
F i g u r e  73. A L h l o r o p l a a l  p o r t i o n  In which Lhn (ntmigr . in . i l  Lhylakcldm mr.i 

uu lo ng nr  pppgre nL,  i h e r r b y  a n p o r n t l n #  thm pNaudogrmnn f r o *  one a n o t h n r .  

LHcaln -  0 .3nm ).

i g u r e  7 4 .  An i w o l n im d  p«i ;ui logrnnum e n c l o s e d  by  n hemimembra iiG w i t h  a t -  

iMc hcd  l l p o c a r o t m i i o l d n .  ( S c u l e  »  )*m ) .

F ig u r #  75.  ^ imwrou:  imoldtmd c h l o r o p l a s l  p o r t i o n s  ( ps nu do gr an a)  a r e  aa -  

s o c l a t e d  w i t h  i r r e g u l a r  l i p o c a r o t o n o i d  mmt*riml t h a t  In cnnLlnuoun K th  

(h n l i n e a r  a r r a y s  l i n i n g  (hn w a l l .  ( F c a l r  = 2wm^.

F ig u r #  76 .  A mmall c h l n r o p l a x t  rnmnant  Kurrounded by c o n i m n t r l c  a r r a y a  

o f  l i p o c a r o ta n o id -K tu d d m d  humlmfmhranoa (arrowhmadm).  uho lnnar#omt o f  

h h l . h  i*  t . a  c h l o r o p l a A l 'w  o u t r r  mpmhrane (a r r o w * ) .  (S c a lo  "  lw#)

F ig u r #  77.  Tim Ihy la ko id w  a n l  p*end ogr an*  o f  thm i h l o r o p l a m l  o f ( l u  hr- 

k n e w *  c o n v o l u t e d  and expanded In a mammr rmnlnlK.umi o f  many o t h e r  grmon 

. i l g al  r e a t i n g  c e l l * .  ( S c a l e  » 0 Sym).

F i g u r *  78.  A d e g e n e r a t in g  c h l o r u p l a n t  w i t h  a  c h a o t i c  ma** i f  c o n t o r t e d  

( h y l a k o i d s ,  and murrnundrnd by l i p o c . i ro tm n o id  m a t e r i a l  (S c a le  = l w ) .





F i g u r e  7 9 .  T h r  in  i t -it i on o f  a  i h y  I dr,,; i si p l e x u s  w i t h i n  a  r 

a (Scmle -  0 .5nm).

F i g  u r e  8 0 ,  ^  t..hy 1 rtki. Id  P lo x u s  w i t h  an e x t e n s i o n  (i 

A u L a r c h  % r a j n .  ( S r .a l o  = 0 . 5 w u ) .

) anc loNln*

F i g u r e  8 1 .  A deve- ! o p i  ng  p t n x n s  w i t h  b o t h  s t a r c h  a n d  p s e u d o g r  a tm l  

i l i y l m L o j d  a s n o . . i r L i o n x  ( n r r o w h o a d a ) .  I S c a l e  = l w ) .

F l g u r #  8 2 .  L i p i d  d r o p l e i :  ( a r r o w h m a d s )  o c c u r r i n g  w l l h l n  i h o  amme v e n i c l o  

am a  l y p o  I c r y n i a l ,  a n d  i h r  l l p f . c a r o i u n f i d  m u t f r l a l  f r o m w h i c h  ho i l i  K p i d  

a n d  c r y s t a l  a r e  d a r i v n d  C ic .U n  *= 0 . 3 p m ) .
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F t p u r e  8 3 .  A cocMiocysl  f i v e  h o u r s  ;i I 'Ler z o o s v o  r<ig«n i c  i ndm:  t  I o n .

Kndompmbrdn'  p r o l l f p r m i l i m  in c v M m i i ,  c x p n c im l ly  in  i h n  m.mhmr nf

a n n u l n r  r i g t e r n m e  (mnokliPAd^) thmt rnscmhlp mn i n l l l m l  Nirnxo In Ool gi

rmpl lr . nLl on .  L ip o c a r o lo n o W  d ig e K H o n  limm InT t  inimRroum vmnlclmii

(more nu #n io us  t h a n  In In j r t d v m  CM nucy slm) .  ( S c a ln  -  Ipm).
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F i g u r e  8 4 .  A r e g r e e n l n g  c o e n o c y s i  w i t h  a  n e w ly  f o r m e d  py v e .n o id  a n d  a c -  

t i v n l y  e l o n g a t i n g  j n t f l r g r a n a l  t h y l a k o i d s  ( a r r o w h e a d s ) w h i c h  c o n n e c t  t h e  

p r e v i o u s l y  i s o l a t e d  p s e u d o g r a i m . ( S c a l e  = l y m ) .

F i g u r e  8 5 .  S m a l l  t u b u l e s  ( a r r o w h e a d s )  o c c u r  i n  t h e  c h l o r o p l a s t  m a t r i x

s u b t e n d e d  by y o u n g  t h y l a k o i d s . ( S c a l e  -  2 . 5 p m ) .

F i g u r e  M .  A p a r t i a l l y  r e g r e o n e d  c o e n o c y s t  c o n t a i n s  e h l o r o p l a s t s  w i t h  

t u b u l a r  e l e m e n t s  ( a r r o w h o u c h i ) .  ( S c a l e  = 2vim) .

F i g u r e  8 7 .  The  e n dom om hr an e  s y s t e m  o f  r o g r e c n i n g  c o e n o c y s t s  p r o l i f e r a t e s  

a n d  t h e  d ic t y o B o m e s  i n c r e a s e  i n  n u m b e r , o f t e n  b e i n g  p a i r e d  a c r o s s  a  n u 

c l e u s  . ( S c a l e  = Ivin. ).

F i g u r e  8 8 .  Golg.1 r e p l i c a t i o n  may o c c u r  bv t h e  f o r m a t i o n  o f  A n n u l a r

(. i s t e r n a e , w h i c h  a r e  t h e n  r e l e a s e d  an d  u n f u r l  t o  fo rm  t h e  f i r s t  c i s t e r n a

in  a  d i c t y o ^ o m a l  s t a c k  ( S c d l e  = 0 . 2 S | jm ) .





F ig u r e  8 9 . A sdi.ond o f  ( io lx i  rn) ) l ' c mL loT (  I n v o l v e s  v n r t l c a l

c l n a v a g e  I h r u i i g h  m d ic cyoNomwl  s l a c k .  ( S c a l m  «

F i g u r e  9 0 .  D u r i n g  z o o ’- ip o ro g e n e s  i s , p y r e n o i d n  a r e  los t .  -  a  p r o c t - s s  i n i 

t i a t e d  by l o s s  o f  t h e  ' h s h o a t h  au d  iv t t o r m i n g l  m g  o f  th>> p y r e u io id  a nd  

c h l o f o p l n s t  t l i y l a k o l d * .  i^Sra ln  -  Sum) .

F i g u r e  9 1 .  Th e  i n i t i a l  s l a g *  i n  ba m a l  bod y  for rv . i t  I o n  wh*-- r o  t h e  do.vc. l o p i n g  

b a * a l  bodlmm l i e  a t  90*  i o  t h e  d ( c c y o s o « e .  ( S c a l e  = O.Spm)

F i g u r e  9 2 .  A l a te i"  * tng< o f  z n o s p o r o g e n m y  I m m  w h i c h  h a s  a  1 bod y  r o t a t i o n  

h#m o c c u r r e d  wo t h a t  t h e  b a s a l  b o d i e s  an d  d i c t y o s o a o  . i r e  In  a  l i n e .  ( S c a l e

-  0 . Sum).

F i g u r e  9 3 .  C l e a v a g e  f u r r o w s  n e a r  a s  two co m p r m ss n d  mem br an es  

( a r r o w h e a d s )  w h i c h  t h e n  s e p u r a t n ,  w i t h  t h e  r m a i i I t a n l  f u r , ow o f t e n  f i l l e d  

w i t h  s u b s t a n c e s  s u c h  a s  1 I p o c n r o t e n o i d m  ( S e a  i f  "  i . ’i y m ) .
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T i q u r a  94.  I 'H irfd UnMi] b o d lo s  mi,uoA»d m'ru ^»  a d rv o l o p l n g  furrow l lwL 

i< NrifH hy m i c r o i u b u l a ;  . i r r a ya farrowhmada) .  (Hcaln = 0 . 2 5 ^ * ) .  ^ %"

F i y u r #  95.  M ic ro lu b u lo ^  (arrovl inndK) l i e  a l o n g  ch* puch» o f  Lh« cif / ivfgm 

l u r r w s .  ( S c ^ l a  = 0.2^W*).





F i g u r e  9 6 .  C l n a v a g o  f u r r o w s  , i i t 1 pel w i t h  iinnishi ancm;. i n c l u s i o n s ,  e x t e n d  in *  

l imlkvi 'n  d o v o l o p l n *  x o o s p o r e s .  (ScMlm »  Iwm).

F i g u r e  9 7 .  Two c o u n o c y s t s  s t i l l  ernr. l o s e d  w i t h i n  a  p . i r o n t a l  w a l l , wh M i  

(irt '  d i v i d i n g  t o  form zooaporms Artow!u>ads  i n d i c a t e  some o f  t h e  n u m e r o u s  

l u r r n t *  t l i a t  arm d i v i d i n g  t h e  cy to p la sm .  ( S c a l e  * Slim).

F i g u r e  9 8 .  Zo ompormu, somii o f  w h i c h  a r e  n u t  f u l l y  s a p  i r a t  f-d f r o m  e/sci, 

o i h . > r ,  e n c l o s e d  w i t h i n  t h e  p a r e n t  w a i l .  ( S c ,'j 1 n -  2 ym ) .

F i g u r e  9 9 .  C r o s s - s e c t i o n  t h r o u g h  a  y o u n g  . s ip ho n  t h a t  h a s  p r o d u c e d  

xooKporm* w h i c h  w i l l  h*  r e l e a r n e d  v i a  t h o  t h i n n e d  wmil  r e g i o n  (m rr o w ho a dm ) .  

(Realm = .
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F i g u r e  1 00 .  CoeiKx-.yu la  u n d a r g o i i 'R  xo u sp o r o g M im H iq .  ( S e a l *  = 2 2u m) .  ^

F i g u r #  1 0 1 .  Zo o m p or e s  (phamt,  c o n t r n s L ) .  Notm t h e  c o l l i  j o i n e d  p o M l u r i o r l y  

f u r r o w s ) .  ( S c a l f  "  2 5 | w ) .

F i g u r e  1 0 2 a - d , A mmqumnce o f  z o o s p o r e 1 n . c a p n  v i a  a  p a r e n t a l  w a l l  p o r e , 

( S c a l e  *  8 . Sum).

i s ;





F ig u r#  103. The mmwroum empty w<il N  leC l af l r r  *uccm:s("u1 zooN por# r* -

h'dsn. Note the zygotes (!) and tho cysts still undergoing 

/(KisporoK Anm sls. (S ^ a te  -  30um).

F i g u r e  10 4 .  Z o o s p o r e s  o f  v a r i o u s  s h a p e s . ( .S c a le  = lOym) .

F i y u r r -  1 0 5 .  Z o o s p o r e s  a p p r o a c h i n g ,  a n d  a d h e r i n g  t o ,  t.lu> f l o a t i n g  

lo rrw d hy hun dred* nf  N e t l l e d  c e l l * .  'S i . i l o  «  2 0 ^ " ) .



:



F i g u r e  1 0 6 a - c .  A s e r i n s  of  lo n g]  t u d i n a i  si-ct.  i o n s  per |> ind  i c u  l a v  t o  Uie  

p in up  o f  f l a g f l l a r  l i i s e r t f o n  I T I ^ ) ,  l l i i ough  t h e  zoo xpor e mpnx. The s c -  

quont.n is  o f  c o n t r a c t  i. Ip v ac u o le  h u r s t  ing : 106a - f u l l y  oxlmndAd; 106b 

imm o f  . u p t u r e ;  106c - o r u p t o d ,  w l l h  Llie a d j a c e n t  v a c u o l e  i n l a c L .  

(Sen l e  = 0.  5|m) -

F i g u r e  107. C r o s s - f i e c t i o n  th ro u g h  / .oospore apex in  * he r e g io n  of  t he  

c . o u c r a c t i l c  v a c u o l e s ,  whic h a r *  f u l l y  d i l m i e d .  The v a c u o l e s  aim supportmd 

hy th e m l c r o l u b u l a r  r o o l *  nnd th n  cy tos km lct A l  m i c r o t u b u l a a  (a rrowheadm).  

(Xi.hlr  OSwm).

F i g u r e  108. TI.S o f  y.ooHpor« wit l i  one dlKlmnded c o n t r a c t i l e  v a c u o le  con - 

( . di ni ng  w a n e  m a t e r i a l ,  and one c o n t r a c l l l e  v a c uo ln forming by v e h i c l e  

r .o a lp sc en c e.  ( S c a l e  "  O.S##) .

F i g u r e  109. T a n g e n t i a l  cross-s<>ct  ion o f  xoosporm apex w i th  one f u l l y  

fnrmnd c o n t r a c t i l e  v a c u o l e ,  and onm v a c u o l e  f i l l e d  w i t h  v e s i c u l a r  m a t e 

r i a l  c o l l e c t e d  d u r i n g  v a c u o l a r  f o r m a t io n .  ER p r o f i l e *  l i n e  t lie 

c o n t r a c t i l e  v a c u o le s  ( a r ro w h e a d * ) .  ( S c a l e  *  O.Swm).

F ig u r e  110.  T a n g e n t i a l  BLS ( lo ng i  t ud  Imi 1 s n e t  ion in  tho pl a n e  o f  the 

f l d * w l l a r  inmoTtion)  of  a zo ospo re  ap»x showing a g g r e g a t i o n  and fu s io n  

o f  m e m h r a n e - f l l l e d  v a c u o l a r  v e n i c l e s .  (S e a l#  = 0.5nm ).
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F i g u r #  11 1 .  TUS o f  z o o s p o r e  ,n ,rx  w l i h  m l l o u lm n d r l H l  p r o f l l *  c u p p i n g  Lh.i 

(n r m ln g  ( ' . o n l r w c l f l o  v . irunlm.  ( S c A le  = O.Swm).

r i g u r #  1 12 .  o f  aoompore  w i t h  nu c lm a r  p r o j r c L l o n  low ar od  bamal body

( a r r o w h e a d s ) .  (Sc alm  -  D.^mn) .

F l g u r #  1 1 3 .  o f  z o o s p o r n  s l io wl ng n u c l e a r  c o n c n v i L y  be l o w  c o n t r a c t i l e  

v a r uo lm  (bwiwnrn ar TOwhcads) .  ( S c a l e  =  0.5wm^.

F i g u r #  1 14 .  TanK*mt(Al  ^ro%%-smcLlon rmvmr.Hng n u cl w a r  c o n c d v l l y  f j l l # d  

w i i h  c y t o p l i N m  abovH w hlc l i  a L u n i r a c L l l n  vaciw*1o r w s t s  ( a r r ow hf ia d) .  and 

Lhn na rr o w m ed ia n r j d g e  ( a r : o w )  w h ic h  H r #  bi tweo n Lite iw o  c o n l r a c t d *  

Vkcuolom.  ( S c a l e  "  I * * ) .





w H h  t h e  d l c i y o a o e a ]  f o r m i n g  f a c . i ,  a n d  m m i c r o lx x ly  mnd a  m i t o c h o n d r l m l  

^ i n f L i o  nd| irmmi«rtl t o  i h ^  o u l e i  . u u l p a r  m n m h r a n f .  ( S c a l n  "  O.Stm*).

F i g u r e  1 1 6 .  T l^i o f  a  t y p i c a l  z o o s p o r e  w i t h  c i m t r n l  a n d  p o a l m r i u r  vmmlclmN, 

l o L n l  c h l n i o p l n m l ,  und p o r l p h e r M l  KR ( n r r o w h n a d w ) .  (Re a lm  =  0 .5 inm) .

F i g u r #  11 7 .  An I n f r f q w n L  ar rm ng mmn nt  o f  Lwo d l c t y o : o # o m  l y i n g  b a l o w  a  

y x xi sp o fn  n u c l m u * .  ( S e a l *  = 0 . 5 w » ) -

F i g u r e  1 1 8 .  A l o n g i t u d i n a l l y  s c c t i o n a d  z u o s p o r r  c o n l a i i i l n g  an  u u u n u m l l y  

i u n ^ .  s i n u w i K  d i c t y o s o m * .  ( S c a l e  = O . S i m ) .

F i g u r e  1 1 9 .  The  p o s t e r i o r  p o r t i o n  o f  a z o o s p o r e ,  1 im-d  w i t h  ER, a n d  f i l l e d  

w i t h  v e s i c l m m  a n d  l i p i d .  Thu c h l o r o p l a m l  l o h o  c o n t a i n #  a n  I n c i p i e n t  

p y i c n o l d  om be dde d  i n  c h l o r o p l a & t  a t r o m a .  ( S c a l e  = O S w ) -





F igu ra  120. KxUmKlvm m iiocliondriA l p r o f l lp s  o cc u r r in g  A n tn riorly  In a 

V i ' s f c l e - T i l l f d  xoo&pore .  ( S c a j *  = I w ) .

F igu r#  121. Tim mymspot Im mmbnddmd In th e  j n le r t o r  cliloroplmmt lo b e , 

drift ihm nuclmiia i :  frnmmd hy m lioehuiidrlm l c la to r iH e  and Lwo mlcrobodlM*. 

o crur c p n lr a l ly  and p o s t e r io r ly .  (S c a lo  = lim )-

F i g u r e  1 22 .  The  p o & t o r i o r  r e g i o n  o f  a  zoo. - ,pore  c o n t a i n i n g  c r y s t a l s  an d  

l i ^ i l d .  (H c a lm  = 0 . 5 ^ m ) .

F ig u r #  123. A zoospore B1.S Kbowing ex ia n a iv e  l lp o c a r o te n o id  gccumiilationM  

c r n l r a l l y ,  and p a r i lc u ln r ly  p o s lm r lo r ly . Hie cup-sl.aped  c h lo r o p la a l h o ld s  

n (.n n lral p yron oid . (S c n le  » 1w«).





F i g u r e  1 24 .  A Tt.S o f  a zo os po rn  w i t h  a  c h l o r o p l a - i t  l o b e  e x t i m d i n g  beyond 

I h e  nucleum, and c o n U l n i n #  cnm u i i im e r l a t e  ey e n p o t .  ( S e a l#  »  0 . 5 u # ) .  

ISSET: a  t a n g e n t i a l  m# cl l on o f  an e y e s p o t  mhowlng t h e  hex ag onal  p a c ki ng

o f  t h e  c o n s t l t t H m t  g l o b u l e s .  ( S c a l e  = 0 . 2 p m ) .

F i g u r e  1 25 .  A z o o s p o r e  c o n t a i n i n g  two  p y re no ldm , p e r i p h e r a l l y  s i t u a t e d  

i n  t h e  c u p - s h a p e d  cb  l o r c , i  I f i s t . ( S c a l e  -  0 . 5 y m ) .

F i g u r e s  1 2 6 - 1 2 9 .  A p v r e n o i d  d o v e l o p m e n t a  1 s o r i e s  in  z o o s p o r e s  -  f r o m  a 

p y r t n i c i d  m a t r i x  w i t h  few i n t v a p y i e n o i d a l  t h y l a k o i d s  a n d  some a s s o c i a t e d  

c h l o r o p l a s t  t u b u l e s  ( a r r o w i m a d s ) -  F i g u r o  126;  t o  a m a t r i x  s u b t o u d o d  by 

a  nu mb nr  o f  e l o n g a t e  t h y l a k o i d s  - F i g u r e  127; t o  t h e  b e g i n n i n g s  o f  t h e  

s t a r c h  s h e a t h  f o r m a t i o n  -  F i g u r e  12,i ; a n d  f i n a l l y  t h e  c o m p l e t e  p y r e n o i d  

s h e a r h  -  F i g u r e  129 .  ( S c a l e s  ~ O.S ym ) .





**- -■

h i ( ; u re  130.  A i m n K * ' . l i n n y  s u r l i o i i n d  %oi:K|N)in . i.h an cxLnnalvn 

r n u t l i o n d i .  , ) r o f . l o  p o s l p i l o r l y .  and mi XKR frugm*nl  ( . i r r nk hn nd ) .

i S( i l i:  = .

F tg u r *  131.  The l a r g e  m l l o c h o n d r l a l  p ro M lm  t h n l  curvam upward:* pmsl  Chm 

: n Imis l o  Lhe bmNM o f  thm c o n l r a L l l l e  vmrnoInN, In t h e  zoo ap oro y .  (S c a l e

F ip u r #  132.  The t w o - s t r a n d o d  h a l i p o l m  Lite z o o n p o r e ,  formwl by i h f  

n x l c n s i o n  o f  i ho  c e n t r a l  rniurotuhulm p a i r  (mrrowheod) .  (S c a l e  "  U.5w«).

P i g u r #  133.  A n e g a t i v e l y - s t a i n e d  f l a g a l l u a  In which b o th  t h e  A - m b u l a  

(I ' lm in / i t l o n  (a rro w he ad *)  and th o  h n l i c a l  ^y re *  o f  t h e  c e n t r a l  m l c i o t u b u lo  

, w l r  cap ( a r r o w : )  a r e  a p p a ro i . t .  (Hcalm * 0.5%*).
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0 .  iw n ) .
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b a s a l  l>ody by  e l e c t r o n  d e n s e  m a t e r i a l .  ( S c a l e  »  O . l w t ) .

F i g u r e  1 4 2 ,  B a s a l  b o d y  o r i e n t a t i o n  v i e w e d  f r om  t h e  a n t e r i o r  e n d  o f  a 

x o o a p o r e .  O.ie p r o x i m a l  f i b r e  i r  e v i d e n t  ( a r r o w h e a d ) ,  a a  1% t h e  e l e c t r o n  

d e n s e  m a t e r i a l  t o  w h i c h  t h e  R4m a t t a c h  t o  t h e  b a s a l  b o d i o s . ( S c a l e  = 

O . l l im )
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F i g u r e  1 43 .  A BLS in  w h i c h  t h e  d i s t a l  s t r i a t  od  f i b r e  i s  a t t a c h e d  t o  b o t h  

t h e  t r i p l e t  an d  t h e  c a r t w h e e l  r e g i o n *  o f  «""-h b a s a l  "aody. ( S c a l e  *

F i g u r e  1 4 4 .  G r a z i n g  s e c t i o n  o l  a d i s t a l  s t r i a t e d  f i b r e  s h o w i n g  t h e  
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F i g u r e  145 .  A BI.S s h o w i n g  Uiu f i b r e s  c o m p o s i n g  t h e  n t t a c h m p n t .  a rms  o f  
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F i g u r e  1 47 .  A t a n g e n t i a l l y  s e c t i o n e d  b a s a l  bo d y  i l l u s t r a t i n g  t h e  b a s a l  

b o dy -R 2  c o n n e c t i o n ,  a n d  t h e  s t r i a t e d  p r o x i m a l  f i b r e  ( a r r o w h e a d s ) . ( S c a l e  

= 0 . I urn) .

F i g u r e  14 8 .  k t a n g e n t i a l  s e c t i o n  t h r o u g h  an  R2,  w h i c h  r e v e a l s  t h e  a s s o 

c i a t e d  e l e c t r o  > m a t e r i a l  a n d  SMAC ( a r r o w h e a d s ) - ( S c a l e  = O . l y m ) .

F i g u r e  14 9 .  TL t a n g e n t i a l  s e c t i o n  s h o w i n g  t h e  s m a l l  c o n n e c t i v e s  
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0 . l y m ) .

F i g u r e  1 50 .  A c r o s s - s e c t  i o n  t h r o u g h  t h e  R2 m i c r o t u b u l e s  ( a r r o w s  j an d  t h e  

F S i . o c i a t e d  SMAC ( a r r o w h e a d ) . N o te  t h e  c y t o s k e 1 e t a  1 mic  J t u b u l e s ,  a nd  t h e  

e l e c t i o n  d e n s e  m i t e r i a l  a s s o c i a t e d  w i t h  t h e  R 2 . (S- ■ = 0 . l y m ) .

F i g u r e  1 5 1 .  The  t h r e e  o v e r - o n e  m ic r o ' - u b u  1 a r  a r r a n . e m e n t  o f  t h e  R4 w i . S  

i t r  ■ • s s o c i a t e d  e l e c t r o n  d e n s e  m a t e r i a l  ( a r r o w h e a d )  . ( S c a l e  z O . l y m '





F i g u r e  152 .  \Ai. ]y  m e l t  l e d  z c o m p o r e s  w i l h  mn a c l i v c  i ) i c t y o m o * e  p r o d u c i n g  

v i ' s i L l e s  ( i X   ̂ w i t h  w a l l  m a t e r i a l  ( a r r o t f f - o f d a ) .  T h e  c h l o r o p l a s t  
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