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T h e  sp o re  w all o f five se lec ted  species o f th e  X erocom us g ro u p  of B o le tu s  w as s tu d ie d  w ith  
a  tra n sm iss io n  e le c tro n  m icro sco p e  (T E M ). T h e  w all is co m p o sed  of five layers in  a ll th e  species 
s tu d ie d : a  very  th in  e lec tro n -d e n se  o u te r  lay er 1 (e c to sp o r iu m ), a  m o d e ra te ly  e lec tro n -d e n se  
la y e r  2 (p e risp o riu m ), a  th ic k  a n d  am o rp h o u s  e lec tro n -d e n se  m id d le  la y e r 3 a  (ex o sp o riu m ) th a t  
p a sse s  g ra d u a lly  in to  a  th in n e r , g ra n u la r  o r g ra n u la r-f ib rilla r  a n d  m o d e ra te ly  e lec tro n -d e n se  lay e r  

*3b (e p isp o r iu m ), a n d  a n  a lm o s t e le c tro n - tra n sp a re n t lay er 4 (en d o sp o riu m ). A sm o o th  sp o re  
su rfa c e  w as fo u n d  in  B o le tu s  p u lv e ru le n t us a n d  B. c h ry se n te ro n . A s t r ia te  e x o sp o riu m  covered  
by  th e  e c to s p o riu m  a n d  th e  p e r isp o r iu m  w as fo u n d  in  B . p ru in a tu s , ro u g h  w a rts  o r ig in a tin g  
f ro m  a  d is ru p te d  p e r isp o r iu m  a n d  e c to sp o riu m  in  B . p a ra s itic u s , a n d  very  fine w a rts  co m p o sed  
o f  o u tg ro w th s  o f  th e  e c to sp o riu m  a n d  p a r t  o f  th e  p e r isp o r iu m  in  B . su b to m e n to su s . A species 
o f  a n o th e r  g ro u p  of th e  B o le ta le s  w ith  co n sp icu o u s o rn a m e n ta tio n  (S tro b ilo m y ces s tro b ilaceu s)  
w as e x a m in e d  as c o m p a ra tiv e  m a te r ia l .  T h e  re su lts  o f th is  T E M  s tu d y  a re  c o m p a re d  w ith  SEM  
p h o to g ra p h s  o f  th e  sp o re s  o f X ero co m u s p u b lish e d  by  o th e r  a u th o rs , a n d  m eth o d o lo g ica l p ro b lem s 
w ith  th e  e x a m in a tio n  o f sp o re  w all o rn a m e n ta tio n  a re  d iscussed . T h e  d a ta  rev ea led  co n firm  th e  
h ig h  valu e  o f sp o re  w all a rc h ite c tu re  a n d  o rn a m e n ta tio n  in  th e  ta x o n o m y  of th is  genus. T h e  
s e p a ra tio n  o f B. p a ra s itic u s  in  a  new  gen u s P se u d o b o le tu s  S u ta r a  is su p p o r te d  b y  i ts  sp o re  w all 
o rn a m e n ta t io n  th a t  is u n iq u e  in  th e  B o le taceae .

K ey  w ords: X ero co m u s, B o le tu s , S trob ilo m y ces , u l t ra s t ru c tu re , tra n sm iss io n  e le c tro n  m icro 
sc o p e , sp o re  w all, o rn a m e n ta tio n , tax o n o m y

Holec J. (1994): U ltra s tru k tu ra  stěny a o rnam entiky spor u h řibů  ze skupiny suchohřibů.
-  Czech Mycol. 47: 173-184

P o m o c í tra n sm isn íh o  e lek tro n o v éh o  m ik ro sk o p u  b y la  s tu d o v á n a  s tě n a  sp o r  u  p ě t i  d ru h ů  h ř ib ů  
ze sk u p in y  su c h o h řib ů . S tě n a  je  tv o ře n a  p ě t i  v rs tv am i: vnější, velm i te n k o u  e le k tro n d e n z n í 
v rs tv o u  1 (e k to sp o r iu m ), p o d  n í  je  s tř e d n ě  e le k tro n d e n z n í v rs tv a  2 (p e risp o riu m ), n á s le d u je  t lu s tá  
a  a m o rfn í e le k tro n d e n z n í v rs tv a  3 a  (ex o sp o riu m ), k te r á  p o s tu p n ě  p ře c h á z í v te n č í, g ra n u lá rn í  či 
g ra n u lá rn ě -f ib rilá rn í a  s tř e d n ě  e lek tro n d en zn í v r s tv u  3 b  (e p isp o riu m ), p o d  k te ro u  lež í v n itřn í, 
té m ě ř  e le k tro n tra n s p a re n tn í  v rs tv a  4 (en d o sp o riu m ). S p o ry  d ru h ů  B o le tu s  p u lv e ru le n tu s  a  B. 
ch ry se n te ro n  m a j í  h la d k ý  p o v rch . U d ru h u  B . p ru in a tu s  b y l z jiš tě n  p o d é ln ě  rý h o v an ý  p o v rch  
ex o sp o ria , p o k ry tý  e k to sp o rie m  a  p e risp o rie m , u  d ru h u  B . p a ra s itic u s  js o u  n a  p o v rc h u  sp o r  
h ru b é  b ra d a v k y  vzn ik lé  ro z trh á n ím  p e r isp o r ia  a  e k to sp o ria  a  u  d ru h u  B. su b to m e n to su s  je m n é  
b ra d a v k y  tv o ře n é  v ý rů s tk y  e k to sp o r ia  a  č á s ti p e r isp o r ia . P ro  p o ro v n á n í b y l s tu d o v á n  d ru h  
S tro b ilo m y ces  s tro b ila c e u s  ja k o  z á s tu p c e  jin é  sk u p in y  ř á d u  B o le ta les  s v ý ra z n o u  o rn a m e n tik o u  
sp o r . V ý sled k y  celého  s tu d ia  jso u  p o ro v n á n y  s fo tog rafiem i sp o r  z řád k o v ac íh o  e lek tro n o v éh o
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m ik ro sk o p u , p u b lik o v an ý m i v l i te ra tu ře . J so u  d isk u to v á n y  m eto d o lo g ick é  p ro b lé m y  sp o je n é  se 
s tu d ie m  o rn a m e n tik y  sp o r. V ýsledky  p o tv rz u jí  vysokou  tax o n o m ick o u  h o d n o tu  s ta v b y  stě n y  
a  o rn a m e n tik y  s p o r  u  té to  sk u p in y  h ř ib ů . O d d ě len í d ru h u  B. p a ra s itic u s  do  s a m o s ta tn é h o  ro d u  
P se u d o b o le tu s  S u ta r a  je  p o d p o ře n o  n á lezem  o rn am en tik y , k te r á  je  v čeled i B o le tac eae  u n ik á tn í.

1. I n t r o d u c t i o n

There is a relatively high num ber of studies on the spore wall of the Xerocomus  
group of Boletus. Perreau-B ertrand (1961, 1965) made extensive light microscopic 
exam ination of the ornam entation, structure  and composition of the spore wall 
with the use of various chemical agents. Later she studied the u ltrastruc tu re  of the 
spore wall in Xerocomus  and other genera of the Boletales w ith a TEM  (Perreau- 
B ertrand 1967). She distinguished five layers in the spore wall of Xerocomus  using 
perm anganate fixation. All species studied had a sm ooth spore surface, except 
for one case. The ornam entation was of exosporial or exceptionally perisporial 
origin in other genera. The SEM investigation of the spore morphology in the 
Boletales (Pegler et Young 1981) showed th a t the spore surface is ornam ented in 
several species of Xerocomus. The authors reported a finely rugulose to  verrucose 
ornam entation seemingly of myxosporial origin. Recently, H einem ann et al. (1988) 
and Oolbekkink (1991) published SEM photographs of the spores in Xerocomus. 
Oolbekkink studied 17 species of the Xerocomus  group of Boletus and distinguished 
four types of spore surface: sm ooth, fibrillose or floccose, p itted  and stria te . He 
supposes the ornam entation to  be of either exosporial or of perisporial origin. W ith 
the sam e m ethod Klofac et K risai- G reilhuber (1992) found a sm ooth spore surface 
in several species of Xerocomus  and finely or roughly stria te  ornam entation  in some 
species of Boletellus.

A lthough the knowledge of spore wall architecture and ornam entation  in X e 
rocomus seems to  be sufficient, there are m any unresolved questions. Perreau- 
B ertrand  (1967) reports no ornam entation in Xerocomus  (w ith only one exception). 
However, the presence of warts, striae, and other surface structures is distinct 
according to  the SEM studies mentioned. The statem ents concerning the origin of 
the spore ornam entation  published in these papers are only assum ptions th a t are 
not confirmed by recent TEM  investigation. Besides, there are several taxonom ical 
problem s in Xerocomus  th a t relate to  the spore ornam entation and its origin, e. 
g. the position of Boletus pruinatus or the taxonom ic value of the conspicuously 
p itted  spore surface in Boletus parasiticus Bull.: Fr.

The present study was conducted to determ ine the structure  of the spore wall and 
to  reveal the origin of the spore wall ornam entation of selected “key” species in the 
Xerocomus  group of Boletus. The results could contribute to a species delim itation 
in Xerocomus  and a generic delim itation in Boletaceae.

— .......................  I
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2 .  M a t e r i a l  a n d  m e t h o d s

The collections used for this study are from the herbarium  of the N ational M useum 
in Prague, Czechoslovakia (PRM ): Boletus chrysenteron Bull., Bohemia, Roztocký 
háj, 9 Sept. 1978, leg. and det. Z. Pouzar, PRM  814499; Boletus pruinatus  Fr. 
et Hok, Bohemia, Dlouhopolsko, 4 Oct. 1972, leg. and det. Z. Pouzar (as B. 
fragilipes), PRM  814351; Boletus parasiticus Bull.: Fr., Bohemia, Soběslavská b lata,
7 Sept. 1980, leg. and det. F. K otlaba, PRM  830591; Boletus pulverulentus O pat. 
in W iegm.. Slovakia, Mláčik a t Železná Breznica, leg. and det. Z. Pouzar, 30 Aug.
1986, PRM  842268; Boletus subtomentosus  L.: Fr., Bohemia, Průhonice Park, leg. 
and det. F. K otlaba, 6 Jul. 1983, PRM  831196; Strobilomyces strobilaceus (Scop.:
Fr. ) Berk., Bohemia, Kulivá hora, leg. and det. E. W ichanský, 4 Sept. 1964, PRM  
603912.

For transm ission electron microscopy (TEM ), the fragm ents of the tubes were 
rehydrated  in distilled water for 30 min. and then fixed in 2 % glutaraldehyde in 
0.1 M cacodylate buffer a t pH 7.2 during several days. Following transfers in 0.1 
M cacodylate buffer w ith 10 min. intervals, the m aterial was post-fixed in 1 % 
osm ium  tetroxide in 0.1 M cacodylate buffer for 1 h in the dark, washed six tim es 
in distilled water and stained in 1 % uranyl acetate for 1 h in the dark. After 3 
washes in distilled water, the m aterial was dehydrated w ith 10 min. intervals a t 10 
%, 25 %, 50 %, 70 %, 90 % and 3 x 100 % acetone. The m aterial was embedded 
in S purr’s resin (Spurr 1969). The sections were cut on a Reichert ultram icrotom e 
using a diam ond knife and m ounted on Formvar-coated single slot copper grids.
T hey were stained w ith lead citrate (Reynolds 1963) a t room tem perature  for 5 min. 
and washed four tim es w ith distilled water. The u ltra th in  sections were observed 
w ith a Zeiss EM 109 transm ission electron microscope.

A bbreviations used: B. -  Boletus, S. -  Strobilomyces. W herever the name 
Xerocomus  is m entioned, “the Xerocomus  group” of Boletus is m eant.

3.  R e s u l t s

3.1 Structure of the spore wall

The structu re  of the spore wall is very similar in the observed species of Xerocomus  
(Figs. 1, 3, 5, 8, 15). The spore wall is composed of the following layers: a very 
th in  electron-dense outer layer 1, a m oderately electron-dense layer 2 (25 -  95 nm ), 
a thick m iddle layer 3 composed of two sublayers: an almost opaque outer layer 
3a (120 -  220 nm) and a less electron-dense inner layer 3b (35 -  120 nm ), and an 
electron transparen t innerm ost layer 4 (45 -  80 nm ). The thickness of the whole 
spore wall varies from  350 to  500 nm  in the species studied.
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Layer 1 is a pellicle covering the spore surface (e. g. Figs. 1, 3, 4, 7, 14, 16).
It is often disrupted and only rem ains on some parts of the spore wall (Figs. 6,
7, 10, 11, 17). The appearance of layer 1 varies from a d istinct and th in  “line”
(Figs. 4, 9) to  an unequally thick and slightly floccose layer (e. g. Figs. 2, 3, 15,
16). These differences are probably caused by the use of herbarium  m aterial for 
the exam ination, by uneven staining of various parts of layer 1 or by the u ltra th in  
sections not being exactly transversal.

The appearance and thickness of layer 2 is very sim ilar in alm ost all the species 
studied (Figs. 2, 3, 5, 15; 25 -  94 nm ). Only in Boletus parasiticus (Figs. 7, 8, 9, 11) 
layer 2 is alm ost twice as thick (about 150 nm ) and discontinuous. In o ther species, 
this layer is sm ooth and covers the whole spore. It is closely attached to  layer 3a 
and consists of a m oderately electron-dense and finely granular substance.

Layer 3 constitutes the thickest part of the spore wall (200 -  300 nm ). On the 
basis of different electron density and structure, it can be divided into two sublayers 
(Figs. 1, 3, 5, 6, 8, 13, 15). The outer layer 3a appears very homogenous and contains 
an am orphous electron-dense substance. On the other hand, the inner layer 3b is 
approxim ately twice as th in  and characterised by a m oderately electron-dense and 
granular or granular-fibrillar substance (this is particularly  obvious in the  Figs. 1,
3, 5, 6, and 15). The transition  of these two sublayers is m ostly gradual, in some 
cases alm ost indistinguishable (Figs. 3, 4, 8), bu t in other cases also very distinct 
(Figs. 1, 5, 6, 15). W hen all spores in one u ltra th in  section were carefully observed, 
these two layers were always distinguishable in the species studied.

Layer 4 forms the innerm ost p art of the spore wall and is adjacent to  the plasm a 
m em brane. It is am orphous, electron-transparent and in some cases filled w ith 
scattered granules (Figs. 5, 8, 9, 14, 15). It is present in both  not quite m ature  
(Fig. 4) and m ature spores.

T his description shows the general arrangem ent of the spore wall layers in 
Xerocomus. However, there are some specific features in the individual species and 
above all rem arkable differences in the appearance and origin of the ornam entation  
between the species studied.

3.2 Ornamentation of the spore wall

A sm ooth spore surface was only observed in Boletus pulverulentus  (Figs. 1, 2) and 
Boletus chrysenteron (Fig. 3). B. chrysenteron  is reported to  have longitudinally 
stria te  spores according to Heinemann et al. (1988) and Oolbekkink (1991), bu t such 
an ornam entation  was not found in any of the spores observed. Low prominences 
(about 50 nm) changing w ith shallow depressions were found in layer 3a in cross 
sections of the spores in Boletus pruinatus  (Figs. 4, 6). Longitudinal sections (Fig.
5) show no prominences in layer 3a. This means th a t layer 3a forms longitudinal 
ridges (striae) th a t are covered by layers 2 and 1. The distance between individual

 ............   I

176



1 i f H l t l  J M

tjW  m  Wmhm EMIWMBHm I

^ 2  ^ 1  /*  . ;‘ I
lI wmL 6 -: jgy I

F ig s .  1 — 6 . S p o re  w all o f B ole tus  pu lveru len tus ,  B .  chrysenteron,  a n d  B. p ru in a tu s .  — 1. B .  
p u lv e r u le n tu s , c ro ss se c tio n . M a tu re  sp o re  w ith  sm o o th  sp o re  su rface  a n d  re la tiv e ly  d is t in c t  lay er 
3 b . (x  50 000, B a r  =  0 .2 /im ). -  2. B. pu lveru len tus , cro ss sec tio n  of m a tu re  sp o re . L ay er 3 a  p asses 
g ra d u a lly  in to  la y e r  3 b  th a t  is less e le c tro n  d en se  a n d  s lig h tly  g ra n u la r  (x 85 000, B a r  =  0.1 /xm).
— 3. B . chrysen te ro n , c ro ss  se c tio n . M a tu re  sp o re  w ith  s m o o th  sp o re  su rface  a n d  s lig h tly  floccose 
la y e r  1. L ay er 3 a  p asses g ra d u a lly  in to  m o d e ra te ly  e lec tro n -d e n se  a n d  g ra n u la r  la y e r  3 b  (x 85 000,
B a r  =  0.1 ¿¿m). -  4. B. p r u in a tu s , c ross se c tio n  o f n o t q u ite  m a tu re  sp o re . L ayer 3 a  fo rm s low 
p ro m in e n c e s  (a rro w - h e a d ) t h a t  a re  covered  b y  layers 1 a n d  2. L ayer 3b  h a s  a  g ra n u la r-f ib rilla r  
s t r u c tu r e  (x  50 000, B a r  =  0 .2 /im). — 5. B. pru ina tus ,  lo n g itu d in a l se c tio n  o f m a tu r e  sp o re . No 
p ro m in e n c e s  o f la y e r  3 a  a re  p re se n t (x 85 000, B a r  =  0.1 /im ). — 6. B . pru ina tus ,  c ro ss sec tio n  
of m a tu re  sp o re  (low er r ig h t  co rn e r)  a n d  n o t q u ite  m a tu re  sp o re  ( in 'th e  ce n te r)  t h a t  is  covered  
b y  re s ts  o f la y e r 1. T h e  m o d e ra te ly  e lec tro n -d e n se  la y e r  3 b  is very  d is t in c t  o n  b o th  sp o res . T h e  
p ro m in e n c e s  fo rm in g  lo n g itu d in a l r id g es  o n  th e  su rface  o f  la y e r  3 a  a re  m o re  p ro n o u n c e d  o n  th e  
m a tu re  sp o re  (x 12 000, B a r  =  1 /im ). A b b re v ia tio n : p  =  p la sm a  m em b ran e .
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Figs. 7 — 11. S p o re  w all o f B ole tus  parasit icus.  -  7. C ross se c tio n  o f  m a tu re  sp o res . L ay er 2 
is s e p a ra te d  in to  f ra g m e n ts  t h a t  a re  p a r t ly  covered  by  lay er 1 (x 12 000, B a r  =  1 /xm). -  8. T h e  
in i t ia l  s ta g e  o f sp o re  o rn a m e n ta tio n  d ev e lo p m en t, lo n g itu d in a l se c tio n . L ay er 2 b eg in s  to  b re a k  
u p  (a rro w -h e a d s) , seem ing ly  by  th e  g ro w th  o f  th e  sp o re . L ayer 3 b  d iffers fro m  la y e r  3 a  o n  th e  
b a s is  o f i t s  e le c tro n  d e n s ity  a n d  finely  g ra n u la r  s tru c tu re , (x 85 000, B a r  =  0.1 /¿m). -  9. L a te r  
s ta g e  o f  sp o re  o rn a m e n ta tio n  d ev e lo p m en t, lo n g itu d in a l se c tio n . L ayer 2 b eg in s  to  se p a ra te  in to  
f ra g m e n ts  (x  50 000, B a r  =  0 .2 / im ) .  -  10. M a tu re  sp o re , lo n g itu d in a l se c tio n . T h e  verru co se  sp o re  
o rn a m e n ta tio n  is fo rm ed  by f ra g m e n ts  (w arts )  o f lay e r  2 t h a t  a re  p a r t ly  covered  by  lay er 1 (x 4 
400, B a r  =  2 /im ). -  11. F in a l s ta g e  o f  sp o re  o rn a m e n ta tio n  d ev e lo p m en t, c ro ss se c tio n . L ay er 2 
is d iv id e d  in to  f ra g m e n ts  t h a t  fo rm  w a rts  on  th e  sp o re  su rface  (see also  F ig . 10). T h e  d is ru p tio n  
o f lay e r 1 (arrow - h e a d )  in d ic a te s  t h a t  th e  w a rts  deve lo p ed  d u r in g  th e  e n la rg e m e n t o f th e  sp o re  
v o lum e a n d  re su ltin g  d is in te g ra tio n  o f lay er 2 (x 50 000, B a r  =  0 .2 /xm). A b b re v ia tio n s: p  =  p la sm a  
m e m b ra n e , w =  w a rt.
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F ig s .  12 — 1 7 . S p o re  w all o f  B ole tus  su b to m e n to su s  a n d  Strob i lom yces  strobilaceus. -  12. B.  
s u b to m e n to su s ,  lo n g itu d in a l s e c tio n  o f m a tu re  sp o re . T h e  d is ta n c e  b e tw een  th e  layers 1 a n d  2 is 
re la tiv e ly  g re a t  (x 30 000, B a r=  0 .2  /m i). -  13. B. su b tom e n tosus ,  lo n g itu d in a l se c tio n  o f  n o t  q u ite  
m a tu re  sp o re  n e a r  th e  a p ic u lu s . L ayer 1 is s m o o th  a n d  se p a ra te d  fro m  lay e r  2 b y  a n  e lec tro n - 
tr a n s p a re n t  su b s ta n c e  (x 85 000, B a r  =  0.1 /¿m ). -  14. B. sub to m e n to su s ,  lo n g itu d in a l se c tio n  of 
m a tu re  sp o re . L ay er 1 fo rm s fine w a rts  on  th e  sp o re  su rface  (x 85 000, B a r  =  0.1 /¿m ). -  15. B.  
s u b to m e n to su s ,  e x p la n a tio n s  see F ig . 14. L ayer 3 b  is well d isc e rn ab le  o n  th e  b as is  o f i ts  finely  
g ra n u la r- f ib rilla r  s t r u c tu r e  (see also  F ig . 14) a n d  m o d e ra te  e le c tro n  d en sity . — 16. S trob i lom yces  
strobilaceus,  lo n g itu d in a l sec tio n  o f n o t  q u ite  m a tu re  sp o re  n e a r  th e  ap icu lu s . T h e  e lec tro n -d e n se  
la y e r  3 a  is co v ered  d ire c tly  by  a  th in  lay e r  t h a t  is very  s im ila r  to  la y e r 1 in  th e  X e r o c o m u s  
sp ec ies  e x a m in e d . N o lay e r  resem b lin g  th e  m o d e ra te ly  e lec tro n - d ense  a n d  finely  g ra n u la r  la y e r 2 
o f X ero co m u s species is p re se n t (x 30 000, B a r  =  0.25 /¿m ). — 17. S. strobilaceus,  cro ss se c tio n  of 
y o u n g  sp o re . T h e  t r a n s it io n  o f th e  layers 3 a  a n d  3 b  is g ra d u a l. H ow ever, lay e r  3b  is d isc e rn ab le  
o n  th e  b a s is  o f i ts  m o d e ra te  e lec tro n -d e n sity  a n d  g ra n u la r  s t ru c tu re . T h e  p ro m in e n ces  o f lay e r  3 a  
a re  s ti l l  re la tiv e ly  low. L ayer 1 fo rm s on ly  sm a ll re s ts  b e tw een  th ese  p ro m in e n ces  (x 30 000, B a r  
=  0 .25  /im ). F o r a b b re v ia tio n s  see F igs. 7 —11.
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ridges differs in various parts  of the spore wall (Fig. 6). The ridges are considerably 
higher and m ore d istinct in m atu re  spores (Fig. 6, in the lower right corner) than  
in spores of earlier stages of development. (Fig. 6, in the centre).

In B. parasiticus, the ornam entation originates from  layer 2. T his layer is 
continuous and sm ooth in im m ature spores (Fig. 8) bu t then begins to  break 
up (Fig. 8, 9), seemingly by the growth of the spore. Finally, layer 2 consists of 
more or less separated  fragm ents w ith an approxim ately square or rectangular 
cross section (Fig. 11). These fragm ents are covered w ith the continuous layer 1 
(Fig. 9) which later becomes disrupted (Fig. 11). The presence of fragm ents both  
in longitudinal (Fig. 10) and cross sections of the spore wall (Fig. 7) shows th a t 
layer 2 forms verrucose or irregularly reticulate spore surface. The ornam entation  
is com paratively high as layer 2 is nearly as thick (about 170 nm ) as the whole 
layer 3 (abou t 200 nm ).

Layer 1 forms sm all outgrow ths on the spore surface of B. subtomentosus.  These 
structu res are very fine in not quite m ature spores and near the apiculus (Fig. 13) 
bu t very distinct in m atu re  spores (Fig. 14, 15). They are approxim ately 25 -  35 
nm  high and irregularly arranged. The distance between layer 1 and 2 is much 
greater th an  in spores of other species studied. The d a ta  obtained show th a t the 
spore surface is covered by very faint and irregularly distributed warts of ectosporial 
origin.

From  these d a ta  follows th a t the spore ornam entation of the observed species 
of Xerocomus  is formed by: a) a ridged surface of layer 3a (B . pruinatus),  b) 
d isintegration of layer 2 and 1 (B . parasiticus) or c) fine w arts formed by layer 
1 together w ith p a rt of layer 2 (B . subtomentosus). These types of o rnam entation  
are of a different origin w ith respect to  the layer of the  spore wall and way of 
developm ent.

To com pare the results obtained in Xerocomus w ith another group of the order 
Boletales w ith ornam ented spores, the related species (after Pegler et Young 1981) 
Strobilomyces strobilaceus was also studied. This species has a distinctly reticulate 
spore ornam entation  (Perreau-B ertrand 1961, Pegler et Young 1981). The layers of 
the spore wall are arranged in other way than  in Xerocomus  (Figs. 16 -  19). The 
innerm ost layer (about 100 nm ) seems to  be identical w ith layer 4 in Xerocomus. 
T he adjacent layer consists of granular and m oderately electron-dense m aterial 
th a t  resembles the substance of layer 3b in Xerocomus. However, in contrast to 
Xerocomus  species this layer is very thick (400 -  430 nm ) and very distinct. 
Besides, narrow “columns” pro trude from this layer into the outer layer (Figs. 
18, 19). A round these “columns” an electron-dense substance is accum ulated. This 
substance is strongly rem iniscent of the m aterial of layer 3a in Xerocomus  and 
form s the reticulate ornam entation  together w ith “columns” m entioned (200 -  220 
nm  w ithout the  ornam entation , about 480 nm  including the ornam entation). In 
im m ature spores, there is an electron-dense pellicle present (Fig. 16) th a t covers
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all outgrow ths of the spore wall and resembles layer 1 in Xerocomus. The pellicle 
breaks up by the growth of the spore (Fig. 17) and it is not present (Figs. 18, 19) 
on m ature  spores.

The comparison shows th a t the spore wall in S. strobilaceus is much thicker than  
in Xerocomus  species (about 1100 nm ). Layer 2, which was observed in all spores 
of Xerocomus, is absent in S. strobilaceus. The next layers seem to be homologous 
w ith layers described for Xerocomus  species bu t their arrangem ent and thickness 
is different. The ornam entation  of m ature spores is not covered by layer 1.

4 .  D i s c u s s i o n

4.1 The spore wall

Using a TEM , Perreau-B ertrand (1967) distinguished five layers in the spore wall 
of several Xerocomus  species. She used the following term s for their description: 
ectosporium , perisporium , exosporium, episporium  and endosporium  (originally 
ectospor, perispor, etc.; this form is not correct according to Singer, 1986). The 
u ltras tru c tu re  of layers revealed by the present author (1, 2, 3a, 3b and 4 respec
tively) correlate to  P erreau-B ertrand’s description of the layers m entioned above. 
There are, however, several differences -  after Perreau-B ertrand, the exosporium  is 
clearly delim ited from the episporium  (the transition  of these two layers is gradual 
in my case), the perisporium  on her photographs is much th inner, etc. Nevertheless, 
the spore wall architecture is similar in both  cases. Consequently, the spore wall 
layers are nam ed in the following tex t as: 1 -  ectosporium , 2 -  perisporium , 3a -  
exosporium , 3b -  episporium , 4 -  endosporium . A lthough these term s are usually 
used for the description of the spore wall in light microscopy (Pegler et Young 1971, 
Singer 1986), they seem to be fully acceptable for description a t the u ltrastruc tu ra l 
level in this ca^e. They express the relative position of the individual layers of 
the spore wall as well as the differences in their s tructure  in accordance w ith the 
term inology of the authors m entioned above.

The fact th a t layers w ith different appearance in the u ltra th in  sections are of 
different chemical composition was dem onstrated by R ast et Höllenstein (1977). 
They revealed a m ixture of granules and am orphous m aterial together w ith some 
fibrils in the electron-dense outer layer of Agaricus bisporus spore wall, chitin fibrils 
em bedded in a ß  -  glucan-protein m atrix  in a m oderately electron-dense middle 
layer and an almost electron-transparent mucous covering adjacent to  the plasm a 
m em brane. The authors showed th a t the u ltrastructu re  of the individual layers 
of the spore wall is in close relation to their chemical composition. Based on the 
great sim ilarity of the u ltrastructu re  of some layers in A. bisporus and selected 
species of Xerocomus, the electron-transparent endosporium  in Xerocomus  consists 
probably of a mucous substance. Further more, although the episporium  (layer 3 b)
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is not d istinctly  delim ited from  the exosporium  (layer 3 a) in Xerocomus  species, it 
seems to  be of a different chemical composition than  the exosporium . Its granular 
to slightly fibrillar struc tu re  resembles the appearance of the middle layer of A. 
bisporus spore wall. The presence of some fibrillar m aterial (perhaps chitin) in this 
layer is possible. The exosporium  in Xerocomus  species is very sim ilar to  the outer 
layer in A. bisporus and seems to consist of an am orphous and probably pigm ented 
substance. Clemen$on (1970, 1977, 1986) writes th a t layers of the eusporium  
(=  endosporium  +  episporium ) are produced by different degree of dispersion 
of an electron-opaque “tun ica” substance in a transparen t “corium ” m atrix . His 
assum ption seems to  be incorrect w ith respect to  the findings of R ast et Hollenstein 
(1977). This is another reason to  use the term s endosporium  and episporium  for the 
layers 4 and 3b and not the term s corium and coriotunica. Besides, a hypothesis 
concerning the spore wall ontogeny should be supported by thorough developm ental 
studies. The spore development in one species of the Boletales -  Boletus rubinellus 
-  was investigated by Yoon et McLaughlin (1984, 1986). They described six 
phases of the spore developm ent based on nuclear behaviour and changes in wall 
layers and cytoplasm . The authors observed considerable changes of the spore wall 
u ltrastru c tu re  during the development bu t from stage 2 the wall was composed of 
four layers: pellicle, perisporium , episporium  and endosporium . These layers seem 
to correspond w ith the layers 1, 2, 3a and 4 in Xerocomus. The granular and 
m oderately electron-dense layer (3b in Xerocomus) was not observed in m ature  
spores of Boletus rubinellus. However, Yoon et McLaughlin (1986) observed th a t 
the electron-dense layer forming the thickest p art of the spore wall in B. rubinellus 
becam e multi-layered during stage 6. This phenom enon was not observed in fully 
m atu re  spores of Xerocomus  species. The presence of the not distinctly delim ited 
layers 3a and 3b could indicate im m aturity  of the spores w ith respect to  the 
possibility of removing the fully m ature spores during preparation of the m aterial 
for TEM  study. However, the layers 3a and 3b were discernible in all observed spores 
of all the species studied and parts of the tubes used for preparation were taken 
from  quite m ature fruitbodies. Besides, the m atu rity  of spores in the fru itbody 
was controlled beforehand under the light microscope. Therefore, in accordance 
w ith P erreau -B ertrand  (1967) the spore wall in the Xerocomus  group of Boletus 
seems to be really five-layered. The trilam ellate s tructure  of the outerm ost layer 
(ectosporium ) reported by Yoon et McLaughlin (1986), was not observed, probably 
because of the use of herbarium  m aterial.

I t is necessary to  discuss here the availability of herbarium  m aterial for a study. 
The use of herbarium  specimens was an a ttem p t to  find out the degree of 
conservation of the u ltrastructu re  of the spore wall after considerably long storing 
in a herbarium  ( the specimens used for this study, were collected in the years 1964, 
1972, 1978, 1980, 1983, and 1986). The comparison w ith the u ltrastructu re  of spores 
from  fresh m aterial in Boletus rubinellus (Yoon et McLaughlin 1984, 1986) is very
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interesting. The changes in the cytoplasm  of the spores from herbarium  m aterial 
are considerable and the artefacts are clearly visible in m any photographs, e. g. 
the absence or bad preservation of mem branes (Figs. 4, 13, 14, 15) or disintegrated 
vesicles and the presence of particles w ithout any structure  (Fig. 17). Consequently, 
the in terpretation  of the structure  of cytoplasm  and m em branes is problem atical.
The aggregations of lipids in a dense cytoplasm  are discernible in some spores 
(e. g. Figs. 1, 7, 10, 12, 19) which is a typical feature of m ature  spore. On 
the other hand, the u ltrastructu re  of the spore wall layers is quite com parable 
w ith the u ltrastructu re  of the spores from living fruitbodies. The spore wall as 
a struc tu re  saving the cytoplasm  between spore release and germ ination seems to  
be very resistant as to  preservation of the structure  in dry sta te . This conclusion is 
supported by the good preservation of ectosporium  and perisporium  on my spores, 
a t least in the form of sm all rem nants.

Pegler et Young (1981) reported th a t the epitunica (=  exosporium ) forms a thin 
b u t d istinct layer in Xerocomus. This finding was not confirmed, besides, the  term  
epitunica was delim ited for the description of the spore wall layer in Cortinarius 
(ClemenQon 1970, 1973) only.

4.2 Spore ornamentation

T he spore ornam entation  revealed by the use of a TEM  is com pared w ith SEM 
photographs of the spores in the Xerocomus  group of Boletus m ade by other 
authors.

The finding of a sm ooth spore surface in B. pulverulentus  (Fig. 1, 2) is in 
accordance w ith d a ta  by Oolbekkink (1991). However, Oolbekkink (1991) and 
Heinem ann et al. (1988) report faint to  distinct longitudinal striae on the spore 
surface of B. chrysenteron (the other species w ith sm ooth spores according to  this 
paper, Fig. 3). Recently, K lofacet K risai-Greilhuber (1992) confirmed th a t the spore 
surface is sm ooth  in B. chrysenteron and the spores photographed by Oolbekkink
(1991) and Heinem ann et al. (1988) were taken from another species, probably B. 
pruinatus.  Pegler et Young (1981) also found sm ooth spores in B. chrysenteron.

B. pruinatus  shows distinct longitudinal ridges (striae) of exosporial origin. It 
is interesting th a t the ridges covered by perisporium  and ectosporium  (Fig. 4,
6) are visible on SEM photographs of the spore surface (Heinem ann et al. 1988, 
Oolbekkink 1991, Klofac et K risai-Greilhuber 1992). This phenom enon m ay be 
caused by the fact th a t the spores prepared by these authors were dry, whereas 
spores prepared by the present author were rehydrated in water for 30 m inutes.
The mucous perisporium  seems to  be closely attached to  the exosporium  in dry 
spores and does not fill the depressions between the striae. R ehydration of the 
perisporium  may be the precondition of natu ral appearance of this layer. The same 
situation  was observed by Farr (1983) in Pholiota terrestris and P. highlandensis

1
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where the d istinct perisporial ornam entation  was discernable w ith a  SEM on fresh 
spores fixed in glutaraldehyde or on dried spores rehydrated in ethanol and water.
On the o ther hand, no perisporial ornam entation was revealed on the spores from 
herbarium  m aterial w ithout prior rehydration.

In B. parasiticus perisporial ornam entation was found, composed by fragm ents 
of layer 2 (Figs 9, 10, 11). It was supposed to  be verrucose to  irregularly reticulate.
The SEM photographs of Pegler et Young (1981) and Oolbekkink (1991) prove 
th is assum ption. Oolbekkink names this ornam entation “conspicuously p itted ” 
and supposes th a t it is formed by disintegration of ec to - and perisporium . This 
assum ption is now confirmed by the images dem onstrating th a t the ornam entation 
develops really in this way.

In B. subtomentosus  fine warts of ectosporial and partly  also perisporial origin 
were found on the spore surface (Figs. 14, 15). The spore surface is finely floccose 
or verrucose on the SEM photographs of Pegler et Young (1981), Heinem ann et al.
(1988) and Oolbekkink (1991) which is in accordance w ith my findings. However, 
the ornam entation  is not formed by disintegration of ectosporium  and perisporium , 
as O olbekkink reports, bu t by fine verrucose outgrow ths of the ectosporium .

Generally, the exosporial or perisporial origin of spore ornam entation  was 
revealed by m any authors, e. g. Perreau-B ertrand (1967, 1973, 1976), Pegler et 
Young (1971) and Singer (1986). The existence of ornam entation formed above all 
by the ectosporium  is relatively surprising because this layer is supposed to  be 
very fine and often disappearing. Its preservation seems to  depend on the way of 
preparation  of the m aterial. A lthough the perisporial ornam entation is very distinct 
w ith a TEM  and SEM in B. parasiticus, it is not visible w ith a light microscope 
which is confirmed by e. g. S u tara  (1991). Only the exosporial ornam entation in B. 
pruinatus  (Pouzar 1981, Klofac et Krisai-Greilhuber 1992, own light-microscopic 
observations) is faintly  visible w ith a light microscope. It is obvious th a t the use 
of a SEM is necessary to  distinguish finer types of ornam entation  in Xerocomus  
(perisporial, ectosporial-perisporial). The origin of the ornam entation can be 
revealed only on the basis of a TEM  study.

T he TEM  photographs of the spore wall in Strobilomyces strobilaceus (Figs. 18,
19) show th a t the reticulate ornam entation  depicted by Perreau-B ertrand (1961) 
and observed by Perreau et Heim (1969) and Pegler et Young (1981) w ith a SEM is 
of exosporial bu t partly  also of episporial origin. The episporium  forms “columns” 
around which the exosporium  is located. This is the fourth type of o rnam entation 
(as regards its origin) revealed in the species studied. A t m aturity  the spore surface 
is alm ost not covered by an ectosporium . The perisporium  reported by Perreau- 
B ertrand  (1967) was not observed.

. ... _ _ _
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F ig s .  18 — 19. S p o re  w all o f Strob i lom yces  strobilaceus. -  18. L o n g itu d in a l se c tio n  o f m a tu re  
sp o re  n e a r  ap ic u lu s . L ayer 3b  is c learly  d ifferen t fro m  la y e r  3 a  a n d  fo rm s “co lu m n s” p ro je c tin g  
in to  lay e r 3 a . L ay er 1 is n o t  p re se n t in  th e  m a tu re  sp o re . — 19. C ro ss se c tio n  o f m a tu re  sp o re . 
M a te  r ia l  o f la y e r 3 a  is a c c u m u la te d  a ro u n d  n a rro w  “co lu m n s"  p ro je c tin g  fro m  lay e r 3b , a n d  fo rm s 
“o u tg ro w th s” t h a t  com p o se  re t ic u la te  o rn a m e n ta tio n  o n  th e  sp o re  su rface  o f  th is  species (x 30 
000, B a r  =  0 .2 5 /am).

4.3 Taxonomic implications

The taxonom ic value of the ornam entation of spores in the Xerocomus  group of 
Boletus was discussed by Oolbekkink (1991). The results of this study and findings 
published by Klofac et K risai-Greilhuber (1992) som ew hat change his conclusions. 
Oolbekkink (1991) insists th a t “the tax a  of B. chrysenteron complex can be 
distinguished from B. subtomentosus complex by their s tria te  spores” . However, the 
observations of Pouzar (1981), Pegler et Young (1981), Klofac et Krisai-G reilhuber
(1992), and my own results show th a t the true B. chrysenteron has sm ooth spores. 
A sim ilar species w ith s tria te  spores is B. fragilipes C. M artin th a t was reinstalled 
by Pouzar (1981) and considered to  be a nomen dubium  by Oolbekkink (1991). 
Klofac et K risai-Greilhuber (1992) showed after a thorough discussion th a t the 
basionym  of this species should be Boletus pruinatus Fr. et Hok. They proposed 

5 the new com bination Boletellus pruinatus (Fr. et Hok) Klofac et Krisai-G reilhuber,
above all on the basis of its s tria te  spores. This is really a very im portan t feature of 
the genus Boletellus bu t the second one is the boletoid tram a  (in com parison with 
a phylloporoid tram a  in Xerocomus). However, Klofac et Krisai-Greilhuber (1992) 
do not specify the tram a  type in their description of Boletellus pruinatus. They 
m ention th a t the European species of the section Chrysenteroidei Sing, of Boletellus 
are expected to have a boletoid tram a  in young fruitbodies only and later the lateral 
s tra tu m  is alm ost parallel and resembles th a t in Xerocomus badius. Similarly, they 

^ m ention the description of W atling (1968) where the tram a  is characterised as
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alm ost phylloporoid. Thus, the position of Boletus pruinatus is still unclear. The 
presence of spores w ith a s tria te  exosporium  is confirmed, bu t the problem  of the 
tram a  type needs thorough study of the tram a  ontogeny.

T he presence of d istinct ornam entation  in Boletus parasiticus is a very im por
tan t feature. An ornam entation  formed by disintegration of the perisporium  and 
ectosporium  is not known in Xerocomus  and Boletus. This feature can serve as 
a  further confirm ation of the opinion published by S u tara  (1991) on the isolated 
position of this species w ithin Xerocomus  and Boletus. B. parasiticus differs from  
other species of these genera by the parasitic way of life and above all by the sterile 
stipe surface. Consequently, S u tara  (1991) described the new genus Pseudoboletus 
S u ta ra  th a t includes Pseudoboletus parasiticus (Bull.: Fr.) Sutara. The unique spore 
ornam entation  seems to  support this classification.
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