T h e  m e d i u m  (M)  R N A  s e g m e n t  c o d e s  for t w o  
glycoproteins ( G  1 and G 2)  and, in  Bunyavirus and Phlebovirus genera, also for 
a nonstructural protein. Th i s  s e g m e n t  contains a s ingle long  o p e n  reading 
frame (ORF),  which  is translated as a polyprotein and cleaved into proteins in 
the order in which nonstructural protein is be tween  structural proteins in t h e  
genus Bunyavirus and at t h e  5' e n d  in t h e  g e n u s  Phlebovirus.  T h e  s e g m e n t s  o f  
Uukuvirus and Hantavirus are ordered 5' - G 1 - G 2 - 3 '  with n o  nonstructural 
protein. T h e  s e q u e n c e  o f  t h e  (M)  R N A  s e g m e n t  o f  Uukuvirus  s h o w e d  h o m o ­
logy with the  g e n u s  Phlebovirus but  n o n e  with the  g e n u s  Bunyavirus ( R ô n n -
h o l m  a n d  Pettersson, 1987). T h e  s m a l l  (S) R N A  s e g m e n t  c o d e s  f o r  a n u c l e o -
capsid (N) prote in  a n d  i n  s o m e  g e n e r a  also f o r  a nonstructura l  prote in;  t h e  
latter is e n c o d e d  i n  a d i f f e r e n t  O R F  t h a n  t h e  N prote in  a n d  i n  d i f f e r e n t  g e n e r a  it 
f o l l o w s  a d i f f e r e n t  c o d i n g  strategy n a m e l y  o v e r l a p p i n g  O R F s  i n  B u n y a v i r u s ,  
but  a n  a m b i s e n c e  c o d i n g  strategy i n  P h l e b o v i r u s  (Gonzales-Scarano a n d  
Nathanson,  1989). 

It is attractive t o  speculate  w h e t h e r  a n d  h o w  t h e  d i f f e r e n c e s  i n  t h e  structure  
o f  viral g e n o m e  i n f l u e n c e  t h e  se lect ion  o f  h o s t  spec ies  o f  d i f f e r e n t  ar thropod  
famil ies,  a n d  v i c e  versa.  O b v i o u s l y  b o t h ,  t h e  c o d i n g  strategies a n d  ar thropod  
hosts speci f ic ity  are results  o f  e v o l u t i o n a r y  t r e n d s  w i t h i n  t h e  Bunyaviridae. 

Bunyavirus serogroups and mosquitoes 
O n  t h e  bas is  o f  ant igen ic  re lat ionships  each  g e n u s  o f  Bunyaviridaeforms o n e  

or m o r e  serogroups.  T h e r e  are 16 s e r o g r o u p s  r e c o g n i z e d  w i t h i n  t h e  g e n u s  
Bunyavirus.  Based  o n  iso lat ions  f r o m  n a t u r e  e a c h  s e r o g r o u p  is preferent ia l ly  
l inked  together  w i t h  ar thropod  (most ly  m o s q u i t o )  spec ies  o f  o n e ,  o r  t w o  
genera. Many  ar thropods  are i n v o l v e d  i n  i so lat ions  o f  b u n y a v i r u s e s ,  b u t  t h e  
m a i n  vectors  o f  B u n y a v i r u s  g e n u s  b e l o n g  t o  o n l y  6 g e n e r a  (Table  2). 

For  8 o u t  o f  16 s e r o g r o u p s  are m o s q u i t o e s  o f  t h e  g e n u s  Culexthe m a i n  insect  
hosts  (Fig. 1). T h e  re lat ionsh ip  t o  Culex m o s q u i t o e s  is h i g h l y  speci f ic.  Isola-
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Fig. 1 
Antigenic relationships among Bunyavirus serogroups (modified from Calisher, 1988) and ecolo­
gical nichés represented by arthropod vector genera (from these about a half or more strains have 

been isolated) 

t i o n s  o f  v i r u s e s  o f  t h e s e  s e r o g r o u p s  f r o m  o t h e r  t h a n  Culex m o s q u i t o e s  are rare 
(on ly  4.0% o u t  o f  1120 iso lated strains).  O u t  o f  8 s e r o g r o u p s  t ransmi t ted  b y  
Culex m o s q u i t o e s  5 s e r o g r o u p s  are geographical ly  d i s t r ibuted  i n  Neotropica l  
reg ion  ( s o u t h e r n  parts o f  N o r t h  A m e r i c a ,  Central  a n d  S o u t h  A m e r i c a )  a n d  are 
ant igenical ly  c lose ly  related t o  each  o t h e r  (Calisher, 1988). In total 35 v i r u s e s  
h a v e  b e e n  r e c o g n i z e d  i n  t h e s e  5 serogroups,  a n d  747 strains h a v e  b e e n  i so lated  
f r o m  insects,  m o s t l y  f r o m  Culex m o s q u i t o e s  o f  s u b g e n u s  M e l a n o c o n i o n .  O n l y  
39 strains o f  o n l y  13 v i r u s e s  h a v e  b e e n  isolated f r o m  o t h e r  t h a n  Culex m o s q u i ­
toes ,  but they be long  t o  6 mosqui to  genera and t w o  strains have b e e n  isolated 
also  from Lutzomyia sand f l ies  (Psychodidae). For m e  it demonstrates ,  bes ides  
t h e  high specificity t o  Culex mosqui toes ,  the  ability o f  t h e s e  viruses (e.  g. 
G u a m a  and Oriboca viruses) t o  invade n e w  ecological n iches  with n e w  vectors,  
which f eed  o n  different spectrum o f  vertebrate species.  In n e w  ecological 
n iches  select ive pressures force n e w  evolutionary trends leading t o  t h e  diffe­
rentiation o f  novel  Bunyavirus serogroups. 

Antigenically related to  these  viruses across Capim serogroup are viruses o f  
G a m b o a  serogroup, which are distributed in t h e  s a m e  geographic region. 
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T h e s e  v i r u s e s  are t ransmi t ted  e x c l u s i v e l y  b y  Aedeomyia m o s q u i t o e s  (Calisher 
el al., 1988). 

Intramolecular  c h a n g e s  a n d  R N A  reassor tment  are t h e  m a i n  e v o l u t i o n a r y  
m e c h a n i s m s  f o r  d ivers i ty  o f  t h e s e  v i ruses .  B u n y a v i r u s  g e n o m e  reassor tment  i n  
dua l ly  laboratory i n f e c t e d  m o s q u i t o e s  h a s  b e e n  o b s e r v e d  a n d  it w a s  s u c c e s s f u l  
o n l y  i n  m o s q u i t o e s  (Beaty  etal., 1985). Natural  R N A  reassor tment  w a s  d e m o n ­
strated for viruses o f  C group (Shope  and Causey,  1962). T h e  attractive idea is 
that the  viruses o f  Neotropical  serogroups differentiated from a c o m o n  
ancestral Bunyavirus, or Bunyavirus serogroup. T h e  period o f  S o u t h  American 
geographical isolation with diversity o f  e n d e m i c  insect ( subgenus  Melanoco-
n ion  o f  Culex mosqui toes ) ,  bird and m a m m a l  (marsupials) spec ies  could  form 
favourable condit ions  for introduction o f  n e w  group o f  R N A  viruses,  s u c h  as 
bunyaviruses.  Later on ,  t h e  radiation o f  bunyaviruses into  diverse ecological 
n iches  with different mosqui to  species  and genera could  b e  t h e  main  source  o f  
evolution.  A s  t h e  result o f  natural se lect ion in t h e  changed environment  o f  
n e w  insect  and vertebrate species  n e w  serogroups could  emerge .  

T h e  other  three serogroups with  Culex mosqu i toes  as  t h e  main  arthropod 
hos t s  are Olifantsvlei f rom Africa, Koongal  f rom Australia and Turlock with  
large distribution over Americas,  Europe,  Africa, and Asia. T h e y  are antigeni-
cally unrelated t o  each other  and t o  the  Neotropical  viruses as well .  

T h e  antigenic relationship t o  t h e  Neotropical  serogroups was  demonstrated 
for California serogroup, across t h e  relationship with Patois serogroup. 

T h e  main  arthropod hosts  for largely over Americas ,  Africa, Europe,  and 
Asia,  distributed California serogroup viruses  are mosqu i toe s  o f  t h e  g e n u s  
Aedes. T h e  largely distributed representative o f  California serogroup in Europe 
is  Ť a h y ň a  v i rus .  H e r e  it h a s  b e e n  i so lated  f r o m  14 m o s q u i t o  spec ies  o f  5 g e n e r a  
(Pilaski a n d  Mackenste in,  1985). O u t  o f  94  a n a l y s e d  Ť a h y ň a  v i r u s  strains 88.3% 
h a v e  b e e n  iso lated f r o m  8 Aedes spec ies  a n d  h a l f  o f  t h e m  (40.4%) h a v e  b e e n  
f r o m  t h e  m a i n  v e c t o r  Aedes vexans ( L a b u d a  a n d  K o ž u c h ,  1982; Pilaski a n d  
Mackenste in,  1985). Aedes m o s q u i t o e s  are a lso  h o s t s  o f  A f r i c a n  B w a m b a  sero ­
group viruses,  which  are antigenically related t o  California serogroup.  Aedes 
mosqui toes  as  vectors are n o t  determined for all viruses o f  t h e  California sero­
group. E. g. Guaroa virus from California serogroup is transmitted by  Anop­
heles mosqui toes .  Interestingly, across this  virus is t h e  California serogroup 
antigenically related t o  t h e  Bunyamwera serogroup, which  i s  transmitted 
most ly  by Anopheles mosqui toes .  T h e  role o f  Anopheles mosqu i toes  as  vectors 
for Bunyamwera serogroup viruses is also n o t  always clearly stressed. E .  g. 
North  American Main Drain and T e n s a w  viruses are transmitted with  Culi-
coides biting midges  (Ceratopogonidae) .  

Culicoides biting midges  are the  vectors o f  viruses o f  largely distributed 
S imbu serogroup. T h i s  serogroup can b e  split into  viruses transmitted a lmost  
exclusively with  Culicoides and viruses transmitted exclusively with  Culex 
mosqui toes .  Viruses  o f  t h e  last T e t e  serogroup have b e e n  in three occas ions  
isolated from  Hyalomma ticks in North Africa. T h e s e  three strains are t h e  only  
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B u n y a v i r u s  isolates f r o m  ticks, it is d i f f i c u l t  to  d i s c u s s  t h e  s ign i f icance  o f  t icks 
f o r  T e t e  s e r o g r o u p  unt i l  m o r e  data wi l l  b e  avai lable.  

T h e  ant igen ic  re lat ionships  a m o n g  B u n y a v i r u s  s e r o g r o u p s  w i t h  the i r  eco lo ­
gical n iches  are demonstrated in Fig. 1. There  are clear parallels be tween  anti­
genic  relationships (crossreactions a m o n g  serogroups) and relationships t o  the  
arthropods within the  g e n u s  Bunyavirus. In my opinion,  arthropod vectors, or 
better t o  say arthropod hosts  are largely responsible for antigenic properties o f  
bunyaviruses.  W e  can speculate that the  evolutionary trend within t h e  g e n u s  
Bunyavirus have radiated from highly specific relationship with  Culex mosqui­
t o e s  and limited geographic distribution t o  the  less  specific virus-vector rela­
t ionships with  Aedes and  Anopheles mosqui toes  and large geographic distribu­
tion. 

T h e  specif ic  relationships with arthropod vectors are not  unique  for negati-
ve-stranded R N A  viruses o f  the  family  Bunyaviriclae. Positive-stranded R N A  
viruses o f  the  g e n u s  Alphavirus (family  Togaviridae) are transmitted exclusi­
vely by mosqui toes .  Positive-stranded R N A  viruses o f  the  g e n u s  Flavivirus 
(family  Flaviviridae) are transmitted by both,  mosqui toes  and ticks. Antigeni-
cally, tick-borne flaviviruses are closely related to  each other and are separated 
from mosquito-borne flaviviruses. 

T h e  evolut ion o f  R N A  viruses has received a great deal o f  attention in the  
past several years. Comple te  nucleot ide  s e q u e n c e  o f  the  g e n o m i c  R N A s  o f  a 
number  o f  viruses belonging t o  different virus famil ies  have b e e n  obtained, 
and these  make possible detailed comparisons o f  the  families o n  a molecular 
level. T h e s e  comparisons have led t o  n e w  insights into R N A  virus evolut ion 
and taxonomy,  including a better understanding o f  t h e  radiation o f  viruses, 
towards different hosts .  O n  the  basis o f  s equence  similarities and higher order 
similarities Strauss and Strauss (1988) hypothesized that all the  positive-
stranded R N A  viruses, i.e . those  that contain the  message  s e n s e  R N A  as their 
g e n o m e ,  have evo lved  from a c o m m o n  ancestor. Further, all o f  the  currently 
known negative-stranded viruses, appear t o  form a h o m o g e n e o u s  group, which 
suggests  that they t o o  descended  from a c o m m o n  ancestor. 

T h e  positive-stranded insect viruses with two  g e n o m e  segments  o f  the  
family  Nodaviridae share the  characteristics o f  both plant and animal viruses, 
which has led t o  the  suggest ion that the  prototype positive-strand virus origi­
nated in insects (Strauss and Strauss, 1988). T h e  negative-stranded viruses 
with three g e n o m e  s e g m e n t s  o f  the  family  Bunvaviridae probably originated 
also in inscets  (at least judging from the  intimate association o f  these  viruses 
with mosquitoes) .  It remains t o  be  s e e n  whether  the  positive and negative-
stranded R N A  viruses also shared a c o m m o n  ancestor in the  past. 
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