
HELGOLANDER MEERESUNTERSUCHUNGEN 
Helgol~inder Meeresunters. 46, I-8 (1992) 

W o r l d w i d e  o c c u r r e n c e  of v i rus - in fec t ions  

in f i l a m e n t o u s  m a r i n e  b r o w n  a lgae  

D. G. Miiller & B. Stache 

Fakult~t ffir Biologie der Universit~t; D-W-7750 Konstanz, Federal Repubh'c of Germany 

ABSTRACT: Virus infections were detected in Ectocaz'pus sih'culosus and Ectocarpus [asciculatus on 
the coasts of Ireland, California, Peru, southern South America, Australia and New Zealand; in three 
Feldmannia species on the coasts of Ireland, continental Chile and Archipelago Juan Fernandez 
(Chile); and in Leptonematella from Antarctica. Natural populations on the Irish coast contained 3 % 
infected plants in E. fasciculatus, and less than 1% in Feldmannia simplex. On the Californian coast, 
15 to 25 % of Ectocarpus isolates were infected. Virus symptoms were absent in E. siliculosus from 
Peru, but appeared after meiosis in laboratory cultures. The virus particles in E. fasciculatus are 
identical in size and capsid structure to those reported for E. sificulosus, while the virus in F. simplex 
is smaller and has a different envelope. Our findings suggest that virus infections are a common and 
worldwide phenomenon in filamentous brown algae. 

INTRODUCTION 

While fungal  parasites in marine brown a lgae  are well  known and systematically 

documen ted  (Andrews, 1976), ev idence  for virus-infections has been  encoun te red  only 

sporadically in several  EM studies. The few findings of "virus-like particles" to date were  

listed by Ushiyama (1985). 
In 1988, a populat ion of Ectocarpus siliculosus in New Zealand was found to be 

infected with a double-s t randed DNA virus, which  is expressed in abortive gametang ia  
or sporangia (Mfiller et al., 1990). Culture exper iments  with this material  demonst ra ted  

that  the virus g e n o m e  is closely associated with that of the host. New infections o c c u r  

w h e n  the virus enters the unicellular motile spores or gametes .  Recombinat ion during 

meiosis on an infected host plant can produce healthy, symptom-free p rogeny  (Mfiller, 

1991a). The fact that virus-infected plants in the natural  habitat  and in culture may  be 
vital and at least partly reproductive demonstrates  that host and virus have  acqui red  the 

potential  to co-exist in a non-lethal  and perhaps  pandemic  manner.  
We present  here  observations on the geographic  distribution and the presence  of 

virus infections in field populations from various coasts of the world. 

MATERIALS AND METHODS 

Infection symptoms in Ectocarpus and related genera  can be easily de tec ted  by light 

microscopy because  they are expressed in abnormal  reproduct ive structures. Samples  of 
ectocarpoid a lgae  collected in the field habitat  were  examined  under  the l ight micro- 
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scope with 10• and 40x  objectives.  Spec imens  fixed and  s ta ined  with c a rmine  in 45 % 
acetic acid were  moun ted  in Karo syrup. The hyal ine  content  of host  cells con ta in ing  virus 
par t ic les  was  found to stain in tensely  With acetocarmine.  Unia lgal  cul tures  of hea l thy  and  
virus- infected plants  were  der ived  from f i lament  f ragments  of field mater ia l .  Culture 
m e d i u m  (Provasoli-ES; Start  & Zeikus, 1987) was r e ne w e d  at one-  or t w o - w e e k  intervals.  
Cul tures  were  kep t  at 12 + 1 ~ and i l luminated  with  whi te  f luorescent  l a m p s  at 10 ~tmol 
m-2s  -1 for 14 h p e r  day.  For electron microscopy,  cul tured p lants  w e r e  f ixed and 
e m b e d d e d  in Spurr ' s  resin following techniques  descr ibed  previous ly  (Mfiller et al., 

1990). 

RESULTS 

Ectocarpus fasciculatus H a r v e y  f r o m  I r e l a n d  

This spec ies  was  found epiphyt ic  on Scytosiphon 1omentaria (Lyngb.) Link at 
Ki l leany Bay, Aran  Islands, in Sep tember  1990. Among  a total of 91 s p e c i m e n s  examined ,  
2 p lants  showed  virus symptoms;  while  some pluri locular  zo idangia  a p p e a r e d  normal,  
others  showed  a mosaic  a r r angemen t  of hea l thy  sections and  v i rus -compar tmen t s  (Fig. 
1). Clonal  cul tures der ived  from these  two plants  ma in ta ined  this mosa i c  character .  
Electron microscopy r evea led  virus par t ic les  in the  hyal ine  sections of the  z o i d a n g i a  (Fig. 
2). These  par t ic les  have  the same structural  characteris t ics  as those found in Ectocarpus 
sih'culosus from N e w  Zea land  (Mfiller et ai., 1990). They are polyhedra l ,  131-135 nm in 
diameter ,  and  have  a l amina ted  enve lope  (Fig. 3). 

Ectocarpus fasciculatus H a r v e y  f rom C a l i f o r n i a  

Since no mature  ec tocarpoid  plants  were  found at  various locat ions of t he  Cal i fornian 
coast  in Oc tober  1989, small  inoculates  of scrapings  from Nereocystis luetkeana (Mert.) 
Post. & Rupr. and  Laminaria sp. or ig inat ing from Carmel ,  California, w e r e  incubated .  
From the resul t ing raw cultures, 26 un ia lga l  isolates of E. [asciculatus w e r e  obtained.  
Four of these  showed virus symptoms (Fig. 4). As in the Irish material ,  the vi rus  par t ic les  
are polyhedra l ,  with a d iamete r  of 138-144 nm and with a l amina ted  e n v e l o p e  (Figs 5, 6). 
Four un ia lga l  Ectocarpus isolates were  m a d e  from a raw cul ture of Sphacelaria rigidula 
Kfitzing col lected at Mon tana  de Oro (Morro Bay). One culture d e v e l o p e d  virus symp-  
toms with the  same character is t ics  as the mater ia ls  from Carmel ,  and  a v i rus  par t ic le  size 
of 131-141 nm (Figs 7-9). A single Ectocarpus plant  i sola ted as an ep iphy te  from Egregia 
menziesii (Turn.) Aresch.  col lected at Davenpor t  Landing  (Santa Cruz) also showed  virus 
symptoms.  

Ectocarpus fasciculatus H a r v e y  f r o m  s o u t h e r n  S o u t h  A m e r i c a  

In Februa ry  1989, collections at  the  fol lowing locations con ta ined  E. [asciculatus 
spec imens  with virus symptoms in plur i locular  zoidangia :  Estancia  M o a t  (Ushuaia, 
Argent ina ,  Fig. 10), Cameron  (Bahia Inutil, Tierra de l  Fuego,  Chile, Fig. 11), and  Puerto 
Deseado  (Patagonia,  Argent ina ,  Fig. 12). The virus symptoms in all t he se  isolates 
pers i s ted  in clonal  cultures. 
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Figs 1-3. Ectocarpus fasciculatus from Ireland. Fig. 1: Permanent mount of a wiid specimen with a 
normal (above} and a virus-producing plurilocular zoidangium with a normal section (below, arrow). 
Scale bar: 100 ~m, apphes to all light microscopic illustrations. Fig. 2: Longitudinal EM section 
through plurilocular zoidangium with virus formation. Scale bar: 5 ~m. Fig. 3: Higher magnification 
showing polyhedric virus particles with laminated envelope {arrows, apply also to Figs 6 and 9). 

Scale bar: 0.5 ~m 
Figs 4-6. Unialgal culture of Ectocarpus fasciculatus from Carmel, California, with virus symptoms in 
plurflocular zoidangia in hght microscopic appearance (Fig. 4) and EM sections (Fig. 5, scale bar: 5 

~n; Fig. 6, scale bar: 0.5 ~tm) 
Figs 7-9. Unialgal culture of Ectocarpus fasciculatus from Morro Bay, California; light microscopic 

appearance (Fig. 7) and EM sections {Fig. 8, scale bar: 5 ~tm; Fig. 9, scale bar: 0.5 ~tm) 
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Ectocarpus  si l iculosus (Dillw.) L y n g b .  f rom A u s t r a l i a  

Field material  collected in  the intertidal zone of Hinders,  Victoria in September  1988 
consisted predominant ly  of normal  E. sificulosus gametophytes. However, in  two speci- 
mens  all plurilocular reproductive structures were diverted to virus formation (Fig. 13). 
Unialgal  cultures main ta ined  this character, but  occasionally some functional  gametan-  
gia were formed. 

P, c tocarpus  si l iculosus (Dillw.) L y n g b .  f rom P e r u  

In a raw culture of Desmarestia peruviana Mont. collected in November  1988 at 
Bahia San Juan,  Nazca, a healthy looking Ectocarpus sporophyte appeared.  Meiospores 
from unllocular  sporangia  of this p lant  produced normal gametophytes and  some plants 
with mosaic a r rangements  of normal  and  virus-forming sections i n  their plurilocular 
zoidangia (Fig. 14). 

Ectocarpus  si l iculosus (Dillw.) L y n g b .  f rom N o r w a y  

In October 1977, 43 gametophytes  were collected at Bergen and used to estabhsh 
unialgal  cultures for a study on sexual compatibility (Mffiler, 1979). One  male 
gametophyte showed symptoms of virus-infection, when  re-activated from stock cultures 
in 1990. Inspection of a pe rmanen t  shde made in April 1978 from the same isolate (Fig. 
15) showed that virus symptoms were aIready present  at this early stage of the culture. 

Fe ldmann ia  s i m p l e x  (Crouan)  H a m e l  ,from I r e l a n d  

This species was found epiphytic on Codium fragile {Sur.} Hariot in the intert idal  
zones of Killeany Bay and  Brannock Island (Aran Islands, Ireland) in September  1990. On 
one Codium plant, 270 Feldmannia specimens had normal plurilocular zoidangia,  while 5 

Figs 10-12. Ectocarpus fasciculatus. Unialgal cultures derived from plants collected in southern 
South America. Fig. 10: Ushuaia, Beagle Canal, Argentina; plant shows normal, virus-forming and 
mixed plurilocular zoidangia (arrow}. Scale bar: 100 ~tm, apphes to all light microscopic illustrations. 
Fig. 11: Cameron, Tierra del Fuego, Chile, normal and virus-producing plurilocular zoidangia on 
same plant. Fig. 12: Puerto Deseado, Argentina, plant with normal and virus-producing plurilocular 

zoidangium 
Fig. 13. Ectocarpus sificulosus. Permanent mount of a virus-infected specimen collected in Hinders, 

Victoria, Australia in Sept. 1988 
Fig. 14. Ectocarpus siliculosus from Peru. Virus-symptoms in plurilocular zoidangia of a plant 

derived from a unilocular sporangium in culture. Arrow: normal section 
Fig. 15. Permanent mount of a male gametophyte of Ectocaqaus sfliculosus from Bergen, Norway, 

made in April 1978 shows one normal gametangium (n) and one with virus production (v) 
Figs 16-19. Feldmannia simplex from Ireland. Fig. 16: Basal part of normal plant with functional 
pluri- (p) and unilocular sporangia (u). Fig. 17: Basal part of virus-infected plant with hyaline 
vesicular structures containing virus particles. Fig. 18: Low magnification EM section through a 
vesicular compartment of an infected plant. The entire cellular content is converted to virus 
production, with few remnants of host cell organelles persisting. Scale bar: 5 ~tm. Fig. 19: Higher 
magnification: polyhedral virus particles in Feldmannia cell with a simple envelope Scale bar: 

0.5 ~tm 
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plants  showed  virus symptoms.  An addi t ional  855 Feldmannia plants  f rom 15 Codium 
hosts were  all normal.  

Clonal cul tures were  in i t ia ted  from hea l thy  and virus- infected Feldmannia plants.  
Hea l thy  plants  formed funct ional  uni-  and  pluri locular  sporangia  (Fig. 16). Spores  from 
both types  of sporang ia  deve loped  in an ident ica l  manner ,  wi thout  e v i d e n c e  of sexuali ty.  
In contrast, the  v i res- infec ted  isolates were  sterile. Virus part icles  were  f o r m e d  in clusters 
of hyal ine  ves icular  cells. Their  posit ion on the base  of erect  f i laments  i nd i ca t e s  that  they  
correspond to modif ied  zo idangia  (Fig. 17). Virus-infected Feldmannia cul tures  can be 
p ropaga t ed  by  f ragmenta t ion  and  regenera t ion  of filaments. Occasional ly,  some of these  
r egenera tes  a p p e a r e d  as hea l thy  plants  and  had  normal functional  zo idang ia .  

Virus part icles  are  l ibe ra ted  from the  vesicles of infected Feldmannia plan ts  in the  
same m a n n e r  as desc r ibed  for Ectocarpus siliculosus (Mfiller, 1991b). W h e n  moti le  zoids 
of hea l thy  Feldmannia plants  were  exposed  to virus particles,  20 to 30 % of  the  resul t ing 
daugh te r  p lants  expressed  virus symptoms.  Electron microscopic examina t i on  of virus- 
infected Feldmannia plants  r evea led  dense  aggrega tes  of virus par t ic les  a n d  remnan t s  of 
cell organel les  within the  hya l ine  vesicular  structures (Pig. 18). The Feldmannia virus is a 
po lyhedra l  part icle ,  112-130 nm in diameter .  Its envelope seems  to consis t  of a s imple 
e lec t ron-dense  layer  (Pig. 19), in contrast  to the  Ectocarpus virus wi th  a l amina ted  
enve lope  (Pigs 3, 6, 9). 

Feldmannia  globifer  (Kuetz . )  H a m e l  f rom o c e a n i c  C h i l e  

A spec imen  of Codium fernandezianum Setchell  col lected at San ta  Clara  Island, 
Archipe lago  Juan  Fe rnandez  in Februa ry  1991 was dense ly  covered  wi th  ec tocarpoid  
epiphytes .  12 p lants  of Feldmannia globiferfrom this s6urce were  used  to es tab l i sh  clonal  
cultures. A m o n g  these,  11 were  normal  and  heal thy,  while one isolate s h o w e d  hyal ine  
vesicles similar to those desc r ibed  above  for Feldmannia simplex. Virus s y m p t o m s  persis t  
in this culture in a crypt ic  manner ,  whi le  many  regenera tes  p roduced  from f i lament  
f ragments  are  fertile and  a p p e a r  to be  comple te ly  heal thy.  

Feldmannia  irregulans  (Kuetz . )  H a m e l  f rom c o n t i n e n t a l  C h i l e  

An ep iphyte  on Scytothamnus austrafis (J. Ag.) Hooker  & H a r v e y  col lected in 
January  1984 nea r  Puerto Montt,  X. Region, gave  rise to a clonal  cul ture  of F. irregularis. 
In addi t ion to normal  p lur i locular  zo idangia  this culture showed  consp icuous  abnor-  
malities, which  pers is ted  in culture and  are  now recogn ized  as s y m p t o m s  of virus 
infection. 

Leptonemate l la  fasciculata (Re inke )  S i l v a  f r o m  A n t a r c t i c a  

In January  1988, an abnorma l  spec imen  of L. fasciculata was co l lec ted  at  Bahia 
Fildes, King George  Island, and  p rese rved  as  a pe rmanen t  slide. Examina t ion  of this 
mater ia l  shows that  apical  port ions of mature  f i laments consist of ser ies  of hya l ine  cells, 
the contents of which  stain in tense ly  with acetocarmine.  Some cells wi th  funct ional  
pluri locular  zo idang ia  are  in t e r spe r sed  in a mosaic  manner ,  thus conf i rming the charac-  
teristic features  of virus symptoms for Leptonematella. 
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DISCUSSION 

Virus infections in compact  b rown algal  thall i  can be  expec ted  to be  difficult to 
identify, because  symptoms seem to be  restr icted to reproduct ive s tages  of the  host. Thus, 
the only known case  to da te  is Chorda tomentosa Lyngb. (Laminariales),  where  virusl ike 
par t ic les  have  b e e n  de tec ted  in mor ibund  meiospores  (Toth & Wilce, 1972). For this 
reason,  we concen t ra ted  our search on f i lamentous brown algal  taxa, which  pe rmi t  the  
detec t ion  of virus symptoms more easily. 

The f indings of virus infections in Ectocarpus siliculosus and  Ectocarpus fasciculatus 
repor ted  here  revea l  a surpris ingly large  and possibly  global  range ,  inc luding  Atlantic  
and  Pacific oceans  with subarctic,  t empera te  and subantarct ic  coasts. 

Various comments  and il lustrations in floristic htera ture  indicate  that, in the  past,  
virus- infected a lgae  have  been  encounte red  without  knowledge  of the  correct  diagnosis .  
Cardina l  (1964) r ecorded  the occurrence  of Ectocarpus dimorphus Silva for the  English 
Channe l  area, and  cites older  reports  from Pacific North America ,  Algeria ,  nor thern  
France  and Green land .  The i l lustrations and their  in terpreta t ion by  Cardina l  indicate  
convincingly that  this taxon represents  virus- infected spec imens  of Ectocarpus. Similar  
f indings were  r epor ted  by  Ardr6 (1969) for the coast  of Portugal, and  by  J a a s u n d  (1965) 
for nor thern Norway.  

Culture exper iments  with clonal  isolates of E. siliculosus and  Feldmannia simplex 
show that  the virus infection induces  a s table t ransformation of the host  plants.  In the  case 
of the Norweg ian  isolate of E. sfliculosus descr ibed  above,  the virus is still p resen t  after  14 
years  in culture. This fits with gene t ica l  s tudies in New Zea land  isolates of E. siliculosus 
which indicate  that  the virus genome  associates  closely with the  genome  of the  host. It 
passes  through mitosis and  meiosis in a h ighly  coord ina tea  manner  (Mfiller, 1991a). 

Virus- infected Ectocarpus plants  in field collections and labora tory  cultures are  often 
seen  with mosaic-s t ruc tured  pluri locular  zoidangia .  These  p roduce  funct ional  zoids 
which  are able, at  leas t  partially, to restore and main ta in  normal  deve lopmen t  of the  host. 
This feature is subject  to grea t  variabil i ty.  In ex t reme cases, p lants  hke  the Peruvian  E. 
sfliculosus can be  found that  a p p e a r  comple te ly  healthy.  The exis tence  of its virus 
infection became  appa ren t  only after meiosis under  culture conditions.  An ext rapola t ion  
of this t endency  suggests  that  Ectocarpus plants  can be found which  rare ly  or never  
express  their  virus infection.. 

Likewise,  cul tures  of Feldmannia simplex and Feldmannia globifer produce  
regenera tes  that  cannot  be d is t inguished from normal,  hea l thy  plants.  It remains  an  open  
quest ion as to whether ,  in these  cases, the virus genome has b e e n  ehmina t ed  or 
effectively suppressed .  It seems possible  that  the ent ire  Feldmannia popula t ion  of a g iven  
na tura l  habi ta t  has  been  in contact  with the virus genome  in the  past.  Virus-specif ic  
molecular  markers  app l ied  to a la rge  number  of individual  plants  will be  necessa ry  to 
eva lua te  this assumption.  Addi t ional  b iochemical  s tudies and infect ion exper iments  are 
n e e d e d  to eva lua te  the specificity of host-virus interact ions in the gene ra  Feldmannia and  
Ectocarpus. 

Nucleic  acid  composi t ion and  genome  size of the F. simplex virus is still unknown.  
Al though there  are many  similarit ies with the Ectocarpus system, the dif ferences  in 
enve lope  structure sugges t  that  the  two viruses are  distinct entities. 

Ectocarpus and  Feldmannia are  p laced  in the order  Ectocarpales.  The f inding of 
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v i rus  s y m p t o m s  in  f i e ld  s p e c i m e n s  of Leptonematella,  w h i c h  b e l o n g s  to t h e  o r d e r  

C h o r d a r i a l e s ,  s u g g e s t s  t h a t  v i ru s  i n f e c t i o n s  m a y  b e  a g e n e r a l  f e a t u r e  i n  t h e  e n t i r e  c lass  

P h a e o p h y c e a e .  

R e a n n e y  (1974) p r o p o s e d  a n  i m p o r t a n t  ro le  of v i r u s e s  in  e u k a r y o t e  e v o l u t i o n  as  

v e c t o r s  for  n o n - s e x u a l  g e n e  t r ans fe r .  T h i s  h y p o t h e s i s  r e q u i r e s  a w e l l - b a l a n c e d  co-  

e x i s t e n c e  b e t w e e n  D N A - v i r u s e s  a n d  t h e i r  hos ts ,  as we l l  as  p a n d e m i c  or  a t  l e a s t  w i d e -  

s p r e a d  o c c u r r e n c e .  B o t h  p r e r e q u i s i t e s  a r e  fui f i l led  in  Ectocarpus a n d  p o s s i b l y  a lso  in  

Feldmannia. B i o c h e m i c a l  s t u d i e s  o n  t h e  m o l e c u l a r  gene t i c s ,  a n d  b i o l o g i c a l  e x p e r i m e n t s  

o n  t h e  spec i f ic i ty  of t h e s e  s y s t e m s  wil l  b e  n e c e s s a r y  to d e t e r m i n e  if, a n d  t o  w h a t  ex t en t ,  

v i r u s e s  c a n  ac t  as  v e c t o r s  for  h o r i z o n t a l  g e n e  t r a n s f e r  in  Ectocarpus a n d  Feldmannia.  
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