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grain

vvas used fbr arnplilying rbt:L, and Ilortleunt pol_
len for the anrpl i f ìcat ion ol  ITS. Each grass pol_
len  co ' tu ins  th ree  n 'c le i  and nu ' re roLrs  p ras t ic ls .
The rDNA ar ray  t t l -  a  typ ica l  genonte  cons is ts  o f
several  hunr l rccl  tanclenr ly repeated copies of  the
t ranscr ibed un i t .  [7 ]  and a  s ing le  po l len  gra in  typ i_
ca l l y  con ta ius  r ì ìo re  t l ian  a  hunc l red  pras t ic rs ,  eac l r
r ,v i th a nr in i rnunr of  one gerìonle (personal  obser_
vat ion) .  

' I -hus ,  
in  a  s ing le  po l len  gra in  nunìc r ( )us

c .p ics  a re  p reser r t  o f 'bo th  r 'óc l  a 'c l  ITS.  p . l le '
grains were t ranslerred using an eyelash at tached
to a toothpick into nr icrotubes containin g l4 1ù
ddl l rO and 5 l r l  s tanclard Te-buffer for  pCR
(0.ó7 lv1  Tr is -HCl  p [ I  8 .  5 ,20  mM MgCl , ,  166 rn lV l
(NI {1 ) .SOr ,  0 .1  N4 2-mercaptoe thano l ) .  As  i r
control ,  no pol len was transferred to one of  the
t 'bes.  Inrmediately df ter  the t ransfer,  the tLrbes
were  heatec l  to  95 'C fo r  l0  min  to  c les t roy  a l l
enzynrat ic act iv i ty.  

- fhe pcR aurpl i f ìcat ion was
perfornrecl  in 50 trr l  react ions nrnning 30 cycles
trs ing t l re procedure or-r t l ined by Saki  et  at .  [g] .

from

I t  i s  we l l  k 'o rv r r  tha t  success f ' r  pcR arnp l i f i ca -
t iorrs ca.  bc perforì lcd on DNA extractecl  h.om
very  s r ì la l l  anroLrn ts  o f  t i ssue (e  g .  [6 ] )  o r  h igh ly
degradc t l  DNA (c .g .  t4 ] ) .  Prcv ious ly ,  we l iavc
irnrpl i l ìecl  uncl  secFrcrrcecl  Ihe lurge subLrni t  o l
. ibr-r  losc- l ,  5-  [ r i  ph's ph atc c arboxyl .seioxygerì  i . rse
( l ìubisco, rbt ' l ' )  f ì ' .m DNA extractecl  f ro.r  por-
f  i r r i i r  of  Detrdnthir t ,  . \e( : r t tdtmt (BIurne) l - incl l .  [5] .
As  po l l c '  c .n tu i r rs  re l . t i ve ly  h igh  u . r . r r ' t s  o f
DNA cor ì lp i t rcc l  to  cc l l  s izc ,  rvc  chc>se to  bypuss
the  ex t .ac t i t - r .  s tcp  to  sec  r r r rv  l i t t l c  po l l .n  i r i , t c -
r i i r l  rv.uld be str l l ìc ic ' t  to u ' rp l i f  y rbcl ,  a.c l  the
nucle*r-e 'coclecl  i . ter 'at  t ranscr ibecl  spacers
( lT 'S)  inc lL rd i .g  t l rc  5 .8S rDNA reg ion .  Thus ,  rve
a t tenrp tec l  to  c l t t  PCI ì  on . jus t  a  s ing le  po l len  gra in .

Pol le '  f io.r  secule s ' t r i t ' turr t  (J.  presr)  J.  presl
(syn .  s ' .  t ro t t Í r t t r t t t  Gr rss . )  ( .ccess io .  nu ' - rber
I{.+545, T'rkcy: Aly..) i.nd fl.*lettn t,tt lgrtre L.
cv.  Bontrs \ \ /ere uscd because grÍ . rss pol lcn rv i l l
burst  rea<l i ly  l l ' l re '  c l ispersecl  i '  r ,v. ter .  re leasins
cel l  co.rpor ' ìenr.s i . to the s,rut io '  .  secrt le pol leí
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Abst rac t

In  o rc le r  [o  e  l in r in t t te  the  labor ious  s tep  o f  DNA ex t rac t ion  preced ing  a l l  s tuc l ies  l v i tS in  t5e  f ie lc l  o f  p lan t
t t lo lect t lar  b io logy r ,ve at tetr tptecl  to c lo PCIì .  anrpl i f icert ions c l i rect ly on pol len gr-1ips.  Successhr l  pCR
arrrpl i f ìcat ion tv i ts obtainec" l  in rei tct ions inclLrcl ing a s ingle pol len grain f ionr Ll6rt leurt t  t , t t lgure or Secrt le
s t r i c t tu t t '  Bo th  t l re  p las t id  gene encod ing  r ibu lose-1 ,5-b ipho iphate  carboxy lase /oxygenase ( róc :L )  anc l  the
nttc lear-encocled intemal t ranscr ibecl  spacer regions ( lTS) ancl  thc 5.8S rDNA regiou were ar 'p l i l ìed a 'c l
sequenced to ver i ly  PCII  arnpl i f ìcat ion.
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The renurining reagents \,vere adcled arft.er heat
t rea tn tcn t  o f  the  tubes .  We used pr i rners  2421
anc l  Z l020r  des igned by  G.  Zurawsk i  (DNAX
Research  Ins t i tu te ,  Pa lo  A l to ,  CA)  bu t  s l ig l r t l y
reclucecl  in length f rcrnt  t l re 15'  cncl  to anrpl i ly  a ca.
60{) bp fi-ngrnent" t ' tf rhcL. 

-l-he 
I 'I-S prirrrers ITS-4

and ITS-5  [0 ]  "vere  
usec l  to  a rnp l i l y  bo th  the  I - fS

regions ancl  the srnal l  r ibosontal  subLrni t .  To ver i ly
that the correct  genes l rad been anrpl i l ìed,  the
double-straudecl  PCR artrpl i f ìcat iorrs were fo l -
lorved by s ingle-strancl  anrpl i f icat iorrs secur ing
enoug l r  cop ies  o f  DNA fo r  c l i c leoxy  te rnr ina t ion
s e q u e n c i n g  [ 3 , 9 ] .  l r r  t h e  r c a c t i o n s ,  o n l y  o l l e
s t rand o f  each gcne was sequencec l  us ing  L l re
pr i r r rers Z42l  (sequencing rbc' t , )  and I- fS-4 (se-
quenc i r rg  ITS2 and par t  o f  5 .8S) ,  respec t ive ly .

Tlte rlx:1, zrnrpli l ìcation rvas pel'fornred in a se-
r ies  o f  tubes  w i th  d i f l ' e ren t  nunrbers  o f  po l l cn
g r a i n s  ( 1 , 5 ,  1 0 . 2 0 ,  a n c l  5 0 ;  s e e  l ; i g .  l ) .  A n r p l i f ì -
ca t ion  w i rs  success fu l  in  runs  us i r rg  5 ,  10 ,  2 ( ) ,  a r rc l
50  po l l cn  g ra i r rs  a r rd  a lso  iu  loLr r  ou t  o f  f i ve  runs
rv i t l r  on ly  a  s i r rg le  po l len  gra in .  A  rough cor r -e lu -
t ion bet.r .veen the nurnber of  pol len grur ins addecl
and the quant i ty of 'ar lp l i f ìecl  f t -agnrents (v izual-
i zed  as  in tens i ty  o f  the  f luorescer r t  banc ls )  i s  ev i -
dent .  Subsequer r t  cornpar ison  o f  a  130 bp  se-
quence (pos i t ion  486 to  615 o f  Lhe r l t cL  gene)
obtained l rom pol len showecl  courplete s i r t r i lar i ty
r,vit lr t lre salne fragrnent of another Secale rhcL
secluence (O. Seberg,  in prep.)  obtainet l  f ronr
leaves. The ,Sec:c/e sequence clifTers frorn tl'te IIor-
deurt t  nt lgure rhcl ,  sequer. ìce (GenBank accession

t ' ig  I  .  PCIì  prot l r rcts of  the r l rcL arrrp l i f icat iorr  tcstecl  orr  a 2 ' ln
asarose gel  st : r i r red rv i th et l r ic l i r " r rn brornic le.  NLrnrber oI  pol len
g ra i r t s  adc lcc l  i s  i nc l i ca ted  abo ' , ' e  each  lune .  I -ane  l l  i s  the
cor t l " ro l  (C l ) .  - l ' hc  

n ra l ke r  i s  Ph iX  174 .

nunrber  X00630 [  I  I  ] )  a t  o r re  pos i r ion  rv i th in  t l r i s
reg ion .

T' l rc ITS exper i r r rerr t  r ,vas only perf t r r -nred in
tubes  'uv i th  a  s i r rg le  po l le r r  g ra i r r .  Aga in  l r r r rp l i f i ca -
t ion  lvas  s l rcccss fu l  in  four  o f  t l te  f ì r ,e  tubes ,  anc l
thc strbser luer i t  secìLtcr ìce corrrplrr isort  r . 'er i f ìed the
arrrplifìcation of Ll 're I{ordeurtr t 'ulgur.c ITS frag-
nren t . 'Conrpar ison  o f  par t  o I  the  anrp l i f ìec l  seg-
nrent (293 bp) ancl  the publ ishecl  [ - l -S sequence
ft'onr Hordetutr tvlgore (GenIlank accession ltunt-
ber  Z  I  1759 [2J)  revcu lcc l  rn i r ro r  c l i f l c rcnces ,  bu t
or r l y  c lue  to  tu , '< t  s rna l l  co l t ì l l r css io l rs  in  the  sc-
quencing gel  r r 'h ich r l ic l  r rot  a l lou'  for  the reading
of one and tw,t t  basepairs,  rcspect ively.  A conr-
par ison rv i th t l re publ ishccl  IT 'S se( luence fronr
Sec'ale .st t ' i r ' t t r r r r  (GenBank accessiorr  nunrber
Z l1760 [  I  ] )  show,ec l  ca .  92" , i ,  seq tLcnce s in r i la r i t y .
T 'hus, 'ur . 'e corrc luclc t l r i r t  r , l ,c  lurvc arrrpl i f ìed the
cor rcc I  gcncs .

I  I l t v i r rg  succccc lc r l  u rup l i f  y i r rg  scc luc l rccs  ex is t -
ing  in  l r ru l t i l l l c  cop ies  pcr  po l l c r r  g ra in ,  w 'e  a t -
terrrpl-ed to anrpl i ly  a s ingle-copv r . tuclcr t r  gerìe,
Adh,  (a lcoho l  de l ryc l roge l ìase  l ) ,  p resent  in  th ree
copies per pol len grain.  I - lo 'uvever,  the resul ts have
so far beert  negat ive evel t  in react iuns inclucl ing
nrore  t l tan  a  hur rc l rec l  po l len  gra ins .  T l rL rs ,  the
reÍ ìson lcrr  arrrpl i f icat ion fa i lure seenls not to be
the  lo rv  copy  nunrber  o f  the  gene.

Ser luer rc i r rg  l io rn  s ing le  po l len  gra ins  opens up
the  poss ib i l i t y  o f  r r r inu te  sanrp l i r rg  o f  herbar iunr
specinterrs,  rvhic l r  rvould rrrake curators of  her-
ba l ' iunr  co l lec t io ' ì s  l lo re  inc l inec1 to  g ive  pernr is -
s ion for t l re stucly of  unic lue herbzrr iunt  sarnples.
Pol len grains ntay possess r ì l t  aclvantage over
leaves  fo r  rese t i rch  purposes  in  t l ra t  thev  be t te r
preserve  DN, , \ .  z \par t .  f ron t  t l r c  ac lvantage re la ted
to  thc  r r r i r r r r l .e :  Íu ì ìo ru l t  o I t i ss r rc  r recr lcc l  to  c l r t  PCI { .
I r n o t l r e r  l r c l v u r r t a s e  i s  t l r l t  t l r i s  t c c l t r r i r l t r e  e l i r r r i -
r u r t e s  t l r e  l a b o r i o u s  D N i \  c r t n t c t i t l n  s t o l ) .  I I r l n , -
cvcr ' .  t l t c  techr r i r l r rc  rn l t \  l l l r vc  to  l ' r c  r r ro r l i f ì cc l  f ì r r '
L lsc  ( ) r ' t  po l le r r  qnr i r ts  f ì ' o r l  s1 ' rcc ics  o t l re r r  thar r
g t ' i t s s c s .
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