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Abstract
In Ihi~ rep0r!. micr<l\copical technique",

includin~ tran,mi,.,ion and '>canning eleclron
micro'Cop}_ light and nuorc'>Ccnce lTIino'-Cop~. and
imtl1ullIx,) lochemj'>lr} arc fe\ icwed \\ ith e'tamplc,
from recenl literature 10 illu<;tralC pro'pCI."tilc
fOre\lry application... The purp{)~c of thi .. report j .. to
explore potential application\ of microlcdmiquc\ to
fon.· .. l rc..can:h progr...m" in area.. such a., pathogen
and in\cci management. bioralional forest \\ ccd
control. cco.'>}.'>lcm d}namic\. and ~cd and nUr'>Cf)
rc ..carch. Also included i .. :1 wblt: of equipment
current I} a\ailahlc in the micfOlCchlli(IUC laboratory
at lhe Pal'jfic FOl'cqry Celilre. Recent technical
inIlO\3tion, and the fulure pro,pccl, of the .. c
technique.. arc di.,cu\'>Cd.

Resume
Le prc\cll1 rapp0rl c>;aminc Ie:> IC~'hniqlle\ de

micfO\Copic. } compri\ 101 mi~'ro'>Copie C11'~'lroniquc a
lran<;mi<;\ion Cl abala)age. 101 micro'>Copic optiquc ~'(

par Ouorl'\l'l'llCe CI rimmunocytochimie et prC\CnlC
dc\ c'\emple... c"traih de publica lion" r~ccnlc" afin
d'illu~lrcr Ic~ pcr~pccli\c\ u'"pplicalion de cc~

m~lhodc~ cn fOrC\lcric. Ce rapport a pour bUI
lI'l'xplorcr 11.'\ applicatiOlh potenticlle<; de\
microlechnique:. au>; pro!!ramme~ JI.' rl'cherchc
forc'>liere J:lll'> de\ uomaine\ l.:Olllllle la r~pres,>i()n

lIc\ in\eclc\ et dc\ agenh palhogt.-nc\. 101 lullc
hiorationnellc t·ontrc 101 \cgctalion concurrcntl' en
fOl'~t. la d) n<lmiquc: <1<:\ cco~y\tcIllC\ <:l la r<:cherche
\ur Ic~ \erncncC'~ el en pepinierc. [I prc\cnte un
t:lbleau lIe\ :lppardh actudkmcnt ulilise\ :IU
laboratoire til.' micmlcchnique Ju Centre de fore~teric

dll Pacifique CI c>;amine le<; innO\ alion\
ICI.·hnolo~iquc\ rcCl'ntc\ cl leul"\ pcr<;pt'Ctl\C\ fulure\
d·cmploi.

\1{'lI/ir)f/ ill /111_1 pllbliC(/IiOlI of'lfH.'l"ific ("OIl1l11erria{l'rmlllca or ~t"n";ce.fcloeJ IIul

con~ill11eemlont"ftlel/l Oflll(,}, by Fore51" CelIlllll,/ or hy lilt' GOl"t'nlll/t'1I1 ofCwwda.
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Introduction
SilllT till' ~arl) JC\cl(JPl1l~111 of ck(-ln)lll1liuo~copy inth.... 19-1.0" lIKrc.\\cJ kllo\\!l:ugl: ill !il>~uC

pr.:parali\l: ll'dmiqucs and Jc\c10pmCllh in miuo.,\,oPC technology ha\'\? generated \:1"( >llllOllllh of slrtll.::IUl";J1

;mJ ultrastructural informatioll ahoul Ii\ i Ilg organi\ll1\ (e. g.. K]OlT1parCIlS 1(90). M icro\copy llK'thod" are now
firmly I:stabli ..hnl and. \\)ll'n:: nee",:ss:!l). modifications for 1'o[lCcilk forestry applications Inl\e been dc\elopcd.
Thi" has cOlllribull'd to many \\onhwhik dcn::lopmerll\ in ron::"t sciem:e. Ne\\ forestry practice hale Ix'en
adopted in pc"t conlrol. with the usc uf Bacil/III IllIIrillgi/'lI.\is (B.l.I. sillicultural prac:tice ... re ultillg from
I-.no\\ ledge of gro\\lh and delclopl11Cll1 of trees. use of pheromunes from nCR undl'rstanding of insect
morphology. and ne\\ procllH.·ts from research inlO the structure of wood. Microscopy has played an impol1am
rok in each of thcsc dC\e1oprnenh. \Vith the pn:'ssurt' on foresh due to declining timbcrlal1lh and an inneascd
dcmand for wood produc1\. tXlsic rcscarcll is hecoming mort' important as :1 \aluabk a\cnuc to undcrst;ll1ding
pmccSSl'S in thc forl'st I.:cosystem and uC\doping nwchanisllls I{) control them for management purposes. In
this endea\or. microscopy \\ ill continue to play an important role. I\licro~copy research stlldie~ on the efncacy
01 \ iruses. longe\ it)' of rnycoJX'~tici(les.effech of CO.! k\el:-. soil formation. and host-pathogen interactions
will contribute much needed information. The objecti\e of this rc\'ie\\ is to sUllllTlari/C SOlllC recent
microscopical IN:hniques with \alue in the forest research programs in seleral areas induding pathogen
management. itheet management. biorational c()llIrol of forest weeds. ecosystem dynami(· .... and ",cl'd and
nursery ser\ie6 at the PacifiL: Forestry Celllre inVictoria. B.C. All illu,trations u,ed in this re\ie\\ are dr:l\\ll
from rcse:lrch conducted at the I\lcitic Forestl} Centre. Figurl' caption... prO\ide information on the ...pecific
re ...earch ... tudy in which the images \\'cre used.

The equipmcnt prcsemly a\"ai1:lble in the electron microscopy laboratory at thL' P;Kilil' Fore .... try Centre is
li~ted in Table l. Microtcchnique ,(·nil·c.... also include paraftin-embedding equipment. as \\ell a.s rotary and
sliding l1li("mtOlne~. nyo ... tah and p) ramitornc~ for ;,ectioning embedded materials. Photolllieroscopc;,
employing tlllore~cence. polariled ligh!. inter1"crence contra:-!. and pha;,e contrast. as \\e11 as bright tield light
microscopy. in both incident and tran ...mitted mode.... are :l\ailable :It the Pacilic Forcstry Centre.

The following is a selection of fore ... try-related paper ... c:llegori/ed by their primary microscopiL:al
techniquc. A~ indil"atcd ill many of the ...e paper.... a comhination of ...everal microscope [[K'lhods is often
nece......ary to understand a probkrn. Each s("clion includes a brief cxplanation of the procedure... used.



Table I. Type and function of equipment a\ ailable in the electron micro"Cop}
laborator) of lhe Pacific For~~try Centre. Victoria. B.C.

Type FunClion or Spccification~

2

Scanning electron
microscope (SEM)
lEOl

Backscaller electron
delector

Cathodolurninc\Cence
delector

Tran..mission electron
microscope (THI)
Philips

Vacuum evaporalor

Spuuer C<Xller

Critical point
dI)cr

Cryostat

Ultramicrolome

Magnification lOX 10 180 DOOX. Equipped
\\ ith 120 roll film and polaroid camer::l~.

Major (Illachmenl of the SE~lthat dctcel ...
back~cattered electron:. and displa}:-thclll
a... a compo:-ition or topographic image.

Major allachment of lhe SEM lhat dCleel ..
pholOn~ em;lled frolllihe !ourface of a
cathodoluminesccnt 'pccimen. CO\Cf'>
,i..ible and infrared light regions.

Magnificalion 100 10 500 OODX. Equipped
"Ith 35 mm and platc cameras.

Deposilion of supporl films. carbon
coaling and shadow c".. ting.

Gold. gold/palladium. .,ilver. and carbon
dep(hilion.

Pre'>er'lc.,ti.,sue :-Iructurc b) c1iminming
ten..ion \lre,'>e:- during final sohent
.-emO\al from specimen., for SEM.

Provides a low-Iempermure environment
(to -30'C) for seclioning fro7ell material.

CUll1l1g lhin ,cction" (to I J1m) of plaslic
embedded tis<,ue u<,ing gl:.l<,<, I..nl\e<,.

Cutting ultrathin .'>(,."'<:I;on\ flo 60 nm) of
pla.... ic embedded ti ....uc u\ing glas\ and
diamond 1..11;\ e" for c~arn ination \\ ilh TE~ I.



Figure I. Golgi :lpparJIU~ In "hlle pine needle. Pinllf mOlllico/a
IX 110 0001. Thl' image "as oblaincd in a ~1Ud) of lhe genelin of
while pine rondU('led b) Dr. Eleanor White of the Pocific FOre'll')
Centre.

Figure 2 CI:llIlP cOnneclion in a Ba~idiom)Cele fungus.
Clumclrof/l'rtlllrl {",rpl/rf'II'" tn colton"-ood, Popuills IrichOCllrpo
IX 21 (0)1. Thi, image "a~ obtained in a ~lUd) of fungal biocolllrol
agent' conducled by Dr. Simon Shamoun of lhe P3dfic Forc'lr)'
Cetllrc.

Electron microscopy
The electron microscope work~ by producing a beam of electron.. from a hCaled filamcnt and accelerating the
beam with high \'oltage toward the specimen. III the tran,mi,siOI1 electron micro,copc (TEM). the beam of
electron,> pa",c, through an ultralhin section of the ~pccil1lcn and an image i:: viewed on a fluore~ccnt screen.
The TEM i<, primaril)' used 10 examine fine structure within cell, and i, valuable in sludic~ of cellular
functioning (Figures 1.2 and 3).

In the scanning dectron microscope (SEM). the ,urface of a sl>ccirncn is ,y,tetllalkally scanned with an
electron beam in a raster paltern. The high energy electrons cause. among other things. the emission of
-.ccondilry low energy electrons. 111e ~econdary electrolh are collected and the rc,ulting signal displayed in a
synchronou, Ta"ter paUern on a cathode ray lUbe. creating :1Il image of the dewils of the <'JX'('imcn·s surface
stnlcturc. The SEM ha~ ocen \'aluable in ta'(onomic <audies (0.=. g.. FIgure 4), in\'c,tigation~of scn<,{lT)' organs
(Figure 5) and in ~tudic, of the relation of organ structure to function. for c;<amplo.=. the Tl"s,ponse of insects to
phcrolllonc~ (Figure 6). The following selected papers point OUi the potcntial value of electron microscopy in
tht: ,tudy of \ariou~ biological <'y~tl'ms:

Johnson. J.A.: \\'hiln{'~. NJ. 1989. Canadian Journal of BOhm) 67:3513-3516.

A ~/lu/J of ellt/ophyte_f of Ilutlles of blllslIm fir (Abies b:lhamea) wul n'd s/mll'e (Pi(·ea rubensJ ill Nell
Bnmslljcl... Cal/tu/a. lI,fjn~ culture lIlIllelectro" microst,opt' tech"iql/('\

Endoph) te~ ha\ e the di,tingui,hing characteristic of coloniLing the interior of needlc~ \\ ithout causing obvious
di-.e:lS.C S}lTlptoms. A -.canning electron microscope (SEM) \\:1<, u-.cd to ,tud} the habitation charJ.ctcristi(·s of

3



endoph~lic fungi from the needle.. of baham fir and rt"d ...pruce. SI,:allning eleclron microgr.lpi, .. indicaled Ih;11
h}phac occtlpied inlerccllutar 'pa..:c, and ;ldhercd to OUler wall ,urface' of parcnCh}m;1 celh \\ithotlt cell
penetration.

Nand. A,: Zalzal. S.
JI.J.

Smith. C.E. 1990, Till' Journal of Hisloclu,'lIlbtr) and C~·tochcmistry38(31:.103-

ROlllillt' IIff' of Imd.. Ktllll'n'lll'!j'j'fml/ illllll:illg ro l'i.Wl/Ii:" ("rUN·IIl'minl! lllllllllltllrmJiogrflphi(" rel/nimH ill

Il'mj-thilll'ltl\/it' H'cliollf

Bacl....c.. ttcr eleclron ilmlging (BEl I \\ a.. lhell to examinc c) t(Khemic;11 labeling and autoradiograph} in 2-)..l1ll
Ihic!.. ,ection'. BEl allowed Cxal1lin'llion of large ,eclinn, and pro\'i(kd irnagt" ... \\ilh more contra,t. f(,.,oIUlion
and ,truclUral dctail, than the light 1llicro,copc. Simple preparation of ,pccirnen, allow, examination (ll' ('e11
organi/;llioll. 'Iruclur.... and ('ont('1II \\ ilh n......olulion approaching that of Ir.m ...mi""iull electron lllicro,cop~.

Kemlc-~. I). \.: Ur-adford. J. \1. 1989. Soil St:ienee Sociel~ of Amerka Journal 53: 1215·1221.

Reiatitll/l1Iil' of \Oil {'f/I\/ f1wTf'!mlo,~\'10 il/ler-rill ero:iiol/ flflmIllI'U'r.1

Scanning electron micrograph, (u..ing the hac!..,caller electron detector) and photomicrograph, of thill-,cctioll
~oil ,ample, I\crc u,cd to ..tud} 'urface ,caling and cru,ting and ih role in lhe cro... ion pron::.... b) rel<Jting
infi Itration. run-off and ermion lllea..urcment.. 10 eru..t Illorphology.

Tucke.-. KA.: Karnok. K.J.: Kadcliffe. O.E.: Landr~. G.: Roncado.-i. R.\\.; T:Jn. K.II. T:w. 1990.
Journal of \gronom~ H2(3):5.J9·555.

/'ocali::l'd If,:\ \{JoII III etll/lnl hy hw{rol"whi/' IlIlIdl Oil helll}U'fI.u grf'l'//l

Under n::rt<Jin condition'. uncultil<Jted
';lndy ,nil .. e\.hlbil h~drophohi(-ily

1\ hich prC\ en" infiltralion (If rain.
Frolll SE~I ob..enaliOlh. ,and gr.lin~

from lo~:alizcd dry arca' "ere found 10
ha\c .In organi(' coating \\hich \\a~

absent on grain~ from health) ,Ir....ls of
the green, It wa, conduded tlwt lhe
org:lnic coating 1101' <J fuhic aeid
compound \\ hich become... hy drophobic
upon dl) ing.

Osburn. J.:\I.: Ta) lor. T.N. 1990.
lJotanical Gal.etle t51(.J):.J65··H6.

Morphological alld III/rOHnle/l'I11

\'/Illlie\ of plallt CII/iclllflr "Il'mhffllle,~. I.
511f1 lIlIlldl£ld,' 1/'lIl'f'I of Quercu ..
\dutina (Fligacer/eJ

MorphologiGiI differenc...... arc ot'!-.encd
in bro.1d-lca\ ...d trce, dnc1uping undcr
lar) ing em ironment;ll condition, "".g,
...un and ,hade I...ale\), Generally. ~un

lea Ie, have thic!..er clllicle .... higher
..lOmatal den,itie, and halC a grC<Jtcr

Figure 3, Wing rnu,ele ti~,u ... in barl. b.:cllc. Dl'lI</rlH,/ollln /Hmtl""H(/l'

lX 5(000). Thi, image Ila' uhtained in a 'Iud) of barl. hectic ullra'truelUrc
c~lnduelcd b) Dr. Tar;] Sahola \lIthe PaL"ifir hlrc,ll) Centre.



Figlll-'::", Prcl!,K'Ct'lh diptcran. tOIl('/W,'11

('ortin', IX 751. Thi, imagc \\,h

ohlaincd in a 'ludy of hiologil'al control
u\ing na1Ur;t1 prcdalOr, l'ondl/l'h.'d h~ Dr.
1\1idwd I-Iulrllt' of the I'al'ific rurC,lr}
Cl·lllrc.

rigurl' S. Mak and female mite.
PH'm,,(n hw"bul"lI CX J:!S). Thi, image
Ila' "htain ..d in a 'iuiJ} or mitc lire
l'ycJlO\ cnmlul"led hy Dr. Imre OtIO\ of
thc Pacific f(\rc'tr~ Centre.

figul"C 6, Blaek army cut wunn ;lnt<'ntW.
A..l,N/I.!j'llIIh'I/(X IJSOI. Thi, im,lgc \1;1\
nbt,linciJ in a ,1tld) of in,eet ,ell'Of)

n'l'cpllH, cnniJllctcd hy Dr. Ro)
Shepherd of lhl' Pacific Fore"r) CClllrl'.
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CO~ fixing capacit). U,ing light micro,cop). !ocanning and tran,mis"ion electron microscop). cuticular
diff~rencc, bct\\een ,un and shade lea\e\ of Querclls "ell/lil/a at lhe ultra<;truclural and micromorpholo!lical
le\ eh \\ ere "tudied.

Poin:lr, RH. and G.O. I'oinar Jr. 1991. Journal or Imerlebralc 1':llhololO 57: 137·I-aO.

Elef'lro" micro_H'OI){> ('1';(le1lce of a 111'11' ,'ir/lS ill the gnus 8m/), COSlel}lra Lcalandica
(Co!t'oplem:St'"ra/)oeidof'J

TEM :-llldies were u'>cd to locatc and identify a Ilew virus within thc midgul of the gra:-;s grub C()stl'lylra
::.e"/(II/(/im. The potentialu,e of thi:-; \ iru... a... a biocontrol agent is being invesligated.

Staining for light microscopy
B) the mid ISCJfh. light mil'rlhCopc optic) had been impro\ cd to ncar the theoretical limit. However, the lad,
of image contr.b.1 remained a major impediment to the use of micro<.<.'Opes for biological ill\estigation. This
wa.. sohed in 185.. \\hen the use of stainin!llllaterials to increase contrasl wa:- demoO'itrated b) Hartig
(Braccgirdle 1989). Swining technique'> are now a\ailablc to di"tingui"h :-.pccific cellular strut·ture'>. tissue
tYI>C\. and de\elopmental "lages. and to differentiale betwccn various organi.,m'>. Staining ha" become highly
:-.pecific for certain ti,\ue" and cellular function,> by imlllUrlocylOlogical lcchniques (\CC the seclion on
i111 rnullocytochemi ,>try).

Krishml 1\-Ioortl1y, I'.N.: Alexander, l\I.P.:Tewarp, G.C. 19HH. Journal of Economic Entomology
81 (I ):-aOJ--aOS.

Vnwl/i1e /IIethodp" I'willing il/secl e.l:-'fs amllan'tle in 11'01'1'<;

To delcnnine the appropriale time for in,>cct control mcasure". knowledge of pest O\lpo,>ilion beha\ior i!o
e..\Cntial. In this repon, :l rapid tt:-chnique for '>!aining insect lal"\ ae :md eggs" ithin leaf ti,,"ue is de"Cribcd,

Jennings. D.;\1.. t'ord-L1o}d. B.V. and G.;\1. Butler. 1989. M}cological Research 92(2):230·232.

An anilille Mite squash It'clmiqm' for the olHen·atioll ofuredinio<;fX"e gel111 pores

M:lllY ru,t ~pecies ha\\: indi .. tinci genn pore.. and the numOcr and poi>itiol1 of urcdinio..porc geml pores :lrc u\Cd
a~ taxonomic charaClcrbtic... A staining techni(juc using aniline blue i.. described that i\ u"cful for idcntifying
rU"l germ pores.

Koske. R.E.: Gemma• .J.N. 1989. M)coiogiclil Research 92(4):-a86--aHH.

A mo<lifi('(1 procedure flIT Haining rona to (/1'1('('1 VA /IIycorrhbls

The fungi fonning \e"icular-arbu\Cular (VA) mycorrhiza,> arc obligalc l»lnbiont... VA lIl)corrhiza:-. arc the
onl) cndomycorrhiza~ round in conifers. This modified staining tcchnique for the dClcction of VA nl)t'orrhizal
fungi eliminates man) to,<ic compotmd., c0l111nonl) used in root fixation/staining proccdures without reducing
the resolution of staining.

Fluorescence microscopy
Onc of the 1110"t important developmcnts in the history of microscopical observiltion was the treatment of
ti,>sue\ for fiuorescence. This is Ml1l1ll1ari7cd b) Haitinger (1938) cited in Bracegirdlc (1989). Fluore'>Ccllce is
thc cmi,sioll of light at a cenain wavelength \\ hcn a structure i.. irradialcd by light Of:l shoner. more energctic
wa\e1englh. This can rc,ull from an inhcrcnt propeny or rrom a fiuorochrome being bound to a '>pecific

6



cellular site. The technique is useful for delinealing developmental ~lagcs and lissue types, and 10 dislinguish
between different organisms.

Swanson. S.B.: \'urrow. S.A.: COlllllans.M,I).; Erickson. L.R. 1990. tain Tl'chnotog)' 65(5):251-258.

ViTal j1l1vrescellf j'raillillg Techniqlle for lIIicrospore.\· of Bras~ica napus

By contrasting the exine. cell wall/intine. and nucleus wilh three fluoreseenl stains. lhe ontogeny of
microspore-derived embryo development in BmssiclIl1aplI.\· was followed.

Pfender. W.F.; King, G.L.: Rabe. J.R. 1991. I)hylollalhology 81: 109-1 12.

U.~e of dual-swill fluorescence micros('vpy Tv obUrI'l' lI1ltllgO/liSIII of Pyrenophora lritici-repinlis by
Limonomyees roseipellis ill Il"hem Slm\\",

To understand the mechanisms of antagonism belween lwo fungi. a technique llsing an antibody-based
fluorescent slain and a leetin-conjugaled slain (sec the section 011 immunocytochemistry) was developed lhat
allows visuali7ation of the hyphae within host tissue while dislinguishing between lhe two species of fungus.

Stelly. D.1\'I.; Kautz, K.C.; Room'y. \V.L. 1990. Crop Science 30:952-955.

Pollen fertility vfsOllie simple and ('ompolI/u! Tmns!o('(lfiv/ls vf CO/lOll

Pollen semislerility is useful for detecting cytogenetic deficiencies and abemllions in diploid crops. A
nuorochrome reaction method for the deleclion of cytogenetically induced semisterility in cotton is described.

Ojeda. J.t..; Angeles Ros. M.; !carclo• .J.M. 1989. Stain Technology 64(5):243-248.

A I('chniqucfor fluorescence microsco{JY ill snlliTl,ill s('ctio//s

Fluorescencc 1Tlicro~copy is especially advantageous when used wilh lectins and antibodies. Unfortunately,
images arc often degraded dill' 10 scattered or emitted light from outside the focal plane. A method to OVCrt'ollle
these difficulties and obtain high-conlrast and high-rcsolution nuorescent images using semithin section;, is
described.

Firslencel. H.; Hutt, T.1\'1.; Carruthers. R.J. 1990. .Journal of Invertebrate I)lltholog,v 55:258-264.

A fluorescence microsco{JY //Ie/hod for determining the l'ialJilin' ofellto/l/ophthom!/'(i!I jungal jpO{('j'

Several environmental factors affect fungal spore survival. In this study. the pOlential usc of nuorochrome
stains to assess the viability of elllOlllophthoralean species was presented. When compared to standard
germination lcstS. fluore~ceil1 diacetate and propidiulll iodide proved accurate and precise for dctcrmining
viability of certain fungal species.

"ramlllal!. R.A.; Higgins. V.J. 1988. Canadian Journal of Botany 66:915-925.

A histo!ogical cOIII{Jari.wlI offilll~a! coloni:mioll ill IOIIUI/O sf'etlfil/RS susccptible 01" resiS/mll 10 Fusarium
('1'011'/1 alld roO! rot di.vellse

Inoculated seedling cultivars resistant and susceptible 10 Fusarill/ll root rO! were histologically compar<:d for
the rate and extent of primary root colonization. To delermine infection progress. samples were taken daily.
fixed, and examined by epitlllorescence and Nomarski interference contrast rni(To~coPY. Seventy-two hours
after inoculation. phenolic and lignin-like cotl1pound~ were associated with the conical wall. which appears 10
be important as a structural defense barrier.
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h~ull.· 7. ColI\lldat g.old tahocll.x1 um.liu,pofC of CmJltlflilf/ll ,.illinl/II
L\ 50 ()(Xlj. Till' 1Il1agc \\;lS ublained 111 ;J "lUlly 01 lungal 'Ill)r".
Ullm'lnll'IUfC CtlnJUl:k'd 11) Dr. Abul El..ml1luudoull,th of Ihe P;Jl;ifk
hlrc,try Centre,

Figure 8. Colloidal gold labeled had. bc~lk '10111.10:11. lkmlffl'flOllllf

I'0lll!;-,.,I\II(' IX '!o7 OfIO). Thi.. image \la, obtamed III .1 ,Iud} of 1Il"Cl.:1
ultr.l~truclurc conduclcd h) Dr. Taro S:lhnta Ilf the Pacitk Furc'lr)
Centre.

Immunochemistry
In rccent yea". a number uf C}tochemical technique.. ha\c been dneloped to identify. locali,... and ~Iuaruif}

cell l'OlTlfXlllCnh (Horisbcrgcr 1981). Cytochemical technique.. ;1110\\ microscopist;, to locate and quantify ,ites
which have a particular phy .. iologi,-,al function \\ ithin the cell (Figllrc~ 7 and 8). Immunol·ytodwll1ical
Icchniquc~ provide inerc:J~ed ~pccificity by employing :.tll antibody \, hich i~ labeled wilh gold or a
Iluorochrome to recognilc a unique aelive ~itc in the ti",uc. Thi, binding ,ill' " readily di,eemiblc \~ ilh an
e1cetmn or light mlcro,eope rc'pecti\ely. Thi~ inforrnaton cnhalll'c, an ullJcr<itanding of ba,ie life proce~..e,

..ueh a.. re... i... tancc to di<;ea~ and inherilancc p.1.uem....

Oallschcr. G.: R~tlt'r l\,urgaand. J.O. 1983. The Journal of Histochcmistr~ and C)IOehemislr)
3 I(12): 139-1-1 398.

Lh.ih1Illiao,I"("0{J(' \'iwa!i;:.atitll/ (1colfoidal gold 0/1 I'l'lill-emfJ('dlll'llli,\".\IIl'1"

A technique i.. de,cribcd by \\ hich I-~.llll-ihid wction... of li"uc embedded in re.. lI1 arc labckd with an
cn7~ me-gold cornple\ and further enhanced for light micrmcop) b~ encap..ulaling the gold panicle... 111 ... iher
u<,ing pholographil' de\ doper Thi, technique ma~ aho be carried OUI on froLen and paraffin-embedded
"I4.."X'"lion, and l"Oullle"lainro IDan"Cher 1981 a and 1981 b).

H:lrdham. A.H..: Suzaki. E. 1990. Canadian Journal of Microbiology 36: 183-192.

Ch'('(lnJlljuglll/'1 (111 Ihel/ll'[al"(' o{ the pmhogl'lIic jillll!.l1\ PhylophthonJ cinn:lI11omi .l'llItlied Il\illg j1l1l1l"('W'1'11C1'

(///(1 e!l'Cll"OlIlIIil"l'O\coPY lIml j1m!" (ytoll1l'I"·

,



Using Icctill~ labeled with tluorcscent and ekctron-dcn~c probc~. ~urface glycoconjugatc~ of wmpores and
cy\t~ of the fLlngu~ PhylophfflOm cill/1((1nOllli. and their role i11 thc infection of plants. wa\ i1l\ estigmed.

Benlmmou. N.: Greni('r J.: Asselin. A. 1991. I)hysiological and Molecular Plant I)atholog:,' 38:2.'7-253.

1IIIIIIIIIIUNflhlloc(I/i:mio// of pmllOgl'lIelis-relaf(',/ priJfl'i1l PI.J ill Im"mo mOl celh illf('cled by Fusarium

oXY.I{JOrlll/1 f. r:ldici~-Iycoper ... ici

Irnmullogold cytochemical techllique~ wcrc utili7cd for ~ubedlular location of pathogenesis-related protcjn~ in
tOlllato roots. Accumulation of protein 1'1-1 in host cell wall ... of rcsistant \arietie~ indicates a mechanisill for
rc~istancc to this pathogen.

i\llIshlrdy. 1..: Cunningham. F.X. : Gantt, E. 1990. 1)lllnl Physiology 94:334-3"'0.

Loc{lli:ario// (llId (jU(/lIliralioll of chlol'opl(l.l! e//:YIII(',\ {lml lighl-/w/'I'e\ring compOIlt'II/.1 /lsillg
imllll/llOc.\'Iochemic(I/ 111('1hm/s

Sevcn chloroplast protcins wcrc locali7ed in the rcd ulga Porphyridilllll cruelllll/ll using immulloelectron
microscopy. Thi~ technique provided a quantilativc l:\limation of photosynthetic cornpone11l~ which could not
be quantified by OIher methods such a~ illlmunoclcctrophoresi~ or imlllunobioning.

Suske• .J. and G. Acker. 1988. Cnnadian Journal of Botany 67:17fl8-177....

Idl'llfijicalioll (1' elldojJilyrir hyphat' of Lophodennium piceae ill li\.lues of greell, Y.'·IIIPIOlI1it'.1'I Norway SPl'llct'
needles by illllllulloeleClml1 lIIicro.ITOpy

In electron microscope observations of the ultrastructural interaction of an endophyte and its hosl. identification
problems often arise due to Illultiple infectiolls. Thcsc author~ used antiserum speci fic for L. pieN/{' and an 011

section imlllunogoid labeling technique which provides clear structural information of the relationship between
host and endophyte and lead~ to an understanding of the roles of Ihese fungi in the needle tiSSue.

Blanchette. R.A.: Abad. A.R.: Farrell. R.L. : Leathers. '1'.0. Leathers. 1989. Appli('d and Environmental
i\licrohiology 55(6): 1"'57-1"'65.

IJereC/ioll of /iRllill p('roxidase (/Iu/ Xylll/llISl' hy iIllIllIIl/OC\'IOI'!I,'lIlica/ lahelillR ill wood decayed by

basidiOlllw'cle.1'

The 1Iltrastruclllr;11 locali7ation of some of the major enl.ymcs invol \cd in ligni n dcgradation (lignin peroxidase
H8 and H2. and xylanasc). by using colloidal-gold immunocytochemistry, in birch wood dccaycd by three
white rot fungi (Phel/illlls I'illi. P. chl'yso'\!JoriulII and Tral/lele~ L'el's;('olor) and one brown rot fungus
(Fomiropsis pinko/a) i,~ reported. Studies of this nature are valuable in producing an accuratc pictllfc of where
and whcn thc major enLyl1leS invol \'ed during the decay pnx:cs~ of wood occur.

BlanchettI.'. R.A.: Abad. A.R.: Ceasl'. K.R.: L.oni('n. R.E.: L.eathers. T.O. 1989. Applil'd and
Environmental i\ licrobiology 55(9):2293.2301.

Colloidal gold Cy1lJdU:lllislly of endo-I ..J-j1-gl/fl'ulla.l'e. 1..J-jl-fJ gllll'llll cellobiohnlrolase. ({nd elldo-IA-f/
xylw/(/,I'l': 1I11/,(/.I'[ruCIIII'/' of.lOllltd a/ld de('oyed birch 1\'00</

Colloidal gold imlTlunocytochcll1i~try wa~ used to determine the ultrastructural localization of cellulose and
xylan in unillfected birch wood and the distribution of cellulosc and xylall after decay by three white rot fungi
(Pllel/illll.l· pini. P. chryJUsporiulII and Trall/t're.I' \'en'icolor) and one bro\lll rot fungus (Fomiloj!si.l' pinicolu).

Spi('gel. Y.: McClure, i\I.A.; Kahane. I.: Robertson. \\'.1\1.: Salolllon, R. 1991. Journal of NematoloJU'
23(4):451-456.

\Vlll'm !?('I'm agRlwillill hound lO Ihe ouler l'IlIicle of Ihl' S('('fl gallnell/mode,l' Anguina agrmlis I/Ild A. tritici

9



lIo,t \pccificity c\hibited b) nematode, and lheir dependence on host plant dc\clopmcnt sugge~h that
recognition rna) he imponant for ho,t-par.hLtc compatibility, Maturation of Allgllilla coincide:,> v.ith Icctin
..)nthe,i, in v.heat and I)egra.... M'ed fonnation. Wheat genn agglutinin (WGA) hinding ..ites occur on the
cuticuhtr ,urfal..'e of jUH.~nilc nematode... In thl' ..tud). the Ol'currence and origin of \VGA v.as In\e'tl!!atcd
u,>ing nuore..cent labt=kd :lI1tlbo<!ic,.

Recent innovations in microscopy
Recctl1 progre.... in micro,cop) demomtrale.. lhat improvement of lradilional oplical ;lnd electron micro,cope
dc,ign, i~ far from c'thaU'lcd (Howie 19891. The oplical micro,cope and the lr:lll~mi"ion and ,canning
electron microscope' h:l\e each become lhe ba.. j., for an e,p:ll1ding tcchnolog). e.g" lo.... -tcl11peraturc ,canning
eleelron microscop) . ..canning eJectmn cncrg) disper,i\e X-ra) anal)ZeL and rno,t recentl), "canning
tunneling micro..cop) (ST~I)(Han..ma 1988),

The foltov.ing citation, arc an introduction to nev. Il'Chnolog;e, "hit'h h:l\t' definite appl;cation", to fore'lry
re..earch.

LOf::in. G.K.: D\\)er. U.K.: D\orak. A.i\!. 1990. The Journal of Histochcmislr) .. nd C~'tochcmblr)

38(6):755·762.

Rapid primary miI"l"OI\'(j\'t!-().WlliulI1 ji.w/irm, Prl'H'IT(l/ioll of ~lru(,/UI'efor dec/roll mi/Tow'O{J,Y ill Sl'COIUII

U'>Ing a microwave ,ource (oven), fine \Iruclural prc,ervalion Ofli ..,uc hlocks wa, achieved in aldehydc and/or
osmium within second\ a' oppo..cd 10 hour\. Reducing the time lhal a ,ample i, I"ept in primary and pOSl
fixathc ,olulion, can permit presc(\':IIion of cell COn.'>lilUenl\ .... hich are olher~l,e 10'1 in long fixation
procedure,: it can al-.o pre'>Cl"\e protein :lllligenicit), especially in the ca....c of 10\\0 mokcular ~eight. \olublc
proteim 'uch a\ enLyme.. .... hich lend to diffu..c from one cell companment to another during tr.lditional
fixation procedure...

Charlton. W.A.: \lacdon:t1d. A.D.: I~osluszn~. U.: Wilkins. C.I~. 1989. Canadian Journal of Botan)
67:1739-17~J.

Ad(liriollS 10 the Il'elmi'l"l' ofl'l'i-illilminmioll liglllmicros('UIH'for Ilu' {filth ofjluml Will \'egeulIil'e lll,i('l',{

Variou .. ,tain, dc,igned for cpi-illumination light microscop) ~ere u\ed in conjunclion wilh a cryo-SEM lO

ob,crvc morphogcnc .. i, of llleri,tClm wilh a grc:lIer depth of fierd and rC\olving power lhan the IiglH
rnicro,>t·ope.

Fcijlcl. T.e.: Jongmans. A.G.: 'an I)ocshur~. J.D.J. 1989. Soil Scil:'nce Society of AmcriC<t Journal
53:876-882.

Idemificmioll ofelm' ('Ullfil1!H ill 011 oltler ljllllt('nwry terrace ofIlle Alfier, Umaglle, Frallce

U\ing a -.canning elecln:ln micro'>Cope cnerg) di,pcr..i\c \.-m) \jXX'tromell.':r. c1emenlal compo,ition of cia)
coating, ~a.. obtained.

Smith. \\.H.: Poolc). A.S. 1989. Fort-'St Science 35(-1): 11 J~-J 12~.

Rt'll fllma' rhi:.mpllerl' ll\'llllmin: .{{Jmhlillil/rihmioll tifalulllillulII (IIul :.il1(' in the JIl'or·mllflOiI :011('

Fore't \oil, repre..enl imp0l'lanl \inl", for heavy 11letal~ a"ocialed \\ilh air pollution, The uptake hy roo" of
nalllrally occurring metal.., 'llch as i.lluminum. Illa) be altered due 10 changes in \\lil chemistry, [n lhi, ..Iudy.
rOOl, .... ith :I~,ocii.lted rhilO~phcre ,oil .... ere frl'c?e dried and e':lmillcd \\ilh a ,canning eleclron micrmcop..: and
an energ) di\pep.,i\e x-r.l) ,peclrorneter to in\C'lig:ltc the imponance of the fore,l rhi/o"phere in roOI upla"-c of
heavy and trace 1l1elal...
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Figure 9. Colloidal gold labded fungal hyplwc in pine needle. C.
rilJicola in 1';11I/1 IWllbrrr;rl/!(I IX 27 500). Thi .. image lOa, ohtained
in a 'lUdy of hO'1 pathogen interaction conducted by Dr. Ahul
Ekramoddoullah and Garry Jcn'ClJ of the Pacific Fore<;try Cenlre.

figure 10. MycorrhiL<l. spruce. Pit'/'Ii glmlc(/ root \\ilh LlIci"ur;u ,po
(X 50(X)). Thi" image wa, ohtained in a 'Iudy of myl;orrhi/.aJ rool
'Y<;[CIllS conducted by Dr. Tony TrofYll1ov. of the Pacific Porc'try
Celltre.

Figure 11. Decaying wood (X ::!!O. Thi, i11l~lgc W;I\ oht:lined in u
,tudy of fore'l soil (ormation ,,;onductcd by Dr. Caroline Pre'toll of
the Pacific Forcqry Centre.

Figure 12. SlOmatal di ..tribluion on Ile,tem rl'd cedar. 'l1l11ju "lit·lI/a.
under high CO:! Icwl- (X 105). Thi, image wa, ohiained in 11 ~Iudy

of the effect of carbon dioxide on ~Iomatal di\lribution condUl:tcd by
Dr. AI Mitchell of the Pacific Forc-try Centre.
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Future prospects
Technjque~ arc continuall) being de\c1opcd 1Il1l1icro~op). Thc:.c ~ill produ('e \aluabk infom13lion III l1\an)
areas of forc ..,!) rc,c3rch. The U~ of [hi .. infom1311011 i~ c'\:p"'clcd 10 imprO\c fore,11) praclice~ and fore"
product, a... it ha.. in the pa~L Fore,,!) rc'>t"arch area... \\ hil-h can benefit from micro..cope in\c.'>tigalion.'> indulk
biope...ticidc.... hO'I-palhogcn imernction, to either enhance rc,i..,lance mecham..rlh in crop planb. or augtllCllI
nalural p::uhogcn.. on "ClOd 'J>Ccic.. (Figure 9). fcnilitalion and mycorrhi7al ("'gurc 10) ,mlXle( on trce grO\Hh.
soil procc,>-,e, (Figure 11). impact of logging practice". 1>oil population dy /lamie... impacts of ,i 1\ icuhural
treatment... and dimate change fe.g. impact' of e1C\ atcd COllc\cls on gro\\, th and dc\clopmcm of commercial
'pel"ie,» (Figure I::! I. At the Pacific Fore<,.tr) Centre. computer enhancement of digilized image... from our
dectron micro ...copc~ \\ill ...oon be p()',~iblc \\ilh thc rClrofitting of a "gated integrator" being de\e1opcd by
~e\eral companie.... II/Ii/II hybridization for thc locatiZ,llion of Illc!> ...cngcr RNA u... ing cDNA a!> probe... i.. being
developed in ...c\cral laboratorie~ and ""ill undouhtedly acquire increa...cd applicability and relc\ancc :l~ a
complemcnt to immunocytochemistry in the next fcv. year.... For example. in\ e"'ligalion, of genetic control of
plant ti~~uc dc\clopment will bend"it from thi~ technique.
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