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ABSTRACT \ o

£
The 3 biological entities involved in tebacco stunt disease were q
N I,‘ Fx \f.-,‘.
studied- individually and together to determine their inter-relationships.

-~

Tobacco stunt agent (ISA) was acquired by Ol dfwm brasaieqge zoosporés‘

i

tnowive but not ‘nooitro. AL least 200 zoospores nvr ml wor@ required »

e

For TSA transmiys ion, tobacco plants older than 5 weeks wutnupunccptﬁgdk
. A o

: ¢
Lo O, brawaioae but apparently resistant to d1ﬁud5mldUYO|0PMQHt.
. 4

Temporary rum{nsion of disease symptoms occurred in plants
incubated at Zb”C, whereds al 33°C they were freed of stunt, . Infected
plants qrown at 17" dugﬁlopud severe stunt symptoms, and the highest
I5A Infectivity, bioassayed on Chunopodion amantioolor, was recavered

i - : R '
from plants showing carly systemic symptoms, Temperature affected the
)

number of Jesions produced on o, wmarant foolon, the optinal Lemperature |
4

[
A

for les\ il numher was between 17 and 2]°C, At 33°C no lﬂﬁinlé‘ @vw]upvd‘

Treatiment %r intn<tnu Lobagco plants at diffarent stages of symptom "' M

davelopment. with antiblotics did not produca ranission. of symptoms,
. ISA in tuhavau nap was extpemaly unstabla, Longevity was 2 hoyrg

at ZO”L, and 94 hours at, 4°C, )ilution end polnt was 1£100 and tnermal b

A

1nauLjynginu peeurred ab 35°C for 10 minutes, TSA infectivity ik Iow A

sap axtracted in buffers of Jow pH op nr high molqr]ty.} TSAylnfec§1vlny :

o A,
in sap was n0<ucﬂd by A iLlon of hentonltu Mgﬂbentonite, proneasa and

RNase, qumt ANA parthlly 5thllihﬁd TSA intecLiviLy, and DNqsa ﬂ?d o

aﬁﬁaut QN IJA, ALLvmpts to is0late infeotious TSA RNA were MHSUCQGbeu]‘

PAFtlcles 15 to 50 nm in dlamexer were observed 1n non 1nfeet1ous
{

prepqrat1ons follow]ng cyv]e> of PFG 6000 prac1p1maﬁ1onn lnfect1v1ty

,was retainod on]y after. one treatment OF the >ap w1th PhGﬂ Atnemptﬁ to
. o y 5 | : | , [

: o vty h
! [ 1
i Vg



: . !
visualise TSA 1n cells qf i/pidium and of tobacco were unsuccessful, gk}-

3 .
No differences were observed between the 1ife-cyCles,

horphology<dnd ultrastructure of ., Frasui e with andjg}thout TSA.,
Loospores attached to tobacco rogts retracted the fiaqel{um by o 'wrap-
around' method. Tallose materials were deposited between the host cell
wall and plasmamenbrane at the site of penetration by the fungal
cytoplasm.  During the first 24 pours after hanotrat1on Ahe thalluys. was
peparated from thu host cytoplasm by only a single membrane, Scanning
EM was used Lo examine stages in the Tife-cycle of 0. braasiou,
Resting sporangia possessed o thick, undulating, multilayared wall
which had. 5 and 6-~sided Facahﬁ. Lipid hodies fere numerous at the
perlphory of the cytoplasm of resting sporangia and formed the sculptura
ed oulline observed after freezo- frd&tuQinq
Internal and untvrnal symproms of LthCLO stunt were associateed
with I»A infectton alone, u/ptd:um bxuunt(uu wqa non- pq&hoqenj in
© tobacco, and no mirruur?qnism% were observed in tha vaﬁcu1ar Ll1ssues of
puntud tobaceo,  Phloen tiﬁsuﬁﬁ exhibited hyperplasia, Xylem cells
had Lthin walls, Hare irrngulnrly'nrrangéd nnd contained 5bm@“9umaliké
m&terinl., Chloroplasts (n leaf cells Were dialﬂrLed by large starch

R e
gmmalmF and there was o hlqhvr tncldvnv 0f~!omqsomealike hodies {n

stupted tobacco than In healthy pln:t&. W
S Knsulta fron tni 5Luqy augueut Lhat, fnfchlous FSA cnntqin> |
RNA which mqy possass a proLe]n coaL or he qa&ocqucd with: host" K

o, -

~ mqtar1q1 Evndanc, suqqe~tlng tnqt ISA is dlst1nct from LObcho
1

.\ necrosts Viruﬁ, yallowa disaase agean @nd varo1da s d1SQu55@d'
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CHAPTER |
INTRODUCT 10N - @ﬁn“

During the Tast 2 decades considerable interest has been
centred on the different typss of assoctations between fungi and
viruses. One type of associalion tnvolves the fungus as Lhe vector
of virus and virus-1ike agents Qauﬁinu plant diseases.  The possibility
6f fungi as vectors was suygested over the past 50 years, when
Cattempty weee made Lo fnoculate plants ithe fungus sporas or cul Lures
ortginating tfrom virus-infected plants (Bawden and Kassanis, 1947,
Johnson and Jones, 1943 MeKinney ot of., 19265 Nelson, 1932),

Howaver, actual demonstration of vector relatfonships was not achieyed
unb il after 1960, whan the chyteid tungus Ofpddiwn braon feae (Wor.)
Dang. was shown Lo be the vector of the virus and virus-Like agents
which cause tobaceo necrosts (Tﬂﬂklﬂi 1962), Lobaccg stunt, (HIPUKik ,
1966), and lettuce bigavain (Campball and Grogan, 19635 Caipbel | unra(,i
9615 Tomlinson apd Garrett, 1962). |

The fungus transmission of seil-borne virus and YIPuséllhﬂ
cagents 15 an area of actiye raaéqrch because the disqu§S caused hy
these aéﬁntﬁ'ane economically important, Crops affected fnclude
cucumbear me]oﬁ,JTattuQen pﬁLétu, tobacco and Céﬁéals. Plant
Y1FM5Q§ are bloloqlcq]ly unique 1n naving fungi as Yeuhor»a and Lhasa
yeétors have only been‘gemonstrated=1n Oomyceta fungi, Succesafui

qunsm16hi0n by these vectors dapends upon SPPCIFIG Peidtlonhhlpﬁ
|1 i 3
in the complex. of host plant, drﬁeqﬁa:agent and Fungus vector, ’
. . . B i l' !; ‘, | i . ) .



stunt di{seqse, 1; refar*&c Lo as 'tobaccn etunt qgent‘ » .‘

Laat)

The 3 knowh discasu\aqonts transmitted by 0. Iruuufuuwnmdy‘be
sub-divided on the basis of whether they are carried internally or
externally by the funpgus, Based on this criterion, a concepl of
persistent and n%n-pgysist@nt discase agent-vector relationships has
been proposed (Cnmphgll and Fry, 1966) o olpiliwn brageicae 1s the only

N ‘
fungts known to be kdvolvvd fin both perststent and nonepersistent agent-
vector assoclations, dnd theretore presents an ideal nodel  system for
study ing fungus Lraosmisston.,
Stunt disease 5$atoha((u i caused by an intv«tlou agent
which has deffed all attempts ot its characterisation since the discase
' :
was ML recorded o 1943 (Mivakd, 1965),  Reports of vipus particles
assoclaled with stunt diascase (Hidaka, 19%4; Hidaka et /., 1956) have

not been conflrmed, 1o the |iterdture this disease agent is refoerred

Booas Lohacco stunl vieus,  The virus etiology of this disease has been

s 1

based on (1) the development ot virus~]ike sympLoms in"infected Lobacqo
and transmisston of the disaase agent by grafting (Hidaka e aly, 1956),
(11} iranﬁmi&sién by sap from diseassd plants (Hinuki, 904)p and (i11)
hhe prbduct1nh of antisorum from partially purified preparations of
5tunt, agenﬂ (Hivukt, 1976), since the lnfﬂctiuug AanL af tdhacc? stunt,
disease has not ﬁéﬁn'1ﬁuquud and visualised, 14 1s still premature to

call it a YiPHS. he calls of haaL plan and ﬁCKOP hqva not heen /

'axam\ne< fop uLhﬁP lncitanta of p]qnt (ibﬁdﬁes e,9, y1p01ds, iycoplasimas., &‘

r1ckeLé>ia> and bn(Lﬂﬁld which can dause p]qnﬁ 1i§ea>ﬂh witn YiFMSH

leﬂ Symptomﬁn ]hqrurorﬁ in tnls study, the gauaa] agent of tobac&n

~ The parslﬁtant q&aovagtlon of Lochco stuut qgenn with 1n5 a

yeotop suggests ' %hat it lsncarg j€d 1nternq1 y by Q1tﬁanent 5tage> oT

[ ‘
v : ' ‘ ) [ . iV
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3, TO 1nvast19qtu the morpho]ogy and u]LrnﬂhrucLure Of stages in Lha

the fungus. Qnly (n vioo acquisition of stunt agent by 0. brassicae
has been demonstrated (Hiruki, 1965). Restiny spcrangia of the fungus
retain infectious stunt aqgent foF.at least 12 years, and the results
of chemical and physical treatments applied to these rﬂﬁting sporangia

1nd1c1}ed that they are capable of trandmitting tobacco stunt agent as
: [ ’

long as the funqus remains viable (Hirukl, 1972). In contrast to this

slable ass oxlation of dlxvu.o agent and vvctor, toba(cn stunt agent
P\
appears to b extremely unstablv in the tobacco host, and in sap

extracts (Hidaka and Hiruki, 1958; Hiruki, 1975)1

The nonﬂpursistunt association of tobacco npecrasis viruﬁ with
O, bicausdcae has baerd studled entﬂn“lVﬁly ( amﬂnu&ﬁ'ahd'MacF5f1qn0,
19655 Mactarlpne, 1968, lvmmlnh 19715 Temmink et of,, ]970)n In
contrast, cpmparaLIVﬂly.litth 5 known aboul the persistent
relationships of tobaceo stunt, and leltucy big%vﬂin-qisaqsq agents

Iad * ]
WIER 0. brasuioss,  The sap transmission of tobacco stunt agent confers

certain advantages in the use of this d1sease agent, pather than

lettuce big-vein agent, for studying a persistent disease agent~fungus
P 4 ' i l .
veatop palationship, ' ;o S o ‘ ,

A
L { \

*."- The objectivas of'this shudy!drﬁ as.Fﬂilowa: N

1. Ta de@onakhate the transmission of tobacgo Sﬁunt»q?ent by zoospores =~ .

' ! oyt
of () b,mmumw ’; ’ ‘ 4 | -
ol A . ‘ ' Y

Lt ' ; . 3

Ry To character1se Lobacco stunt qqant ’-?ﬁm'n A o

i t
i
3

1ife- QYC10 of U bgmuﬂ7nm¢, relevant 'to 1(5 r01e as vector of tobacco L
' f\ oo - "‘ i

SLM”'I qgent‘ [ ’ :‘ ‘: , AN - : .,“‘ :v '.,‘Jl—‘ v‘

TO 1nya5L194te Lha hlatO]ogicqi qnd cyt01091cal qbanrqtionﬂ

K ‘f01]ow1ng 1nfect10n of tochco wltn 0, b[abhzcav qnd tobqgco stunt agent

ok
3 '
i ' 2ot P (I ] c : . ‘) I ! ' (R !
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In the present study, fnvestigations have been made on the

complex of 3 biological entities involved in stunt disease of tobacco.

| Y, |
This study has been maintained on a broad basis, because a knowledge

of the inter-relationships between entities as well as a knowledge of .

each entity is required in unQerstanding the comﬁTex nnﬁure of this
particular system. A re-examination of stunt disease agentl was
included bucause it has notl heen convincingly demonsgrated to be

a virus. Attempts were made to visualise stuntlngeét in the fungus
veatar and in host plgpt tissues, A study of tﬁe berrations 1n’
tissues and cells of stunt infected tobacco was iheluded Lo detﬁrmina
the afﬁects of stunl agent and Ofpicdfom infuct1on separate1y, and to"

]ocate the tlssuub where stunt agent m1qhﬂ be preaqnt

n

\



" CHAPTER 11
LITERATURE REVIEW

A, SOIL TRANSMISSION OF PLANT Y [RUSES

]

The concepts that plant viruses can survive in sofls solely
by adsorption to colloidal particles (Miyamoto, 1969), and that
infection of plant roots is achieved by semi-mechanical means, have

laprgely baen outdated by the demonstration of assoéjqnions hetween
l')" v 4 ) f 5

s011~borne vTruseﬂldnd biaolegical agents present in thé soil, 'Such

associations readily explain the surylyal and persistence of some

~

virus: and virus~like dj?ﬁﬂﬁﬁ agents in soil,
Mayeﬁ in 1886 obiginally proposed the fdea that plant yiruses
"may be so?]ﬂbopﬁan te 'sugyested that the éausa] agent of tobacgo,
mosade éhoujd bé!1odked for in the 501i~ ‘Beﬁjerinek (1898) test ted
'tnis theﬂry by qrmwini sg6d1ihgs in snil whicn”pre!iouﬁly‘conzained
jnfeqneq p]antﬁA Theae >aed11nqa coptracted the diseaﬁe, ThehﬁubJEC‘

“‘ﬁﬁl of . 501] borna V1ruses recalved lltt]e qtﬁennion unt1] 20 yeqrﬁ ago when
ok i

“-.-vk
nne mOd&s of" Lran>mission of SOme serlous v1rus d1seasa> could noL be

determlned ln 198& Hewltt et aAp PMD]]ShEd tne f1rst report of an' - .

s eqnopapas1q1c nemqtode as tne vector of a. 5011 borne p]ant V1rusﬁ Thls

‘was soon f01]owed by e1a1m5 for vector 11ke aqsoc1at1ons between tne

i
!

nfungus, OLpLdLMm brunazrae, -and certa1n y1rus and v1rus~]1ke disease

o S ‘
: ISR BT f Lt S R . :
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agents (Campbell et /., 1961; Hidaka, 1960; Teakle, 1960; Tomlinson
et al., 1962).

Cadman (1963a, 1963b) classified soil-transmitted viﬂ&ses
into 2 groups on the basis of whether they ;urv1ved air-drying of
the 5011."Th05e surylving the treatment were considéred fungus
transmitted, whereas most of those Tos1ng transmissibility were
con;idured nematode transmitted, However, this c]assifi¢a£ion was
not rea1istié since tobacca necrosis virus was fungus transmitted
but lost fty transmissib1]ity in a1r dried soil, ldentity of the
vector and the voctor ~virus re]qt]onahip were considered Co be
more §u1tahle for classification of soi]~borne v1ruﬁes‘(0rogan”and
Campbel1, 1966), The 1méqrtanca.of soll transiiission of plant v}ruﬁes
during the 1960's was reflected by the numbqu0f rey tey abtic]éa
wr;tken (qumana 19634, 1963b; Harrisan, 1960, i967)¢ This'sm'ﬁmq
hdﬁ.ﬂON‘eKRAhQEd to the extent that specific areas, &.9. fungus -
transmiasfdn, have heen peviewed separatel]y (Grogan and Camﬁbell,

4

1966; Teakle, 1967, 1969, 1972), -

B, FUNGYS TRANSMASSKON OF PLANT VIRUSRS AND VIRUSLIKE AGENTS

‘\*"g' The f1rsh suggest1on that Soq] fungl may qct qsﬂvectorﬁ Of

Vlruses was mqqe By McK]nnay (19BD)Q who was work1ng ‘on' trnnsﬂ]ss10n.of

5011 borne wheqt mosa1cn‘ Many unﬁucqessful attempts to transm1t p]ant T

Vlruses bm funQI wepe: made durlnq the fol]owinq vearsﬁ At 1eash j;‘}

” 18 fun91 wera neﬁted as vectors usjng dlfferent inocu]ation me?hods

fV(Teakle, 1969) e, 9A 1nocu1at10n of Planfﬁ Wlth funguﬁ BPOFGS OP % o '
{ ! 5 A |

| cu]tures from vlrus 1nfected p]antsa slmu]taneous app]icat1on of

! a
h . . . H i : . - 3
y A e S P . . po o t..,‘ ) NEE
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virus and fungus spore suspensions to leaves; and ghowing healthy
and virus-infected plants together invsoi1 inoculated witﬁ a funqus.
In 1958, an association between Q. brassicae and bjg-~vein disease of
‘lettuce was demonétrated (Frys 1958; Grogah af al., 1958), but the
fungus alone was cqnsidered to cause the disease, In the following
years it was shown” that, lettuce big-veif was caused by a graft-
transmissible agent, and the assoéjation with Otpﬂﬂﬁum was claimed
th be a virus~vector be]atinnship (Campbell, 1962; Campbell et al.,

/

1961, Campbell and Grogan, 12§3; Tomlinson and Garrett, 1962),

OLpfdim pzwnuiﬂau)waévn1so demonstrated to be the vector of t&bacco
necrosis virus (Teakle, 1962) and tobacco stunt agent (Hiruki, 1965),
Prioplto these peports, clafms of possible virus-vector relationships
batween o, brewnateae and the agents of tobacco neqrosis and tobacco
stunt had'a]neady“§:qn macde (Hid@ka, 19604 U1dnka and Tagawa, ]9635
Teakle, 1960}, | f
 To date, associntions have been reporﬁadlpafweanlﬁ fung
and 9 plﬂnt‘diseaée‘ﬁqen 5, 6 OF which are known to be yiruses |
'/(Tab]ﬂ 1) As a group fungus transmitted yiruses are hesFFOQEHGOMSa
n boun in morpho1ogy and 1n pPOPePtxeq (Teak1e, 197?) The fungua
YGCQOFS are n}] Oomycatas, and possess simj]ar 11fe~0y0165 They |
‘{ ail proquce m0t11a zoosporea whieh are Lne potential V1rus or‘d1ﬁease ’
dgent vectorh.‘ These AOOSPOPGS ara released From thinnwa led _”
sporangla and from tnlckawa]]ed rasting sporangdq Pynhmum uLLumun ‘
.1ﬁ~ however an excaptlon s1ncg zoospores are on]y proquced from |
| hporangla deva]oped From oosporasn. The' thlek wa]Ted resting sporangla.. ;1'

(and oospores) of these fun91 exp1a1n the pers1stence of! these

vectors and assocqated dlsease agenns ln 501] Excepn fqp potatq-' S0

N
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'“tﬁe i

rl‘ and Machn]ana |964 Lampbe]] qnd Fry,. 1966) , Loogpores ppgyiously

stuggested tht Y waa surfnca bornea qnd Lha firmness of the.

“expogeq Lo yirhs uero prﬁyenteq from L[ansmihtlnq Ty by traqﬂnant wltn

’ddg

virus X and pea false leaf roll agent, the remaining agents listed in
Table 1 depend upon their fungus vector for spread. Thus the vectors
are usually preSénL with the diseased plants,

The different vector relationships have been-div1dea into the
disease agents which are carried internally and those carried éxhernal]y

(Campbell and Fry, 196G6). This grouping indicated differunces in the

¢

mode of agent acquisition by the vector, and {n the survival of the .

agent in sofl. The possibility of mwf§ﬁpllcak10n A the vector was

. . Vg R " 1
also consideraed, ulp:JLum bravafeae was the only known vector which
Hlustrated both types of « isease agent o smuiqtiunb, An internal or

parsistent association was shown by lettuge bigavu1n agent, The agent

N . \ ! » ‘! | o o .
was acquired fn ofod by o, bpuuuﬁuaa‘durinq one life-¢ycle of the fungus

in bjgavein Infected lettucs roots (Campbell angd Grogan, 1964), The

t1nu sporangia of o, hﬂuuuLoux, which capried big-vein agent, !

>urvlvvd atpong acld and base trﬂaLmenLM dnd aLlll continued to trqn»mlt

the infectious auvnt (Camphell, 1962, Cnmpbeli'anu Fry,' 1966), llkﬁw1ﬁQ,

Ie&tinuﬁ nqvnt u% Lokacco >tunL HAS ql&n shown to have an lnLﬁPn 1

and par>1 tnnt nAIUajatlun with ¢, bxuMﬁL;ﬂu (Hiruki, 196&,,]96 » 1972}
Tobeccn nﬂtﬁﬂﬁia Yirus Is an uxampl@ of a disease genL whieh

nq> nn anhernal ar non ~pers istent. qasoclation with {ts, rungus yector,
/ \

,ZOOSpores of ), quunlmuutqﬁqulrﬁ TV £3 utrxn, and the vlrua Lnkﬂrs

the. hOSL r00t ﬂt Lhﬂ sale 11me as the»vector (Tqah]e, 19623 kqsaanis |

Y

-zCOﬂC&ﬂthted antsa;um (Kdﬁhqnlﬁ qnd chqu1ane, 964) Thls resu]n p”

'(q

w:assoc1at10n Was amphqsnseq, Mora rﬁcent]y, Temm1nk et aL (]970) " O

r\ 3

us]ng the e]ectron m1crosg0pe, obﬁerved vqrug pqrt]c]es aﬁtaghed to

. .
. ! i ¢ ! A' !
R ! BT ! VI . ! .



by rastlngtapopangla of upangﬁﬂpokﬂ bubfwﬂﬂﬂﬁeﬂ (Hal ) Lngarha:

10

washed zoosporesj@fter incubating in a TNV preparation  This strengthened
the hypothesis tﬁat TNV was carried externally by . irgesioae zoospores.
The non~persi§£ént association of TNV and its vector was demonstrated
by the treatmé%% of resting sporangia from virus-infected roots with
strong acid, Aﬁlich resulted {n loss of ability to transmit the virus
(Campbe] 1 ;qqlfry, 1966) .
Wﬂ?mr species of Olpidiwn, 0. cucurhitaccaman, has been

shown to Dﬁ a v1rus vectar (Dias, 19704, 1970b). Cucumber nocroul*
yirus wq»'Acquired i viteo, but was not carrfed internally by Pﬁhtinq
sporangig. This virus~-vector relatfonship was suggested to be similar |
toithqupf TNV and 0. bivtas e g

| ;iﬂlblymymu“uuumﬂnﬂu (Led.)lhas been shown to trapsmit sotl-horne
wngat:MOaaic virus (WMY) (Brakke o o/, , 1965; Katbs and Brakke, 1966),
TrédtMQnﬁ of aoaspores with antiserun, and resting sporaugla wikh
strong acid op strong base did not pemove the abtlity of the fungus
to ﬁf&nsmit the virus, An fnternal and persistept virus~yedtor
rﬁlqﬁionship for MY ~ P, grwnfnds was suggested (Rao, 1966; Rao
and rsmkm 1969), o

Transmibﬁgon of poLqLo vlrus K (PYXY by Syneahy tartian cudﬂbénﬁiwwn
u‘ !

(Scnilb) Pcnc from potatd LMDQPS to ‘healthy tubers was reported underp

\
'

glaﬁﬁhDuSBIQOHQILlonh ‘(Nienhaus- qnd St1l]e, 1965) quuiﬁition was

irh quo, qnq tne viruh Nas'ﬁuggasted to be canr]ed lntarnqlly by

} ﬁ i . 1 !

Lne goospores ; g b AT ‘

y ", , ! i ) b ‘ v ‘ : l‘ v!“’ . ; . L
Siz POQQto mvp top y rus (PMTV) has been, snown to ba trqnsmjtted f‘
1] i v - .

N  (cq1yqu and’ quplson 1962; Jones and Harrisona 1969) The YQPUS

Y

i‘was suggesned Lo be carried 1nterna]1y, baca%gf VIru]dferous ﬁ%RPG !

§ ,~!‘
i } P .



balls Eeta1ned their abtlity fo transmit PMTV after air-drying. Also,
ihfested soils always contained resting sporangia of the fungus.

Pea false.leaf roll has been suggested to be fungus transmitted
based on Lﬁe following evidence: (1) healthy seedlings became infected
in infested soil, (i1) infection was prévented by soil sterilisation
or treatment with fungicides, and (1Ji) pure cultures of Iythin
wht faman Trow from diseased plant rogtb Induced the discase in healthy
plants (Thottappilly and Schidtterer, 1968). However, the ﬂv1de@$§
presented was dn]y pru]1m1nary, sinee the possibility that the fungus
may have huhﬁnulthn disaase was nol axcluded, This disease agent
was also consbdered to be transmitted mechanically,—by seed, and by
aphids,

’ During the last lﬁhyaarﬁ a largye vblum@ of Titerature on the
subject of fungus Leansmission of plant ;1ruuu5 and virus-1ika discase
agents has been pul /)Anud However, 1t i probable that still mope
disease agent ~ fungus \vhe top nsﬁociﬁtlons will be demonstrated {n
the future, Oal mosaijc ;;Fnﬁ has been associated with both £ goundnds

. and O.vanuﬁ[m;;ﬁ and the sofl-borne transmission of tomato buﬁﬁy
stunk yirus was innjbit&d by fungiéid& (kovisolo, 1966), Alse 4 spila
‘borne yirus, possih]y 1nVQIV1ng alfunng ygggora was pepoprted fop
wheat spindle streak moaal& (STykhuts, 1975) The agent af‘freesigi

1aqf necrp>15 wab also reported to be soil~borne (Vah )orht ]97“)

" f}@:&(nun bm&unzwuu th baen used axhensivaly for inVGhtlgqtions‘r

A

_ on viru5 yagtop relqttonaniph >chuse it tnanbmitk diseq>e agents of

3

' .persiﬁtenL nnd none perbistent ASSOCidt]ODSn The factors 1nvo]vaq

]

. in the speg i 1cuy%f‘ tr nsmmsion of diseasa qgents by 0, bmtm e

i : ' i i
i t
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have been investigated. Teakle and Hiruki (1964) determined that host
spefjficity for multiplication of o, lragadceae did not determine Lﬂe
specificity of the vector to transmit TNV. It was gﬁggested that
non~vector stra'ins of zoospores were lnefficionL in aéquirlng TNY,
§ince lusslvirus iﬁfudtivitr mas recovered from\non—vector straine
than from vector strains. This result Wa§ﬂconfirmud by elactron
microscopic observation of moruﬂpurtic]es of Xirus'gttachud Lo
roospores of veclor strains than io non-vector steains (Temink,

19715 Tewnink <& /., 1970). Introducing the hbht plant fnto the
hﬁlnLion5n1p Ofddibuau@ agant and vmctorrmuans that Turther fnter~
relatfonships have to be considered {or Successtul fungus Lransmission
ol the diseasa agent (Temmink, 1971).  The host specificities of

0y bivwsodiae i LR Lobacco slunt agent (Hirukt, 1967),\and with Lobacco
necrosts virus (knm.anlJ and MacFarlane, IUﬁhf haye heen P“pﬁﬁtﬂd\
fobacco stunt and tobacco nacrosis both posseds wide hnhl ranges

In contrast lettuce big-vein iy balieved to have a narrow host rqnqe,

A

which may 10 part ba due Lo the Tack of a sultable technigue fop

o

sap Leansnisstion,

G OLK 1u11ﬂv Huﬂzu.zrmr'
if ] : 4

N Tn; fipst. lehkrlptlon of ttu ﬁhytrld rungu5, 0y brgasfoce, was
made by H0r0n1n (]ﬁ/&), and‘angeard (1636) assigned the fungu? to
the genus OlptlzumA O the basis of host 5pﬁv1alisqtionsand‘trﬁgsmiéﬁ ‘
son’ of the 1q®tuoe bqgﬁvein agent, at was' ppoposed that the cqbb ge
and lettuce 1SO]QLﬂS of "0, brwuxdcuh bﬂ FQQ]QSS]fied as F[vﬂfpanhulun.

i N
A P i

brmﬁnﬁgﬂu and £, viwmgkentun respectively (thtjyan@i, ]9625H5aht1yanc1
! b c ! ' ‘ .



r{)l ) .r K

ﬂ% et ., 1969). However, 1L {s now generally accepted that the funqus
37\\; Bl !

& belongs o the genus o/ i, and that the different i?OIdLQa belong
R to the single specivs, o0 brasoioag (Hiruki, 1965; MacFarlane, 1968,

v, Teakle and Hiruki, 19645 Temmink, 1971).

\ .
L , The morphology and life-cy¢le of o, braseiceae have been

T 2
;a%‘ nvestfgated extensively with the Tight microscope (Bensaude, 19273,
ey 1

@g%\ Kote, 19945 Jacobsen, 1943 - cited by Tenmink, 19715 Sahtiyanct,

%g& 19625 Sahtiyanct o /v, 19605 Sampson, 19395 Yan der Meer, 1926),

Kw&h\harrvtt and Toml tnson (1967) axamined 8 [solates of O, braosioae

1
from lettuce and thhdﬂu roots, and concluded that, although coospore
r
dlameter, flagellun Tength, qnd pathogentic ity were relatively constant

¢

for each fsolate, these {solates sdudied should still be Lnnuidﬂtvd

L]

as Lhe same spuu}uu I'he Fungd& has thrua stages fn its Tife-cycla

“,
¢ LY i

(Plate 4) f.e, ROOSPOTE; 12005 AOPANY | uri and PQuLinq sporany fun,
- o) v
' A
fnqunrv are Mot Tle and possass g Pouxd oprpe rﬁmnnpmd bndy, 3o 4

i diameter, and a ﬁllklt‘pnﬁ(ﬂrlnr IIQQullum I3 to 21 yim o length,
The whiplash nn[tNQ flagel lum 15 ¢ e long (Teakle," 1967),  The
yarialisns dhnmna«una raported wepe dus Lo the different lativce
and cabbage Isolates axamined,  Zoosporas of cabbage {solates wepo
rapopted with the body 3 um in diametar and the Clagellum 16 Lo
|7 pm Ao Tength (hqrrle and Toml {nson, 19673 %nmpsoh, 1939},
! whereas thosa of lettuce {solates had a body i‘gﬂﬁ? wn in diameter,
and tlagml]um up to 21 i In Tength, v jﬁ
Zoespordn(ig and pesting sporangia'daveioP 1n the epfdermql
and corticnj cells of plant ﬁoors f labwégg Chﬂ%&hﬂ@éﬁhful infection

"of the cells by zoospores, loo>poran9ﬁa vary in shape fpom spherical,

| (&



f
9-20 um in diameter, to elongate, 11 LB‘Z?O pmin length and 11 Eb
45 pm ih width.qﬁléosporangid mature in 3 to 4 days, and zoospores
are released thrdﬂgh exit tubes. Sometimes there are more than 1 exit
tube per zoosporangium. Cabbage {solates of (. bravaicae possess
long exit tubes, 5 to 70 um in ]Ength, whereas those of lettuce

fsolates are only 3 to 4 wm in length (Teakle, 1967).

Tﬁu shape of resting sporangia varies fgom round, 9 to ?5 il
in diameter, to avoid, 17 to 64 pm 1o length and 13 to 19 pm in
width. During the first 2 days after penetration of tpe host cell by
a zoospore, Lhe developing resting sporangium resenbles a zoosporanyg tunl,
However, after 3 days the characteristic thick undulating wall of a ‘
rasting spoevang lum s visible,  This stage of the fungws {s able to
suryive desfccat fon and other wnfavourable” eny iromiental conditions.
Zoﬁsﬁnru pelease from resting 5parnng1a oaEUrs via extt tubes aftler
a mindmun maturation period of 16 days (Taakle, 1967),  Some
invastiyators have proposed that resting sppre formaljon represcnts
the sexual phase in the Mfe~cyele of 0. brasuiaas, as based on
obsarvations of zoospores with more than one flagelluin, and on the
fusion of motila coosporas (Kale, 1954, Sahhiynnniagl962).\ISimiqu .
abserval lons of ‘double' zaospores have been made by other.yorkepsp
howeyar, no ayidenas was oblained fop thﬁ‘ﬁubSEqueﬂt devalopment of .
resting spoprapngia from Lnesé 2ooaporas (Gappatt and Tomlinson, 1967
Temmink and Canpbell, 1969as Tomlinson and Garﬁett, 4l964)‘n

The ultrastructupe of’zoesporesl and zo0sporangia of a lattuce
isalate of dk bphnnfuuu hqg been sﬁudied in detaf] (Tdmnink énd

~ ) ,
Camipbelt, 1968, 19694, 1969b; Temmnink, 19711, The stages of encystment

and,panetbqtion of cabbage roots' by 4 cabbage fsolate of 0, bpaﬁniqae

t
1 1 , , '
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zoospores have also been reported (Lesemann and Fuchs, 1970a, 1970b).
, ! . D N ) :

The zoospore body was pyriform and surrounded by a single membrane

which was continuous with thé membrane around the flagellum. The

Qyplca] 9+2 arranqemﬂnt»of pxonemq] flbrlls wlth1n the flagellum

4)4 g /’
was observeds.. /qubp Zﬁ% pbplasm contained ribosomes, which
w f o Moo
were evenly’ d%}m’g {L‘sé rm&ochondm‘a Jbcated around the single
A uﬁ\ I( \“ﬁ‘l

nucleus. lh:\am0q 'fmﬁdéﬁed aﬁ@orminal plate and was in contact with
the kinetosome. Aﬁ@(Q@s ~banded structure, the rhizoplast, approxi-
mately 0.35 x 1 n, was observed between the Kinetosome and the nucleus,
After atlachment to host plant rools, <oospores were ohsapryed
encysted on the roots (Lesemann and Fuchs, 1970a; Temnink, 1971,
Tenmink and %amphu11,'1909h}. hTémn’ink (19714 concluded that - -
retraction of the flagellum occurred before the zoospore hody ;nﬁ
firmly attached to the root Qurfac&, because such 5LAghs were not
absapyed after procesy «.Inq and sectioning for k*luctmn nm.m&cnpy
Flngqllum r@Lraction was sugyas ted topoccur by a4 reeling~in mq;hod
(Temnink, 19713 Tenmink and Campbell, 1969h), The qccumu]qhﬁoh of
membrapious material inside the encysted Zoospora aytoplasm was
thouyht Lo haye nriuinq&vd Ivnm the r]qgallum. The location of the
rhi Auplnut nside nn<yﬁ£vq ZDUNPOF@% was alse used as evi dence fop
the peelingsin of the’ flagellum, In contrast to this reportet |
Lesemanh and Fuchs (1 9[Oa) uhggﬂateq that ratnqct10n*oc7urred by a
wrap-~ ~around ethod, ‘Pr«vious]y Koah (]965) suggested, from |iaht
Cieposgops obbaryqllonsa that, raqucLlon ochprud by ei*her the

peal {na-~in or Lh& wrap- q;ound muthoq A

t

i

Duhing encystment of 1ha zooqura body on tne host FOOQ 2 cyst

wa]] was. depos1taq exterjor to the body membranen The axonemalifabrlls



,n\\ .
and rhizoplast, initially observed inside the body cytoplasm,di?integrated
(Lesemann and Fuchs, 1970a). Vesicles produced by a dictyosome
aggregated at the site of attachment of the cyst to thg‘h03t~;el1 wall,
After 2 hours of encystment, a large vacuole developed in the cyst,
distal to the site of attachment. This vacuo]e‘was suggcst&d &o be
fnvolved in the movement of cyst cytoplasm into the hosﬁ.c01l'after
penetrat ion of the host cell wall (Tesmink, 1971; Temmihk and Campbell,
1969b).  Prior to penetration, a thickening of the host cell wall was
reported. Material was deposited between the host plasmamembrane
and host call wall adjacent to the‘attached cyst, This aﬁposition of
material wau‘tnnned a 'papitlum' (Tenmink and anmbellﬁ 1969h) and
a ‘callosity' (Lesemann and Fuchs, 1970h).

Penetraffon of the thickened host cell wall and plasmamembrane

. occdrred after 2 hours of ancystment., Tha cyst cytoplasm was then |

located in the host cel] and a&pqrqt@d from the host cytoplasm by

on]y a4 single mvmzrane (lL.esemann and Fuchb, 197003 Tenmink and

¢ V)

Campbell , 1969h), Durlnq the following 24 hours the fungq] thallus

~was limited by only this single membrane, At 36 noura a thallus wall

was deposited gaterior to this membrane (Temnink and Campbell, 1968),

The thallus ﬁytOplasm contq1ned mitochondria, ri)osomes and 1ipid

bodies, and was mulLlnucleqLeA Mu]LiYG&iCU]ﬂF bodT&sthre Q]SQ

- prasent., @ﬂd thougng to | he inyolyed in the &]ennga of the cytoy]asm

1nt0 Z00Spope protoplastsn Aftar 72 hours matupa Rha]li contained

2005p0res wh1ch were fu]]y diff&rentlaﬁed Temm1nk and Campbe] ‘(1968)

suggeated thqn th111 deye]op1n9 1nto resﬁing sporangiq dld nOﬁ becomQ
nultinuc) eate between 24 and 4B houra qfter mfectionn knstead |

storage mqterla] was obserJEd in. tnese tha111A

[
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Some reports consider o« hrassicae to be a pathogen causing

disorders such as damping-off of crucifers (Woronin, 1878), and
chlorosis of spinach (Rlch, 1959). Van der Meer (1926) showed that
fhigootonia was probably the cause of damping-off of crucifers.

In some 1ight microscope studies the posgih]e pathogenicity of
Olpidiwn was considered (Britton and Rogers, 1963; R1cn,ll959;
Sahtiyanci, 1962; Wolf, 1935). The swollen tips of root hairs
associated with o. bivwsieas infection was rﬁpﬁrted by Sahtiyanci
et al. (1960) However, o, brausfeas is copsidered by others to be
4 parasite ratnﬁr than a4 pathogen (Qrogan and Campbell, 1966),
Roots af lettuce, cruci{fers and cereals were N@av1ly infected

with virus-~-free o, brauafege, and the oﬂ]y symptom obsepryed

Was a slight Eeduction in the vegatative growth of the plants.
Grégan and Campbell (1966) surmised that a fungus with a q05£ﬁ
parasite relatfonship would more Iikely be a virus vector}than a

fungus which was highly pathogenic,

D, TOBACCO STUNT

1

A severe d]aath norurrlng in Lopaqqo paedbedﬁ qu flrst ,
dasqribed by Nakamurg. and Tsumagapf {n 1243 and referreq tp as |
'Atobqqcolﬁqun&; (eruk15 1965)AJ Th1s diﬁeqse,'nqw hnpwn 35 tobacgo
stunt, has on]& so far bgén Eeported‘in JapahnffThe éoilébébne nature

)
)i

of the diseasa agent (TSA) wa s, established (H1daka en aL " 1956ﬂ

Uozurnia 1954) and obseryatlons were que on the location of tne aganti

vln 501] fractlons, On Symptomqtology, on varqeta] deTerences 1n

17
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disease resistance, on practical control methods, on the relation of
temperatUre to symptom expression, and on the heat therapy of diseased
plants (Hidaka and Hiruki, 1958; Hidaka ¢t /., 1956; Uozumi, 1954) .
Tobacca stunt infectivity was not lost by air-drying infested sojl

or by treating infested soil with oxygen and carbon dioxide for 40
days. From these results it was suggesfed that TSA did not exist free
or adsofbed to particles in s0il, but was present in the body of a
fesistantvvector. This vector was considered to be a fungus, sipce
infested soil lost its {nfectivity after treatment with fungicides;ﬁ‘
but not after treatment with ihsepticidﬁs. A claim of the Qectqr
relationship of 0. brassiose with TSA was made on the basis of the
consistent association of the fungus in the roots of stunt~infected
plants (Hidaka, 1960; H1daka and ngawa ]962) ActQa] demonstration
of the crqnsm1ss1on of TSA by 0, bknﬁn¢cae was reported by Hiruki
(1965). oo .

Attempts have been made to 1so1qte and chqracterisa the o
1nfecﬁ}pu> ayent of stunt diﬁeqaaﬂ, Hidaka (1954) 1501Atad V1Pus~ like
partlc]esa 28 m in d1ametar‘ but. the 1nfeqt1v1py OQﬁained nas not
qssoclqted with stunt disaqseh Latep, non-~ 1nfectious VIruanlike

‘part1clas, 18 nm 1n dmamater, were repopted in pur1ﬂ1e§\prepqratjons
f;,obtained from tobacco txssues (Hldaka et aLA, ]956) Tha d1saase ‘: e
| agent. was Conﬁidered to ba A vlrus on tha eyldencq Of diseqsq symptomsa,_k |
"gnaft transm1551on of tne anect\ous~agent, and the 150]qtloq qf '.j Q " 2
" V1rus~]1ke pqrtlclesﬂ. ﬂoweverg thﬁ gsfsenca of qonventiona] VIENS "
v,'pqrnic]es9 in the fungus yeqtor ap 1 thR 1nfecte% host has not been

i

;=;convinQin91y demonstrated Vﬂrusn]qke PQPCIC]QSA 18 m ln dlameter, ”‘if

wera reported 1n the cytop]asm of ce]ls 1n a pe]]et of« VTPU]]ferOus' ,'};{ :k

| : “‘v‘ x[( . nrl . ; " '

N o o C L



‘A

|

.'f Soqlation of TSA wlth 1tﬁ vector qu further demonstrated by tna

0. brassicae zoospores (Soejima and Hidaka, 1969), These particles
were claimed to be tobaccp stunt 'yirus', however the identity of thes&f}
particles was not established.
Successful mechanica] transmission of TSA was reported by

Hiruki (1964). The addltlon of certain chelating agents, in particu]ar
1~phenylthiosemicarbazide, to the phosphate buffer during sap ' A
extraction was effective in stabilising TSA infecfivity, A local-
lesion assay host, Chopopodism mnau&nﬂiooloz- Coste & Reyn., was also
reported, Leaves of French bean, Phageolis vulganfs L, var, Pinto,
were used as a diffepential 1hdicatop host to detect ppssible
contamfnation with tobacco necrosis virus. The development of mech-
anicql‘hrqnsmission gf TSA made it possible to 1nyésnigaﬁe further

‘the Ye‘;}to,l‘ relationship between .0, brasiicas: and TSA,

i | . The acquisition of TSA by zoospores was shown fo be in pivo

' (Miruki;'ngB) Logspores, fréé:éf TéA, acquired TSA from the roots

. of tobacco preV10us]y infected by sap 1nocu]at10nn Transmlssion of
TSA by ZOOSporaﬁ carny1ng ‘the agenn was prevented by hea& and chem1ca1 n
tredtmenQS wnlch Kil]ed the zoogporeﬁa Tobaepo p]ants beoame 1nfeetad
w1th stunt whan 9r0wn 1n gtunt 1nfested ﬁoll wnicn had baen ajr- dried
for 12 yearﬁﬂ qnd when o brann@caa zoosporea or rasting SPOEang1a N
were tranSfarred from 1nfected to hea]thy tobacco However dlrect .i |
applioatmon of TSA 1n qu to the roots Of neq]thy tobacco d]d non e
rasult 1n 1nfect10n From a]] thesq results, it qu suggasted that

TSA wds eqrrlad 1nsada 0 bxabbmcaa zooquresA The per51stent asﬂ ,f; o

'treqtment of resting sporanglq carryln9 TSA Nlth heata actd, basq? P

- UV 1rrad1atlon, and dry1ng xnfeqt1v1ty of TSA was obta1ned ‘from | :Vj:f

t . it
: ' | V ) \ i : L
, K . ' b, Co [
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‘%'! than conventqona] vlrusasn These agents 1nq1ude vlroids, M0]11cutesn;u'”

Ereated resting sporangia as long as the fungus remained yiablg. This

suggestetl a close and stable association between TSA and its vector,

“but multiplicption in the vector may not occur because the fungus was

freed of TSA by serfal transfer on cowpea, Vigna sinensis, and no TSA
' (

was detected in roots inoculated yith olpidiwn/TSA (Hirukt, 1965, 1967),

" Hiruki (1967) studied the host range of 0. brassicae and

. TSA and concluded that host specificity 'to . brusaicas,as well as

to TSA,influeﬁced fungus transmission, Interrelationships between
host, fungus yvector and TSA were suggested to be complex, Zoospores
of 0, bpdnuﬁaaq trahsmittad TSA to 35 plant species fn 13 families,
Plaﬁtﬁ werg alya tested for 5usceptib111ty to sap inoculatjon with

v
ISA, Recent]yn the host range of mecnqnically transm1ﬁted TSA

was extended to 41 spec1e$ in 9 familiaa (Hiruki, 1975) Some

physical Properﬁiﬂb of TSA 1in sap exﬁracts from 1nfecteq tobacgo

wepre q]ao reportad ‘Evidence, baﬁed on &ne reaction 0§/ﬁost plants,

’/,ﬁr010910@] reaction and croas protection, was presented 'for the
di

[
o

Stlnction )etween T5A and an {solate. Oﬁ TNV Pra]lminary resu]tﬁ
N
of the effachs of cartqin substqncas on TSA 1nfectIV1ty 1n tobacco

20

sap 1ndienteq that. T§A qu axtremely unﬁtabla ‘and contalned 1nfeqL10us ,

r1b0nuC]a1c chd (HirUKi oy ulu, 1974&)

[ N P
1 . ! i B T
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Vo ’ . ! ! ! [ ' d ’ .
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. E, BlOLOGICAL AGENTS CAUSING PLANT DISEASES NITH VRRUS LIKE SYMPTOMS

! i ' ! . i B f N . . i . "l |l;‘
4

\

symptoms haye been demonstrated to be cqused by b101091cq1 agents otner

11ke 0F9an15ms, rlckettslas and: baoteman Slnce the nature of TSA 15.3"

: it : W [
v ¢ .»,‘! [ L i ' v

'qulng the 1@5C decadﬂ cartaln p]ant d1seqses w]tn v]pusﬂ]1ka *“~
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still unknown, it is relevant to include a brief sumary of some of the

characteristics of these agents in this reyiew of Titerature.
1. VYiroids

The term viroid denotes a noyel group of {infectious agents

which exist as free nucleic acids (Diener, 1971, 1972). This group of

N . \;‘\ . o
- agents {s xharacterised by the absence of coqgventional particles

containing a protein component, and by genémes that are very small in
contrast with those of plant viruses, Seyeral plant diseases are

known or have been suggested to be caused by such agents, 1.@,‘potato
.Spjhd]a tuber (Diener ahd‘Raymer, 1967 ; Siﬁgn and ﬁagnal],‘l96&),
,cnrysqnthemum stth (D1enen and Lawson,' 1973; Hollings aﬁd Stone,;]QZS},
Caqqnq~cndang diﬁ@ﬂﬁ@ of coconut palms (Randles, 1975), chrysanthemum
Qh10r0t1c moLLle dlaease (Romqlne and Hopst, 1976), eitrus exocortlﬁ
(SequCIK and Neqhnera, 1972) and pale frut of cucumber (Van Dorat and
|Petersa 1974}, These ﬂlseaaea ﬁxhibit some virus-11ke symptoms but-havq
not been a&sociatéd'wjtn conventional yiprus pqrt1qlesﬂ Léwson'qnq
Hearon (197 1) thempLad wlhhout ﬁches& ‘0 1oqalise V1rus 1n Lh1n
5aetlon5 of chrysanthemumﬁ 1hfecLed with stunt -

* The. v1rq1d q550¢lqted wfin pocatq 5p1ndle tuber. has' been

il
~
]

1nvest19qted tne moat extens1va1y Certaqn cnaracteristics appeqr to be

commoh to most 1f not to q]] mne known or suggested v1r01ds caus1n9 plant

A t

dlseasas Bloassay OF these agents usual]y 1HVOIVﬁs 1ong 1ncubat10n 5

o

penlods On System17 hostsﬂ~ Trqnsm1551on nqs been ach1eved by sap and by

i,

grafﬁlnga Tredtment of CPUdQ sap Or Purlfled Prqurations Of thesa

‘ agents w1th rlbonuclease causes lnactivqt1on, whereas DNqsq hag no effecc

i
[ N

leew1se treptments wmth organ]q so1vents and pheno] do not reduce..

, I
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infectiyity. 'High]y infectious preparations can be prepared by
Precipitatfén with ethanol following phenol extraction, HTéh buffer
molarity enhances infectivity of extracts containing these agents, and
partially protects them against the actioq of RNase. Following high
speed centrifugalion, most 1nfecfi9us.mat&r1a] remains in the super-
natant, and fractionation b} sucrose density grad1ent:éantr1fu9ation
occurs under conditions useq for nucleic acids (Diener and Raymer, 1967).
The Mijrity of infectious potato spindle tuber viroid sadiments at
108 ing1cating that it s an RNA of vepy 1owmolegu1ar§aﬁight (Diener
and Rﬁymer, ]969; Raymer and Dieﬁér, 1969). Tlie heterfganeous \

! X s
sedimentation properties of this viroid are due to its association with

host nuc]éi, eapeciaIly the chromatin, Sedimentation heterogene1fy§%a5 |

suggested for citrus exocoptis (Semancik and Weathers, 1972),

o

. chrysanthemum stunt (Djener and Lawson, 1973) and chrysanthemun chlorotic
mottle (Romqlne and Hopst, 1975). These agents are also thought to be

ﬂﬁhociﬂﬁﬂd w]Ln host matarials and are remquahly stable, low

L}

‘m01ecu]ar welght RNA's, ;, DU

i

R, Mollleutes~]ike ‘organtsms
o One'of'the ariteria uﬁed f0r=1denﬁ1fiéat*on of a mycoplasmq is
v tnqt 1t be cu]tured on arL1f1oia1 meQ1qn, This requirement has not been
';“‘met for suspected myCOPlasmaﬁ wn1ch cause certain p]ant dlseasesn It g

was suggested that tnese agents shOUId be referred 2o, as Mq111cutas~

”1 '1tke organlsms or yel]ows dlsease~assoQ1ated agents untl] KOCh‘
j ‘,postu]qtas have been fuﬂly metl(Hayfllck and Arqip 1973) ‘
) The flrst report of a suspeqted mycoplasma etlology for a plant

SR
‘ 'dlseasa was made by 001 eL al, 1n 1967 Baseq on the observat]on qf

22
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microorganisms in the phloem.of yellows diseased plants and the remission
of symptoms by tetracycline antibfotics and not by penicillin, it was
proposed that these diseases were caused by mycoplasma-~ or chlamydia-1ike
organisms. Since then more than 50 diseases of the yellows type have
been reported to be associated with thesé‘microorganismév(Davis and
NhitcoMb, 1971). A considerable amount of 1iterature on this subject

has accumulated over the last 8 years, including several review articles
(Bavis and Hhitcomb, 1971; Hampton, 1972; Hull, 1971; Maramorosch at al.,
"1970; Whitcomb and Davis, 1970).

Symptoms of diseases associated with Mollicutes~like organisms
include vain-clearing of young leaves typical of virus diseases,
wirescence i@, ﬁreﬁning of petals, and phyllody 1.e, conversion of
Raﬁa]s to 1eaf-~like structures, In some diseases proliferation of
shoots. ocgurs duﬂ(go the loss of dormancy of axillary buds, TYellows
diseases ihcludé aster yallows which, ét one himerthought to he caused
by a virus, is one of the mast widespread diseases of plants, It is not
yek known whether the cauqu agent {s 14antica1‘jq‘a11 the hosts
rapor&éd;kunicn{1nc]uda 300 5peciés of p]ant5‘1h~48 fam1l}es ‘Astep

ya110w> ls eonald&red as 4 Fldﬁhié representativa of yQIIOWSWQYPQ "
diseases ln plants I , o

L
]

Yallows d1ﬂeqsaa are charqctarised by cypioal eaternal disgase -

sympﬁomﬁ, tne presencq of" p]eomorphlc bodles in phloem cﬁ}]s (Hirumi and.
Maranrosch ]973) transmlssion of” tﬁg diseqse agents by grqft1n9, and
by ]eqfhoPPar vectors, remlsslon of symptoms by high temperaturaﬁ and the
A.remlﬁsion 0f symphoms by tetrqcycllne ant1b1ot1ps (Asuyama and Iida, 1973,.
| | Ishlle en uLAa 1967) The p]eomorph1c bod1eﬁ Observeq in ph]oem ca]1s 5{ L.
‘Elnq]ude‘épharlcal bodles and fl]amentous forms ranging from 70 to 700 om'.

Vi
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in s{ze. Some forms suggest divisien by binary fission or budding. A
unit membrane, 7 to 12 nm thic%@?@nsi%ting of electron-dense layers
separated by an electron~lucent layer, surrounds each body. Ribosomes
are present in the bodies, eitnér scattered or clustered near the cell
membrane, and strands of DNA are present 1n the central area.

The presence of Moll{cutes-1ike organisms in pﬁloem cells fis

accompanied by necrosis of .the cells and abnormal depdsition of callose

- materials (Dijkstra and Hiruk{, 1974; Goszdziewski and Petzold, 1975,

Hirukt and Dijkstra, 1973 Hiruki et d[:, 1974b; Schneider, 1973). These

* s
aberrations of the phloem tissues can be detected by fluorescence

microscopy and used to {ndicate the presence of mycoplasmae | tke agents
fn the Rissues, Attempls Lo use negative staining of extracts from
yellows diseased plants for the {dentification of presumptive mycoplasia

!
agents have been unsuccessful, since 1t was not possible to distinguish

thedagents From‘arLlfacLS associated with host materials (Holanski;fl973r.

hed rePoPta showing an asseciation between Mollicutes-
§110w> type diseases have ranged from slectron

tlons of these agents in infeeted plants to qctuql

dlaims 5001 igo}qniungz growth on agar anq the completion of
Koeh? (Qhén and Granados, ]970, Hampton “t u¢4ﬁ 1969, quqr
afd Anant a\brm.a 1970), Howevanh these rqports of, cu1t1vat on of

Q n&cop]asmqﬁ haye sinse been shown to be due to

" contamina8 7“‘dur1n9 culture . tayf]ack and Arai (1973%ﬂ in atteppts to

956 Clalmﬁa Nare unab]e to cu]tMre mycoplasmqa from aster

yellowsﬁdlaeqsad p]qntﬁ and 1eafh09pers :

it

i

hqs been successfu]]y cu]turad from cihrus plants w1tn “stubborn"

Ve : . . o
Ly L . . f i ) L : Ty i ]
i [ : \ P I c | . : .

A Molllcutas organism necently a&smgned to the Mycop1qsmatqleaﬁ!;f
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disease (Abd E1-Shafy et i ., 1972; BOvé.an.u/., 1973). Based'on helical
morphology (Cole et al., 1973}, rotary motility, bacteriophage infection,
surface projecttons‘on the cytoplasmic membrane, gram-positiyity and
optimal temperature for growth close to 32°C, this microorganism has
been assi%ned Lobthu genus and species Spiroplaoya ;%tri in the order
Mycoplasmatales. The aqeutiﬁf corn stunt disease 1s also known Lo be
a type of spiroplasma (Dayis and Worley, 1973).

Mollicutes-1ike grganism; have also been associated with

eultures of fungi (Heath and Unestam, 1974;|ﬁmndrlx, 1974). It 1% not

known whether these microorganisms are parasitic or sSymbiotic.
o]

3. Bacterfa and rickettsias

The possihility of rickettstas as agents of plant diseases was
suggested by Davis and Whitcomb (1971), These a@%nt&, which are mainly
parasitic on arthropods, comprise q group of small, pleomorphic, gram-
negalive bacteria, They are larger thdh'&ynop]qsmas and ch]nmyd%ﬁﬁz
0,6 to 0,8 by 1,0 to 2,0 ym, and thus retained by fi}gars through
which the others pass. Giannotti at al. (1970) rgported rickﬂttslqs in

dodder,  Duval (1970) obseryed them ina myxomycekﬁ and found that

“tpeatiient with chloramphenicol, but not with penicillin or tetracycline,

freed the fupgus of the-m1croor9an15éa .
| The fipst p]ant diseans ﬁqueﬁted to'be associated with a

rickettsian]ike Drganlsm was Piﬁrce 5 dlsaa&q of QFﬂPﬁV1nGS }Hopk1ns

and MOIIenhaucr, 1973) Tnls report was, confqrmed”and a similar: ,

\

”L'@Sﬂoclﬁtion of rickattﬁia witn alfalfa planta @ffected wﬂtn dquf o "
- disease reported (Gohean »A ul.,l973) Previoua]y Pierce's diseqse of

grapevines was thought Lo be,eaused by a virus (Esqua 1948)?.and latep

l
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-7

by a mycaplasma bas¢d on the suppression of disease symptoms by
tetracyclines (Hopkins and Mortensen, 1971). However this disease is
now considered to be caused by a rod-shaped Qram—positive.bdcterium
(Auger et /., 1974), which has been isolated from infectlive leafhoppers,
cultured on artificial media and which induces the symptom; of Plerce's
disease when re-inoculated into healthy plants.  This organism was
restricted to the sylem of its host plant and to the tissues of its
vectar, 50 far iU hag not baen possible to culture it from infected
plant tissues.

The presence of rickettsia-11ke organisms has been reported for
SUgaAr Ccane ratuﬁh stunt (Maramorosch e o/ .. 1973; Té%kiu af ulh, 1913),
For apple proliferation (Petzold «t «l., 1973), for clovep club leaf

’ “12a
(Windsor and Black, 1973), and for phony puach disease (Goheen of af .,
19735 Nyland «t al,, 1973), M1mruur§aniﬁms ware detected in the
vascular Llssues of diseased plants and Lhetr identity was basad on
morphology, intracallular location, apd nhgﬁncu tn healthy plants,
\ .
AL these agents, excepl apple proliferation, have known ledfhopper
yectors, and disease symptons include yellows, typical of mycoplasia |
‘. i

infections, and dwarfing of plants, None of Lhese gaents have bean
sucdesstully eulturad Fpom host Lissues,  The élerr club leaf agent
has hean fnvestlgated more extensively than the othep agﬁntsa‘ Unlike  $ﬁ'
the other agents, |6 was logated in|pn1oém'cﬂlis and not in aylem, and

@

was smqllar in size, bt possessed a double membrape, 01 a membrana

plu§ a wq]] qnq Lhe remlsulon of disease symptoms by pen101111n

5M99@5L@d thﬂ prasanoe of muramiﬁ acid in this wall., The Organismﬁ

qﬁpociqhed With ph0ny puq&h digea>u Pé aemb]ed Lhose occurrilg in

i
L

grqpevlnﬂa infected w1tn P1ercé'5 dis@ase qnd may aventually be groupeq

\ ‘ . ’_

'
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with this agent., 9:

- Esau (1948) reported a pattern of gum deposits and tyloses in
the xylem of stems of'qrapn¢%nes inocylated with Pierée‘s digease
agent. A stmilar host response was observed in the xylem of alfalfa,
tnfected with dwarf divease agent., Gum was also reported in xylem cells
in peach.truﬂ rools affectod with phony disease (French, 1974), and

/

vascultar discolourations were observed In ratoon stunted sugar cane below
the apical vegion D1 shoots (Maramorosch ae al., 1973),

Chlamydiae have nol yet boeen observedain plant tissues, but
thetr prasence In ¢lcadellids suggests Chat thuy\may agventually be
located in plants (Davis and Whitcomty, 1971),  These organisms are
sphertcal, 200 to 1000 nm in dianeter with n“pﬂnﬁmamemhranefand an outer

wall containing muramic acid, similar to the wall of bacteria.



CHAPTER 111
MATERIALS AND GENERAL MITHODS

A, CULTURE OF OL& 1D LUM BASSTOAR TSOLATES

“The 2 tsolates of o, beassiaae (Har.) Dang. used {(n this study
were orfdinally obtained from a single 1s0late fro@ tobaato [pfecied
with tobacco »tunt agent (heraaftar rﬂfﬂrrﬂq to as TSA). One of. the
tsolates (hereafter referved to as olpidimm) was freed of TSA by
culturing on the roots of cowpea, Vigna ainenaia (Hirukl, 1965), This
1solate, and the fsolate carryiﬁg TSA (hereafter referred o as
Uﬁpfdﬂum/TSA)}hﬂd both beaen maintained as rest;ng sporangia in dried
pawdmruq roats for b yeaps, ;

The Obpddiva and O pddan/ TSA iﬁﬂldtQS'W@Pﬂ~Cu]tMFCd oﬁ¥r00t5
af tobacce seedljngs grnwnﬂin sterilised quartz sand, {noculated with
the qboya dried raot powders containing Pﬁﬁting sporangia, and
wa tered witﬁ a hqllﬁhkrﬂnyth “ﬂdﬂlﬂﬂd‘h nutrient s01unlon (Hoagland
and Arnop, 1950), Bﬁvillngh JZF@ uiLhar grown in mncr01ncubatnr§
‘(Mruki , 1969) (P]qtd 1. B & C), on 1n c]qy pots inside plastic
containeps (qutﬂ I 2+A) when lqrgcr pOPu]ﬂt10n> of the fU09H§ wepe
Fequired" Plants were maintqined in growth chambar> at ]7 G w]th 16 |

nours lignt per1od and' 5,000 ~ 10 000 Tux 11ght 1nten§1tyn

B, PREPARATION OF: 200SPORE. SUSPENS [ONS

! / : ,
Light microscopy of Olptdium and Olptdivm/TSA infected topacco

i
i

i
| .
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roots permitted selection of roots containing abundant mature
zoosporangia. Roots 2 to 3 weeks after ipoculation with resting
sporaﬁgia were usually suftable., These roots were washed free of sa;d
in cold ruhning water, and were then incubated in water atl room
temperature for 10 minutes to permit zoospore release. The rasulting
Zoospore suspensfon was passed through Hhaiman No. 1 filter paper to
remove any remaining sand partiulha and plant debris. The
concentration of the suspensfon was estimated {n units of zaospores/ml
using a hemocytometer, When high ;uncentquiqnn of zoospores were
required the suspension was centrlfuged at 5 »500g for 10 minutes
(Sorvall RCB~2, SS 34 rator) al A"C, and the zoospore pellel

resuspended in a small volune of distilled water.

C. CULTURE OF TOBACCO PLANTS

In thils study, Nieatdana tabaaan L, ‘Bright Tellow' (hereafter
prefarred Lo as tobaqco) was uped as the host plant because |t la-h1?h1y
susceptible Lo both olpldlem and TSA. . The fing, translucent roots of
tobacco seedlings grown in sand cultupe peﬁmit‘lighﬁ microséope
obseryations on otpleium in IiYﬁ Péotsg |

Tobac&o seed qu germinqted qt @5“6 on a 1] mixtura of .
vermlculite and qutoglqved VAR 501] m1x (3 parts loam: 2 parts peat; '

1 par£ sand, nereafter referred to as poq] mix) . Seed]ings

1

appr0x1manely 2 weeks old were transplanted 1nﬁo sterilised, plastic

t

trays (u]tPAV1016L 1rrqd1ation for A hours ?ontainlng the same "
verm1cu11te / 5011 MR TransPlanted seed11ngs were then grown na

greenhousa maincalned at 20" 4 1 27 C thn 14 hours ]19hﬁ perlod Dunlnd

4 |
f I
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the stmer months the glass was coate® with a shading compound to kee.w
the 1ight intensity below 15,000 lux, Twp weeks after transplanting
and at subsequent  intervals of 2 weeks a high nitrogen, water soluble
fertiliser (28-14-14, Plant Products Co. Ltd,, Bramalea, Ontario) was

applied to the plants.

0. INOCULATION OF TOBACCO SEEDLINGS WITH oLptpium AND 0fLPIDIUM/ TSA

A dip tnoculatiop method (Hiruki, 1967) was used for the
inoculation of tobacco roots w{th Olpidfn zoospores, The roots of
tobacco seedlings, dpproximately 2 weeks old, were washed free of sofl
and then lncubatgd in zoospore suspensions cbntaining at least 103
zoospores/ml,  After one hour of incubation-these roots were washed in
water gqnd the seedlings transplanted {nto vermicul1te/SUi1 mix in
Stertliqu plastic tréysﬂ |

r

£, ‘m(\)cub\uom\ OF TOBACCO WATH SAP CONTAINING TSA.
TODQGQ@lplﬂnhﬁ'gran as out] fned AMQYQ were selected at the 2
or 3 leayes stage fop lngcu]atlnn with tobagco sap containing GSA.
Th1a &ap‘wiﬁ ohtainﬁd by' homogenising ﬁnbaeco 1ﬁqve§"5h6w1n9 SyMptoms
of stunt 1nfe<&10na with 0 01M NQZHFO aKHQPO buffer pH’ 7.0 Qontaining
0,001M 4~ pheny]thlosem1carbazide (4 PTC) (hereafter referred to as’
B : phosphate/PTc\buffer) 1n a ppeacoo]ed mortqr kept on 1ce The rqt1o

of 19 of tissue. to Zm] or buffen qu usedn. Tobacco’1eayes were ]ightly

dqsted with Carbopundum (600 mesh) and the sap 1nocu]um App]led wltn

Q t]PSﬁq :\’:v" ‘I"v’ | s | : : O ‘ o ¥ R B L ' B



S Kldney beqn (%asee[ua UMLgazls an wenp used to cheqk fop TNV

F. BIOASSAY OF TSA INFECTIVITY

The local lesion'host (henopodiun anavanticolor Coste & Reyn.:
was used for the bioassay of TSA infectivity. cWeﬁopodium seeds were
washed in cold running water for 2”n6ur§, and germinated at 25°C on
moist filter paper for 3 days, Seeds at the same stage of germination
were then transferred to autoclaved 3:2:1 soil mix in p]astiL tréxs,
and growh in a greenhouse at 22C % 2°C, 16 hours light period and
16,000 %AZO,OOO Tux 1195& intensity. After approximately 2 weeks these
seed1ings pere p]antéd individually in autoclaved 12 cm. clay pota‘
containing soil mix, and grown under the same conditﬂdﬁs until they
had developed 4 td 6 leaves, Plants with A4 fufay UQJQ]OPQQ Jeaves
were Se1ac£edgfor TSA infectivity assay, The fnoculum was prepared
from tobacco 1e§vea as outliped in the previous §é§ﬁ1onﬂ K. The |
leaves of ¢, mmar;nﬁiaulor were dusted with Capborundum and the TSA
‘1noculuﬁ qpp1ieq wi th Qrtips using sufficient PFGS&MFQ to netvébe
whole ]ed%'SMPfAC@ with thé=1n0cdium, Anoculated plqnts were
llinc@bateq ina gréennouﬁe qt‘la“ | Z“Cn Logal lestons (P1ate 2 £)
developed on 1noculqte< leaves in 6 or 7 GQYS; Lagian,cbunts were
“made 14 days after inpculation, . o

BLOASSAY OF TOBACFO NECRQSlS VLRUS AS CONTAMLNANTm Y

1
'

"
.

T0chco necnosls v1rus (TNV) as transmltted by OZp%dLum, and

a]so produces ]oca1 ]es1ons on 0 amarantzcolom 1eayes (P]ate 2 F)

'i\These 1e510n5 qppaar 3104 days after. sap 1nocu1ation* Leaves of Red

t

fcontamlnqtionn Thlﬁ host p]ant 15 plgh]y suscepﬁmble ¢o TNV but

Ay
C
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resistant to TSA, add thus cdn serve as an efficient differential
indicator plant (Hiruki, 1967). Seeds were planted in Unlver51ty ‘of
California mixtude (Baker, 1957) 1n clay pots and grown at 26°C,
Seedlings, 12 to 20 Uays old, with 2 seed leaves were selected.
Carborundum was dusted on the leaf surface and thélinoculum applied
with“dntipsn Inofulated plants were incubated at 18° % 2°C, and the

development of necrotic lesions in 3 days indicated the presence of
|
TNV in - the “inoculum,

H,  PREPARATION OF TASSUES FOR TRANSMISSION ELECTRON MICROSCOPY " (TEM)

The followingifixat1on, embedding, and >ectioning scheduTe Was
used for all tissues in this study Mnless s tated othdrwisa in the mexn
Large pieae& of tissues were cut into smq]]dr pﬁecﬁs approxlmqﬁely

2n 3mm square, h : o ‘} .
l ’

dﬁ‘ Preflxed oyernight at 4 Qin 0, lM phosphata buffer pH 7.0
‘conrdinlng 2% glutaraldehyde and' 2% fOFmd1dﬁhden
Ndsned for 30 mlnute& ih buffara and tnan in distliled wanera

nyl |

LOh Postflxed fop 3 to A hourp at. room temperature 1ip 2k aqueous

1

osmlum Cﬁhroxlddn o e - 'HW S 4 | .

‘dﬁ Nashed tw {ce in wqtarA ]5 minutes for each wash S i‘d ]““ ,d‘d_
Dehydrated through an ethano] ﬁerles, 30 m1nutes 1n each of the B N

f0110w1n9 grades» 30 50 70 80 90 95 and 100% two changes in ,d\

o .‘=‘

| eaqh Of 95 and 100%, “’,',nd,ﬁl';f: 7 o S Vo

‘fFA’ Transferred tissues 1nt0 PFOPyTene oxlde, two Ghanges Of 15 '(z‘ﬁ.d' [
i L ' R .

! : o T . Yo
A S

mmnutes eqcha_ | ’“\! ‘g P »ﬂﬁn T SRR A

i
w

9 Transferred tissuas 1ntq 1 1 mlxturq of propy]ene ox]de and an, -

oy v LI s | R ; 1k
LI : | : - 3 H . + ¢ Lt f f \ Co i 1 *
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B : o |
‘diameter) were used,

RN

Araldite mixture (27 parts Araldite : 23 parts dodecyl succinic
anhydride, plus 2% DMP-30), and' left them at room temperaéure for 36
hour?. | | ‘
h. Transferred tissues into rubber moujds ana added the Araldite
mixture. Left the embedded tissues a£ room temperature for. 12 hours
before incubating in an oven at 60°C for 36 hours to polymerise the.
Araldite mixture. | "o

Sections were cut on a Reichert u]trﬁmicrotéme usiné a
diamond knife, and collected on formvar cdatgd qrids., Sections were
'stained in 2%,aque5u5 uraryl acetate for 2 hours and postnstqined'inr.
0,2% aqueous ]ead c1trata pi 13 (Venable and CoggTesna]] 1965) for 4
minuteﬁhv Exaninations wepe made with a Ph1]1ps EM 200 at 60 ky, For

cal{bration of tne electron m1cr09raphs‘]atex partic]es (109 nm

I SeANNING, ELECTRON‘MICROSCOPY 'Q iy'?”f;'; o

! ‘ z,’ A

Materials were fixed and dried nccording %o the methOds

] !

‘Outlinﬁd in the'text Dr1ed specamenﬂ Were flxed to &tubs uﬁing ]ow

| resxstance contaet cement (Fu]]ﬂm lncH New York U, s, A ) and coated

“:wlth 50& Of carbon and SOA of'gO]d 1n an Edwards Vacuum Evaporatorﬂ‘|5

)

Coated spec1mens Were. examlned wlth a CameidQG StePeOSCan 54 fl SRR

A .

°Pe"at*“9 at 20 kV aﬂd 15~30° txltn EAR *;‘ : .;‘nf‘i
\ BN poT . '.'. e
| ' . .‘-i ‘i ‘<' ; ok : o : ! '::', ‘H, \ "‘ l‘n‘ e , wl T AV*v'

| ”; N LIGHT AND FLUORESCENCE MICROSCOPY ?“L*v~”ﬁf;lhgf > 3';<5§

V'

Y \ o i ’Tissues were prepared accor‘d]ng to the mEthOdS OHtM"ed ln th&l

L otext, Prepareq speelmens wera examlned W1th a Leltz Orth01ux I

ol T : ERTI ,
Vo S T T A I
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microscope, and observations were recorded on Kodak Plus X and Tri X
film using a Leitz automatic camera,
For' fluorescence microscopy live or fixed tissues were mpunted

on slides in a 0,01% solution of aniline blue fluorochrome in 1/156 M
dibasic potassium phesphate pt 8.0, " Observations were made witnlﬁﬁg'
Lejtz Oriholum I microscope, fitted with a Jamphpusing 250 ontaining
a 200K ultra~high pressure mercury lamp. 'The following comiinatiqn of .
filters Wag used to give:the maximum transmission 1n the wavelength
range‘359~370.ﬁm: uv filter, me uGT; uv ¢‘blue‘f1]terg 3nmn BGB; redn
suppressionf%]térA 4mq'5636;‘And eyepiege‘barrier f{lter, k430,

~ Undep these cénditdons cA11osa substances stained with aniline blue
b5.‘f]uor0chrome fluqrescéd a strong yéiiowngreen colour (Eschrich apd .

»

Currier, 1964), | S -



'B;;'EAKIN'VIVO ACQUESITION AND TRANSMISSION OF TSA BY ocezoru’, | i

.1, Materials and methods -

CHAPTER IV
TRANSMISSION OF TOBACCO STUNT AGENT BY orprniuM Z00SPORES

A. INTRODUCTION

Since Olpidimwn zoospores are only Ab]e to acquire TSA tn vEvY ,
the associatiod between TSA and §tages af its vector 1s thought Lo be
internal, (Hiruki, 1965), Knowledge éf‘nhe acquisition methqa is ;
important' in the examination of different stages in the lifé-aycle
of Ozb¢dfum foﬁ visua]iéétion of TSA, For the present atudy the
mOG& Of acquisfition requlred confirmat1on, tnerafore experlments
wepe Set up to test wnether acqulﬁltlon occurs £n ULUO and/op

tn vitro.  Fop Subsequent expaviments 1nyo]v1ng OlpLdLum transm15sion

~of TSA, it was nacessany to datermlne the- approximate concentranion

of" Olpidium/TSA zoogporea requTred for succqsszI 1nfection of tObQCCO

"y with TSA Tn1s wou]q alsa provjde an 1nd1cat10n of whether al]

zoosporas OF OZPLJium/TSA carry TSAAE.Miqua et qL (1956) reported
tnat Symptom development of . stunt Oecurred 1n tobacco p]ants grown o
in Seedbeds before they Qera transp]anted ifito ﬁhe fi&la Large “‘ v
healthy p]anns transp]anted lnﬁo lnfested soi] dld dhk Qevelop stqnt

Sympfomsn. in the present study the effect of host p]ant age on

transmiss1on of TSA by OZpidium/TSA zoospores was also 1nvest19ated¥

i e '
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a) Olpidium inoculation of TSA infected tobacco.

Seventy-two tobacco seedlings were grown in sand culture
in 12 plastic trays at 18%% 2°C. Half of theSe plants were inoculated
with tobacco sap c0ntainim§fTSA when they were at the two leaves
stage, The ‘infectivity of TSA in tﬁis sab was assayed on leaves of
Chenopodtwn anaranttcolor (Chepter IT1), After incubating for
11 days, symptoms of stunt were observkd on the inoculated tobacco,
i.e, local chlopotic spots on the inoculated leaves and systemic i
~vefn~clearing on developing leaves, Half‘of'these plants (]8dﬁgapts |
in 3 trays) and half of the healthy controls were 1noc§lated Q{gh
a suspension of OLptdimm zoosporeslerpr0x1mate1y‘104 zoospores/ml )
(Chapter lil), by pipetting 5 ml of this suspension around the stem
of eeen'plant,' Plants 1ﬁ the four treatment groups, 1., (1) tobegcq%’
TSA¥OZp£J¢um, (R) tobqeeoﬂTSA, (3) t.obm':'C:Q~()Lprz?drz:fm,‘(/{)'tvob,a\eeo,a
were 1heubatee‘for a further, 11 days, The roots were tnen washed
free of. Sand and Observed w1th the 1ight mieroseope for UZpidﬂMn\
; lnfeet1on, prior to 1neubatiﬂ§ in 50 ml of dist1]]ed waten to, perm1t
”AOOSPOFG re]ease Twenty flve neaithy tobaeeo seed11ngs ( 5 days f
o]d) were d]p 1noeulated 1n each of the rOOﬁ extraets ﬁrom tne four
creetments These Seedllngs were transp]anted 1nto 501] m1x and S
: .gpown for 3 weeks,co observe any development of stunt symptoms o
”ueLeaf samp]es were taken from ehese plants and assaYed for 1ﬁfec£iV1ty |

' on 1eaves Of c{ amaranﬁicolop and Red K1dney beanq ’ xf "w—!
‘._ : . - ‘ ;u [N

1 i ’ ' B .
“‘" zt L N ‘ } T B ‘ . Lo u"

: fbg‘»TSA}inqeulatidnpr.ozpidium‘infeetegctbbaedo,'_;eiff""'5‘f'f»f:&

The same experlmenta1 proeedure was used as 1n a)a excepn

fop the sequence of 1noeu]at10nsn Tobaceo seed]mngs were 1noculated
| . , 'lh‘ o ‘K, F.‘,_“ N l;,~ ’, |.|‘v l} \:‘1

L i : i . ,
L $ i I f o ‘l



§ Y g
with Olpidiwm, and then after 5 dayé of incubation the leaves of )
half of these plants, and half of the controls, were inoculated '
with tobagco s$$ éontaining TSA. [nfectivity. of this éap 1nQ§u1um
was assayed on . amaranticolop, lants in the four treatment groups,

1)e, (]) tobacgo~0ipidium~TSA, (2) tobaccog()Z;.r:'.([iwn, (3) tobacca-~TSA,
a2¥ (4) tobacco, were incubated for 22 days to ensure development of '
syﬁmemic symptoms of stupt, Zoospore suspensions were prepared from
the roots and used fop dip 1§o§u1at10n of ﬁeq]thy tobacco seedlings,
Tnasa\seeqlings were checked for stunt symptoms after a fgrbher 3

/
‘ Wéehﬁlm and 955@}’&(1 for ’infgct’iyjﬁy\\ on ¢. aparanttcolor and Red -

" Kidne be' . .
Yy bean | ﬁ%
' %

2. Results

!

£
kn both exparimental procedures stupt transmission pegurred

only 1n the: tpeatments 1nvolv1ng both TSA qnd 0[pldfum lnoqulntionh.

The” 1[111:141 mula of QODQQCO sap Cohtqmjng TS/\ wem found to be

inf&ctwe on (M wrmmrullcwﬁw*n ijewise 1nfeCC1VT’Ly was only

obtalned from ‘the’tneatments invo]v1n9 botn TSA . qnq OLptdium, No |

, 1nfect1v1ty was obta1ned on ]eaves of Red KiQney beanq No stunﬁ L .i s
!SXWPQOMS op- TSA 1nfeot1v1ty were. observeq with the tnpqe tredtments S
1 'Wh1Ch\aqted as C0ntr0]5 o \‘_" '”.~‘~‘“‘;: N ) | ‘f w\ | ?;1,'

»,I ] Pralmmlndry experlments on, the TSA 1noculation Of OZPLdium ‘ ; |

Ilnfected tobacco showed that 1t was: necessany.to 1nocu]atq the, ‘ |
5: P‘qntﬁ ith S@P wlthin A week followlng ‘the root 1nocu1at1on wltn }“j,ﬁ 5
: 'olpmdmumﬂ »AlsO, 1ncu5§§10n for a furthﬁr 3 weekg was necassary ’:5{; N .

jn orden to optain consxsqent Qpansmisslon of TSA

P o S T R



C. IN VITRO ACQUISITION OF TSA BY oLrrpIuM ZOOSPORES

1. Materials and methods

| Paining TSA was prepared byvhomogenising
leaf tis;sue?~ ;f symptoms in 0.01 M phosphate buffer pH 7.0,
. \;gr and pe;tle, Buffer was added in the ratio
ﬂ'éfieaf tissue, The homogenised tissues were
?ﬁjayers of cheesecloth and' the resulting sap,

g@as kept on fce. More bhffer was added

Q'ap to give a 1220 dilution,

pension of 0lpidfiwn zoospores (105 zoospﬁres/ml} was
prepared a ined 1n Chapter IIL,  Five ml aliquots of this
SMSP&ﬁSiOﬁl ixed with equal volumes of the 1:10 énd 1120
dilht@ons of This gave Prepdrations Of zoospores (6 x 104/m1)
raspective1y in 1 ?O and 1:40 dj]utions of sap These preparations
were assayed. f ‘ fect]ylgy on leaves of U. amaranticolop and Red
Kidhey-égan{ "cubatjng fop 5 minutes’ at réom tempemturea
nnége‘prepér S were each used for the d1p lnocu1at10n of 26,

. Zlﬁeaks old, Ehealtny tobamgo seed]ipgs, AS A conhr01 treatment
tochco seed]ings were dip: 1nocu]ated in 5 mi Of the initial’ Olp1dLum

vzoospore suspenslon to wh1c( 1An. qqua] voluma Of 0. O] M pnospnate

, jfbuffer had béen - qdded A]] 1nocu1ated seed]lngs were transp]anted .

'Alnto 5011 mlx “and grown at 18“’& 2°C" for 3. weeks to permlt obseranIOn

e ol

| ‘fvof the deve]opment oﬁ any Stunt aymptomsn After this 1ncubat10n

J".lpaploq the FOOQS Of Plants fPOm tﬁé treatments and contro] were

i{examxneq fop afp1d;um lnfECtlona Leaf dlsc samples (40 per treatmenﬁ)

) | ] , . :
[ . o B i . i H i
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: ware ﬁaken randomly from each nreatment group of tobacco and assayed S
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for infectivity on ¢, wmarunticolor and Red Kidney bean (Chapter I11).
2. Results

The preparations of sap plus zoaspores produced lesions on
¢'. amaranticolor, but not on Red Kidney bean. The total ‘]esion counts "
from 8 leaves 0‘% (\ amaranticolor were as follows:,
1.20~di1ut1on of sap, plus zoospores - 217 lesions
1:40 dilutibn of sap, plus zoospores ~ 22 1$$10ns
OLlpidiim infection was obseryed {n the roots of tobacc6'plqnts from
the treatment and control inoculations, No symptoms of TSA finfectfon |
developed on any tobaccn plants. Also, no infectivity was obtained
. from the Jeaf disc samp]es'takeh from the treatment and'contro]
1noculat19n§ of tobacco, Therefore, zoospores did not trqnsm1§ TSA

"t
A

after contact with 1nfect1oqa TSA in vitro,

\

whenﬁnne pnouphqte buffer conceﬂtrqtion\wdﬁ above 0,01 M, Also
tné\additlon of A~PTC (u>ed to hEQPIQ1§e(I?2 1nfeet1v1ty) to the

buffer resulted in the permqnenh IOSQ of zoospora mocil1ty upon ¥

ln preliminary exper%ments A??>poraﬁ lost thefir moti]ity

adding the sap. to the zoospore Suﬁpenﬂlon The dilutijon of sap

{added to the ZQospore >u5pen510n also. 1nf]ueneed‘moﬁ111tyn Final,

sap dilutions lowen than 13 20 resu]ted in) g\? of zoaspore momitya

tobaccQ roots,
N N

f l | l l} | L ' 0 . ' S : \\ ‘ [ ‘
. \
Dn, DETERMINATLON OF OLPIJIUM/TSA ZOOSPORE CONCENTRATKON\FOR :

TRANSMISSION OF TSA o

dnd subsequently no OZpidmum.lnfectlon in the

!gf Materiala qnq metnod L dﬁf, L o

‘A ccncdntrated sgsnénsi?n Of‘OZpﬁdﬁym/TSAZOOSPOhSSWQSﬁFf
K [N ]“‘v‘! a E S » € " ‘ !



prepared (Chapter II11), and diluted to give 25 ml of each of the
following zoospore concentrations: 4 x ]06. 4 x 10?, 4 x kOq, 4 x 103,
4 x 102, 40, and 4 zobspores/ml. .Groups of 25, 2 weeks old, tobacco
seedlings were dip inoculated with tggggﬁ?ifferent concentrations
of zoospore suspensions. Inoculated,sgggﬁings were transplanted
into so1l mix and Qrown for 3 weeks at 18°% 2°C to observe the
developnent of stunt symptoms, At the end of this incubation period
the noots were examined for olpidiwn infection, * \

This experiment was repeated using zoospore concantrations

of 108, 102, 8 5 107, 4 x 108, 2 x 105,

10%, 50, and 10 zodspores/m],
2., Results .

The results from these experiments are shown in Table 2,

TABLE 2. .Effect of Olpidien/TSA zoospore copcentration on

Ctransmission of Lobacco stunt agent \
Fean b s ,:T= . :'7 77:7:7' N ' »
Con&anrqlion of /ooaporns/m] TSA infechionn ﬁLpLdLum 1nfect1on
R 4 X 105 toe 25 R R
4 10 28 A
A 7<'10Fa o 25 4
4 x ]02\ . 28 »
A K10 9 '
a‘f40 ‘ 0 o ?
) : ; 0 .
]Klog uf‘ '25 @‘5 * ‘ o
v a0 o 2 s +
- Bx 10@ - 22, g i$$ " ,
i 4 A 102 | . ]] il "“.‘,! o
2 K' 102‘ ) o 9 . L P v ‘
LT K0P e b
50 L , 0 | ol
10 / 0 ‘

Ajumber of , tobacco pl nts snow1n9 >tunt hymptoms out, of 25-p1ants L
inoculated T ‘ |



e
A concentration of 200 to 400 olpi{iwn/TSA zoospores/ml

was required for transmission of TSA. Infection by olpidinm occurred

3
at concentrations which dld not give symptoms of stunt {nfection.

E. EFSECT OF AGEL OF TOBACLO PLANTS ON TRANSMISSION OF [SA BY
N v

OLPIDIUM/TSA T00SPORES |
1. Materfals and methods

Tobacco seeds were sown on vermiculite/soil mix in small
plastic tpays al intervals of 4 days up to 48 days from the first

sowing, and the p]@nts grown in the greenhouse al 18% 1 2°C, A

suspension of ofpldiun/T5A zoosporas, approximately 10t zoaspores/ml,
was'prepared as outlfined in Chapter 101, Each tray; ranging

Cfrom 0 Lo AB days after seeding, st then fnoculated with
Obptdfwn/TSA 2oospores by pipettiné 20°ml of the abBve zoospore
Suspanﬁiﬂn;onto the soil. The plants were grown for a further 35
day> Lo permit the Mavaldpmént of-ény Symptnma of TSA 1nfeation,

At tha qﬁaxnf this lncLDdLlon periodz 5,YmpLoms of TSA infection

wera rexordﬁ Alsa the rOOts were ﬂngmlned fop ﬁAp:szn 1ﬂfﬁLLiODa

qnd ﬁqmp]es nr leaf disos ngra taken from each tredqtment for

’ ihf&gt1yfty nﬁsay on ) wmant featar and Red Kidnay bean (Chapter ThL) .,

toa

R, "Results . | - ,
) H i iEm
) . ™\

: Thé tnfect1on of tochco p1anns of different ageﬁ by OLpLdLum i

and T3A, T01]ow1n9 Anoculqt1on of the roots w1tn zoospores Of -

‘0&y:d¢um/TSA 15 Shown 1n Tabla 3, Tobacco plants from 4, to 48

|1qA

days o]d qﬁ the tlme Of 1nocu1at10n, becama 1nfected with OLpldiMm/TSA‘“

{ |

N
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However, stunt symptoms were only obseryed in plants 4 to 32 days old
at the time of inoculation; and TSA infectivity was recovered from

plants 4 to 28 days old when {noculated.

<t

TABLE 3. Effect of tobacco plant age on infection by Olpidiwn and
tobacco stunt agent .

s iy e e TR R e A

Age of tobacco Root Foltiage
when inoculated infection by awnptoma of, TSA
{days) mlpldxmn/rsﬂ TSA {nfection infectivity

e e e e a4 by iim R oS i e eeant A e e ma ey TTEC pR e TEC TR M Rt AR S Aee s gl e mnTRE R mE s

7~
>
- R e A e I S |
331 3 D> > > > s
_tl 3303 3 —)-)-a»—:»—)-)-)’:

Fo DISCUSSION

| Hptdin zoospores Lransmitted TSA after contact {n vdoo but
not fu b, Thﬁfﬁ pasults confirm prayious repopts (Hiruki;VIQGSh
1968) , MORavqr, axperfients on fn it acquisihidn should pe‘
:napeq&ed,whqqknign]y pqrifieda infectious pgepafqtions of TSA are
AYAllqblen TRL use OflSMGhIPFéPdetidﬂS wou]d'é11minat& any
possible 1nf]uence of host aomponentsa present 1n Crude ﬁapa Whicp
may interfere w]tn Lhﬂ q&qulsxtxon of TSA by OZp;dpum zoosPoresn
The qbbancq Of in M1ﬁﬁv dcquisihion is fqrtnep evidence tnat TSA
is qlstlnct fram tochco necrosis v]puSH(T&V) Olpﬁdmum zoosporas

. readily chu]r& TNV /n oL Lo from pqnt]a]Ty purlfied TNV preparatlons

;
\ < ! b “U

i i e TR L L Bt Ry . i s S R e R S Lo AR 5 £, SRR 4 e i S

k]

A

42



43

(Teakle, 1962). This mode of acquisition must be extremely sensitive,
since lower concentrations of TNV can be detected by Olpidium
acquisition /n vitro, and subsequent transmission to an assay host,
than by infectivity assay directly on leaves of the local Jesion

host, Phascolus vulgaris .. (Fry and Campbell, 1966), }’

The results of experiments on the effect of zoospore
concentration on TSA transmissfoh suggest that only a partial population
of OzpiquM/TSA zaospores is capable of transmitting TSA, OLlpidiun
fnfection in the roots of plants not showing stunt fympnoms indicates
that there is a low titre of TSA present, or that Hot all Olpidimnm
zoosporéa carry  TSA. A similar report was made for a mass culture
of OLpfdimn carrying the lettuce big-vein agent (Lin ~¢ «/., 1970),
which 1s also caPried internally by 1ts vector. Using single
sporangium fsolates, they demonstrated that the agent {is not uniformly
distributed among ofpidivn thallf, even though the culture had been .
nmlntainéd on big-yein infected lettuge, Tha possible netgpogenaity
of anﬁdﬁum {n its association with T?Q must be considered when
attempts ape made to iiﬁuaiiﬁa the agent {n different stages of the,
fungus, | | |

The minimun zoospore' concentration for TSA transmlﬁsion qu
ilﬂn the range of 20Q to 400 zoos?or&;/ml. Hidaka and Tagawa (1965) - ,
" previously reportéd a_nin imun concentrqtlon of BQO zoospores/ml for
TSA transmission, This varlatxon in nesulns may be due to the
1nﬁ1uence of’ sucn factops as envlnonmanta] cond1t1ons on transmlssion,
op to 41fferences between 1@01@&&& of’ OZpidLum/TSA 1n thedr capa01ty to"
h‘tnansmit TSAa n ;ontrast to tne mlnlmum concentraﬁlon of zoosporas ’ ﬁ‘

‘ ”requ]red fOF TNV Lranﬁmlsslon (pr and Campba]], 1966) the - |

R ] ' R L]
¢ ! 1
' '



concentration reﬁuired for TSO transmission is considerably higher.
This may be due to the different modes of acquisition and disease
agent-~vector relationships,

 The age of tobacco plants khén inoculated with zoospores of

Olptdiwm/TSA, affected the incidence of TSA infection. Plants up to

A8 days old were infegted by the fungus, but only those plants up Lo,

32 days old developed symptoms of TSA infection, This suggests that,
tobacco plants, which were 4 to 5 Meeks old, had developed resistance
to TSA infection and multiplication. Hidaka er al, (1956) also |
‘conc]udcd Lhat tobacco plants less than 30 days old, when grown in
infested soil, were susceptible to stunt, and that plants older than
30 days, whan transplanted in, infested s0il, appeared to be resistant,
The results of thesé experiments on T5A transmission hy
zoospores suygest that TSA 1s only acquiréd ﬁnvgfuo by Olptdiuwm

\
Roosporas, and Lhat not all zoospores within a population earry the

agent, Likewise, successful transmission is alsox1nf]u6hqed by the

age of the host plant,

44
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CHAPTER v

+

CHARACTERISATION OF - TOBACCO STUNT AGENT

A. INTRODUCTION ‘

The agent causing tobacco stunt disease was originally termed a

“virus on the evidence of graft transmission, symptoms of a virus

disease in the infected noéta and {solation of yirus~like particies
from fnfected tobacco (Hidaka ot al., 19565.  'The v1rgs~11kﬁv
particles isolated were, however, non~infectious, Since that time
qunﬁmiﬁﬁlon of TSA by mechanical 1n0cu]at1on with infectious sag ‘/

(mmma 1964),, dnd by the fungus vector 0, braspivae (Hiruki, 1965),
\

have been demopstrated, No convinaing evidence has been reported
to estallish the identity of this dﬁseqsé’agent, but in the
literature it is still accepted as a yirus,

‘in the present study attempts have)beén made to.isolate,

characterise and visualise the infectioQ5 agent Of”tobécco stunﬁ
The effecﬁn of cernain chtors on TSA 1qfac£iv1ty in Lobacco sap
I

extract> wqra 1Q§Qﬁt1gdtﬁd to determ1ne the optlmal condit1ona for.

bloassay Antiblotlcs qnd nucleases were added to the extract1on ‘

[N Il

buffer LO PFOVIde qn|1nd1CQQ10n of tne natdre of thq 1+fect1bus ‘Lﬂ{' :
agent leewlse )nfected plants were treated w]th certaln antibioclcs

“to Observe any rem1ss1on of dlsease symptomsﬂ' Thls 15 Known to occur K

o [ i

:‘"1t“ yé]lo” d1seases Caused Dy M0111cutes 11ke organlsmsA ‘Thg‘If':”

. phy51ca1 pr0pert1es Of TSA ln topacoo sap were determlned 'to, PFOVide i”"

.!; o 1 e i

t .
sF . Yo f
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ff 1ncubat1on per1od and b1oassayed for " TSA lnfect1v1ty The development

an indication of the stabiTity of the agent for attempts at isolatjon

of the infectious agent.

B, EFFECTS OF CERTAIN FACTORS ON THE EXPRESSION OF STUNT SYMPTOMS
IN TOBACCO

I. Materials and methods

a) Effects of temperature

Twenty~one days old tobacco seedlings grown in vermiculite/soi)
mix at 25°C were dip 1nocu]atéd with suspensions of Olpidim and
OLptdivan/ TSA Zoosbores (Chapter 111). TInoculated plants and healthy |
controls were-tranépjanteq Tnto vermiculite/soil mix in smalj
plastic trays (6 plants per tray), and grown at 25°C for 7 days to

overcomé any transplanting ‘shock', FEach tray Was given a numbep
according to the 1nocu1ah10n treatment, i.e,
krays Jﬂto 9 tobaCCOHOZpidLum/TSA

i i 1

“trays 10 to 18 tobacq0a0;p£dipm

trays 19 to 271 tobaaco "
The plants were lncubated in grownn cnambers, w1tn 5 000~]D 000 ]

1ight 1nLensitya fOF 14 days ﬁt dﬂfferent temperatures (Tab]a 4) After R

quy were bioassayed for TSA lnfect V1ty on Fhenapodzum amazanﬁzooZdu o

qnd on Red Kiqney bean to monapon any TNV contamina}ion

(Chapter III) The tochco p]ants were lncubated for a further |
14 days after tranﬁferrlng some 0f the trays to d1fferﬁnt tempergtures

(Tab1e 4) Leaf samples were also harvested at thq and Of thiS ﬁ;}A‘.

1

I

i
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of stunt symptoms and lesions on . amaranticolor were recorded.

a
| t

“w

-TABLE 4, Incubation temperatures for trays containing healthy,

! 'Olpidium~inoculated and Olpidium/TSAHinocuiated,tobdcco k
Period of Incubation temperature
incubation '
_(days) 17°¢ | S
N N 45 6 . 7~8 9
b‘ £ 12 13 14 15 16 17° 18
I 19 20 2 22 23 24 25 26 27
15 — 28 Al a5 g 4 2 9 7. 3 6
L A I L T
19 zé A

- - f-

Numbers in the table 1nd1catq 1nd1V1dua1 tray numbarﬁ

A Plants developed symptoms of stunt and lasions deva]oped on
(’ a:mmntu*olop ,

b). Effecta of antlb1ot1c> e ‘”,2;f' ’f e

(i)‘ Tobacco seed11n9> Were grown from seed in vermicu]ita/501] mﬁ

Wt

at 25“C fon 10 days dnd than at ]8“ | 290 for 10 daysn Tne roots Qere 7 L
washed frea of soa] and then d]p 1nocu]qted for ] nour with Suspenﬁﬂon§ .

‘»;of OZp1dmum and OLpLd%um/TSA zoosPOresa After 1nocu1at10n the: ropts ﬁ} .

\ T . o I

. wﬂFQ washed and tne seed11ngs lncubated 1n 3 ha]f strength Hoaglgnd'

l }So]ut1on for 4 daysnv The rootg were examlned for 1nfeqtjon by the :

' '

'
i . |
oo

,ff*fungqs, and then ]D seedlqngs from each treatmenta 1, eA‘healthy,

‘ 1OZP¢dpum~1noqu1ated and Olpmdium/TSA 1n0cu1dted 'were 1ncubated in -.""”=

,;“the fo]]owing ant1b10t1q so]utlons fOF 24 thFS ]O, 100 & 1000 PPm

v;tetracycllnea 1000, IOOOO & ]OOOOO I, U pen1c]|]1n;'10 100 & 1000 ppm '

T (AN
L
! i ’ 'l " 1 { ' ! "'
) ! } [T y . R L :
) crg L ‘ t o ; o ) \ - , te | \ |‘= L “J‘l' -
: Syt R . : ey ;o : REETER
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R, Resylts o R —

chloramphenico].' Distil]eq water was used as é contral. After-
treatment with antibiotics the seedlings were transplanted imto
vermiculite/soil mix and grown at 18°% 2°C for 6 weeks. " The develop-
ment: of any symptoms of stunt infection was recorded,

(11) Ten days old tobacco seed]ings were dip-inoculated for 1 hour in
suspensléﬁs of 0!p£d1um and ULpzdxum/TSA zoospores, These inoculated
seedlings and healthy controls were transpianted into yermiculite/soﬁ]
mix. and grownlfor 25 daygyno permit the development of any symptoms

of stunnvinfecpionk At the end of this peripd, 501l ﬂqs wasnea from
the roots of plants in each treatment, qnq']O seed]ings incubated for '
24 ﬁourﬁ in soiut1on5 of the same antibfotics as in section (i),

After treatment with antibiotjca, the seedlings were transplanted

and grown 45 én section (i), | The dévelupment of anyls%mptoms of stunt

'
!

infection was recorded,” = ~ ;L

"o

a) Effecta of temperatura - o B |

Only nobacco p]anta inoculated witn OZPldP#ﬂ/TSA 4005¥0res and
grown qt 179 C deyq10ped ﬁymptoms of atunt during ﬁha first 1ncubat10n
" pariod of 14 daya. Infect1v1Ly of TSA waﬁ obta1ned from thesq plants
(Tab]e 4) No 1e510n5 devaloped on Red K1dney bean leavesa Low

temperature had an effeet on tna growcn of DOCh Olp@dmumalnocu]ated

{

and healthy Conhro] p]antsn These p]ants were smaller 1n 51ze and }Fff

the leaves were llghter 1n colour 1n contrast W1th p1ants grown at 25“ jfE ;

and 33° C. Dur]ng the second 1ncubatmoq per1od of 14 dqys on]y p]ants

m tray numbers 1 and 5 had Symptoms of stunt and aﬁsomated TSA

Il‘

1nfecn1v1tyn. Tray!Noﬂ ] nad been ma1nta1ned for'28 days am 17 C

48
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, ’ ' -
whereas tray No. 5 was transferred from 25°C to 17°C after the first

incubation period, Symptoms were masked at 25°C, but developed when
the plants were incubated at 17°C. The plants grown at®33°C, when

p .
put at 17°C, did net develop any stunt symptoms and no infectivity was

obtained from these plants (Plate lf D &‘E).

D)A Effects of antibiotics

The development of stunt symptoms in, tobacco was n0t‘suppressed g
by troatmentu Includ1ng 10 to 1,000 ppm tetracya]ine, 10 to ] 000 ppm
ch]ommphemcola and 1, OOO to 100,000 1.u. penicillin, The h1gnest o

Concentﬂatlon of each antibiotic used caused phytoﬁoxicity to different

1 Materiais and methods

extents in the treated plants., The time of application of the antin~

biotics did not have any effeqt on the development of stunt symptoms

/
in tobacco inoculated with olpidiun/TSA,

\ | F
C. RFFECTS OF CERTAIN FACTORS ON THE BIOASSAY OF TSA KN TOBACCO SAP

L ! ;

R ' R o é

|
i

; ). Buffer pH L L o S o Co

One leaf dTSC wqﬁ taken . from @ach of 30 t%chco 1eave5 show1ng o

'5y5temic nacr051s 14 days fO]loming ﬁap 1noeu]atlon of tha plants w1th :

3,‘Tne buffer pH was var]ed 1n the range of pﬂ 5 0 to 8, 5 for d1fferent ;=:5v i f

| 1eaf dlSstamp]asa, Eacn sap 1n0cu1um wds assayeq for TSA 1nfect1vmty ;bf

N \The lnoculaQ§q leaves were rlnsed w1th water qfter lnocuiatloq and

N the p]ants were lncubated at. 18q 2 C. . Le51on counts were made aften

B

TSA EAcn samp]e of BO ]eaf dTSCS (qpprox1mqta]y ] ) was homogen1AEd | g o

1n a PreQ001ed mortar dnd pestle wmtn a ml of " phosphate/PTC buffﬁrn_=; ”‘;’ df}j

[
i

i Lgon 8 ha]f 1eaves of o, amaﬂanchoZoP dusted w1th 600 mesn Carborundum

i R ) ) o
! L I ¢ A P : ‘ R "‘ ! e l!' BT vt

. Y . f i

' C ! L P i n - )

. : f . o o : ci
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14 days of incubation,

| In this experiment and subsequent biodssays for TSA infectivity
precautions were taken to exclude variation in the susceptibility of »
different leaves and plants of (. wmranticolor to TSA infection,
Plants with 4 leaves were selected at a uniform stage of deve]ﬁpment, .
and each inoculum was applied to the 4 leaf positions on different |
© plants. Nhen\comparim; énly tkp inocula, these inocula were applied ¢
to the two halves of the same leaves. When bioassaying for TSA

infectivity, inoculations were also made on leaves of Red Kidney bean

for ap indication of any TNV as contaminant.

. b)  Buffer molafity X

Samples of'SQ leaf discs, as in saction a), were homogenised
with 2 ml of 0,001 M 4~PTC prepared fn dif?erent molar concenCPat1ons
.of phosphqte’buffer pH 7.0 ranging from 0,001 M to 0,6 M, Tnel
vdifferent 1nqculq were b1oaﬁsayed for TSA 1nfact1v1ty on leaves of

G aMARAR LA 30 Lm- ‘ .
ﬂ L yo 5

) Rncubation temperqture | ‘ 3| 5
"Two g OF tobacco leaves, showing syﬁtemxc qgeroaiﬁ

‘ﬂftap 5ap 1n0cuIAL10n w1th TSA, ware homogen1sed "1Fh 18 m] of
Phoﬁphqte/PTC buffer, ‘and tha resulting snp extract kept on 1oen

}Thiﬁ 1noqu1um was qsed to 1noqu]atﬂ four leaves on each of 16 S
. \ ‘ @“".‘ P
1o amaran£4qolav p]antsn Fo]lowing 1n00u1at10n 4 plants were .

[_1ﬂcubated at each of the folloW1n9 temperatures“' 17°r 2]°; 25°:and S

- '33°C Lesion counts were made from 4 to ]6 days after 1nocu1at10n.g'

; o . ) ; . .
v o i DL : Y ' : . : i !
Ll i ; i
i : H i oy ¢ i

zn‘xﬂasu]tsnt' f" .“lﬁ f'x.," ‘ ‘ f7|. j‘f' ’ 4  } i ' 2y; . ;; (‘ F
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a) Buffer pH \ \ N

The lesion counts obtaihéd'from 2 experiments on the effect

\

of buffer .pH dn TSA infectivity in tobacco sap are listed in Table 5
‘ 3

(Appendix). These results have also been plotted on a graph (Figure 1),
The:highest infectivity was obtained with buffer in the range of pH
6.5 to 7.5fﬂ'fn contrast, buffer at pH 5.0 reduced the level of TSA

infectivity recovered from tobacco sap.

b) Buffer molarity
Buffer of high molarity decreased the infectivity of TSA in
tobacco sap, The optimal molarity was 0.0] (Figure 2). Buffers,witn '

molarity higher than 0,05 reduced the TSA infectivity considerably,
, ' ; t
Inocula prepared with phosphate buffer or with distilled water, poth

Wj thout 4-PTC, contained much less fnfectivity than those prapéred,

with’Q,01 M phosphate /PTC,  The lesion counts obtained from 2

experiments are listed ip Tables 6 & 7 (Appendix)

) hncubation temperatupe

" The éffect 0f41ncupqt16n,ﬁemperatura on the development of

“local Jesions on ¢ amapannimnlop'leaves'folloﬁing sap inoaylation

with TSA is shown in:Figure 3, At 2]“ And 26 'C ‘the lasions @ppeared
: first qften 5 days Of‘1ncubat1on (day 5), wnereaa at 17‘0 on]y | ‘

 "a few le51ons had appeqred by day 651 Tne hlgnest number of ]e510n5

) I

‘was produced ac 17 énd 21“0 This number was reached by day 12 at
'i;ZI“C but not. unt11 day ]6 at ]7 C At 25°C 1esmon development had

reacned 1ts maxlmum by day 14 but tne ]QSTOH count was on]y o o

deve]oped at 33 C The ]GSIOn counts obta1ned from p]ants lncubated

\If ! . i s
. : [ v : Do
U ! l o [ ’u“ ! o S ! LL . : !
; - S Vs ! : ! ! i by ‘ ,
s ey [ vy L | L \
. : NI . Vo oy
| . oy ! h .
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aPPPOxlmate]y half Of Lha nghest counts at ]7“ and 2] C No 1651005 ,',"5»



Ao
F

Y.

1GultE 1.

]
&ﬁx

Effect of buffer pH on tobacco stunt dgent infectivity

in tobacco sap bioassayed on (hanopodium amaranticolor
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FIGURE 2. [ffect of buffer molarity on tobacco stunt agent infectivity

in tobacco sap bioassayed on Chenopodiwn amaranticolor \
1
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at 17°, 21° and 25"C are listed on Tables 8, 9 & 10 (Appendix ).
AN :
D. INCREMENT CURVEL OF TSA INFECTIVITY FROM* TOBACCO AS DETERMINED BY

BIOASSAY
1. "Materials and methods

a)  Increment curve obtaingd from tobacco inoculated with ofpidiwn/15A

The rools of 21 days old tohdacco seedlings grown in vermicul it/
soll mix were washed free of soil and then dip inoculated with o
SIAS}lﬁllﬁig)ﬂ of pd i/ TSR toospores for | hour (Chapter 1I1) . The
fnoculated seedl ings were Lransplanted (nto vnrmlculJﬁn/ﬁoi] mix and
grown at 18" 2 2°C for 6 weeks.  Samples of 30 ]eaf discs ( pprox lmately
1 9) were takan at intervals nr 2 day> Trom 10 tO’?ﬁ*qay% quor h

ino tA]aLlun of Lhe rools wilh ZOO&pOFGS, and bioassayed for T5A

'1ntﬂctlvlLy. [her Teal samplas ware homogenised with 2 ml phosphate/

PIC puffar, and assayed on 8 leayes of . wmgreant foolor,  Lestion

counts wera made after incubating for |4 days.
[

b)) knepement curya obtafned frnmg¢ﬂbacco noculated with sap
contatning TSA

Hea | Lhy thautu‘ﬁaﬁdilngé Were grown for one month in
vquicul[Lm/unil mix in SMﬂl]iplﬂﬁtlf trays (Chapter LEL). The leayes
nere e dusted wnth Carhorundun and {noculated with a sap sample "t“i““d

from 1nfectuq Lobacgo plants The inoculum was prapqrﬂd‘by homogenising

A q tabacco ]gqveaa showing systemic necrosis 16 ddYS 4ftﬁr ﬁqp

'1nogu1qL1on Wit 1%Aﬁ with 20 ml phosphate / PTC buttnr. IHOCM!qLe<I

plants wear'e qrown at 18" & 2°C, qnd >omplaﬁ of 30 |eaf d15cs |

Y '
' \:v‘ i . . i I

‘& 6& . ) q“

I



(approximately. 1g) were hdrvesfga\TFOMJTnoculated leaves and from
non-inoculated leaves at intervals of 2 days from 4 to 24 days after
inoculation. These leaf samples were bioassayed for” TSA Infect1vity
as outlined in a). The inocula were app]{ed to half leaves of\

Cooamaranticolor.  Leston counts were flade after incubation for 14 days.
3 \

2

2. Resujts

a)  Incrament curve obtalned from tobacco {noculated with ofpidiwn/ TSA
Infectivity of 1SA in tobacco leaves was first dg&$ctud 14
days after {noculation of the roots with £005pOrEes (Figurel‘).
Symp toms 0} stunt were observed on the tobacco plants atqZO days after
{noculation, and the hiuhuat'infnctiv&ty was obtained at day 22, At
day 30 symptoms of stunt were well daveloped buﬁ the infectivity was
low, No lestons developed on Red Kidnax bean, In bath experiments
the highest infectivity was ablained nt.the beu1ﬁn1ng of stupt sympton
development on tobacco, As the symploms bucame more suéere, the
tnfectivity dropped, The Iﬁﬁion‘cnqntﬁ obtqinﬁd‘ére listed {n

[

Table 11 (Appendix), p . .

A

b)) Aneremant urve uhtqinﬂd from tobacco fnoerlated with T5A in sap
Infectivity of ISA WA reodvcreq from 1nocylated Lochcn leavas 4
days after fnoculation, The hignest infelevlty WA obtained ]3 LO ]4
days af L inoculation (Figure 5) Symptoms F]rﬁt appeqred on tne w‘i
1nacu1@téd 1ﬂay65 nL lay 6, and hy day 14 Lhe neeros1s wq> >avarea After
day |4 there was a dec Peaaa in TSA 1nTecL1v1ty lnfect1V1ty was obtalned
from nonainoculate( ]epve> aﬁter 10 1o 12 days qfter 1nOCL]at1on of the
plqnhs.l Symptoms first leveloped on Lhese ]eaveﬁ on days 12, to ]4 Tha '

) hlghest 1ntect1ijy WQS obtq]ned on (qys ]6 to 18 Stuntlng of p]ants
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occurred after day Z20. The recovery of TSA infectivity from ﬁystemfcally
infected leaves was possigée 6 days after the first detection of TSA in
inoculated leaves. Highest infectivity fn all leaves was obtained

prior to éymptoms of necrosis and stunting becoming severe, Lesion

counts obtained are listed in Tables 12 & 13 (Appendix).

E. EFFECTS OF CERTAIN ADDITIVES ON®TSA lNFtCTlVlTY IN TOBACCO SAP

¢

1. Matepials and methods

a) Anti-oxidants

.
Two leaves of tobacco shawing symptoms of systemic necrosis were
harvested ]6 days after sap inoculation of the plapts with TSA, These
]ﬁdYesﬁwﬁFG cul, into ha]f exaqtly down the mid~veins, Two half leaves,
one from each Iﬁaf, were homogemised with PhOSPhdﬁ@/P{b” buffer a%ﬂq
control, and TSA infectivity was bioassayed on one half of leaves: of
cn,nmmp§uniuuﬁun. The other 2 hqlf‘]éayes of infeated tobaccq were
nomogénised wfth phosphate/PTC  buffer cohta1n1nq T%f50d1um ﬁu]pnitE,
‘anq IQQCH]qLe( to the remaining half of the ¢, aquannLvoZop 1eave>A
‘Tha saﬁé“provﬂdure was repeated fopr test1n9 the affect of 1%‘a5c0rbla

‘ aci< qd(ed to the phosphqle/PTP\ buffer, Lesion gountsiuara made

i
| i '

Aftﬂr incuquinq for 14 « days |

i

'y i i i , o
L ' : [t A
' o . ' 1

,‘D} Anleioti

* The same procedure as 0utl1ned in a) wa5 used fon the prepqration

v f
i

,-and bioassqy Of 1nocu!a to determlne the effect of addlng annlblotics

x.n

\to the phosphaLe/4 PTC buffen, The fO]lowlng 501ut10ns were tes@ed

. phospha$6/ETC; t ] 000, ppm tehrqeyc11ne, phosPhate/PTC t l 000 ppm 3“

‘ Rt
4 t ¢!



.‘ 1ﬂ O 02 M phosphate/PTC buffer was PrePdreq 3s ﬁbovea and samples F'

7'wwere mlxed w1th equa] v01umes of RNase in dlst11]ed water tO 91Ve

\

- R
chloramphenicol, and phosphate/PTC +10,000 1.U. penicillin, The sap
extracts were incubated at 20°C for 10 minutes prior to the bioassay

for TSA infectivity.
. I(l' )
¢) Nucleases and protease ‘ ,

The same procedure was used for the preparation and bicassay af
inocula as outlined in a). The following nuclease and protease
solutfons were tested: phasphate/PTC + 5 ug ribonuciease (RNase) per ml,
‘phosphate/PTC + 100 pg deoxyribdnuclease (DNase) per ml, and phosphate/
PTC + protease at concentrations of 500 pg, 1,000 pg and 2,000 w9 per ml,.

The effect of RNase concentration on TSA infact1v1fy in uobacco
sap was also determined. Elght g of tobacco leaves showing system1c
necrosis, 16 days after sap 1nocu]at10n of plants, wiﬂh T5A, were
homogenised with 8 ml 0,02 M phosphqte pH 7. O + 0,001 M A-PTC, 4
‘Solutionb of 0,02, 0, 2, 2 and 20 pg RNase/ml were prepq€ed in dlst1]]ad
water, kqual vo]umes of nnq sap extramt in pnosphate/PPE buffer nnd

the RNase prepqrations were mixed together and incubated at 20“0 fop ]0,

~;m1nutean Tnus % f1na1 aoncentrqtlans of RNGSQ obtained were 0, 0]

‘0 1.1 and 10 uq/m After 1ncubat10n, thase d1ffarant prepqrations of

sap p1us RNase were blOaSquﬁd for TSA 1nfeQQIVity on Cﬂ‘wﬂaldnﬁltufum !

A control 1noculum consisning of sap in phosphaﬁa/PTC bufﬁen m1xed w1th

,\ w1 A

an equa] vo1umefof d15t1 led water was also blonssayed - x | f ‘
4
The effect of/RNdse on TSA 1nfect1v1ty 1n cObacco sap over a

PéPlOd Of 1ncubqtlon qt 20°Q qu determlned TObaCCO sap extracpEd

i Lo

"'"flnal conqentratlons of 0, OO] qnd 0,01, H9 RNase/m] A qontro] fAiff;{.

n

L 1nocu]um WdS Preﬂdred by adding dn equal volume of" water to the ﬁap

FEEE EAREEEE ,,, : , :
' ' [ ot | i : L N

4
] et



extract in phosphate/PTC  buffer. These inocula were bibaséayed for
TSA infectivity after incubating at ZQ:C for 0, 10, 20, 30, 40 and 60

L)

minutes,

d) Nuclease inhibitors 1

'Crude bentonite was purified as outlined for use in virus
nucleoprotein extraction (Dunn and Hitchborn, 1965) arf® in nucleic
acid extraction (Fraenkel-~Conrat et al., 1961)., The former procedurd
1nvblved suspending the final bentonite pellet {n phqsphate buffear
conta1n1ng’ma9nes1um sulphate This sample is hereafter referred to
as Mg~bentonite in order to dist1n9uisn it from the samplelobtained
from the second procedure, The effects of Mq bentonite and bentonite
On'TSA infectivity were‘tesﬁad using the procedure outlined {n a).
The foflowing aoncentrations were uéed: 2.5, 5,0 and 12,0 mg Mg~
bentonite pér nl, énd 3.0, 8,0 anq 16,0 mg benﬁonihe per: ml . |

The effect of. djqurent concentrations of yeast. RNA on TSA
1nfect1v1ty in tobacca >qp ras 1nvest1qated F1ifteen g of tochco
]aates showing eqr1y ﬁystem1c SYMpLoms , 16 dgys aﬁtqr sap 1n0cu1qt10n
of - tna plqntb w1tn TSA, nere homogenlﬁed w1tn ]S ml O 02 M pnosphate/
'PTC buffer pH 7.0, ?dmples of thl& sap extracn ware mixed with equq]
yo]umas of yeaat RNA prepared qc Lhe f0]10w1n9 concentrations 1n |
. dlstllieq watar' 0”2 2, ]0 20 and 200 mg/m] f@er m1x1n9 thﬁ i

A'preparatqonﬁ conta1neq yeqst RNA qt 0 12 1 By ]0 and']OO mg/m1

‘vThesa preparathns werq lncubated for 1 hour at 20°C and tnen f

B b]oqssqyed for fSA 1nfeqtdv1£y on ]eaVﬂS Of F' ama:anﬁicolon

2‘}‘ ' The ﬂffects of yeast‘RNA and Mg2 On TSA 1nfect1v1hy in’

¥ 'tobacco saP over a perzod of qnqubatlon for ] hour at: 20°C were “t ';"?n

Ly oo
| X : : ! [
s ' i B
i ¢ i ot
¢ i

I oy | S | R -
b i 3 E '
\ :lq}‘"i R ; . . B ! ' BT

Yy

it
[

' gdehe¢m1ned Ten 9 of! tochco 1eavas show1n9 equy Systemlc ﬁymPﬁomS ‘.‘
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uefe homogenised with 10 m1 of 0.02 M phosphate/ PTC buffer. Samples of
this extract were mixed with equal volumes of yeast RNA and magnesium‘
chloride in distilled water to giv? final concentrations of S'mg.yeast
RNA per ml and 0.01 M M92+. These mixtures were bioassayed for TSA

infectivity after incubating for 0, 10, 20, 30 and 60 minutes at 20°C,

4, Results

a) Ant{i-oxidants

Addition of 1% sodium sulphite and 1% ascorb@c acid caused a
reduct1¥n in TSA infectivity (F19ura 6). Buffer containing ascorbic
acid was pH 4,5, wﬁ%reas'tha buffer plus sodium sulphite was pH 7.5, °
The lattep had’ less adverse effect on TSA 1nfect1v1ty in tobacco sap

Lesion counts are listed {n Table 14 (Appendlx)

1

ID) Antibjotias B ‘ ’ - ‘  i‘  .
r o v
(n]oramphen1001 and pen]clilin at tne concentrat1ons tasted

'had no s19n1f1cant affect on T%A 1nfecL1v1ty in tochcp sap (Figure 6),
~Mowever, the addltlon Of tetrauycl1ne caused a reduetlon in TSA |
,‘lnfectiv1ty signlficanL at tna 5% leval - The ]esion counts are 1isted

“vin Tabla 14 (Appendix) - ‘” o ,;," '“:v‘-‘ ﬁk"‘h',}\i; R

\ . , . A o s
, . 5 ' [ . B " : L t

3 c)‘ Nue]ea§65.qnd proteqse A}‘J ‘jf52: :' ‘w ¥5  NI
e Tnere was no effect OF DNase at:a concentratlon %§5JOO pq/m] on

;  TSA 1nfept1v1ny ln tobano sapn- HOWQvap, 1nfect1v1ty qu Comp]ate]y

[ \

H'[ lnacﬁlvqted by 5 pa/ml. RNQSQ (Flgure 7) Proteasa'at a concentration R
of 5?0 H9/m1 reduced 1nfeqt1v1ty by'approx1mate]y 50% Concentrat10n5

iy . Y ‘
‘_;of 1 ooo‘and 2 000 pg/m] were aTmost comp]ately effectlve 1n removing

;’infect1v1tya Les1on coqnts ark lxsted in Tab1e 15 (Append1x) Ly

| o
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Ribonuclease at concentrations higher than 0.1 ug/ml completely
fnactivated TSA infectiyity in the sap preparations (Figure 8). At
* 3 concentration of 0.0001 ug RNase/ml, infectivity of sap extractswas
the same as for control preparations., Lesion counts are listed in
Table 16 (Appendix).

The kinetics of RNase action at concentrations of 0,001 and 0.0]
ug/ml on TSA 1hfect1vity in tobacco sap is illustrated in Figure 9¢ .
Infectivity in the contro] preparations decreased considerably over the
total incubatijon period of 1 hour, However, a greafer loss of infectivity
during the first 10 minutes of {ncubation was evident {n the presence
of added RNase., Even during, the tine to mqheithe 1ﬁocu1at10ns at 0 -
m1nutés incubation, the infestivity of the sap extracts oontaining
RNase was reduced by approximately 50% in contrast with the contfols.
However, after 10 minutes of incubation hhé fnfectivity [p extracts
containing RNase did not dﬂcrqéﬁo 50 rapiﬁly, The difference between
‘tne infect{vity of traa&menﬁ and control extracts after 60 minutes of

{ncubation was 1ess eyldent, * Lesion counts are listed in Table 17

[}

(Appendix).

d) Nucltease 1nn1bitor> | »A

- Mg bent0n1ta at convantrations of 2., S and 5,0 mg/m] haq no
’efﬁect on TSA 1nfeut1v1tyﬁ nowevenh gt 12 mg/m1 TSA 1nfec@1y1ty WQS
,comp]qtaly 1nqct1vqted (Figure 10) : Benton1te qt 3¢ mg/ml reduceq
'1nfect1v1ty by aPProximately 50%57 At 8 mg/m] OP highep concentrations, ., f

"}flnfectivqty qu\extreme]y ]ow op comp]ete]y 1nact1vqted Lesion counﬁs

5 ; [
o . :
1 . i . . 1

|  ;lare 115ted 1n Tab1e 18 (Appendqx) ] ‘. i ‘1.'

\

The addatlon of yeast RNA at concentratlons OF 5 and 10 mg/ml o

i gaya the h]ghest TSA 1nfect1v1ty 1n tobacco sap 1ncubated for 1 houv

. . oy
' v 1" ;" . . v, i F ' f ! o i
. ; ) [ ; 1 Lo

[ ! | U AL [ Y



FIGURE 8. Effect of RNase concentration on tobacco stunt aqent
infectivity in tobacco sap b]oassayed on Chenopodiiam
amaranticolor
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FIGURE 9.
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Kinetics of RNase treatment on tobacco stunt agent infectivity
in tobacco sap bivassayed on Shenopodian amarantiaolop

o—0 buffer
m——a Luffer + 0.001 .g RHase/m)
O——0 bhuffer
&——e huffer t (.01 yg RHase/m
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at 20°C (Figure 11). lesion counts are listed in lTable 19 (Appendix).

Yeast RNA at the concentration of 4 mg/mb partly stabilised
EBA infectivity in tobacco sap.  This effect occurred even during the
time taken Lo make the fnoculations at &un{nutcs Incubahhn1timei

Inactivation occurred during the 1 hour of incubation, but a higher
' \

level of infectivity was obtained from the preparation fncluding yeast
RNA than from the control (Flgure 12). Addition of‘Mg?1 al 0.0l M
did not stabiltse TSA fnfectivity., Over the tolal 1ncubatlon
period vt | hour; nactivation occurred at the same rat® in bath

f‘f ] = 3 "
ﬁqu Lreated prnparqthnnsynd in the control (Figure I?): Lesion .

counts are |isted (n Table W)Rxhpnnu1ﬁ){

F. PHYSldﬂL.PRDP[RIlLS OF TSA LN TOWACCO SAP

1. Matepials and mcthods

F
i)

» LY

q)' DlluLVunmnd point
F]x& g of Lobacgo loavas 5howjng early system{c symptoms, 16

days follawing sap fnoculation with TSA, were nomodqn1ﬁed with & mi

fi s

pn05phqtﬂ/ﬂ16 hutfer, dnd"tha.sap squeazed through cheesecoth, "
This sap was considered as a 131 dilution, The sap a3 kept on e
and further o7 luted with burfmr Lo mqka ].ﬁg 1110, I 50 and 1:100

7 dllutioﬁs. Tha>e pPGPAPdthOS were bioqxuqy«d for TSA 1n*ectiv1ty

[}

on ]ﬁQYéﬁ Of (.'..“ (Ul!(lk'f(“l‘Luul()l’rh‘ ‘ 4,
i \ \
y i

S

PR . ! ‘ ] vy § -
" b)) Longe . B ' w
b) L ng v1ty VoL,

I entract of tobaccd sap conta4n1nq TSA Was prepqred by N

'\’\ AR :45

nomogenlsinq ]0 q,of ]aayeﬁ, showinq equy system1c symptoms, with no

10 m] phosplqte/PTC bufrer pH 7.0, Another extracu wa s prepared uﬁlng
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FIGURL 11, H’t&(\_t of the addirtion of yeast RNA on t;6bac<;n stunt
ageMt intectivity in tobacco sap bioassayed on
Chenopodiwm amaran! Lo
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FIGURL 12. Lffect of yeast RNA and My Y oan tobacco stunt agent
infectivity in tobacco sap incubated at 20°C and
bioassayed on oo dm oot feo Lo
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phosphate/PTC  buffer containing 10 mg yeast RNA per m]. SampTes

af these extracts were incubated at 4° and 20°C, and bioassayed for \\

TSA infectivity after known time intervals of incubation. Inoculations
were made on half leaves of . wnardnsicolor. The samples of the same
sap extract incubdted at 4° and 20°C were inoculated to the two halves

of the same leaves.

¢) Thermal inactivation po inky ”w\.

Tabacto sap containing T5A was prepared by homogenising 20 ¢

leayes, showing systemic necrosis, with 20 m1 phosphate/PTC\ buffer
£

A o
4#1 7.0 containing 10 mg yeast RNA/ml. After squeezing through cheese-

cloth, this 'sap extract was kept on ice, Twa ml samples.of this %ap,
[}

in 8 mm diameter. tubes, were placed in a watep bath at various Lun/sraa .
tures rmxﬂdg from 20" to SO“C”at 5% intervals, The sap Was ma1ntaﬁned
at the required Lemparqtur@ ror 10 miputes, then coo1ed to 4°C in an.

feg batn qnq Dioahhayed for TSA infectlvity on half leavas of. \

C.‘umxvanttcolou The remaining half of each leaf was 1n0cu]ate( wlth

the aap extract which had ‘been mqintaﬂned at 4 ( without any heat ] ‘\\
/ \
Lreqtment- ln this way 1L was ponaih]e to compenﬁate For loss’ oflﬁ .

TSA lnfecLiv1tY dur1nq Lhe time taken to cqrry aut. the saries of haar
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Tne d11utipn end po1nt of TSA 1nfeét1v1ty 1n tobacqo sap was e

found to be between l 50 and 1 100 (Figurq 13) Le31on countﬁ ara i S
| Hsted in Tablé 2 <Appenqmng S T
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b) Longevity N
The ]opgevityvof TSA infectivity in tobacco‘sap extraC§s‘w1th
\or without added yeast RNA was only 2 to 3 hours at 20°C. At(A°C
infectivity was recovered from extracts contalnlnqéégdst RNﬁkafter y
incubating for 36 hours . 16wever, ‘in the absence of yeast RNA, ; 
1nfect1v1ty was only recovered during the first 24 hougs, of 1ncubation

.

(Figure 14)A Extracts with or without yeast RNA conta1ﬂéd very low -

infectivity when incubated for more than § hours at 4°C,  Lesion  \

counts are listed in Tahles 22 and 23 (Appendix), p ' | ~

~ ¢) Therimal inqctivat1on point ' o - -

o IncubaLion of Lobacco sap at 35%C op h1gher temperaturqs for
10 minutes complately 1nqvt1vated TSA 1nfegt1v1ty At BO“C \more X

than 50% of $SA infeqtivity was lost, The Tesjon countﬁ are li‘tag An

NI ‘ @
Table 24 (Appendix), . | ‘ ' .
.I . T } " : “ ' . Y ‘r‘ '
: o 4. ' .
' I . * ‘ , Rmi: o
) ‘ AN ‘ LN ‘: ‘:‘-‘,,’ L “."; \ . L "_ ‘ . | “ v
G, FSOATION OF TS . ©- " b o o
. B R : o At i ‘ A\ v g I&,' 2] "v ; 7 . ' ’ L “ ‘!:‘: ! . '
[ ‘}' [ Co [ “,. " ' ‘i ) r ! ; lw\rl : o ;! ‘A"‘ v i.“ \
1. Mater1als and meﬁhodﬁ , T T R VI R
‘ T P Sy N
. ;‘p‘ ,ll' o ‘ I::.l .t 3  |. ."n 4 ,, “.;|;!vil . ‘ o o |
a) Extrqonion of nue]aoproteina - i ‘.w‘ ,f ',‘*“ ';'\,ff4 ﬂ vl .';.

i

Attempts yere made ho 1solate lnfectlous nuc1eoproxe1m fractmong

Np e heed s

from Lochco and Lomdto leaves §h0w1ng ear]y systemln symptoméfﬁf stunt f'““,ﬁ;

v ’\ T

'1nfeqtionn TomaLo p]ﬁntﬁa: how1ng syﬁtémle symptoms Of ve1n~c]ear1ng

'\ E LI

.and ye]]owing of young leave> fOIIowlng sap 1nocu]at1on W1ﬁh TSA g,!"h ‘
PN

(Hiruk1, 1975), were used as an a]te nate’ source of TSA because :'1‘,V=vi”h“
1nfect10n of'ﬁhe tlssues oqeurs w1thout necrosls, Nuc]eoprote1n ";] fu'f’"";
‘ Ve

extrqctlons were caryiedrout at 4°C using Q1fferentia] centr1fugat10n \"' JViﬁﬁ
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and Benzinger, 1970).
(i) Differential centrifugation .
Sap fromiinfeoted tobacco and tomato leaves was extracted
with phosphate buffer pH 7.0, at molarities ranging from 0.01 to
0.5 M, containing 0.001 4~-PTC, Tissues were homogenised in a Waring
blender for 2 minutes osing 2 ml buffer: 1 g leaf tissue. In some
experiments 1% ascorbic acid, 1% sod i sulpnite‘or 1% mercaptoethanol
- were added to the extraction buffer, The t15$ye|homogenate was /
squeezed through double chﬂasec1oth'aod bioaosayed for TSAinfectivity
on leaves of (, umapanaiaoZOp (Cgoptoﬁ IiL). This expressed cruoe sap
was‘centrifuqad'at 13 000 g for 15 minutes (Sorvall RCB~2, rotor
SS 34) to remove host materia], and the supernarant cengr1fugeﬂ an
105,000 g for 90 m1nutes (Sp1pcq L~ ~4, rotor 30), Pellets were
| resuspended in e to 2. ml 0 a1'M phosphqte buffer pn 7 .0, and submitted
;*7€0 further cyq]es of d1fferantla] centrlfugaﬁ]on unt il the final
'“5iprepdrqtions were relqtive]y free of host mqtar1a] In some I
1emper1&ents 0. 01 M Mg wd]ﬁaddad o the buffer used for resuspendﬁné ! f )
‘}“Pﬂllﬂtﬁn All Pﬁ]]etﬁ and supernatqnts were bioassayed for TSA 'g,,wj,f:v
‘}‘ 1nfecc1v1;y on O amapantm(alon F1nal preparat1ons were negatjvo1} 'lg"ﬂv?‘

' 1
[ ! !

\ ’»sea1ned with 2% pnosphotungatata pH 7 0 for EM exam1nat1 ,"‘ )

. ﬂ o Samp]?S of. crude SAP entracts wera a]so treated wlﬁh chloroform ‘ngr;-
G nbutano] Op'ethan01 to a]d removq] of hosﬁ maﬁ&rla] durlng d]ffepenc1a]
‘ ffcentrqfugamxon, Emu131ons of Sap p]qs z vo]umes oﬁ organlc 50]vents
kawere centn1fu96d at 6 500 g for 5 m1nutes, qnd tha 0r9an1c 1ayer j;;xﬂo'

i ! )( ‘;' ' ,;,_“ ,a,"'.' ;’"1 ! b ‘s
;”{fconta1n1ng host matqr1a1 was dascardedq, The SUPernﬁt@ﬂt' erer o,

~;\cantr1fuged at 81 000 g for 30 m1nutes and the resu]tﬁn

ﬂ‘ Lesuspended 1n 1 m1 0 O] M pnosphqte buffepnf These Samples were also fo‘;gﬁ,

{7&; o o i y}iv- o A '..":-""v"‘,('A‘ P )"i :'-.w';: P g
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bioassayed for infectivity and negatively stained for EM examination,
M]traviqlet absorption spectra were recorded for preparations freed ‘
of ﬁost materials us%ng a Hitachi Perkin-~Elmer 139 UV Sp7§trophotometer.
(11) Polyethylene glycol precipitation '
Infected ndbacco and tomato Jeaves, showing early systemic
symptoms , were homoqenlsed w1th 0.1 M phosphate’ pH 7. O containing
0 001.M 4~ PTC at-a ratio af 2 ml buffer: 1 g tissue. The homogenate
wag squeezed thnough'chaasec]otn and the expressed sap centrifuged ' . ;
an 10,000 g9 for 10 minutes, This sap axtract and’ subsequent
; preparationﬂ at different stages of entract1on were b1passayed far
TSA 1nf?at1v1n7 on «, amapantpoozon After removal of sqme host
material by 1pw Speed centr1fu9at10n, PEG 6000 Was added to the
supernatant at the rate of 69/100 ml, anq stirred for 15 m1nutesA

This mixtyre was centr1fuged at 5,000 g for 10 m1nutes ‘and the pellet
p SREE I
resuspended 1in.3 ml O O] M phosPhqﬁe pH - 7.0, In prel1m1nqny exper1~

f ments tnls prepqnatlon of TSA waa SubJeQCed co Jow: speed centr1fu9at1on
A e e ‘

k anq tnen precip1tated agq1n qs1n9 PEG Praparntions ohtained after
‘; one treatmant with PEG conﬁalneq TSA infect]vityﬂ 'Samplas pf 0 B m]

Vo Ay
H o !
R

wera layered onto 10 to 40% lfﬁﬁar”%ucrose den51ty grad1ents ppepqpeq |

1n 0,01 M phosphacq buffer 1n é*éx l“‘tubes (30 m] caPaG1QY) The ;'?;1 ’“
Q;Adients were Centr1fuged “t 64h000 9 ﬁo" & hOurS (SPiﬂCO L 4 _’T;f ,j;;i?
,rotor SN 25 1) and then fract]onateq uSlng an ISQO MOda] D Densjty L  t"P

\ .
&) "\:n : Sy

Gradlent Fractlonacor equwpped wlth a Model UA 2 UV AN@]Y@QP for ; {’ L

'<¢ record1n9 absorbance at 254 nmﬁ_ Two m? fractﬁons were collected 1n i ‘7_¢‘rﬂvﬁ

. Wy [ ‘.‘_,v'
3 [ r ' .

separate tqbes, and eqch fract1on qu b1oassayed for TSA 1nfeot1v1ty ‘th‘i
Q‘»on C amarantlcolor ;ﬂ_";“{" 4"h;‘¢;gf' ‘ w‘;ufg‘,.g.,' "v“W,r' o
‘i‘ i‘ “‘ o ;} i |v P i n, i _' ", “| .‘."'v
T Iﬂ a further éxpenlment the fract1ons conta1n1ng 1nfeot1ous.TSA L W‘rﬂ
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were comblned déguted with 4 volumes of 0.01 M phosphate buffer, and
then centr]fuged at 105,000 g for 90 minutes. The pellet obtaindd ’
was resuspended in 2 ml phosphate buffer, bioassayed for TSA infectivity

and negatively stained for EM examination.

b} Extraction of nucleic acids

Tobacco and tomato leaves showing early systemic symptoms of
stunt infection were homogenised for 2 minutes with 1% Sodium pyro-
pho>phane or phosphate buffer ph' 7. 0, mo]qrity ranging from O 0l to '
0 5M, and waternsaturated pheno] (Diener and l.awson, 1973), The
raﬁio of 149 T1ssue. 1 ml buffer* 1 ml phenol was used, In some
experinents bentonite was added to give a concentnat1on of 50 ng/m1 .
Tha homOgenate Wdﬁ cendrifuged at 5,000 q for 10 m1nutes, and the'

aqueous 1ayer was extracted aga]n hy shak1n9 for 2 m1nutes with an

A [
LN i AT

equa] vojume of phenol Afher centrlfqgat1on traces of pnen01 S i

o

remainlng 1n the nqueou> 1qyer were rem0ved by ethen extmcmonu S e

N1trOgen qas Wdﬁ tnen bubbled chrough the preparat1on to remove tracas

Ial

Of ethena and Qha nuc]e1c acidﬁ were pneoip1tqtea by the dddlt10?J0f ‘:k,.g'

Ll

& vo}umes 0f cold 95% ethanola,ﬂThis ml&iure was 1ncubated qt ﬂ15°

uy‘

for 30 m1nutas and Lhen nhenprec1p1tata was pe]]eted Ry centriﬁqgqu‘

an 3 SOO q For 10 mlnuteag' Tna nuc1e1é ac1ds were rﬁsuspended 1n”
‘.v\‘ ‘l ‘1

2 to 3 ml . 0 oL PhOSphate pH 7,0, and bloassayeq for TSA 1nfect1V1ty 3'ﬂ Tf?ﬁ

L f H | ‘Q:::H
dﬁ d)]ut]ons 0ﬁ<1 19 and 1~100 ‘of C‘ amarann@colonﬂ oyt Raa
Preparat1ons ware alﬁ 1n1ng the UV‘abSOFPt1on D T

‘v Spe(:tr‘aﬂ ‘:‘“ ; ‘, ""“ ,‘f".‘ ", i o ‘ . ( :‘I“. “,"1';- f }l | : f.'(‘..:" “:1““‘ "1"
N ‘ﬁl A ! B \ ', v ) ‘ Py e

e 1
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‘ Nuc1q1c acid samples Were submltted to Pollﬁ\ry]am1de 93] L

»’ ' . ) '
.slr ' 'H”W" i “.,; ot

qlectﬁophores1s u51n9 2, 6% geTS‘ln 0.6 10" perspex‘tubasﬁ Ge]s R

“\

. , ;
| | | | T A i v o f x“ 4 : : o i td
“ o *1 e !, . it ' X P B v ; i
‘_1__’|,_; ,‘ o ‘;,\:.. ' ':;: E U !_:! R A i “I RN AR e

i G "l.x { k A T T P

A P



"

‘p

i

were phepared using recrystallised acrylamide and bisacrylamide
(Adesnik, 1971; Loening, 1967, 1969). Nucleic acid preparations were
diluted ]:IO and 1:20 with électrophoresis buffer and 0.3 ml samples
were layered on each gel. The gels were subjeCted to elégtrophgngsis
for 2 hours at 3 mﬂmp per tube, At the completion of thg run, gels
were stained for 1 minute with 0.05% toluidene blue in 0.01 M sodium
acetate pH 5.5, Destaining was carriéd out for 1 hour in 0,05 M sodium
acetate,pl b5 S'qiluted 1410, To test experimental téchnique, .purified
brome mosafc virus (BMY) RNA was layered onﬁo similar gels and
subjected t; electrophoresis
¢) Negative stq1n1nq of ISA pr@parqtionb for TEM

Preggratlons of nucleoprotains obptained from 1nfected tobacco

and tomqto t]SSues as outlined 1n a) were applied to Formvar coateq '

TEN grids, and négqt1vely htqlﬁéd with 2% agueals phq5ph0tunq&t1c actd

; (PTA) quusted to pHt 7.0 with 0,1 N sod{um hydroxida

_;u . x\‘

nojp prepaqu1ons were a150 made for {TEM. exam1nat1on from

leayas, stems qnd pet1o]as of infegped topacco and tomato snowing

symptomsaqt differenL atages 0f dava]opmen& Tha aut sqrfaces of

[

t]ssuﬁh wara 13 ped 1nto drop& oﬁ glass d15L11]6d water on ﬁormvara.
coated gnidan, Excess;watar was removed and the grldﬁ negat1va1y

stalneq witn PTA Aften qfr~dny1ng they were exam1ned with the TEM

'27“‘Résult5' L LR Y AR SR SR F

a
A

.’ ' ' +
: i
. A ; ) ! ok L ! ' ' i : , [ - ) I
' L . i ! ts ooy [ . . Ve ‘ , A
' ' ' . . ' . h ' [N
; : v o : . ‘4., - \n . b I ' R LIS R " Dl . ; . N
[ K N 4 L ! ; ' i ! M A l;’: U N DL A ) : ! s
i , ! 4 . i 4 R [ o = o s

) Eatract1on of. nucleOProte1ns ‘_*‘\“H", el - ETRE R P

"‘;A

) : N . .
< R

An 1nfect10us praparat1on of nu01e0prote1n waS‘ODtalned from

q L3

tomato 1eavea\follow1ng c]ariflcat1on of the Sap w1th ch1oroform and

dlfferent1a1 centrlfugat1on1_ The crude sap exgracted 1n O ] M phosphate

i ly‘\

79



80

pH 7.0 containing 0.001 M 4-PTC did not cohta}n any TSA 1nfect1§1£y.
However she clarified centrifuged preparation was infectious on leaygy
of ¢, amaranticolor (mean count of 43 lesions/leaf). MNo infectivity
was obltained on leaves of Red Kidney bean, Mo distinct virus-]ike

pargicles were observed in negatively stained samples from partially
vt -
purifited preparations of san from diseased and healthy tomato .

"

plants.
Mo infectious praparations were obtained from tobacco leaves .
following differential ccntrifugaﬁgon, The addition of anti-~oxidants

to the extraction buffer and adjustmept. of the buffer molarity had
[}

no efchL on stab1]1>1n9 TSA which gqve Tow 1n1ect1v1Ly in Lhe crude .
'&gsap exhractsn Small particles, B~ 9 nm in diameter: (P]ate 30,A);

' nere observed in non~infectious prepapations obtained after 2 cyc]es

" \

of differential centr1fugat1onA

“

Afrer one LraatmanL with PEG, the infect1ouﬁ TSA present; { \\'

. aap pr&pqrqd rrom tobacco qnd tomato leaves was concentrated more

e}

thqn fourﬁfﬂldhuqﬁ detenninad >y local ]ﬁﬁ]on countﬁ. However, this

fnfect Yty was complate]y lost after 4 second PRG LreatmenL and S
T
| qpe?“‘“oﬁt quer|a1 Wa 5 >‘1|l prﬁuent in the 5am9165! v1rusﬁ]1ka o

parLie]e;, IS‘Lo 35 nin, 1n dtqmeterh were observad 1n negqtlvely

Stained'preparqg1ons (quce 30, B & C). A w1qe range of Papmqé1e - ;kf‘ 

i s;zes Was observed Some parti ]as were dﬁ ]arge as 45 to 50 nm»*'

: i L
| sc v : e,

, Man dlameterﬂ and otherﬁ appeared to be surrounded by an envelopen‘u‘;

\

' Fo]]owlng e centrlfugat1on TSA 1nfact1v1ty was recovered from 7;‘¢  gJ‘
L RPN AR U o A T
fracc1ons 5 to‘9 (from/the top of the tqbe) anq from the green' ‘ \%‘q* . ‘

W N
l| pl . . Iy

pei]et of host mqterlal (F19ure 15) The n1gnest 1nfecnqv1ty was

i 4A/ Lt Y i ‘,:;’“
obta1nedwfrom fract1ons 5 and 6 and the resuspended peTlet Absorbance' g
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at 250 nm showed peak around fractions 7 and ¢ The infectivity
obtained after SDG centrifugation was lower than in the PEG treated
sap. Likewise, infectivity decreased, further following -ultracentrifu-.

~gation of the combined infectfous SDG fractions, *

bh) Extraction of nucleic acids

All preparatjons of nucleic acids from infected tobacco and
tomato Uissues Qurm oft~-white in col?ﬂ[, non~infect fous, dnd qaye
UV absorption spectra showing consﬂhnmblu}N1nmﬁﬁ,CmH4mlmHJnn &
( Flygure 16 )2 Buffer molarity and the addition of bentonite
during extraction had nolmﬁfuct on the recovery of infectious nucleic
acids. Afier ufuchrophoruél;, nu.extka RNA bands were located {n gels
containing the nucleic acids isolated froﬁ stunt infected tobgﬁco.nnd
tomalo tissues, Two bands of host RNA were present in both healthy,
dndldiﬁeqséd preparations, Purified BMVARNA, after electrophoresis,
showaed three bands, represent fng RNA | t RNA # k1.d? A 106 &, and Gl
0,99 x 105d,raspecnnvé1y), RNA 4 (0,75 x10% d.), and RNA 4 (0,26 x

, Aoy
IOG 1.) (Lans and Kauhbﬁﬁqb 1971). The band for RNA 4 was faﬁnt~ih ;

A4
Lgnlraut with the banda far RNA 1t RNA ¢ and KNA 3, '

’ -, : i
’ 3

G) N@qntive‘stainjnq oft TSA pﬁaﬁarntions for TFM

i

Virumsl1ke pQPIiFIﬁ& #ta 9 m and“lh to BO . in dinmetﬁr were

4 ’

' DbquVéd in parLidl] )uriri&d nucleoprotaln prepqrac1ons oquined

. 'on Red Kldnqy bean No V1ru5n]1ka partlcles ware o,

b

From bLMﬂL 1nfecnad TDdeQO anq L7mAtog. prever, these prapqrqt]ons

did not . contain TSA 1nfecc1y1ty,. Also o 1nfect1v1_

lf . F)

negatlvqu sta1ned dlp preparaﬁ1ons OF t1ssues ‘of | 1n

t

Lt

i”qnd cOmato A]so no pantic]qs were'detected in dip prepar@t1ons made
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from ITSA Tocal Testons on leaves ot 50 gt S

H [)l‘)(”‘)‘)“)“

L]

Although attempts to character Logand visualise TSA were not
successtul, some amportant information aboul the nature of Uhis agent
was obtatned.  Tobacco stunt agent was extCfemely unstable in sap

;nwunnwn,nnv.(nnlrwuuﬂéy Iudytivalid durtng puriticatton procedures,
Due Lo difterences inalnfo((vd tobacco and 1 sensitivity of N.fum(wzhr~
Ceodor Teaves, TUA Infectivity varted within and between experiments,,

The stage of symptom development 1ot lyenced the recovery of
FSA Infectivity from infected tobacco, Highest infectivily was
obLatned when carly systemfc symploms were visible,  Following Che
development of severe tecrosts and stunting, TSA Infectivity was
reduced, Femporary remlysston of stunt symptoms oceurred o tnfected
plantu grown al Z57C, whereas at 33°C symptoms were lost pertanent y,
This heat thervapy (Hidaha and Hivukt, 1958), may have been due Lo
Uhe el facboof high temperatures directly on 858 or on Lhe interact fon
bebwaen [5A and [he Lobacco host,  Tetperatures also had an effect og
the number of Tocal Teatons which devaloped on leaves of ¢, wmarant ool op
following sap inoculat fon with 180 Plants Tocubated at 33°C did not
devalop any bmfbhalngmnu. TMsLmanlinmﬂjyaubn;mim;of]ﬁﬂ i
Lobaceo sap was found Lo ba 10 minutes ot 35°C,  This would suggest that

-

the effect of tanperature, was on T5A nn(} ot the fnteraction with the ©

host, However, this s not certaln because the thermal ipactivation
point for ISA in sap has also been reported Lo be betwaen 76 and 80"
(Htruki, 1975), This varfatian in results may ba dua to differances 1

4
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Lhe wource of T5A or experamental conditions,  In the present study
TSA was maptained on Ltobacco by sertal mechanical Uransmtss ton

Tﬂcnlment of infected tobacco at different stages of symptom
development with antibfotics dld.not produce any remisston ot symptoms.
Addition of w'ni(lll.in and \PI]()I’(:III[)'I(_,'II1(.()] to TSA in tobacco sap did
not uiqni*ﬁﬁdntly reduce infectivity.,  The ;OGU([iUH of infectivity
associat (Ql with the additfon of tetracycline was only s{guificant in
Chis experiment at the 57 Jevel ., }n other Lcstu'?hn roduytlnnluf

Infectivity wau not sfantficant.  This (Hustrates some of Che

variation oitatned tn bioassaying [SA infectivity. Buffer containing
"

N -

antibtoticy was malntafned al pH 7.0 to avold any effects of pH on TSA
» .
infectivity. From the vesults of «n oioo and in ofteo Lreatmen by

of TSA with antiblotics (t {n suggested that stunl disease in tobacqo
Is nob caused by a bactarium, rickettsia or Mol Hleutes- ke organiusm,
Infectivity of TSA in tobacco sap was reduced by low pH and
by high molarity of phosphate bufter, Sodium sulphite had no ef fect
on fnfectivity, and the reduction caused by the addition of ascorbic
acid wa probably due Lo an ef fect of low pH, Addi&inn of Lhe
chalating agent, A4-PTC, stgnificantly increased the level of TSA
infectivity recoverad from tobacco sap,  The activity of host polyphanol
oxldases can be reduced by Cu%';nhulaLinu tahib i tors (Hampiun and
Fulton, 1961), and since the activity of thuse QNAYIIES Was Pepor ted
Lo be higher In tobacco infectad with uer%nln plant yviruseas tnah in
healthy plants (Mapting 1968), A4-P1C may )/ﬂhllla“ T5A inrn&tlylty by
the chelation of (MZr and subsaquent inhibition of host’ polyphannl
omidqﬁﬁ&. e unstable nature of TSA In Hobacco SQP‘WQ§ 5hown by Lhe

longev1ty of ¢ nnuvn at, 20°C,  Even at 4“9 fnfectivity was only
T



obtained for 24 hours. The dilution end point of between 1:10 and

. . _
1:100 suggests that tobacco tissues do not contain high concentrations

of TSA,vgnd also that the inteéctious agent is unstable in Sap

The complete inactivation of TSA infeclivily .in tobacco Sap
by the addition of RNase al concentrations Highor than 0.1 ,q/ml
suggests GHAL']SA containg RNA.  In aonlrast, DNase had nﬁlsiqnifiuant
effecl at the hlbhust Lested concentration of 100 pg/ml . The éjgﬁifigunt
reductton of infectivity associated with the addition of 500 gy
prntuahe/ml‘wau not'dun ta o pHeffect, since Lhe pH uf’Lhu extrdction

buffer rematned at 7.0, 1L is suggested that [SA contains o protein

' Ti'é.

coat which 14 degraded by protease and leaves the infeclious RNA
vulnetable to fnactivatton by host nucleases. A loose arrangement or

packing of the subunits Tn such o proteln coat would explain the

/

wistable nature of TSA (n tobacco sap, and the rapid Inactivation by

A

added RNasa.  The protein cuatlmay not be loosely packed fn all.

paghicles since inactivation by added RNase, over an incubation par iod
of 1 hour, was rapld during the Cirst 10 minutes but then level lod off.
Also protegse at a concantration of 2 mg/ml did not complotely inactivato

TS{\ ) ) i

The reduct4on of infectivity associated with the addition of

Mg-~bentonite and ﬁqn&oniLn Lo Ltobatco sap n]ﬁo suggasts that TSA May

ﬁnntafn a prniuin component , 5 inee nualeoprotelns cap ba adsorbad by
qlays pucq as hentonite,  Likewise the precipitation and concentration
of infectious TSA by PLG, and fractionation by SDO centrifugation
indlcate that TSA may be a nuclgoprnhﬂﬁnA The varfation in sizaes of

particles obsépyed in non~infeetfous preparations following PLG

preciplitation may be dua to pandon aggragation of the protein f“bﬁ““?ﬁﬁﬂ

N i
T - [

e
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or represent stages in the danruption of the protein coat. If the-

latter theory is correct, then the infectious particles of TSA are

large in comparison with many plant viruyses. ‘
Al . . . N Yy

SSenditivity of TSA to phenol extraction. suggests that it does
not exist as a free nucleic acid, This is also sypported by sensitivity
' .. W

to high temperatures, and the lack of stabiliﬁdfion of, Lthe 1nf®gﬁ10u5
‘ )

I

agent by bentonite and by high moWar1Ly phosphate buffer, The gddiﬂion'l‘
S : {
of yeast RNA partially protected TS5A from {nactivation by provihﬁnq
! : f

the host nucleases with an alternate substrate,  The reduction of
Infectivity associated with yeast RNA concentrations higher than 10
mg/ml was probably due to a molarity effect, because the buffer had to
be'adjuatwd to pH 7.0 with sedium hydroxfde, | L

\ (a3
The results obtained in the present study suggest that TSA 1s

L)
an infectious RNA which 18 protected by a’very loose proteinicoat, In
contrast w1kﬁ-cunvuntional plant viruses and vipoids, this disease

ey Sk ’
il

agent s axtremcly unstable in estracted sap,  Although the presenpce of
a protain coal 1s suggested, 1t fs still possible that TSA is an

infectious  RNA associated with o protein component of the host call,
# .

Foi



CHAPTER VI )

" MORPHOLOGY AND ULTRASTRUCTURE OF onriirom AS RELATED TQ 115 ROLE

@S VECTOR OF TOBACCO STUNT AGENT

‘ ‘e

A.  INTRODUCTION \

The ultrastructure of a lettuce fsolate of Ofpidiwn braoniocae
has been investigated as regards its transmission of tobacco necrosis

LY

N

virus (TNV} (Temmink and Campbell, 1968, 19694, 1969b; Temnink, 1971},

Pregenclration and punngrdtinn stages of a cabhage isolate of
4 ! b \
O, brasatceas have also been reported (Lesemann and Fuchs 1970a, 19700).

The present study involving a tobacco 150 1% of Olp fdivnm carevying

VSA was carried out for the following reasons:

1. to compape the Tife-cyele, morphology and ultrastructure of this -

tobaceo fsolate with peports of other fsolates, and Lo datermine

whether TSA has any effoct upon {ts vector, °

4

2. Lo atlempt visualisation of TSA in different stages of 185 vector,
)
3. to detormine the stages of ofpfdiu congerned with acquisikion

and Iranﬂmlmglun of T5A,

A, Ln inveshigaly ulaubm tn tha llfﬁﬁFYFl“ of Obpadivm not,

\

previously reported in detallﬁ

A The aﬁﬁogiatién‘betgﬁen Uzpfdﬁum and TSA has begn shown' Lo

;&Vi be;high1y stable and persistentl(njrukin ?9655’]9685 1972) .

*;Acquigitjpn of TSA ;y.m/nf{fﬂm 5dfy océuﬁ%éﬁh N (Chaptef'lv*
eruhl, 1965), and 1t hqa‘been pr0po>ed that nhe qqent 15 pPeSﬁnL

A

11,‘1nside the vactorA Soeima qnd Hidakd (]969 raﬁ?rted virus- 1lke

] | 8‘8\ P ‘, ' 0 “ !“

(Y K ¢ f ' ! A i A
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particles in cells in a pellet of ¢ idiwm/TSA zoospores, and
suggested that Lthe agent multiplies in its vector. However, theb
fdentitly of these particles as the infectious agent of tobacco stunt

was not demonstrated. Attempts have been made to verify this report,

-

and to determine whether TSA has any effect on its veclor because
g

: r
of its internal and persistent-associatijon. It has been proposed
' ' "

that tranﬁmissioﬁ of TNV occurs within 24 hours af ter penetration

of the host cell by the fungal thallu51(Tmmn1nk and Campbell, 1969b;

fmmulnk, 1971), during which time the fungal‘cxtop}aSm and host

cytoplasm are ‘separated by only a single membranc. M&JJHS study

the {solate of ulpfdfum/TSQ was examinad ko dqtnrm1newth@‘stagu

or stages in the life-~cycle of the fungus during which transmission

and fn vino acQulgit1nn of the internally associated TSA could occur. |
Two stages in Lher Mfe-cycle of olpidiwm haye not been

fﬂ'\
peportad in detail, 1.0, the retraction of the flagellum by zoosparas,

,
and Lhe morpholoyy and ultrastructure of resting sporangia,  Observa-
tions on the petraction of the flagelluwn by some fungal zoosporas '
have beon made with the Tiaht microscopg using Lime~lapse photography
(Alst Aﬂd W11 tams , 19713 Holloway and Heath, 19743 Koch, 1968),

Diffepant ralraction methods for chytrid coosporas were proposed

(Kogh, 1966), and the yenus Olpldium vwas grouped according to the

Hash-around! or ‘wrapaaround' method, Membrang fusion vas

suggested Lo oceur during retraction of ghe flagel lum, but’ the

i & : i
. fate of tha flagellum menbrane was not de@onstratedA The method

by which tha flnq& Jum iu patpacted may be sianificant with raspect
Ito tha ernsml§§1on of any virus or. v1ru>H11he aqaan qaﬁoclqted
w1th Lhe f1aﬂe]1um ([emmlnk and Campbellﬂ 1969>' Temmlnk 197])

[ Ly
Q i N

i
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The small 2oospores of .'{; {{vwn make observations of pneﬁeﬁetration
stages with the light microscope very difficult., However, use of
the StM allows observation of these stages il\mych greater detail,
To date, omservat}qnslof {solates of (V;wnh%u;“resting
SporJngia have only been made al the ]ign{‘microscope level
(Bensaude, 1923; Sampsen, 1939; Sahtiyanci, 1962). No ultra-
5tru£tu{al details have been reported, 'lnfuctivity of TSA has
been obtained from air-dried resting sporangia retained for at
least seven years after TSA acqu1§1finn (Hiruki, 1972), and the
stunt agent in resting spgrandia survives acid, heat and UV {rradiation
treatnents as long as Lne{fngus remains viahle, Because of this
persistence of TSA in resting sporangia, the morphology and wltra-
structure of these stages were (ncluded in tﬁiﬁ study, ,
' The scanning electron microscope is now frequently used
for examination of fungi, Observations of specimens can be made
over a wide range of mqunificqtiunﬁ, duplicating and supplementing
information obtained from the ‘Tlght microscopa, and comp1éuenhinp
observations of u]trhstructure made with the TEM, Thiﬁ*technigﬂa
has baen applied to mtud1na ur Lhe mlLPOf]DPﬂ an p]ani roots
(Campball and Royipa, 19233 Dart, 19713 1 nc&ia 1@69q Rnyirn and
Campbell, 1974), and the iﬁvaslnn of 1eaf Lissues by roospores
‘(Locéi, 196903 Royia‘and’Thomqs, 19713 Royle and‘ThomA5; 1973),
However; this technlque has been used very 1itale for studying' B
the stages of zoospore. 1nﬁecLioq on Qlant rogtLs (D‘Ambra and Locc1n

i P
.,[

1971 (l}Revently Sfmvﬂgﬁfbeen used to determine thE’d]>LP buLion 1¢§

‘and re]ationshln& of fungi within p]nnt L]ssuas (Jones et Mz«;

]974,IK1nden~qnd Brown, 1975 Mur)hy atall, 19743 Ne1ch and

) :
" ! . t
I it . ) B A ]
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Martin, 1973), however, only one report has been published involving

fungl in plant root cells (Lutz and Sjolund, 1973).

\

-
,

B. LIFE-CYCLL OF oniriiim

lwalﬂateria]s and Methods ; h

~m
Roats of 6 days old tobacco seedlings, grown at 25°C

in sterilised quartz sand, were washed free of sand particles, and
My ’ '

then fncubated in concentrated zoospore suspensions of olpidiwn and
OlpfdDum/TSA (Chapter 1I1) for 15 minutes, After'this pulse Tnpcula-
tion, the roots were washed twice In distilled® water, and fncubated
in a half-strength Hoagland's solutfon 1n an incubator at |7°C with
16 hours light period, and light intensity ;£‘6,000~]0,000 lux.
Roots fnoculated with' each ofpidien 1salate were sampled at Known
. Line 1nLurYﬂj5; Mo Led uéwwater on 5]?$ﬂ§-nhd examined with a
light microscope (Chapter ML), Free Abdspores were obseryed
live in distilled waler, and also after fisation with vapour fron
Y oa 2 soluti of osmiun tetroxide, Fixatian was achieved by placing
a dpop of zo0sporﬂ suspens ton on a glass slide and inverting it
Jﬁéer the usm}um tatroxide solution for & minutes,
! ! i
\P. Rasul ks ‘ \ | , :
. " - Stages in the lifo~cyale of the tobdcco isalate of olpldfmn
are 1]TuﬁlrntuQ‘ln Plate;A“ ' Frae‘zoqﬁpor@s were, observed with a
i7 round body and a éing’lef]agal]um.l The nué1eus‘and some dranu]as
were visiltle in the roospore body (Plate 4,A), Duringf@ha
pu[éel1n0cu1ation geriﬁa’zéoaporéﬁ,httached o ﬁha tobagco roots

" mainly in the zene of cgll elongation, However, some zoospores

hed to roqé'hairsl “Two hours or more after attachment, '

also attac
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—

[y

penetration of the host cell wall by the zoospore cytoplasm occurred
. : / .
(Plate 4,8). After ‘incubating for 48 hours, Characteristic zooporangia

were visible in the root epidermal cells (Plate 4,0). After a further
48 hours mature zoosporangia with exit tubes were present, and release

of zoospores occurred {(Plate 4,0). Resting sporangia were also

observed with characteristic, thick, undulating walls (Plate 4,C). =~

-~

] Following pulse fhoculation of tobacco rools with ofpidim and

OLpdd i/ TSA coospores, mature Zoosporangia developed and released
f .

-

the subsequent generation of zoospores in 3 to 4 days. No differences
between the Tife-cycles of the two tsolates of olpfidiwm were
obseryved,

.

C.  FREE Z00SPORES

. Matertals and methods |

Concénprqtmd zoéspnﬁa 5u5pwﬁﬁlous (Chnﬁtur KEL) of olpidim
| aﬁd utpﬂdfum/TSA ware prepared fopr SEM uﬁam1nation‘0§ing the following
flaation and dehydration schedules:
A, Zoospores on MiTTEpore tilter,  Samples of the zéoﬁpore suspensions.
werg placed on simall pleces of M1 {pora filter (60 o pore size),. and
>Lﬁﬂﬂkﬁd in oﬁﬁ of the fél]@wing ways, (1) The Millipnrﬂawaﬁ frozen

A Tiguld Feeon 13 and then transtorpgd to Hguid,nitrogen prior to ..

drying iman Edwards Speedivac kb, (11) The M1 ipors was fixed in
osmium vapour and then gently washed ih distilled watep, followed by

A Lol
dehydration through a graded ethanol seﬁiesgfand‘britica] point dFleqx -

fromvab5q]QLm‘&tnan]‘(DéBdu1ta 1973)

. D ' ) ' S 'l‘ i \ “ ‘ ' ~l
b, Zoospores -in Nuclepore 'bags', Sdmp]es,af the zoospore suspensions
v i 1 7 ‘ i . : . f i |
AT ‘ ‘ .
N :
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were put into small tubes and treated in one of the following ways.

(i) Fixation for 1 hour at room temperature after adding an equal
volume'of 1% potassfum permanganate in distilled water. After fixat;on
the zoosporcg were pelleted by centrifuging at 3,500 g9 for 5 minutes
(Sorvall RCB-2, SS 34 rdtor), and resuspended in Q‘}ew drops of
distilled water.  Samples were put into Nuclepore 'bags' (Atwood ¢ .o,
‘1975)'madu by Iin1nq porous teflon capsules with Nu&liporu membrane

( 5“IH[Nﬂ%f si4e), and dehydrated through a graded ethanol series fol-
towed by critical point deylng from absolute uthqhol. (11) Fixation
for 30 minutes after adding an equal volume of 2% osmium tetroxide in
distilled water. Following fization the zoospores were washed,
dehydrated and dreied as in (1), (111) Prefixation tor 1 hour after
adding an equal volume of, 0,01 M phosphate buffer pH 7,0 containing 2%
glutapraldehyde plus 2% formaldehyde,  After Fixation the z2oospores

were palleted by contrifuying at 3,500 g for 5 minutes, resuspended in
distilled water, and postfixed for 30 minutes by adding an equal volume
of 2% osmium tetpogide in distilled water, The zoospores woepre Lhen
washad, dehydrated and dniad as {n (i).

The same concentrated coospore suspensions were also processaed
fur>ﬁuﬁtinning fop Lranﬁminhiun electron microscopy,  foospores wore
f{xed hy‘dddinq an aqual volume of A% glutaraldehyde plus 4% formalde-
hyds in 0,01 M phosphate ph 7.0 to tﬁe suspensions, and Teaving at |
poom tenperdture for 2 hﬁars. The éixed zoospores ware pellated by

. | R :
ceptrifugation, and washed fwice for 30 minutes in distilted water,

1 L]

A few drops of 2% waten agar at AB“C N@Fﬁ,dd?gd to the zoospore
B ’ i ; : “‘;‘! " r
‘pellets; apd the ‘agar a}lowed to wal, The agapr containtny zoospore
o , Rt . [ - , ) .
f i !,,‘ S
ff"?“l'” S : ' ‘ -

. N ,
{ ) 1 .

]
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pellets was cut into small pieces,and postfixed in 2% osmium tetroxide

in distilled wate('tor 2 hours at room temperature. The samples

v

were then washed, dehydrated through"o graded ethanol series,
. e , .
embedded in Araldite, sectioned and stained ﬁ)r obseryalion with

-

the TEM (Chapter LI1). . i
. | ) | )
Free ¢oospores were also observed with the TEMeg#dar osmium

vapour fixation and negative staining, The zoosphore suspensions

+

were washed twice in distilled water by centrifugation. Drops of
A .
these suspenstons were placed on Formvar coated electron microscope
0 . N _ R .
grids on dental wax in petei plates. Drops of 4% aqueous’ osipium

tetroalde wire placed on the wax, and the Zoospores fized o ospium

yapour for 30 minutes.  Half of the grids were then pidr-dejed, and
the rematnder were negative-stalned with 2% aqueous phosphotungstate

PH 7,00 Grids were then examined with the TEM (Chapter L),

2. Results

A

vk the SEM, each free zoospore had o round body, 2-3 pn

in dlameter, and a single whiplash flagel lum 14-17 4 m in length f
9 J 7 ,
(Platey 7,A). The body had o ruffled outline and was never obseryved

Lo be parfectly smooth,  In the region where the flagelTum Jofns

A

‘ (et : | I "
the tbody a ring~11ke swelling was observed (Plate 7,88C), The best
Loopresepvalion of frea codhporas was achieved using afLher osmiul
yépouﬁ with zoospores on Millipore filter (Plate 7,A88) or aqueous

, ] S : o , .
osmium tetroxide with zoospores fn the Nucleopora 'bags' (Plate '7,0),
followed by critical point drying, The epitical point drying was |

“carried out direetly from ethanol since amyl acatate dissolves

CMiMipore and softens Nuclepors to a stight extent, The Nuctepbre

1

‘bags' were extrenely conyendent for handing zoospore sanples with

Vi . L F
i

il
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the minimum amount of physical disturbance. Prvfix&tion with aldehydes

)

followed by postfixation an osmium tetroxide resulted 1n an irreqular \
outline of the zoospore body -when compared with osmium Tiaation alone.
Collapse of th;hudy occurred when peFmdnqanatu was used for fixation,
Freeze-drying with or without fixation produced considerable collapse
and damage Lo the coospore body. In comparison, critical point drying
gave excellent preservation tollowing osmium f'im(.i(m.k

In the TEM coospores Fixed fnoosmium vapour were also obyerved

with a round body and a single whiplash tlagelTum (Plate 14,A).  The

Ao
.

membraite surrounding the body and flagellum of cach ¢oospore was |
b/

visthle, butl no virus-Tike particles attached Lo the membrane were
observed (o negalively statoned samples,  The body was electron-densa

with some osmtophtlic bodies vlﬁllﬂxm

foospores sectionad for TEM possessed a plasmemenbrane
cont tnuous avound the body and flagel lum (Plate Tﬁgﬁ&C)a In Some
sections the spatial relationships between the f@aggliqm, kinmtugumuf
phizoplast and nucleus wwrmqnhpurvud. , kn 10n§1h&d%né? ﬁmctjﬂnﬁ of

the attachment of the tlnqﬁllum Lo Lhe body (Plate 14,C), the two .

central fibrils of tnu Flagal Tum terminabed at the KineLosomne,

Transyerse sections of thm tlnqmllum hnwvl the typical M2 arrangenent,
N

of thv fibeily (Plate 14 ), Ln the reqlon of the kinetosome, whupe

Af
the flagellun jofns tn@“thyi B u]iqnt uwnl]ing was obseryved

(Plate 44,1). W '
Nn"diffmrﬁnces In.the stfuﬁtur@ of'bipfd[&m and o péd fran/ 15K

o

zoompurvu Ware DhMUIYPG No virus or v1rua~]1kﬂ particlas wepe VIat)Im

1uﬁldﬁﬁ§y-mnternaﬂ the bo<y and f]agellum nr nlp:Jzum/TQA Aoosparﬁu,

e N
| j
4

I

il

I\

n
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0. Z00SPORES ATTACHED T TOBALLO, ROOTS : .

1. Materiads and methods
Roots of healthy tobacco weedl ings germinated in moist sand

at 25"C tor 6 10«10 days were tncubdted in concentrated zoospore
>

suspensions (Chapter THL) of o Diber and oy D e/ TSR, and sampled
al known Utme intervals up Lo Z0 minutes ot fncubation, At the ond

prfothis Chne Che rematning roots were washed twloe with distr]bed

Y]
water and (ncubated under the same conditlions, dau oul] foed 10 section

B, for a turther 12 hours,  Roots sampled during both Im.utmhl()n\
pertodys were eramined fn the Tight microscope, Hluorescence mioro-

scope, SEM ard secttoned tor TIM.
) &

Roots for Fight and Tluorescence mlicroscopy ware ”""“ﬂu‘"’

&

fresh tnoant b ine blue statn preparat ton (Chapter 111) .

Roots Tor SEM umimlrmtimf were Tired and dited i the
A

Following ways, (1) Roqtys werte frozen in Freeon 13 and then trans- /

Farred Lo Tiguld nitrogen for feeese-dey jng (soeo St lon €,
(i) Eixnﬁhird(n'l hour tn 0,01 M phosphate butfer pht 7.0 containing

2% glutaraldbhyde plus 20 Tormaldahyde, washoed with distilled watep
i

anqnﬁhﬂn fiveciea=dried as in (i), (i) Prefization in glutaraldehyda
nudhfurmalduhﬁhs as in (1), washad in distilled water, postfixed i

M4 aqueous ositlum tetroxida fer 30 minutes, washed again and then
. '

7'“ m. ' i zor N r s
fraeze-dirjed as in (f). ,(iy) Prafixation and posttizatdon as in (111).

Fired rodts wore washed in distilled water and transferred to porows

5 i

Taflon capsules, prige to déhydration through an athanol serfes, and
Leritieal polnt deied from anyl acatate (Andepson, 1951), (v) Fixation
- (‘ - WA N A
B} , , i
0 2% agqueous osmlunl tetroalda for 30 minutes, Washed and dnhydq&tﬂd .

cas in (v} (vi) Fikation in 14 agueous potass iun permqnuanqté;fu¢

24



I hour, washed and dehydrated as in (iv).

Some rooly were also freeze-fractured af ter fixation for 4 to
6 hours at room temperature tn 0.1 M phosphate buftfer pt /.0 containing
2% glutaraldehyde plus 20 tormaldehyde, and posttixation fin 2% aqueous
osmium tetroxide tor 72 to 4 hours. Fixed roots were frozen rapidly in
Freon 13 and tractured with a pre-cooled scalpel.  The fractured roots
were transterved fnto Tgutd nttrogen, freeze-defed and examined
with Che SEM (Chapter T11).

Roo s sampleds Tor observation with [EM were Fired, dehydrated,

embeddaed and sectioned as outTined fn Chapter 1,

. Results

Light microwopy and SEM obsarvationsy showed that, zoospores
allached Lo the tubacco rools mainly ln'Lhé tong of &nll elongat ion
(Plate HAKCE Plate 9,88C), which 15 sttuated up Lo 2 mn befiind the
raot cap. Hhen a high concentration of coospores (zIU/ foosporas/ml)
wds used au ITnoculum, Lhey ware alho seen attached to uunL‘hnIra
(PTdtﬁ\QaU). Many ¢oospores ware attachaed Lo roots sampled belwoeen
boand 10 minutes after Incubatlon,  Zoospores were obseryed with the
Flagel lum «Li1] pressnt and probably not retracting, since the ringzv
Fike swalling was still visible (Plate 7,080), The flagalla of some
cnaspores were collad or loopsd (Plate ﬁ;ﬂ&ﬁ): In some cases the
flaged lun was uhmﬂryud wrappnu around Lhe body and merging of the

¢ i

flagel lun and body plasmamenbrangs was apparent (Plazu £#,080),
Other zoospores wmr@inhﬁnrvnd with the flagellum wrapped apound

the body and only the whiplash rnmqin{nq'frun (Plate ﬁaﬁﬁg The

body of each coospore undergoing retraction of the flagellun appeapad



flattened with numerous surface irreqularities showing a possible
ridge formation., However, roots sampled after 20 minutes of incubation
showed round encysted zoospores with a relatively smooth outline

\

and with the flageltum completely retracted (Plate 8,1). :
b
AR ™

Fbr SEM examinations the preservation of the ¢oospore boly
when atlached lo,lJba(<n roots varted according to the rixathn\w
procedure used.  An terequbar outline of the body was frequently
observed (Plate 7,0, Plate H,A3 even Lhough later stages showed good
preservalion Tollowing the same fin[i(HITHWMJH“H%?. Flrxatlon tn
onwlum alone (Plate 7,0) or pretization tn aldehydes followed by
OS5I fum (platu /.0) woere the best procedures for preservation ol the
zoospore body.,  Creitical polnt deyling gave better results than frecsoes
deytng with or wlthbqt thes use of prefixation,  Permanganale as a
figat{ve batore critical point deytng resulted tn constderable
collapse of Lhe zoospore body.

' Roots sampled 10 minutes after fncubatton and sectioned for
TEM showed attached zoospores with an {rregular discoid outling and
Limited by only the body plnnmamumhrqné (Plata 15,A,CAD), Plate
IhA shows an oblique hannldp Lhrnuuh an attached zoospore which {s

“petpacting Che flayed lum,  The hody {4 flat tened and surrouncded by
‘ﬁnly Lha plasmamembrane,  The 912 tibeils of the flagel Tum
(Axonumu) are surrounded by cytoplasm (Plate 15,A88), indicnting
that ratpactfon 18 iu prograss.  The flagellum plasmamembrane s
absent, ~ Aftep rotractjon of the flagellun the axonemal, fibrils
Qitnnut the surpounding. membrane were seen in oblique and transverse
ﬁﬁCL%Ouﬁ Within the hody Cytoplasm (Plate ]5;C&DRA A cyst wall was

deposited exterior to the body plasmamenbrane soon after petraction
: 1 H , .
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of Ythe flagellum (Plate 16,A&B), and the zoospore body then assumed

. r
a‘comparatively round outline. One hour after inoculation the cyst

Kd]] around the zoospore body was quite distinct (Plate 17,A88).
Light and flugrestﬁnce microscopy of roats incubated for

two hours or more revealed fluorescence duesto callose substances in“
b}

areas adjacent to cn(yﬁtgq“zuosporca (Plate S5,A88B, C&D). Fluorescence

was assoctated with the thftkuninq of the host cell wall in response

to penetrat fon by zoospores (Plate 5,08F). Rools incubated for o

haurs and freeze-fractured tkﬁﬁNlM eraminat fon showed encysted

Roospores with adjacent thickentng of the host cell wall (Plate 9,0

Plate 10,A).7 Some fractured cysts contalned a large vacuole disfal

to Lhe site of atta&hmuét to the host cell wall (Plate 9,E),

Fracturaed rools al 3 and 4 hours after Ingeulation contaiped cysts

and penatrating thatll (Plhtu 10,B88C),  Cysts at 24 hours after

inoculation were of ten collapsed and adjacent cell wall thickenings

Ll

ware sLETT visibYe (Plate 10,0),  Ona emply cyst on the root

surface way damaged during froeze-fracturing, and the hole in the

el wall mada by the panetiating thallus was revealed (Plate 10,0),

Examinat ion of sections S?QZﬁZxézbd roospares with the TEM

showed Lhe prosence of a definite cyst wall after 1 hour of Incubation,
/

Axonena | fibblla il in qunbgurse~$&ctipn W irregular in
AFrqngqmth (PlaLé i?,ﬁ&“), Llectron-dense material batween the
ayst and host eell walls was evident (Plate 17,A), Coupared ﬂ{thr ,
parller stages of zposporas attached to roots (P]atgﬁ 15&16); thare
Were many lomasomeslike bodies present in the cyﬁtucytép]agm'aﬁ .
béth Hpbulivan and 0Lpddfian/ TSA 1s0lates, Lomasome~1ike bodies were

also prasant batwqan:&hu host cell wall and host plasmamembrane

i

99



100

A Y
adjacent to the cyst (Plate 17,A). Two and 3 hours after inoculation

cysts were abserved with a large vacuole distal to the site of at-
tachment to the host cell wall (Plate 18,A). Lo@asome—like.bodie&
were present in the cyst adjacent to the site of attachment. fenetra-
Uion of the host cmll‘wullyby‘the cyst cytoplasm occurred after 2
hours of enfystment on the rouQiﬁurfacn, as evidenced by penetrating
thalll in roots sampled 3 hours after inoculation (Plate 18,88C).

'4?T The fungal cytoplasy penetrated the host cell wall augiiym‘matﬂrtal
deposited between the host plasmamenbrane and cell wall (Plate 18,0).
Once tnsfde thulhost cell Lnﬁ‘tunan'cyﬁbﬁﬁdsm was separated from
Lhe host cytoplasm D;'unlf A single membrane,  bmply cysts still '
contafned the cyst plasmamembrane and some lomasome-11ke bodies
tnslde the cyst wal] (Plate 18,B8C). ‘LﬂmaSOmQ"likﬂ bodies were also»
prasent {n Lhe punu.thiun channels,  The material deposited betwaen

;host plasmamenbrome and cell wall had a granylar matrix and contained O
SO membranoys or Iumaﬁnmunliké hodles (Plate 18,0),

No differences wore observed in Lhese stages of the two
Isolates of olpiddun ﬂxnmlhud. Virus or virws-1ike parkicimﬁ were

not abseryed, L

L .

£, FUNGAL THALLL WETHIN HOST CELLS

¥ i t

1. Matepials and methods
Tobaceo roots were dnoculated with zoaspores of (OLpidiwn and
; ‘ R
OLpidéran/TSA, and fixed fort examination in light and fluorescence

. . ) o B ’ ‘ L
microscopes, SEM and TEM as outlined in sectjon D, Roots were sdhip]ed

Sfrom 4 to 120 hours after inodulation, —Some roots gontaining abundant

'zoosporangia and resting sporangia’were also selected from tobaccp | ‘
C Loty RRET . | L |

o : .
i
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seedl ings grown in microfncubators, ¢ to 4 weeks after inoculation with
resting sporangia of Ly e and Ol ddiwn/TSA. These roots were

fixed for T[M examlna:qon as oullined in Chapter 111. They were also
fixed using the same procedures, frueze~fracturcd as outlined in
section D, and examined wiLh the SEM. Further root samplos‘(ontaininq
resting shorangia were fixed in 1% aqueous polassium permanganate

for 3-4 hours at room temperature, and then washed, dehydrated,

embedded and sectioned for 1EM axaminat ion as outlined in Chapter 111,
'\ »

. Results : _
L \

Fungal thalli, 6 to 8 yn In diamv ter, were visible id roots, y
sampled 12 hours aftoep 1nnculatlun, examined with the lght microscone
(Plate 6,A). Areas of fluorescence in thﬂ‘samﬁ?roons were not associal-
ad with Lhe funga! thallt (Plate 6,B), The tnqlligincﬁeaaed in size
during Lhuwnuht 12 Lo 24 hours. AL 24 hours aftep 1n0culat1on~£hﬂy f
possessad o wall and were 10 to 14w in dfameter (qutﬁ 6,C). AL A8
hours, coosporangia were observed with single exit, Luﬁe (quL@ 6,0) huf
O ZOWEPOrEs were rvlvaaaq unt il approximately 72 honra aftep inoculntg
lon. Resting sporangia,. ea@n with their characteristic thick un(ulqtln(
wall, wore uhgwryuq for the first time at 96 nnurﬁ (Plata 6,£), and also
elongated zoosporangia with many et ubu*‘(ﬁiatu G'F)

rvazg%fravturﬂq raots vxamlned in the stM contained fungq]
thlli within the ap Jdermal ce]l A hours op more after lnoculaLlon with
200 pores AL 24 houns Lhe thql]l yere round in outllne with a ruffleq

| )

surche vthnr dga Lo Lha presenCﬁ oﬁ hosr cytop]asm on o the S

depouitlon of wall mafarial exnenion Lo tnu thallus pﬂasmamembraneq‘ -

Tha]ll at 48 nouF> poﬂaaaaeq 4 wq!l and were >urrounded by nost

! eytop]asm whlch quo bhcm a rurfled surface outllne (Plate IIAA& )

I .
[ \ ' . _ N
¢ : ¢ : 1 ' . Yo f 1

' : V 1 ¢
1 ' i |
‘ ' i . .

|
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The fungal cytoplasm, as compared with the surrounding host'%ytoplasm,
was very dense at Lhis stage (Plate l],B). ,0ne fractured thallus
had an apparent connection with the root surfiace (Plate 11,C).
This hole in the epidermal cell wall may represent the penetration
channe] for the entrance of the cyst cyfop]asm. Zoosporangia with
ex{tl tubes were presndtiin epidermal cells at 72 hours (Plate 11,D),
)
and their cytoplasm at this stage contained many small vacuples
(Plate 11,£). AL 96 hours mature tgosporangia with ex(t tubes were
observed in the epldermal cells (Plate 12,A), and fractured
coasporang fa contained mature zuospdrms (Y]ate 11,F). Resting
sporang1a werae observed fopr the first time in fractured roots at
96 hours after fnoculation with zoosborﬁs (Plate IQ,H&C):,'
Sections of thalli mnnmiﬁed with the TEM po&sesggg.§hly'a
stngla 1im1t1nq membrane for Lhm‘firnt 24 hours in the epidermal
calls (Plate iQ?A). The fungal cytoplasm was dense with ribosones
as comparad.with ;Qe]husn eytoplasm (Plate 18,05 Plate-19,A),
Fungql‘mitochnndrin ware opthodox in form, whereas those of the
host were condensed, AL 36 hours, a4 wall. had been deposited
exteriop to the thallus plasmamembrang (Elaﬁﬁ 19,88C), Some host
cytop]asm bnntqinihq COﬁdﬁnsed mitosnondriq was present aﬁound
Lha thcﬂliA an<'the host plqamqm:mbrqne waa ofken uﬂparaled rrvm
the host cel ] wallh Fna fungnl aytoplasn varled ln dena1ty at Lhia
stage énd orgaﬁEIIQS were' nor‘dnatlnct. At 48 nours 'the fungal L ;1
Cytop]qﬁm was mult inucleate and conpqined many Y&SiC1&S (qute 19,1 )
The cytoplasm qu Lhen c]eqved by, Lnese vasic]es to diffarentiate -
‘zoosporas ﬁ ]qtﬂ 20 A&B) Obi]que Seqtipnﬁ of f]aqe1]a were ; :

pra>enc in, tna cyt0p1q>m wh qn was enc]osed by, nhe zoosporangium wa]l

[ '
! : ) | |

!
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: ' N o ' B : [ [ '
\ . \ }ﬁ ! : ' [ . ‘ﬂ ) i P \ v . i
[ P ) ; . i
[ ; , 1 [ , o ; \ o o

pi " ": ! ! : i i ' . [ . f



v
'

?}wlth EOdﬁlfke dﬁprﬂ%%ions (P]gre 13,C80) The Paired Fractured

-

This wall appeared Lo be made up of two layers varying in electron
density (Plate 20,A). Maturé zoosporangia contained differentiated

N
zoospores and possessed o plugged exit tube (Plate 20,8B). These
zoospores were limited by a single plasmamembrane, and the ribosomes
in different areas of the cytoplasm varied in density (Plate 20,C8D).
Axonemal fibrils surrounded-by the flagellum membrane were seen in
transverse and ohitquu sections, and the relationship of the
Flagellum to the kinetosome, rhizoplast and nucleus (Rlate 20,0)

e

were Lhe Same as For free zoospores -(Plate 14,C).

]
)

Resting spuranqla with rharactnriatlx ridges ware observed
in LODQ&&U roots 96 hours after {noculation with zoospores (Plate
12,88C ). The ridges wape MOrﬂ pronounced at 120 hours (Plate 12,0).
Rﬁsﬁing sporangfa were prasent {n the cells ‘of the eptdermis and
&orLé& of feeocoafractured roats nuntaining fungua‘culturuﬁ B,FQ 4
waeks old. Their distribution was bhﬁnrvuq fn Tongttudinal and
Lransyarse fbAcLurun of roots (Plate 12,088),  No resting sndpnnuln
Qunu obseryed in xylemn or bhlnwm cells, Tﬁé wall,uf‘ﬁach‘resﬁing

sporang tun possessed distinet ridges which outlined five and Binn

sided factts (Plate 13,4), The ridged walls of freeze-fractured

resting sporqnuin wore composed of sevepral layars (Pldt@ 'lifiﬂBISsC)‘_.ﬁ and
o | N

enclosed Lhe Iunqa1 cytoplasm which had a SCulpLuréd.Squaeﬁa "Twa

Lypes of hﬁulpturud,pulfdﬁﬁ were observed; ong with ralsed areas .

9iving a 'raﬁpperry ~11ke! apaearanoe (Pate 13 f), and the other

'
h ‘

aurfnce to tnqt anown in quLm 13.C had rod A 1 Kﬂ raiaed areas. e

:Q(P]atc I3MF&F) : In some ce]]u no$L macerialrwas asaociqheq with ”g‘ g
l.,.‘

i

‘the’ surfaca of the rasLlng 5pqran91a (P1ate 1? Fs Plata 13C) [

P s . : ' i
' . . . i kR i ! i
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In the TEM developing resting sporangia had dense cytoplasm
containing many arganelles which resembled mitochondria (Plate 21,
"A&B). AL an edrly stage in its development the fungal wall was thick
but d1d not pos sess the characteristic ridges of mature resting
sporangia. The cytoplasm in the host cell had degenerated and the
plasmamenbrane was dislodged from the host cell wall (Plate 21,B).
Resting sporangia with ridged walls contained dense cytoplasm and
large bodies of [owér electron dunsity’afLer fixation with
potassium'purmauuﬂﬂatu (Plate 21,C).  The walls were composed of
two distinet ]QYHF;T The fnner layer was electron transparent
and contained fibrous structures (Plate 21,D). Resting sporangia
fixed o aldehydes and osmium also contained dense cytoplasm with
many 11{pid boqiq; al the periphary (Plate 21,K). The walls were
composed of ;hréé;dlﬁtinet tayers, Lthe {nner layer appearing
alectron ernSﬁArwuL axcapt fop fibrous~1ike material (Plate 21,F),
No differancaes were obseryed betwaen the isolales of ﬂlpfd{um
and oLpidiun/TSA a5 regards thalll at different developnental stages
wlthin Lobaccu calls, Yiﬁ#ﬁ.ﬂﬁ.!iﬁuﬁﬂ]ikﬂ particles were not

observed 10 any ofpidinn/TSA thalll in host cells, ‘

f DlﬁCUS 10N

*»Attémptﬁ Lo visualise TSA tn different stages of iLs !eétor
Weps not succesatu] »Thé‘isolqtes of ﬂ/pfdfwn and u{pfdfum/TSA |
were 1dent1&al a5 Pe(qrda llfﬁﬁCYP]Q, morpholoqy and u]trautruogyrv
The ulLrnquurture ot Lhiﬁ tobacco Nfiirtum WGS 5 mildr to
tht uf tha leLLuge and qubqqe 1so]atqs (Lesemann and Fuchsm 1970dﬂ[
1970h~‘Temman and Cqmp>e]1, 1968 19694, 1969b Temmlnk, 1971)

“UApfd:um has a >horn and’ comparatlva]y s1mple 11fe=cyele 51nea one

¢ g ! ‘l “ P
' 3 oy . . i

.
i 4 s : i o . i N 2 [ . f
! : s ( h ) , ‘l*. | ' [ ¥ 1
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generation of ¢oospores 1s produced in 3 to 4 days. Several Zoo-
\

sporangia may develop in a single host cell and each zoosporangium
s capable of releasing many zoospores. Therefore o high probability
for transmission of TSA exists, even 1f only a percentage of the

zoospores carry the agent, y

"

In this study the accuracy of timing the development of
diffeprent ofpidimm stages was Limited by the fnability to synchronise
the attachment of ¢oospores to the roots, and also the penetration
of the host cells by the fungal cytoplasm. Using concentrated
zoospore suspensions 100 coospores/ml) as tnocula, sufficient
zoospores wore attached to the roots after 15 minutes of focubation
Lo parmit SEM and TEM examinations of later stages, Observations &gg

made wilh the SEM were extremely valuable for correlating liqht

m](FUhFUpH obsapvationy of morpholoqy and TEM obseprvallons nt u]Lra~

stpucture of dif ferent ofpddium stages,  Discussion of mhe morphology

and ultrastrueture of OLpddiwn will be Tinitad to observations which

differ from previous reparts, and Lo unpublished obseryations,
[

I, Zopspopes fpee and altached to tobadeo roats

s

Based on lign misrnaxnpm and “SEM ohservations the body of

an (Hpiddn, Loaspope. 1f conc Juded to be round in outline, Temmipk

" i »

pTS
and Campbell (1969a) «ontendod that the body was pyriform rrmﬂwﬁheir ¢

' [
Ao, ‘ 8

TEM obsery ?19n5;oﬁ'200§pbre sections., However a ]atep pub]lcatkon T
, Ay

(Temmiﬁ%k“]Q?]) 1ne1uqed a llqht*m]croqpaph of q z905pore with a «,g}'”"

ri,! o

round bodyA J1nco Lhe body ia limited by on]y a sinq]e plqsmamemhrane
L $‘.‘ N

.\." :

it is >quostcd LhaL Lne outline is. deLermined by the env1ronment,‘
and any mvyemank of tl@'kody w]thln tht medluma _In th]g study
secLione< £00spores, wape frequenL]y not round in outline due LO"

.
i ; ) ;
' : i / ! . ' s [
i K i L .
i . Lo RN . ;
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external forces involved during processing for embedding and
sectionifg. Therefore, a conclusion conéerninq body shape ba;ed on
sectioned zoospores is not as reliable as that from light microscope
) and SEM observations.

) Zoospores were always observed with a single flagellum.
No evidence was obtained for the existence of 'double' or multin
flagellate zoospores (Temmink and bampbe1l,'1969a; Toml inson and
Garretl, 1964; Garrett and Toml inson, l?ﬁ]), which some investigators
cons tder as support. for o sexual phase in the Hife-~cycle of ofpidiems
(Kole, 19544 Sahtiyanci, 1962). The ringah1ke swelling.at the base
of the flagellum may repres W§¢ an outline of the kinetosome, Electron
micrographs of  thip sections . of zoosnorqﬁ showed a swelling {n the
region of the hinetosame, which in previous reports ' (Temmink and
Campbell, {OGQn; Tﬁmm}nk, 1971) was briefly referred Lo as an
1ngnglnahlon of the Zoonpore plasmanembrane., '

The tlnquon and “dehydpat jon mvthudu wars eatremely lmpur(anL
for good prasaryation of gun;pnru* free ur'nLLn(hwd o Lobaceo roots
fop SEM uﬁnminaLiou, Prior to tha develnpment of the cyst wall the
ZQUAPOPV body (nllaphv: oquily during bﬁﬁparﬂllnn untess osmium Wi
used for fixation, rrmﬁzﬂﬁdﬁylng resulLed in damque and collapse
aompaned with the more gentle dehyqratlﬁn by the eritical point mathoed,

Loospofeﬁ nwere irm]y nLLacneq o Lhe POQL> priop ta retrqctinn

'Of Lhe f]qqs]]um and ware not quhed off durinq procass1ng as.

pPBV'ously rﬁpormﬁd (1vmmink, 1971) Obseryat1ons of AOOSPOFQG w1Lh |

. the flm;e]]um pqma’ny f‘etr‘qcted and mdge f‘ormthn syggest that

recraot1on oorura when thv f]aqel]um qupa Around Phe bOdy. Thls 3
q]so agrees wan equlu ]1an and qlectroq m1cr05é0pa obseryqt10n>

N : A . , ' .
; . S L o R
: 4 el . K
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(Koch, 1968; Lesemann anq Fuchs, 1970a). In the present study
merging of the body anq;f1agullum membranes was apparent where the
flagellum was wrappedlground the body. Merging may occur along the
length of the flage]fﬁm o {mul tancously, or it may be gradual starting
from the base of Lhﬂ,f1dqullum, as evidenced by micrographs show 1 ng

part of the flaqv?kfm still free, This may be related to the timm
K I’

rlquired or th,f agellum Lo be wrapped around the coospore body.
A

Electron ‘micrographs of frea coosporaes ,howvd the body and

or

flagel Tum mum)qg?ﬁs to be continuous. Thus Lhe f1agal bum membrane
'
was probably incorporated fnto the tiody membrane during retraction,

This may hqvv 0((urrvd (n o manner similar to that suggested for
(4]
cell mvmhrqnﬁ.iualon and Lhe fertilsation mechanism fn plants and

anfmals (Fﬁiﬂdmann, 1962).  Comparable fus ton of mambranes has beon
demonstrated durlng the resarption of cilia by certaln protozoa |
(Roth and Shigenaka, 1964), and the fusion of 1solated plant
proguplnmts (Power ot al s 1970),  The stimulys for merging of

the Tlaggllium and body mtmbrnneﬁ aust pesult from at Teast 2 factors,
.6, aﬁhesknn u; Lhe K0unp0rv body to the root surface, and wrapping

of the tlngﬂllum around the body whlﬁn bripgs the membranes into

o lose pruA{@Q hy, o prﬂr@qulu jte for membrane fusion (luay,,]970;'
L ‘ |

Poste and Alﬁ\son, 1973), Adhesion seens Lo be g requirement sinee

frae A00>p0$£s do noL show this merging of the mnmhrqnegn rurtnur

f@ptor> muuL qlso he invo]vvd since merging does not occur between
the thgal]um qn« 1 body membranes’ of different ZOOSPOF@S attaghed

o !] N ‘
S o rOoLh.- L f . ' '
Vot ‘ '

N Pr]or .0, encystilent the zpaspors cytoplasm i su]im1®ed by

only’ a 51ngle p]asmamunbrnna wﬁ}ehgnqy havé ‘quale propert1q5A

A

8 i i
T : B
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Loospores attached to roots bul with the flagellum still present
had an irregular body outline. Likewise those with the flagellum

. - .
partfally retracted alvo had a body outline which was irreqular and
flattened. This irredular folding of the plasmamenmbrane 1s similar
Lo observations reported for zoospores of flastocladivlla cmerooni |
undergning encystment (Truesdell and Cantino, 1971). A discold or
Flatlencd shape of zoospores lmediatedy following retraction of ;
the thagellum has alsa been reported for the chytertd tungus, fonel
allomycedo (Held, 1973) and for Whmnmalfuphuuu bragalvae (ATst and
Wil tams, 1971).  The flagellum of a coospore of k. ol Lomyeia {5

’

retracted when 1t fraps around the stalbionary body of the zoospore

) o

(Held, 1973),  In contrast the flagella of q F.'b%xuufuun LOOspore
are retracted when they become colled (Afst and Willjams, 1971). HWith
bolh these fungal zouspores the appearance of o discold cyst with an
freegular outline at the time of flagel lum retraction has buaen
demdns Lrated by Pight microscope and TEM observations,  In the present
study the same discold shape of the cysC of (Qhpicinn has been obseryed
fmed tately tollowing flagel bun retraction, -1nu‘?rua of contact
hetween the cyﬁt nr& the host cell wall bchmﬁﬁ reduced as the cyst
rounds of I with the deposition of the éyst wall, The discoid shape
of the cyst and frregular folding of the plasmamenbrane nay ra;u]t
Trom a speing=1ike coll of the aseneme (Held, 1973), on from other
forces inyoly%q in rﬁcrqétion.sinca free and encysted zoo&pdreﬁ af tep
tngﬂSaMﬂ fixation procedures did not display this characteristic, .
Following retraction of the flagellum, gyst wal]‘matérial gqa rapid1y
‘deposited exterior to thﬂ'p]dﬁMQMéthQUQa and tniﬁlcyﬁt'warl may

aceount. for ineraased é%siﬁtance of ‘the ptherwise originally delicate
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zoospoge body prior to penetration of the host
The number of zoospores attached to roots and still possessing

an enti(lf}; or g partially retracted flagellum was low relative to the /
‘ number of attached zoospores at any given time.  This suggests that,

flageltlum retraction occurs rapidly after attachment of the body to

the root.  Because of the extremely low distribution of zoospores

shoving stages of flagellum retract{on at any given Cimey, STM had

practical qdvaqlauvn o this study over seqtioning tor [EM tor P

obuurvatTﬁn of Lhese stages, T oa system could be developed fn which

Lhe coosporesy were indpced to attach to the root cells within a very

Shorimkimm intaryval, then a more detatled (nvestigation of these

prepenetration stages using TEM and SfM would be possible,

buring the period of ungy;tmunt oi Lhe rqgg‘ﬁurfncn Lhe
I

tncreased numbar ot menbrancs=bound vesicles or Tomasome-11ke " bod o

(e the cyst cytoplasm may be tavolved in Lhe deposition nfrthu cyst )

wall (Lesemann and Fuchs, 1970a; Manton, 1964, Tamiink and Campbell,

19690 Truesdel | and Cantino, 1971), or {n the development of a large

vacuole distal Lo the sile of attachment to the host call wall (Héld,

P73 4 Temmink and Campb@l 1, 19695) . Lomasome-1ike bodies between \

the cyst wall and plasmanembrane adjacent to Lng QUSL~ﬁegl wall may

function as-a store of mabranous material (Heath and Greenwood

1970) for the penatpating an11us. Howevar, the presence of stindlap

! ,
bodies 'in @ﬁé aysl afte pausqqe.of Lhe cytoplasn 1ut0 the hq>ﬁ (ull

mq& indicate 4 surplus of mfmbnqnnuﬁ quvrlql during paneLPqLion. C

o)

at,

Q\Lomqhom«ﬂllhﬁ bod {as betivean the NOSL plqﬁmamcmbﬁqnm and Lﬁ|1 wq]] ik

%%,‘

were probably {nvelved fn the daposition of callose 5ubﬁtaqc&5 and |

the thickening of  the wall adjacent to the cyst, . This modif{cation S

.o
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rﬂ. J) the hos Uwall appeared betore penetration by the fungal thaltue,
‘h \H

it ) , i ,

AR as evidenced hy LM and SEM observations of encysted Z00Spores

vy )F' ' ‘l

H

Stflar timing ot the host wall modif tcat fon has been reported for
. !
Tomeseveral host-oparasite combingt tons (Fdwards and Allen, 19705 Han hey

o .\I
L _€§§d Wheeler, T920, Temminb and Campbel ], Iﬁbﬁh);
f

GEN
.

‘»ﬂ The presence of callgye substances i the ol wall modif cat ton

4‘ l
3§;§AHGU((G by /0 e cystuowas demonstrated by Yhe tght fluereseend e
‘: 1 ) r

, under UV Hlumina tton af ter statning with antline blua (tschrich and
%}#HW‘HH‘. 1964) 0 The exact chemfeal nature of this coll wall modifica-
Aot .

CUTon (s unknowh S ince Che npucificity of anthine blue fluorochrome
for different glucans (s uncertaln (Faulkner o¢ /., 1974),  Smith
(1900) veterred to this structure as Lhe "papilia®. &lnce then it
has been called “Ium?uumuu" (ﬁNPllxh ety 1908), "papil Tum®
(Tewmink and Camplel 1, Uﬂﬂﬂ)qnéﬂd %wﬂloéitn"‘Utwnmmnuhnd Fuchs,

o 19700) . This sbeuctygre By thBught th bu prgdu«@d by the host
pru@ppl&;( (Alst and Nilllmuiy IV{I Hu.hnvllp‘|9/1, Chou, 1970,
Fdwards und drlun, L9704 Ehelich weoal., 1908, Nu:;dnui lﬂjﬁ;
kesctiann and fuchys, 19700) 0 and comparable cell wall modit jcat fons
have been roported during the p@uvfrntlun of plant cells by othep

fungt (ATSC and Williams, 19215 Barlin and Bowen, 19640 Lhelich NTENY I

19685 Havdwick oy, 19715 Heath and Heath, 19713 Morchp ot al o, 1975,

Payton and Bowen, 19635 Politls and Wheeler, 19735 Seeont ot o/, , M973),

pince the wall mod it icatdon aceurs: betora ponatiatiof by the oipfdiun
& ¥ !

thallys it bs suggested that this is a host rasponsd which serves as 4
datense mechanism against pepateal jon (Heqtnﬁand Heath, 1971), In

b

comparison, paplilae produced L cells Pﬂnat ated by zopspores of

p‘| “ v"

0 brwanfoae (ATst and Williams, 1971) were concluded to sepye as

[RY
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t

a localtved wound-healing response ot fhe host (Curvter, 19575 Nims

G, 1967) 0 Callose ':fht).‘)lmn e can probably be reqarded as g non-
spocitic response to pénvtr@tluu. Callose itselt s stated Lo be
electron-lucent and non-fitbrous 1n texture (Frey-Hyssiing and
Muhlethaler, 1965, Heslop-tareison, lth). Ihe wall thickening during
olpdd i penetration s s light Ly qranular and contatns membranous bodies,
suggesting that 1t 1 composed ot other matertals as well as callose.
The actual mode of host cell wall penetration by ofpddiwm
(oospores 15 not known, o the absence of any spectalised structure
for plercing the wall as found In other Phycomycete fungl (Alut and
Willdiams, 19705 Keshin and Fuchs, 1969), it {'s sugges Led Lhat
panetration may be mainly angymallic since no consplcuons styny of

strasy were obuerved (o the wabl, The Tomasome- 1 The bodtes tn the

cyst al the site ot attachment to the host cell wall may contain wall

“degrading ensymes (Lesemann and Fuchs, 1970a) . However, 1 Lthe casa

4

it

Conly a single membrana which is thought  to dﬁ the thallus plasina-

of cystys of 1 beaandaae, which contatn a spectalised structure for
physical penetieatton of the host wall, 1t has been propused Lhat Lhese
lomasone- ke bodies contaln engymes which strengthen the adhesive

= : )
materlal botween the cyst and host cell wall (Adst and Wi1Tams, 1971)

2, Thalli within host cells
During Lhe process of pangfration, the cyst cytoplasm passes

through both the host oall wall qnm the plasmagenbrane,  The fungal

. v ;N
thallus 5 than i close contact with the host cytoplasm, separated by

I

pembrana (Temmink and Camphbell, 1969b),  This boundary fs simple by
1 . ! ;

comparison with the comples haustarial-host boundaries of the pusts

]

11



and mildews with their sheath membrane, sheath, hc'nut‘}()rl«.xl m;ll,

and pl(1unmmmn_bruxm,“. (Bracker, 1967), and even with the seven-layered
plasmodial envelope ot 0 Jraad o (W'illiams and MLNal)()la, 1970).

This stage in the I\Iv~; yulo of l; lien may be the time when dacquisition

and transmission of TSA (ccq bh/}.xﬂ mnge of materfaly may occur

)/(( ’J / '1.
between the Iob& {{?I‘L y )ﬂ'%},, /I'qum at thi*.qtmm. whereas af ter the
l r(
VL g A |
deposition of (hi(\@ﬁ/ lk”‘*n&é]'ﬂ ) ,@Rf'vl‘oxw ate ly Y04 hours af ter penetra-
l”‘ '

tion, the host and fllli@ﬂ&%ﬁt&ﬂ)ld&il’f are physically separated.,  tollow-
PR

fng the tormation of tf)w fhaltus wall the host cytoplasm appears
degraded, whereas the fungal cytoplasm underqoes differentiation as
praeviowsly reported {Temmink and Camphbell, 1968, 1969h) .

The Factprs controlling rustjnu sporangia development arco
sUETL unknown, Resting sporangia dre prasent {n the same cells
as Zoosporangia, however, the farmer frequently occur 1o gﬁfturunt
layers of the cortex, whereas Lhe lalter are resteicted mainly Lo
Lha apidermis and TlPﬁE tayer of the cortex, It Is possible that
the Jumed Late enyironment of a fungal thatlus determines its dif- %
ferentiation, since the prosenck or absence of ceptain fons has boen
showin Lo Influence the fnrmaLlnniﬁ? resting sparangia by Hfduf;M[deM[/M
st pions (ar‘Iani 1966),  The diﬁﬁﬁibukion of pldiem thal 1 i
diffaront Inyurh of the cortax paises the infeiguing quastion ﬂr’XOw
they reach the cells liside the root, Zoosporandla in vpidvrmq]
calls haye hean ohﬁﬁryﬂd to relaase zoospopes wlkhin the Cﬂ]]. These
£00SpOres nay vnxyat on the wall batween an epidermal nd cortical |
' cell, as ayldenced by cystalxha SLPUGLUPas adjacent to cmi} wall

thickanings obsapyed with the TEM, Tha qbéQHCﬁ of the host aytoplasn

e
“and plasmamcnbrane at this stage would suggest that the 'internal’

!
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zoospores were abld to encyst on the 'internal' cell wall. Howevers, it
is not known whether this represents penetration by secondary
“internal' zoospores (Aist and Williams, 1971) into the ffrét layer

of the cortex, or whether the fungal cytoplasm prasent in the epidermal
cell encysts directly and penetrates tnto the CorLex cells, without

the formation of a <oosporangium and a new gencration of Zoosporvg.

The ditterentiatfon of thalli Into zoosporangia or fﬁstlnq
sporangta 1y apparent approximately 48 hours atfter penetration. The
cytoplasm ot thalli developing fnto resting sporangia docs not become
multinue leate,  Opganelles in the cytoplasm appear to break down, and
Lhere I an tncrease In Tipld bodiek. Large quantities of 1ipid
materlal have also been reported fnside resting sporangtla of
Poobraaadoae (WETHams and McNabala, 1967), a Clyteidiun spectes
(Sehnept ol 1971) and chlamydospores of Fuaoefan R LI
(Geiffiths, 1973) 0 An 0dpdid rﬂﬁt?uq sporangia the 1ipid bodies
appear at the perdphery of the cytoplasm, and may produce the undula-
cMony on the surface of Lhe citnplnam as observed in Fruékanrachurmd
samples with the SEM,  Resting sporangia of & chyteidiwn sp, also
possass Tipld bodigs at Lthe periphary of the cytoplasm (Schoepf ot al,
1971).  The wall of an olpdddwn resting sporangfum is latd down
axterior Lo the thal]us'plagmumumbrané, and appears anorphous inftially,
ﬁnweyer. when thﬁ wa1] ridgas havedevaloped, several layeprs of the
wall hre ovidént, The two outer layers ape al@@Lrnn;d@nﬁg and
fibiillan, The 5 and G~5lded facats dﬁ]iﬂ?dtﬂd by the wall ridges
probably permit contractipn and expansion of the resting SPOﬁanimﬁ

acconding g unyrrbnméntal‘cnnd1t1onﬁh Alr-dried resting sporangia

4! .
. ' l
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possess facets which are more deeply sgnken than those ,of rest{ng
sporangia inside host cells.

The persistence of TSA in o{pddiem infested soil is explained
by the internal assyciation of the agent with resting sporangia.
These resting sporangia ave able to withstand unfavorable environmental
conditions due to their thick multi-layered Wall, and remain viable
for long periods of time,  The increase in Hpid bodies in the

cytoplasm of mature resting sporangia, and concomitant decrease fn

organel les, suggest a dormant condition of these stages of Olprdiam,

The absence of any conventional virus particles fn all stages

of olpidfum/TSA suggests that thare may be a close assoctat ion between
A . e ' |F
Lthe nueleic acids an1SA and 1ts vector, or some other callular

component ot afprdiem, This would Indicata an eatremely stable ro-
lationship betwaen agent and yector, No ayidence was obtained Lo
support. the report of particles fo olpidiun/TSA 2oospores (Soe) fng

Cand Hidaka, 1969), Since 1L 1s possible to fpee the Fungus of T5A -
by culturing on cowpea, Vigme sfnonaia (Hieuki, 1968), 1t (s

thought that TSA 1s not capable of multiptcation in 1ts vectop,



CHAPTER VI

HISTOLOGICAL AND CYTOLOGICAL ABLRRATIONS FOll)NING lNFLCTlON of

TOBACCO WITH oLrzpium AND TOBACCO STUNT AGFNT

A INTRODUCTION
q

Infection nf tobacco with TSA, following inoculation of the
roots with ofpidiwn/TSA, producés severe diseqse symptoms which are
typical of virﬁn and 'yellows' diseases, The external disease .
symptoms (Hidaka e /.. 1956) do not provide a reliable indication
of the idpntity of the causal %gent, except top further suggest
that 1L 1s distinct from tobacco nacrosis virus'(TNV)"'Th@ s1tas
of histological and cytological aberrations in diseased plants
pravide an indjcation of possible causal agepts (Schneider, 1973),
although similar histological aberrations can Qg pfoduced by diverse
causal agents, To date the changes which oceyr in tobacco Lissues

and ealls followiug stunt TH#ﬂQL[On have not heen rgparted, In this
study, infected thqnco_&isguﬁn wepe examipned for the fallowing
raaannﬁi : |
1, Lo dﬂt“lmilu the effacts uf UZlezum and TSA nepqrataly as
regards aﬁuptﬁm exprassion, |

2, to aLLumpt vlguqllﬁatlon pf TSA in qifﬁerent tochco tiﬁsueﬁn

3, to determine the stgnificance Of‘ancq1ar neqr0515.1nistunﬁeq
' oo | ‘;.i!‘ . ' Cty o :
ﬁochco . C o (w> BT 1."]

, The &Aterna] 5ymptoms of stunt d1§€dﬁ& Previous1y reported

‘were based on ohservatlona of tobacqo p]qnts grown 1n 1nfested 5011

i

N Yy : , | i . i '
L i . : ; ™,
ot ' : o ¢ !
R | f : i i L) o i . }
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(Hidaka et u/.,']956), and also after sab inoculation with TSA
(Hiruki, 1964, 1967,'1975). Hidaka «t /. (1956) briefly reported
necrosis in the vascular tissues of tobacco stems and leaves showing
stunt symptoms. However, these abservalions were made from plants
grown in infested soll. No e*aminations have been made of vascular
tissugs in stunted tobacco in the absence of Olpidiwm. It is
therefore important to evaluate the roles played by olpidiwn and
Tgﬂ separately 1n the development of external symptoms, and to
relate this Lo histological aberrations {n stunted tobacco,

In view of the uncertainty as to the nature of TSA 1L is
necessary to exanine infected tissues for the presence of such
micro~organisms as mycoplasmas and Picketlstas,  This is aspecially
relevant because of the vascular necrosis péeylougly reported
(Hidaka et «l., 1966), Virus-1ike agents causing certain dberrations
1n?§he'pnloem Lissues of blnnhﬁ aré now. known to bq'n mixture of
conventional virﬁsas and. mycoplasias, S1Mi]qr1y, agents which produce
yirus~11ke symptoms in the xylem and ware Lhogth'ho ba viruses,
now appear Lo bé rickettsfas (Schneider, 1975)Q

JF]uorq5ceneﬁ microﬁcopy has been used for the datégtd@p of

ph]bem cells contalning mycoplasmarlike organisms in‘disﬁaﬁéd dent% L
7'(Dilksnra and HImI\iz 19743 Goszdzlenwski nnd PaLAOI« 1?75 H1ruki

~and Dijkstra, I973a Hiruki mt‘AI., ]974b) The pnesenca of mycop]asmq

i
i

in phloem siave calls: is q&&Ompanled by high quan1L1q5 oF oallos&

' around the ce]l walls, and. necrosis of cal] Th1s abnormal deposition

' i
i

of. ca]]dse can be deteeted qfter staining w1ﬁp nn111na b]ue f1uorochrome "

"and exam1n1n9 w1tn the fluorescenca mlcr0>cope ;;' SRS

1
)

‘“". Scannlng electron m1crosc0py~nas been used for the examlnat10n
L A 4 ALY ! : i ‘
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of the internal structure of biological material (Bole and Parsons,
19735" Germinario and McAlear, 1971)7 and provides the ;dvantage
of higher resolution when compared with the light microscope, o This
te(hnlque was included 1n the present study for observations of
histological abnrratious in healthy, o!/nidium~infected and TSA-.

infected tobacco planty,

B, EXTERNAL SYMPTOMS OF ntnrum AND TSA INFECTIONS

1. Materials and methods

- t

a)  Tnocwlation of tobacco with Odpddlan/ TSA.
Tobacco seedlings were inoculated with zoospores of ol
and U/pfdfum/TSA a5 oQﬁ]ined in Chapter 111, and grown at 18° + 2°C

for 3 months, The deyelapment of any disease symploms was recorded,
# .

Healthy, non~inoculated plants wepe also grown as controls,

\ One week old tobacco ﬁa@dfingﬁ growing in ﬁand in pot
incubqtoﬁs (Plate 1,A) ware fnoculated with KOO&pOF@SEOf O pted fran
and Ulpzdzum/ SA. and grown at 18° + 2°C for 2 months, "Roots werea
peri 0(1Kn]ly Aampled and exanined after uqsn1ng aut the sand with

nater,

b) qu inoculation of tobacco with TSA,

Inucu]aLiqns Wepe cqrrieq out qu out11ned in Chqpter I,

Inoculated plants and nony inocu]ated controls were grown as in.a).
\
] . ‘ I . v ’ ) ) "

i
]

) Graft transmlaalon of TSA to neqltny EODGCCO “‘l

i I

Shoots of tochco show1ng aymproms oﬁ sﬁunt A weeks qftan

1nocu]qt1on of the roons wlth 01p¢d¢um/TSA zoospores were wedgea T

AR , i

grafted onLo haqiLhy F wueks o]d Qo>qcco p1antﬁ,. The graft unlons

\
!
B [

g o : : , :
[ ) i [ i
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were bound with parafilm and the plants covered with polyethylene
bags for 1 week. After removal of the bags, the plants were grown
for 3 months at 18° + 2°C, and the development of any symptomé of
stunt infection on the new growth from the s&ocks was recorded,
Shoots of healthy and 0/p 7 {iwn inoculated tobacco were also grafted

as controls,
2+ Results

a) Tobacco ihqculatud with H/pﬁJiuh/TSA,

The first 5ﬂnpumm of stunt appeared as water-soaking of small
scatlered aveas Lowards Che Lipof young leaves, approximately 3
weeks after fnoculation, One day later these areas had become necrotic,
but. remained aboutl the same sfze. VYein~clearing of youny expanding
leaves was also evident at this time, Thasé young {aav@& were more
erect than comparable ones in the healthy and olpidivn inoculated
controls, Duping the naxt 3 days fine chlorotic and nﬂéroﬁic spals
developed eatensivaly over the leaves, Some leaves had ring-~Tike and
uqyy paLtern% of chlorosis and necrosis, Approximately A wéeka‘aftmr
inoculation the pldngﬁ appearad 5twﬁted and possessed short: internodes
ﬂ}th(LhQ‘IQQYQS iﬁ a Eﬂ@ﬂttﬁ arrangement,  Developing leaves: of !
stunted plnntﬁ were anf1nr than tho&nlnf the m;ntrolsi and wepe
distorted 1h‘dw£11n5l(P1atef3‘B} P]anﬁé'nith ;evera‘aymptomﬁ of

>LunL had sma1l 1rregu]aply 5qued leayes 1n 4 roselte qrrqngcment

and Lhe Jower 1eaves qt the bqse of the plant vere.stiff and britt]e

Con>1der h1ﬁ neurosi> qeve]oped along leaf velns, petlo]eﬁ and >tema' -
A ring- type necro>1s oecurred on Lne stem at’ 5011 level (P]ate 2 D) L

i

This development of vqﬁnular negr051a 'Wa s chompan1ed by wlltinq of

b A ! . v [ N



the plants during the daytime.
No diseaée symptoms developed on the leaves of control plants.
However, there§has a difference between the growth rates of healthy
} and iy i.diwn inotulated controls during the first month after
inoculation. The growth of olpidiwn inoculated plants was retarded
compared with the healthy controls. But at 2 months after inoculation
Lthere way no apparent difference between these control treatments
(Plate 3,A). However, the difference belween the growth of olpddium/ TSA
inocula£ud‘p]antn and Lhe 2 controls was very distinct,  Root develops
ment of plants from the different traatments was compared §

ftf?r‘
>
s 0f healthy

washing sofl oul of the roots with water. The root systen

and U[prfum<1ﬂ0CU1ﬂtﬂd control plants were well developed and 1fght

in colour 10 contraskt to the roots of o/pidiwn/TSA ifnoculated plants .

(Plate 2,b). The lattier roots were poorly deyeloped and bropn ié
colour, Also, savere sten nearosts was obsgrved on these plants at
soll levael, The stems of @ontzn] plants were nprmal 1n appvarangﬂ
lnﬂ Lobacco uvndlin95 grown in sand culture and 1nurulalﬂd
with coospores of Olpidiun and Otpidivn/T3A developed small chlorotic
Aspots on the sead Tpayes, qppénaimate]y 10 days ?ftﬁr inaculation,
No &ymptéms ware obsenyed on healthy ﬁOHEFU]&h Sekd1ings inoculated
with U[pt. [/ TSA dﬂvuIOVBd Lyptaal 5ymptoma of alunt infection aftapr
ingubaLinq 0P a4 furthcr 10 days, wherﬂnh no sLunt aympLoms developed
on the U!ptdzum inoaulatﬁa controls,
| The quhed root> of Ohpfdfran and, U!p:dxum/TSA inoculated
'ﬁeedlingsIWBFe hr7wn n'colour And poanly deve10ped whan compqred
with the roots of hﬂa]thy controls, dur1ng the fﬂrst moutn aftep .

1nocu1qtiol, ﬂubaoquﬁnxlyh Lhe rooL dave1opment nnd root co1our of

| a P K S
, v . |



a) . Qpaft transmission of TSA to tobacco,

Olpddiwn inoculated seedlings were comparable to those of the healthy
controls. However, the roots of ol wn/TSA inoculated seedlings

still appeared brown and stunted in their development,

b) Tobacco, sap inoculated with TSA,

Following sap inoculation, the first symptoms developed on
the tnoculated leaves after incubating for 6 to 8 days., Typical
ring necrosts (Plate 2,A) and fine pucrotic spols appeared first
as chlorotic arcas, and then became necrotic durting Ehe nest ¢ days,
Also same of Chese areas enfarged and fused later, Systemic sympLoms
were first observed in youny expanding leaves, 12 days after inocula-
tlon, Yelin-¢learing ullhuué leavas was followed 2 days later by
sysbenic necrosis (P1atw 2,88C). Stunting of the plants (Plate 1,D)
occurred 6 Lo 7 days Jater, However, not qll 1n9§ulatad plants

1]

) , , .
developed, symploms Uﬁ stunting, In one set of inoculations, 17 out
' |

of 2aplants iﬂOCM]ﬂtgd developad stunting symptoms. The remainding
plants developed only Jocal and systemic necrosis, Neerosis of the

stem al sofl lavel was only obseryed in plantsiﬂnnﬁbit1n9 stunt ing
syﬁpLums (Plate 1,8). After incubdtinh for more than one mnntﬁ

khq stynmin% WAs aevere, w?th shiopt ianrnoqéﬁ and small lrﬁcgulnrlf‘
shaped {eayas péudanqA Sevare necros |y developed aloag’ leaf veins,

patiolas and stems, and the lower leaves were stiff and brittle,

i ¥
P

Two weeks after grafting infected scjons onto healthy tobacgd
ﬁgoeks?,symptbms of systemic neqroﬁjs,wére obs@rygdfon new growth

from the Etocks, These shoats wepe stunted ‘and néd;snopﬁ 1nternod§§

(Platé 1,0}, - Sywptoms were identical w1thythose'préduqed‘hftér sap op

i ’
i L : b ' .
[T o : :
! . i
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1%

Olpddin transmission of TSA. No symptoms developed on thjg%Obda&o
plants gnafted with healthy and ’ﬁ@yd{um fnoculated controls

C. HMISTOLOGICAL AND CYTOLOGICAL ABERRATIONS
1. Materials and methods

Fssue samples were taken from the same plants as examined
in section B, i.e, tobacco plants showing symptoms of stunt infection
following sap tnoculation with TSA, graft and olpddiwn transmission
of ,TSA.  Tissue samples were also takeh from healthy and ofpiddium
fnocutated control plants. ALl samples were processed and exanined

as outlined (n the following scctions a), b) & ¢).

a)  Light and fluorescence mnlcroscopy )

Fresh, hand-cul sections of stems and peligles were stained

or Lignins, tannins, callose and gums (Esau, 1948, Eschrich and

Currer . SENEE '1h 1962}, using the following procedures:
(1) ? mounted 1n a saturabed nquﬂnuA solut ton of
phlorogl f07 nydr0khlnrlv q«id LigntnA§Ln1nud a red-

vialal ol

Lol

(11) 'Smcﬁ & blﬂqghvd in bntupqtud acidified Galﬁiumghypn;

™

~ghlorlkm fo JLehm and then mounted in 1% sodjum sulphite,

F]

ynin stad hright red colour, whigh faded to brown after

v‘40 mlnutesy
(111) Sect]ons webe mounted in a 1% SO]uhlon Of fePFlé ehloride in
0. 1N hydroch]or'c acid, A blug ﬁtaﬂn 1nd1cqhed Lha presence of '

. o ' . . v

[

“tannins, o .

fa

v
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(iv) Sections were placed 1noa glass dish and equal volumes of the
following reagents added: 105 sodium nitrate, 20% urea and 107 acetic
acid, After leaving tor 3 to 4 minutes, 2 volumes of 2N sodium hydroxide:
were addcd; lanning stafned a cherry red colour,

(v) Sections were fixed in botling water for Slninutqf, mounted in
aniline blue stain Hand then examined with Hu}Iluofbﬂcéncvlnhwwmaopv
(Chapter 111). Callose substances fluoresced a bright yellow-qgreen
colour (Eschrich and Currfer, 1964).°

(v} Secttons were statned with 0.5% aqueous safranine O tor | minute,
and then washed o4 changes of distilled water,  Cell wally were statned
purplish red, and aui materfals statned scarvlet,

The roots of tobacco seedlings grown in sand cudture  and
Tnoculated with o pddian and ofpidian/ TSA 2oospores, as in section B,
were also unaminn& perfodically with the Tight microscope,  Hashed
rooLs waere mounted oo water and exanined without fixation,

b)  Scanning electron migroscopy
\

The following schedules wore used for the praparation of
tobacco stens and patioles for SEM exanination

(1) Stew and patiole soctipns, L=2 an thick, were cut with ragor
blades and fPQAun in Hquid Freon 13, After transferpring into iquid
nitrogen they wara fraagesdr fed, '

(11)  Sections were washed 1o 4 changes of distilled water and fraogen
dried, - s

¢ [

(111) Sections, b am thick, were fixed overnight at 4°C.in 0,1 M

b
LN

phosphate buffap pit 7,0 containing 2% g]utnrnldehydﬁ P?MS 24 formal ~

dehyde, The tissues were washed twice fop ] houp in distilled water,



and postfized for 6 hours 1?7 aqueous osmium tetroxide at room temp-
erature, After washing agatn for 1 hour, sectiony 1-2 mm thick were
cut from the centre of cach piece of tissue, and freeze-dried,

Dried sections were mounted for SIM examination as oullined 1n

Chapter 111,

¢)  Transmisston eleciron microscopy

1lsnué pleces, 2 1o 5 mm square, were cul from stems, Teaves
and petioles of tobacco plants showing stunt symptoms, tollowing uap
fnoculatfon with 1SA, and graft and o/pd A transmiss fon of 15A,
Tlssue samples were also taken from healthy and Dfpfdiwn Tpoculated
control plants, and from leaves of chenopodfm anarant foolor with 3
days old local Testons following sap tooculalion with 15A (Chapter 111).
AL Cissue samples were fired, dehydrated, embodded and sectioned for

WM eaamination as oullined in Chapter L,
2, Results

a) Light and fluuruﬁkqncu micruscopy

A reqgular arrangenent Gf Ay bem and phloen Ljssuué was obsaryed
in stemn sections of Nunlﬂhy and ol pid fum=noculated controls (Plate 22,
AR, CBD)Y . In the fluorescence microscope the Hgnified walls of Lﬁu
rylem autotlyoresced vary strongly,  This fluorescence which wéﬁ yary
regular and 1ight blue (n colour, also appearad in the thick walls of
salerenchyma calls, Specific yeljow~apeen FIUOPEsCaNGR Has obééryed as
ruqulqp]y d]&tribulﬁd spots fn the phleen Lissues after staining callose

~

w1th‘ani]1ne pluu fluoracheame,  The phloen Lissues were sma 11 in arca
and flugrescence was assoeiated with Lhﬁ s1aye p]qta>b as seen 1n

Tongitudinal wections (Plate 24,A88),

123
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In contrast, fRe vascular tissues in stems and petioles of
S
plants infected with TSA were highly modified (Plate 23,A88).
Cells of the x;lcm were l[requld§ fn arrangement and had yal]s of
varying thickness. fluorescence was 1rrcgular and depended on Lhe
degree of lignification of the walls, Thin walled cells fluoresced
very fatntly -as compared with huflthy aylem cells, In longitudinal
sections, Lhe weakh autofluorescence {n the xylem was assoliated with
vessels which were very short in Tength and leregular In arrangement,
(Plate 24,C80). Hyperplasta was evident (n the pkloem tissues (n
stems and petioles of stunted tobaceo, but no virus op microorganfsms
n
were observed 10 the cells.  These cel lssfluoresced with a higher
fntensity than corresponding phloem cells {n healthy stems, but
1
the distribution of the fluorescence was nunna1&'°Thls was also
particularly evident from longitudinal sections of stems, The sieve
.‘j"ells ware vary short, and fluorescence was |inited to the areas of

| ghq slave platos (P]qiu 24,080) . Selerenchyma cells wore prasent in )
tobacen stetis showing stunt symploms, but wﬁ:m absent tn stems with )
severe sympltoms of stunt, , .
) Tob%ccm sLems and pghioluﬁ after sap iaéhulnkinn'with T5A
(Plate ZBEC&B), and also aftep graft tpnnsm15510n with TSA, hnd!
Arregulaply thickenead cé]l/walls in the Aylem, Again, hyperplasia
was evidant {n the phloea, but the fluorescancs in these ce@155§?5
normal in distributién. R -
.7, No tannins wepe djfechQ in }hﬁ tiséues|of stunted tobacco
op 1n‘§hq c&ntro]s. ,SLaininu for ITéﬁin showed the irpregular distrt-
bution of"thick walled xylem cells in stunted tobacco, Als0 tqs.waflﬁ
‘stqﬁgéd with diffepent intensities as compared with tnévmore‘ugiform
4 . . , o . |



staining of healthy xylem walls. Sections from stunted tobacco,
stafned with phloroglucinol and with safranine, showed material present
in the xylem vessels.  This material, which stained red, did not occur
in the stem sections of healthy and Olpddium-inoculated controls.

Tobacco roots heavily infected with olpidiwn and Olpidian/ TSA
were stunted, and contained areas of lTight brown discolouration
throughout the cortea,  The root Uips were stublby in appearange, and
cells in the fone nf cell elongation were crowdsd together.  Many

root hairs were swollen at the Up but did not contaln any visible

fungal thalli, 00 0iwm was disteibuted {n cells pf the npidwrm?x

and cortex.

b} Scanning electron mitroscopy

The surfacas of stem and petiole sactions, frevze-dried
without any prior treatment, were covered with material from the
Qut &el s, This was particularly evidont for sten sections of
stunted tobacco,  Washing the §uctlun5 in watar hafore fracge-drying
was sufflclent Lo remove Lhis material, This latter
procedurd pormiLled examinatlon of the disteibution of different
tissues and the calls with these %Jssueai aspecially the xylem
andphloen, \ ‘5f

In stem sectfons of healthy and olpidin~inoculated plants,
the distribution nfpﬁha vascular tissues was normal, The riég of
thick walled xylem YQSSQTS Was supprounded by small groups of cells
constituting the internal and external phloen (Plate 25,A88, CAD),
The YQSQu1dﬁltfgsu@§ in sectfons of stunted tobacco stems wepe
ﬁKééﬂSi!@]y‘d@Yékoﬂﬁd,'but the cells within such Pfssué were ' irregular

in distribution (Plnta|255E&F), In contrast with the'Xylem cells

)
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of healthy and Dlpidiwn-inoculated controls (Plate 26,A&C), xylem
cells in stunted tobacco were thin-walled (Plate 26,B&D). Large
xylem vessels were infrequent in stunted tobacco, especially after
the devealopment of symptoms o% severe stunting., The difference
‘between the Tignitied cell walls in olpddiwn-inoculated tobacco
xylem and stunted tobacco xylem was particularly evident at high
magnification {(Plate 26,C40). Hyperplasia of phloem Uissues was
evident {n stunted tobacco (Plates 25,8 & 26,F) especially when
contrasted with the philoan in healthy tobacco (Plate 26,L).
Howaver, no necrosts was observed in the philoem cells of stunted
tobacco,

Gum~11ke material was detected In the sections of stunted |
tobacco petioles (Plate 27,A) which showed external symptoms of
necrosis., This material appeared Lo merge with the thin walls of
the xylem (Plate 27,8). However, 'upon closer axamination, (L was
revealed that this material was actually on the cut surface of Lhe
sections (Plate 27,C), and had pfobthy flowed out of the xylen
calls during preparation fopr SEM examination, This materfal was
alse presant {n the xylem of stunted tobacco stems, but 1n smallep
quantities (Plate 27,0). Stems nnd;pét101a5 of control plants

did not contain this material, The sections, which wers cut from

]
]

stunted tobagco and fixed prior to final cutting and freeze~drying,
did not shaw this matepijal on the cut surfaces (P]ate 27,8 ),
Instead, this gumallka quariq] was present in necrotic cel1ﬁ in -

the xylem (Plate ?7 F

Q) Iransmlﬁhlon a]ectron mlﬁrascopy o = . :

1

The phloen tissues of stunted tochqo stems’ showed apparent ’

[ . ! i : |

H



hyperplasia (Plate 28,A), but their distr&bution in transverse sections
was reqular. Companion cells were present with sieve cells. . No
necrotic cells were obsérved. Likewise, no virus-like particles,
mycoplasma-like bodies, rickettsias, or abnormal depositions of

callose were detected in the phloem cells. Sieve cells contained
abundant P~protein and plastids (Plate 28,8). The latter were more
numerous in sfeve cells of stunted tobacco than {n the sieve cells of
control plants,

Xylem cells of stunted tobacco (Plate 29,8) were highly
deqradnd when compared with those of the cdntrol plants (Plate 29,A).
Some Ay lem vuaaé]s possessed Tignified walls, bul adjacent cells had
extremgly thin walls which wuré irregular 1o outline, The cytoplasm
in these calls was degraded, Distinet cytoplashic organelles visible
in the cytoplasm of healthy cplls were absent {n these thin walled
cells,

In tobacco leayes Showing stunt symptoms, the chloroplasts
were swollan with very large starch granules (Plate 29,C),  In some
chlopoplasts Lhe membrane system appeared to be .degraded, In
contra5ga the'starch grains in ehloroplasts of healthy tobacco

\

leayes Wera >mg]l and did not disrupt the nembrane >yatema In

leaves of HhunupwJ%um umqrmnﬂrealnp snowan‘neGrotlc ]e&ionp fo]]owjng

| sap fnoculation Nlth TSA, Lna Ch]or0p]a>th wapa agmilarly deformed,

and Lna,membrqne Syaﬁem'dlsrupﬁﬁd by the presenqa of ]arge starcn ‘
9rains: (P]ate 29, Opn Neor0t1c ce11a were observed in ]envaﬁ Of
both tobacqo‘and o YmﬂKﬁNfLCOZOP 1nfegted with TSA No viruﬁ or

virushllk& pquicias ware danecteq in %nase cq1ls ar 1n adjacent

” qe]lsn There was, howevep, an ' Ingreqsed 1nc1dence Of,lomasomanliké )

A ’

Vo s : . .
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bodies fn the leaf cells of tobacco showing stunt symptoms, when
compared with similar tissues of the control plants. These bodies
were observed between the wall and plasmamembrane of cells, and

sometimes the plasmamembrane was deeply invaginated lnto the cell

vacuole. However, the adjacent LyLOp]asm-oftcn appeared narmal .

0. DISCUSSION

The eﬁtgrna] symptoms of tobacco stunt disease are typical

of a, ¥virus {nfection as regards the vein~clearing of young ledves,
the systemic necrosis of leaves and stems, and the stunting of the
whole plant, Howaver, vein~clearing {s also Observed in plants
’1nfﬂcLud with mYCOp]dhmﬂSa and stunting or reduced vigour has been
reported for many p]ant d15aaau> suggested Lo be cqused by chteriq
and rickettsia (Tﬁakla ah ul., 19734 Hopkins and Mortensen, 1971).
The internal 5ymptéms of stunt infec&ion cannot be compared directly
with any published PQPOFES,‘ The major aberrations occurred fn the .
xylem tissues, Ksau (1948) lnvestigated the anatomic effects of .
Plercets diseqse in grapavines Hhich, at ope t!me beligved to be
caused by o Yirué,-yA§ pecently repopted to be caused by 4

lbactevium (Auger at aig@ 1974), Gum~11ike mqﬁeriai was détactéd in
0 th xylen ce]]s qnd the Aylem walls requned 119nufled In the
~ipvasenc studyA gumnlika mqterial qu datected in xy1em cei]s of ;
tobacco snowing 5tunt symptoms, but the wq]ls of* these ce1ls ware "
thin And apparently not 1onified, It 1& not known wnether nne .
thickenlng of the xy]en cell walﬂ s’ ]ost during 1nfecn1on witn

- TSA, or wnether llgniflcatlon OF dévaloplng xylem. ca]ls 15

Prevenceq in sone way , na lattev gxplanat1on 15 SUPPOFteq Dy the = f;'”'J

‘\I'( R 5 ‘ " ":, - EEI \ ;'
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fact that stunting of infected plants is influenced by temperature
(Hidaka and Hiruki, 1958). In the presenﬁ study (Chapter IV},
tobacco plants inoculated with 0lpidiwn/TSA and incubated at 25°C grew
without developing any stunt symptoms. These plants developed stems
with normal fnternodes. fowever, after incubating at 17°C for 2 to 3
weeks, stunt symptoms appeared at the top of these plants, Examina-
tion of the vascular tissues in different pgrt$ of the stems showed
that the xylem cells had thfn walls oply in the stunted region af
the stems, In lower parts of the stems the rylem cells had 1ignified
walls, | ‘ .

Histological aberrations were mainly restricted to the xylem
of infected plants, Thoﬁe changes hiay explain the wilting of sayerely
slunﬁgd plants, since water movemeént in the plants would be affected, :
From the combination of 1ight microscopy, SEM and TEM, 1t was shown \ |
that,- although hyperplasia Of’khﬁ philoem oceurred in stunted cochcon
the cells in these tissues were normal in appearance, The high number .
and short Jength of individual phleem cells may na?a been due to the:
]afga number of Teaf ﬁFﬂCﬁS‘pfﬁSﬁﬂt in a stunted tobacco stem, In
this., 1HVQSL19qﬁiOH Fluoréscaneﬂ associated wth ca)lose 1n Lne phloem
of stufited topacco planks wqa not &yp1ca1 for plants 1nfecnad with
mycop]a»mas (Dlestrq and Hiruki, 1974 GOSAdzlewsk1 and Penzold, |
I1975.a Hiruhl dnd D]Jkstnd, 1973) A]so the absance of Such m1cro~ X§§®  \‘

 ;0r9an1sms from the ph]oem qel1s suggests that myCOO]asmqs are nOt

' . . B .
LA ' , ! ! v

. 1nvo1ved 1n t0bqgco stunty diseqsen ; RPN SRS ;'; B .Q‘l

Tne qutia] ra]atlonshlps of cel]s anq tlssueﬁ 1n stems and

‘Peﬁioias of tobacco p]anns were clearly demonatrated with the SEM

AQ@rr&ﬁ]OﬂS‘lq F%SSMGS,Of'StuntEd tobaccq wera’detectedgu51ngxb0th :
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1ight microscopy and SEM. The absence of any microorganisms in the
xylem of stunted plants suggests that the gun-1ike material in these
cells may have arisen from the breakdown of the walls or some other

host materia] (Beckman, 1964). The accunulation of starch in stunted

plants may also explain the presence of gum-like material in the xylem,
since starch has been proposed as a precursor for gum materials (Esau,

1948).

!

This study has demonstrated that U((fi!pm is not ]nvolved in
fhe external and internal symptomatoloegy of tonCCo stunt diseaﬁe,
although olpidiwn infection of very young tobacco seed1ings affected
the growth of these plants during the first month,' Since the cytoplasm
of root cells containing Olpidium thalli underwent degradation
(Chapter V1), it is possible that the root physiology was altered by
- high infection., However, tn1> affect of OLpzdLum on the growth of the

plants’ wds only Lmnpor4ry ! .

Yo

Histological and cytoloqicqllqberrat1on> were observed in
SﬁunhEd tobgean following sap or graft transmission of TSAq These
obseryqtlong strongly auggeﬁt that atqnt is induced by, TSA alonea and

thqn OLpecdbian 15 Only ihvolved in Lne tranhmisﬁion oft tne QISeaﬁe

K 1
! ' ‘ i

Agann B! 8 suitabla host: Plant N ‘

P

The chqnges observed 1n tne cnloroplasts of stunt 1nfected ‘“‘;\ o

tObdcco and [ ﬂmaxathcOZOP leaves wera cnaractartstlc or virus' | Co

,1nfected ce]]s (quro]] anq Kogugea ]969, Esau, ]?5 ]968) ‘ Tnis L

Lt

'abnorma] starcn Accumu]atlon ﬂxplaxns the ﬁtiff ahd brltt]e nature 0f

BT Ve ‘ : R

;stunc 1nfected tobacco leaves o SEERN

o [ " b
Voo it i : e

A]] attempts to V1sua11sa v1rua and V1rusﬁ11ke parc1c1as,-

ol -
mycoP]asmas, rmckattslas and’ bacteria 1n dqfferent ce1ls and tlséuas . '
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~of TSA infected tobacco proved unsuccessful. Since high infectivity
of TSA has been recovered from sap obtained from leaf tissues

(Chapter ¥), it should be possible to locate virus particies in these '
tissues {f TSA possesses conventional particles. The apical region of
stunted tobacco plants is another area which requires thorouqgh
tnvestigation in attempts to visualise TSA, The‘aberr9f1ons in xylem
cells may be due io an effect of TSA on diff&rﬁﬂtiahiﬁg cells in the

apical region of tobacco stems,



. ( |
| seyera1 funga] thallx, wnich mdture 1n on]y 3 or A jays and raleasa

' 1manx zoospores Tne product]on Of high numbers of

/ CHAPTER V111
GENERAL DISCUSSJON

If the 3 bielogical entities involved {n tobacco stunt disease
are considered as the points of a triangle, Lhe (nter-~relationships
between Lthe disease agent, fungus vector and host plant can be more
easily assessed,

tobacco host
TSA/ \L[u‘d{mn
A

Eveﬁ Lhough 1t was suggqﬁtnd that not all zoospores carry TSA
(Chapter V), u?pfdfum can still Dafcongidéred né an efficient vector,
This fungus fs parasiﬁic on tha roots of tobacco, qnd does not qffach
the internal and external symptoms of TSA {nfettion (Chapter VI})n‘ |
This obgérvatioh supports the idea propo&edjby Grogéd and Campbell

(1966) thét a’fungus‘ﬂitn a host-papasite relatfonship would more 1ikely

be 4 yirus yectop Lhan 4 hlqn]y pan096n1c ﬁunguaﬂ Certafn oharécterﬁ

i

lskl as of n!pzdLum enhqnce iﬁb ro1e as vegtor of TSA Ahe mot116

]

zoo&popes are the qctua] qutors whlch mjgrﬂte )etwean ﬂne roots of

disaqsed and heq]tny tobacco The Lochco root ce11s may, each conhaln '

| ! ‘ ¢
} , ‘
oosporeswenhances
' '>::a$“

£

‘ the probab]]ity of successfu] TSA transmlsslonn S reit
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' remained v1qb]e (M ruki, 1972) . Vlrus~11ke pqrticles ware noﬁ datect%d

Tobacco root cells reacted to penetration by encysted

zoospores with the deposition of callose materials (Chapter VI}, and

this response was considered t?)be non-~ spoc1f1c Yery récently this
deposition of materials was reported to prevent the infection of
Kohlrabi rootl cells by some encysted Olpidiwn zoospores (Aist and
Israel, 197%).  Following penetration of the host cell wall and
plasmamembrane, the fungal cytoplasm was only separated fram the host
cytoplasm by a single wembrane (Chapter VI), This relationship belween
host and yector probably represents the stage when acquisition anﬁﬁ
transmission of TSA occurs, The monphalogy and ultrastructure of

resting sporangia gave an indication of their ability to survive adverse

conditions, The multilayered wall was very thick and the undulating

Csurface with 5 and 6~sided facets would pepmit expansfon and contraction

of the structure according to moisture conditions, The abundant 1ipid
bodies within Lhe cytoplasm sgugﬁﬁt‘tnq dormant, cohdition of resting
sparangia, -

1t is interesting to compare the stability of TSA 1n 1ts veaeter
and 1n tha Ltobaceo host,  fn pﬁun,g@qu’sitiﬁn by OLptdium suggaats that

TSA s carried intﬂrlally by the fungus (Chapter7[V). The stability

" of TSA inside 1ts vector is demonahrqtéd by the renentlon of 1nfect1ou@ !

TSA in qlradrled Pq&&lng sporangia For many yeamn Tni Stqb]e and

'persistenL relationsnip was furtnap suggesQed when TSA suryived cnemica]

and physlcql ﬁreqtmentﬁ o, reating sporangia as ]onq as the funguﬁ

¥

¥ n Olpzdium carrying TSA (Chapter \(L)A Lnereﬁore tne'stable assoqiat1on

.‘w1th jts vecLOP may pos&]b]y be dua tO an aﬁsoclat10n between the TSAn

[}

f b

RIA wath COWPOHQQCSuOf the cytoplasm or nucleus of ozpmdmumﬂ:'v Lo
‘ i L
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In contrast, attempts to isolate TSA from {nfected tobacco

*

show¢d that it is extremely unstable in {ts plant host (Chapter V).
The unstable naturé of TSA was also shown by longevity, dilution end
point and thermal inactivitfon point in sap. Results indicating fhat

infectious TSA containy RNA provoke questions concerning the roldt1on-

N

ship of this agent with host cells. Since TSA-RNA is unstable 1 may
be totally or partially single~stranded, In contrast, infectious RNA's,

‘viroids', isolated fram plants {nfected with potato spindle tuber and

(4]

Chﬁy§ankhumum stunt are stable in plant sap, @sgec1ally if prepared (n

high molarity buffer or in extracls treated with phenol (Raymer and

Diener, 1969; Diener and Lawson, 1973 H%%lings and Stone, 1973). The
[ (¢,

data obtained 1n this fpvestigation suggeSt that T5A {s dissimilar to

'viroidst,

N f o
In plant cells TSA may ﬂhiﬁ* at certain, stages with a loose

protein coal, as evidenpvd hy the ﬂ(ﬁionh of proteaae and bentonite en

i*&‘y :‘I

fnfectivity i sq ,ﬂprﬁcipiLqLion by P 3 Tract1nnation (uring SDG

centifugation, and -the presence of many uniform subunit~1ike particles

“{n non-{nfactious nueleoprotein preparations (Chapter ¥), The

assoc{ation of a protein component with TSA ﬁS‘QISD suppopted by the
Pecent Pepnrt of a specific antiserun deVe1oﬁed for TA (Hirukt, 1975).
The uﬂSMCCﬂpafu] qLLempLa tor dqgect COnVEnL‘onql vIrus particles in
Aafected tobacco. calls (Chapter V1) may=have béen dug to 4 Joy, titre
of athe ageit, + and o a hlghly speeifie Tocatiod within tha t{saues. )
The agan mqy only ﬁx]&t with a propajn coat at A ertan stqge of
lnfactlon in @eptain Lihamgg or opgqns, QS nqs been reported for >oma,1§‘,
plapt vlpuse& (Snlkéﬁq And Ndramoroaonl 1966* Hapﬁmann an ﬂlna ]973> .

Tne possnb1llty thqt TSA mq1t1p11e> qn. xylem t1ssue OF tobacco p1anns

,.‘:
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(

should be reinvestigated, with spacial emphasis on a developmental study

of infected plants,

Tobacco sl ghol considered to be associated with bacteria,

rickettsta or Molj fe organisms on the basis of sap transmission,

(nactivation, by Tg ions of RNase, no remission of symploms &

with antibw tbsence of any micrgorganisms within the

vascular Brs V& VIL).  The aberrations in the vasculan

Lissues wvlfr Chapter YiL), but were not typical of fnfections

w1tn ri<h0LtSI Tlicutes~1ike organisms (Hirukil and Dijkstra, 1973;

3 l
Schhe lder, 97&

The rcm? ssibility that tobacco stunt 1s caused by tobacco
necrosts virus A?F axcluded entiraely, although in this study Red

[} .
Kidney bean was

k¢!

a diffgreqt1a1 host for TNY. The unstable

natupe of TSA fn. St inactivation by low concentrations of RNase, and

1nahfli&y Lo deWOnstr j\fﬂ pitro acquisition by zoospores suggest that

L)

TSA {s dist'inat from Stunt agent 1s systemic in Lobacco whereas
£ A .

TNY produces Joca on on mechanically inoeulated leaves and on

OLp L~ upeu]af gots, Miruki (1976) also concluded Lhat TSA

differad greatly from TNY on the basis of host range, symptomatologdy,

'

seralogy and eross protection tests, Fupther avidence concerning 1ts

relationship én MY Aan only ba proyided when T3A has béen successfylly

)

tsolated and charactenised, ' -
i | Futura ﬂttempts to fsolate 1nfecL10us TSA must 1nv01ve the .
devalopment 0f procedureﬁ Por Sﬁthlihan the: aqent dur1n9 extrqcnionn

Tne se]echon of 1nfected host matar é? for TSA 1solac10n may be

im)ortann Tomqtaﬁmqy be a better host than Lobacco becquse necroalﬁ

does not accompany TSA 1nfecn1onn 1f nne stabi]1s1nq effect of. A~ PTC

I i . ! )
v . (I L . I
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L I ! : ! Cy ' ' :



136

on TSA infectivity is by inhibition of host polyphenol oxidases, then
it should b% best to isolate TSA from a host which does not contain high

Tevels of polyphenols.
/
Mechanical transmission of TSA in sap has permitted a better

cunderstanding of this disease agent in the complex of agent, vector and
. i |

host plant, and ot L‘-\Jntur—rulgtionships within this complex. Although
T5A was uftrumuf} unstable in tobacco sap and infection rates varied in
different experiments, the ability Lo transmit 1SA 1n sap conferraed
advantages in using this system, rather than that of lettuce big-vein
(Lin et «l o, 1970), for an investigation of the fnternal and persistent

transmisston of a virus-1ike discase agent by a fupgus vector,
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EXPLANATION OF  PLATES,

A1l plates have legends on the facing page to explain the
material illustrated. The individual photographs making up each plate
are marked A, B, C etc. At the end of each photomicrograph legend,
symbols have been used Lo summarise the preparation and magnification
of the subject matter. These symbols are sub-divided as follows:
fixation / staining / approximate magn1f%%ggion / dimension of bar on
photograph. -

f
1
]

Explanation ‘ot symbols used:

Fixatton: FGrO = fixation in 2% formaldehyde plus 2% glutaraldehyde
' followed by post fization in lkosmium tetroxide,

K = fixation in 1% potassium permangapate,

0 ~ fixatton in 1% osmium tefroxide, )
Qv ~ flration in vapour of 2% vsmium tetroxicde.

B <~ fixation {n boiling water,

F ~ frozen fn treon 13 and freezu-dried,

3

Statning:  UALC statning in 2% aqueous uranyl acgtate for 2 hours., t

followed by staining in 0,2% lead clitrate for 4

’ minutes (Venable and Coggleshall, 19659, |
PTA"  ~ 2% aqueous phosphotungstate pl 7.0 as negative \
stain, ' 1
At ~ staining 10 0.01% aniline blue in 1/16 M dibasie, \
potassium phosphate pH 8,0 for 5 minutes, |
The absence of o particular treatment is indicated by the 4 sign, ‘ \

List of abbreviations and their meanings when wsed on the tigures and
in the legdnds:

a ax0nema i Lo lomasome~]ike hody ‘
af  axonemal fibrils | PA  parenchyma

L gompanion call PL - plastid
Q eyst PP P-protain
¢q o ayst cytoplasn P rhizoplast |
CH  chloroplast 5 s¢lerenchyma
cp. cyst plasmamentirans S5C sieve gell
ey cyst wal) 5P sieve plate Co
€ exit tube ST starch : '
aft . external phloen ’ L, thallus
f ' flagellun 5P thallus plasiggenbrang

Jfa . fungal cytoplasp 'ty thallus wallgs:
fmfungal mitochondrion ¥ yacuole a q
fn fungal nucleus W wall'" ! \
HC -+ host cytoplasm X Kylem
HCW  host cell wall ‘ XY - xylem vesse]

MM host mitochondpion ¢ &b ' zoospore’body

HP - host plasmanenbrane AP . zoospore plasnamembrane
(P Anternall phloe AN Z008poPa wal SR
k- Kinetosome © ¥ Site of attachment of cystto

L lipid body host cel] wall, -

A
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PLATE 1. Incubators for culturing 0 o lgn cn tobacco roots, and
Lenparature Gredtment of s tunt infected tobacco plants,

A, Pol incubalor and cover for ness culture of ;oo on tobacco
roots.

B. Microtncubators i wooden holder for culturing small populations
of My idiwn,

B &> "

S Andiyidual microincubator, consisting of a seedling support
compartment (1) and o nutyient solution compartment (2), both of which

are connected with o wool string wick (arvow) .

D. Tobagco plants inoculatod with coospores of ofpidiwm/T5A and
incubated at 1/7°C tor 2 weeks, and ot the following temperatures Tor d
further 2 weeks: left, 17V0; centee, 2570, right, 3370,

L]

£. "Same tobacco plantsy 43‘§n D oafter further fncubation ol the
following tamperatures: tett, 25°C3 centrfe, 17705 vight, i7",

‘






PLATE 2. Symptoms of tobacco stunt and tobacco necrosis.,

A, B & C. Development of symptoms of stunt on tobacco leaves after
inoculation with sap from tobacco showing stunt symptoms following
inoculation with cipiaiam/TSA,

A, Rina necrosis on inoculated leaf, 8 days after inoculation.

o«

B. Systemic vein~clearing, 12 days atter inoculation.
C. Systemic necrosis, 14 days after inoculation,

D. Tobacco plants A0 days after inoculation with Olpldium coospores,
Left, healthy: centre, !pidcum: flaht, Clpddiam/ 18K, Note Lhe
necrosis al soll Tevel (arrows).

Lo Local Tesions on leat ol chenopodtum wmarantfeolor 14 days after
thoculation with sap from fobacco leaves showing stunt symptoms
folloving tnocalat fon with clpddiwm/ TSA,

FooLocal lesions on leaf of o wmapanticolor | days after Inoculation
with tobacco sap contalning necrosis vivus,
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PLATE 3. Symptoms of stunt disease in tobacco.

: v
A. Tobacco plants 60 days after inoculation with O/pidiwn z00spores.
Left, healthy: centre, pdditwn: vight, Olpidiwn/TSA,

B. Tobacco planty 40 days after inoculation with coospores of
OLptdiwm/TSA. Note the systemic necrosis, rosetting and the
distortion of developing leaves,

C. Tebacco plant arafted with tobacco scion showing stunt Symptoms
following inoculation with opddiuwr/TSA, New qrowth from stock
(arrows) shows stunting and systemic necrosis,

]

Do Tobacco plant 30 days after inoculation with sap from plant showing
stunt symptoms followinu tnoculation with o/prifum/15A. Note local and
systemic necrosts and stunting of the plant,

£. Tobacco plant 30 days after inoculation with sap as in 0, Note the
necrosis ot soll level (arrows).
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PLATE 4. Light micrographs of stages in the life-cycle of the tobacco
' strain of o/ £dlwn,

A, */*/3,200/4.m
B. */*/2,900/4;m
C. */*/750/15um
D. */%/680/16.m
K. */%/330/30um
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PLATE &, Light micrographs of tobacco roots inoculated with Olpidiwnm
zoospores,

A, C & £, Roots stained with aniline blue and examined in visible
]19ht. | o)

B, D& F., Same root tissues as in A, C & [ respectively, examined in
ultraviolet light,

A& B, Root incubated for 2 hours in zaogpore suspension showing
fluorescence 1n the zone of cell elongation, */AB/95/100um.

) —~
C & D, Root incubated for 2 hours in zoospore suspension, lote the
fluorescent. areas (white arrows) In D which correspond with the
positiohs of encysted zoaspores (black arrows) in C, #/AB/600/20um.

E & F. Root incubated for 3 hours tn zoospope suspension. MNote e
cell wall thickenings. (white ‘arrows) ddjacenL to the outlines of
encysted Zoospores 2h]nck arrows) in £, and the corresponding
fluorescence (white arrows) in £, A/AB/3,150/4um, '
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PLATL 6. Light micrographs of /piadiwn thalli in tobatco root\cells3

A. & B. fungal thalli (black ﬁrrows) 2 hours after inoculation of
root with zoosporest  A/AB/750/ 15,

A. "Root examined in visible light.

B. Fluorescence micrograph of the same root Ltissue as examined in A.
Note the absence of fluorescence in the corrosponding positions of the
thalli. Fluorescent arcas (white arrows) in B corrdspond with the
sites of penetratjon (white arrows) by zoospores in A,

C. Fungal thalli (arrows) 24 hours after tnoculation of root with
roaspores.  A/AB/9507 10,

D, Zoosporangia ( arrows) with gxit tubes 48 hours atter inoculation
of root with Z00spores.  A/AB/9%07 100,

L. Zoosporang ta with exit tubes ang resting sporangfa (arrvows), 96!
hours after inoculation of root with zoospores, RAB/T20/ 1 hum,

Foo Zoosporang fum with many exll tubes, 96 hours afLers lnoculat fon of
root with zoospores, AIABZ 72071 By, '
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PLATE 7. Scanning electron micrographs of  [p0ilwm zoospores: frec
and attached to tobacco roots,

A& B. Free 2lpddiw/TSN zoospores on MilTipore falter.
Ao OV/*/3,500/3m.

B. HNHote the ring-like swelling (arrow) where the flagellum joins the
zoospore body. 0V/*4/20,000/0.5.m,

C. btree olpidiw/ 15K rovspore on Ruclepore membrane,  Note the ring-
ke swelling (arrow) . O¥/8725,000/0 . 5.

D& L. Zoospores atiached to tobacco roots and with the flagellum
sUILL present. Note the ring=1the swelling (arrow)is ot vistble,
Rootls sampled after incubating for 10 minules (0 Zoospore suspenslon.

D, 0/0 13,000/ 1,

v FGEO/A /14,0007 1,
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PLATE 8 Scanning electron micrographs ot Uy dlwe 2oospores atlached
to tobacco roots.

\h b, Stages an oretraction of the tlagelium.  Rools sampled atter
incubating tor 10 minules 0 Zoospore suspension. P

A, Zoospore with cotled flagellum.  FGHO/4/ 12,500/ o,
B. Flagellum cotled around the zoospore body, 0/4/20,000/0. bun.

C& D Flage]l lum wrapped avound the zoospore body.  Apparent merging
of the tlagellum and body membranes (arrows) and vidge formation,
FGrO/ 8724 ,000/0¢5h, m.

o Zoospore with flaae] Tum (avrow) wrapped around (U body and with
the whiplash (large arrow) St frees  FGHO/M/23,000/0 .

BoooZqospores eqth with the flagellom completely retracted. Root
samplod, af ter tncubating tor JO mtnules i coospore suspenslon,
O/8/12,000/ 1,






PLATE 9. Scdnnlng electron ml(roquaphs of - lpddim zoospores attached
to tobacco roots,

A, B & L. Zoospores encysted on rool in zone of cel] elongation. Root
sampled after incubating for 15 minutes 1n Z00SPoOre suspension,

(I
f

Ao TGHO/4/100/150,m. Lo
B, Enlargement of arca (arrow) itn A. FGrQ/4/500/30m.

C. tnlargement of arca (arrow) in 8. FG1O/ 475,000/ 3um.
D Zoospores encysted on root hatr,  Enlargement of area (ctrede) in B,
FGLO/ 476,000/ 2,n,

.
L& F. brecce-fractured tobacco roots. Kooty sampled'? hours after
inoculation with zovspores., -

Lo Fractured encysted coospore.  Cyst contafns (Xtopla,m (¢e) and
large vacuole (arrow).  16G10/4/20,000/ 1.

Foo Encys ted gdonpore (o) on reot surface.  Fractupe thrpugh the host
cell wall (HCU) whowing thlckening (arrow) adjacent Lo cysh,
FOAO/ /24 ,000/0 . hum,

4
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PLATL 10. Sﬁanning electron micrographs of tobacco roots inoculated
with o/pidiwn zoospores and treeze-fractured.

A. Fractured empty cyst showing the cyst wall (cw), 2 hours after
inoculation. Mote the thickening (arrow)of the host cell wall (HCW)
adjacent to the cyst. FGrO/*/17,000/1m,

B. Fractured cyst (¢) and penetrating thallus (arrow), 3 hours after
inoculation, HNo apparent thickening of the host cell wall (HCW).
FGtO/A/14,000/ 1.

¢ : .
C.! Two intact cysts () on fractured host cell wall (HCW), 4 hours
after fnoculation, Note the two penctrating thalli (arrows).
FGHO/A/13,0007 10, X5 :

0. Col]npsnd cysts (¢) and adjacent cell wall thickenings (arrows),
24 hours after inoculation. FGHO/A/15,000/ 1y,

L. Collapsed cyst (¢} on roet surface.24 hours.atter tnoculation,
Note@he hole (arrow) o the host cuLI wall where penetration occurred,
FGHO/A/26,000/0 . 5.

F.  lntact and fractured (arvow) thalli (t) in an epidermal cell, 24
hours after fnoculatton., POGHO/A/T,200/ 20,

i
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PLATL 11. Scanhing electron micrographs of tobacco roots inoculated
with Olpidiwnm zoospores and freeze-fractured.

A. Thalli (t) in an epidermal cell 48 hours after inoculation.
FG+0/%/6,500/2um.

B. Fractured thallus- 48 hours after inoculation. Note that the thallus
wall (arrow) separates the fungal cytoplasm (fc) from the surrounding
hast cytoplasm (HC). FGtO/*/5,5000/ 2.

C. +Fractured thallus 48 hours after fnoculation. Note the gonnection
(arrow) between the thallus (t) and the root surface. FGr0/™ /4 ,400/ 3y,

D, Zoosporangium with exit tube (arrow), 72 hours after inoculation.
FGtO/ 2/ 12,000/ 1. '

E., Fractured zoosporangium 72 hours after ifnoculation. Note the
presence of many vacuoles (v) in the fungal cytoplasm,
FG+O/A/4,300/ 3.

B Fractured mature zoosporangium coptaining "zoospores (arrows), 96
hours after tnoculation, FGQ/4/5,000/ 3,
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PLATE 12. Scanning electron m1cr09raphs of freeze-fraqtured tobacco
' roots contajning o/pidiwn zoosporangia and resting

sporangia,

A, Zoosporangium with exit tube (arrow), 96 hours after inocuiation
of root with zoospores. FG+)/*/4,200/3ym,

B. Young resting sporangium, 96 hours after inoculation of root with
zoospares.  Ridges (arrows) visible on the surface. FG+0/%/6,200/2um,

C. Resting Sporahqia fn eptdermal cell, 96 hours after inoculation of
rooL with zogspores. Ridges are pronounced. F£GH0/4/5,000/ 3un.

D. Resting sporangia in epidermal cells, 120 hours after fnoculation
of the root with zoospares. FG+0/%/3,400/3um,

£, LOngltuﬂina] fracture of root showing resting sporangia in-cells
of the cortex., F/*/800/15un.

F.o Transverse fracture of root showing resting sporangia 1n epidermal
cells and cells of 5%0 cortex.  Note the presence also of a ROOSpOT~
angtum (arvow) with a, long oxit tube, F/*/1 2000/10 4,

f,‘\d‘\

C A






PLATE 13, Scanning electron micrographs of {; il resting sporangia
: in freeze-fractured tobacco roots.

A. Resting sporangium with ridges making up five and six-sided facets.
FGHO/%/5,500/2, m.

B. Fractured resting sporangium, MNote the thick wall (W) surrounding
the fungal cytoplasm (fc¢) which has a sculptured surface with a
‘raspberry-1ike' appearance, ~ FGt0/479,000/2 m,

C. fractured resting sporangium with sculpture of rod-|ike depressions
on the surface of the cytoplasm (fc). FGHO/2/4,500/ 35,

Do Enlargament of € to show the layers of the wall (U) and the rod-11ke
depressions on the surface ol the cytoplasm (fc). FGHO/4/9,000/ 2.

Eo Paired fractured surface of resting sporan?ium in C. Note the
rad-1ike raised areas (arrow). FGr0/%/16,000/ 1w,

F.oo kinlarganent of I to show the rod-1ike ratsed areps. "
FG1O/8/4,500/ 3y, |

[}






PLATL 14, Transmission electron micrographs of zoospores of
Olptdiwn/ TSA.

A, Intact zoospore with plasmamembrane {(arrows) around the body (b)
and flagellum (). OV/*/ 7,500/ 2.

B. Longitudinal wection through zoospore. hote the slight swelling
(arrow) where the flagellum joins the body. FGHO/UATLC/29,500/0. 5.m

C. Longitudinal section through zoespore body and part of the
flagellum shovwing the plasmamenbrane (Zp) continuous around the body
and flagellum, lote that the central tibeils (arrow) of the tlagel Tum
terminate at the Ninetosome (K)o FGHOZUARLC/H6,000/0. ¢,

0. Transverse section ob tlagellum showing 912 arrangemont of axonemal
fFibrils surrounded by plasmamembrane,  FGHO/UAMLC/B9,000/0. 1.
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PLATE 15, Transmission electvon micrographs ot 0w 2oospores
attached to tobacco ooty

A - Do Seqtions of zoospores on roots sampled af ter tncubating tor 10
) *
mihutes 10 zouspare sospension,

AL Zoospore underquing retraction ot the tlagelfum, -
FOHOZUAYLC/A0,00070. 30, )

i Lnfarqumvnt of transverse section of axonemal fibrils (at) in A,
Note that the 2 central tabrids (arvow) are present in Lhis section
and that the outer fibeils ara surrounded by zoospore cytoplasm,  The
flagelum menbrane 1 absent around the axonemal fibrils .
FOHOZOACLC/0, 70070 T, ‘

C& Do Zoowpgres cach with the flagellum roetracted,  Cyst wall not

present around the coospore bodtes, whitch are surrounded by only the

plasmamenbrane (ep) o Axonemal CIbEETs (arrows Jare prosent i the
200spore cylopTasm In transverse sdethon o Cyand tnoobbigue sectton
fn Do The tihritys are nntfuunwwnmn‘nh‘pi(

o membrane .,
FOLO/UAT LG/ 32,00070 by, ’
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PLATE 16, Transmission electron micrographs of iy (twn/TSA zoospore
attached to tobatcu root,

A& B. Sections through a zoospore body with the axonemal fibrils (af)
present in the cytoplasm, Root sampled after incubating for 15 minutes
in zoospore suspension.  Note the absence of the flagel lun membrane
around Lhe axonemal fibrils, and the fhin layer of cyst wall material
(arrows) depusited exterior to the body plasmamembrane (cp).
FG+O/UALL/33,600/0. 5, "
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PLATL 17. Transmission electron micrographs of ./ idiwn zoospores
encysted on tobacco roots, .

A & B. Rools sampled one hour after {noculation. .Note the dyst wall
(cw) deposited exterior to the plasmamembrane. Axonemal fibrils (af)
are present in transverse section but not in the regular 942

arrangement, ’

A. Section of encysted oy (00w zoospore, Note the electron dense
material (arrows) between the cyst wall and the host cell wall (HCW) .
Lomasome-11ke bodies (1o) are present between the host plasmamenbrape
and cell wall adjacent to the encysted zoospore. o

Sl

FGHO/UALLC/ZA%,000/0, 3. oL

B, Section of encysted olpidia/T5A zoospore, FGtO/UA1LC744,UOD/OnJum.

A

-
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PLATE 18. Transmissiomelectron micrographs of encysted J/p{d{iun
zoospores penetrating tobacco poot cells.

A, B & C. Roots sampled 3 hours after inoculation,

A. Oblique section through an encysted o/pi.iiwn zoospore. Note the
presence of a large vacuole (V) distal to the site of attachment to

the host cell wall (HCW), and the presence of a lomasome-~like body (Lo)
near the site of attachment. FGtQ/UA+LC/46,800/0.3.m.

B. Oblique section through the penetration channel (arrow) and
thickening of the host cell wall (HCW). Lomasome-)ike bodies are
present in the cyst and the penetration channel. Material has been
depds ted between the host cell plasmamembrane (HP) and the cell wall,
FO40/UATLC/36,000/0, 3.

C. Seotion through penetration channel (arkowz and thickening of host
cell wall (HCH), NMost of the fungal tytoplasm (fc), including the
nycleys (tn)y 1s present insfde the host cell, and separated frow the
host cytoplasm by only the thallus plasmapenbpane (Lpg. Some fungal
cytoplasimand lopasomnnlike bodies (Lo) are still present in the cyst
(c). FGIO/UALLC/A0,300/0: 3, . |
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PLATL 19, Transmission electron micrographs of vlpidiwn thalli in
tobacco root cells,
=
A. Thallus (t) separated from host cytoplasm (IiC) by only the thallus
plasmamembrane (Lps. Root sampled 12 hours after inoculation with
zoospores.  FGHO/UALC/36,000/0. 3.

B. 'TNallys with thin wall present (arrow). Root sampled 36 hours
after inoculation with zoospores. FG+O/UALC/ 7,400/ 21m.,

C. Thallus with definite wall (tw), which is deposited exterior to
the thallus plasmamenmbrane,  Root sampled 36 hours after inoculation
with zoospores. FGHOZUALC/13,000/ ),

0. Thallus with wall (tw), and many vesicles (arrows) present {n the
cytoplasm. Rool sampled 48 hours after ineculation with zoospores, -,
FGO/UALC/37,300/0. 3.m.,

N ]
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“PLA]f\ZO. Transmission electron micrographs of Ul; (i zoosporangid
in tobacco roots. ’

A, Part of an ol dlwa/TSA zoosporangium. The wall (zw) appears to
have t#® layers of different electron density. The cytoplasm is partly
differentiated to form zoospores, and oblique sections of axonemes (a)
are visible., FGtO/UAtLC/27,000/0.5:m,

B Mature coosporangium of Jipddiwn/TSA with a plugged exit tube (e).
The cytoplagm has differentiated to form zoospores.
FGtO/UAKLC/ A, 20070, 30m,

Ci Seokion through a zoospore in a mature O/pddiwn 2005porang fum,
Note the transverse sections of axonemes (arrows). The zoospore body
is surrounded by a sinale mcmbranu‘(mtl and the cytoplasm yvaries in
density. FGtO/UATLC/27,000/0 A,

" The relationship betwoen the nucleus (fn) ‘hicoplast (r), kinetosome
(k) and axoneme (a) fs visible. fG1U/UAt¥ /R9,70070,Aum.
k !

['Y

Dy Section through a zoosporce hl‘iumtuvz§:tphfhquSA 2005porang fum,

)
a

O
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PLATE ¢1. Transmssion electvon mcrographs of L0 G res Llug
spotrangia in tolacco roots,

A& B, Young resting sporangia with thick wally (W),  The cytoplasn
dense, but vrganelles are st visible.

A, HMany mitochondria (fm) are present o the funyal cytoplasm (fc).
FGtO/UALC/ 12,500/ 1, m.

B. MNote that the host cell plasmamembrane (arrows) ts detached from
the host cell wall (HCW) . FGHO/UAYLC/ 15,500/ 1, m,

C.o Developing vesting sporanatum ot 0 2w/ TSA with thick, .
undulating wall (W), The cytoplasm s estremedy dense, and contains
numerous large bodies, bﬁ/ll/\tlA(‘././.1()()/\?_..111. v

_ @ o n
Uy Eodargement of wall fn € to show layers of wall and fibrous
structures (arvows ). K/MATLC/36,0007/0, 3.

Lo ResUing wporangtum with tully developed wall (W), showing the
characterfstic stellate outlhne, Note the dense cytoplasm (fo) and
numerous Liptd bodies al the periphery of the cytoplasm,

o FGAOZUATLC/4 800/ 3,0,

%‘T. Entargement of wall fn D to show the different layers present
(Lo 28 3), FGHOZUATLG/3H,000/0.3,m,

h






PLATE 20, l' tghtand  Juorescence micrographs of tobacoo s tems
AKX B, Transverse section ot healthy tobacco sten, BZABZ 18O/ 6U .

A Light micrograph,

B Fluorescence merograph.  Ho€e the strong autof luorescence i the
xylem (Y) and solerenchyma (S), and weaker fluoresdence 1o the external
(eP) and vnternal (F) pntoon,

C& D, Transverse section ol tobacco stem 60 days af ter tnoculation of

roots with ‘.[ TR ”//\H/ ‘ l'()/(l(); M, ,
. A ! \
Coobght ncrography, g ;

\

Do HFluorescence mtcvograph, Strong autof Tuorescence 1o the gy lem (X)),
and fluorescence 1 Lhoe philoem (eP & ),

3
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PLATE 23. Light and fluorescence micrographs of tobacco stems .

A& B Transverse section of tobacco stem showing stunt Qymptoms 60
days atte® anocutation ot Jhe roots witho 2 e/ TSAL B/AB/ 20060,
Ao Light micrograph. Cell walls of xylem are iypeqularly thickaned,
Dark materval present an oxylem tissues (avrows).  Internal phloen (1)
is more extensive than n teatthy and " 2050 contro g,

A -

B.  Fluorescence microqraph,  Autofluorescepce in xylem s trregulgr.
Fluorescence in phloen tiu%uun 1o apparently normal .. ‘

C&D. Transverse 3ection of tobacco ST showing stunt 30 days aflter
sap noculation with 1SA. B/AB/ 1707600, o

C. Light micrograph. [xtens v fnternal (iP) and eaterngl (nﬂ) phloem
present. Xylem (KB‘SNUWIHU some brrbgularity, S
)

0. Fluorescence micragraph.  Fluorescence tie phloem Clssudy 1s noral
fnodistribution but tnereased inointens tty when compared with controls,
Autof Tuorescence in the xylem shows some frregularities,

a3
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PUATE 24, 1Laght and (luorescence Micrographs of tobacco stems.
A - Do Longrtudingl sections, B/AB/IGO/]OUpm.
Ao Light micrograph of healthy tobacco.

B. Tluorescence micrograph of same tissuey asv in A, Note the strong
autofluorescence assoctaled widh thes xylem (X), and, the weaker
fluorescenae in the phloem (eP & 1p). -

C. Llight mi(roqra(ﬁ/of tobacco stem showing dtupt symptoms 60 days /
cafter fnoculation L1 the rooty with PG ISR Note the
disorganivation of the xylem (X) ‘and phloem (M) as compared Lo the
healthy s tem Q!Il A, :

Do Hluorescency micrograph of same tissuds as {n (. ‘Nn{v the weak
fluorescence in the gylem (X), and the tncrease tn the intens{ty of
Fluorescence o the philoem (ip) but with apparently, normal,

distefbut ion,
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PLATU 25, Scanning electron micrographs of transverse sections of
tobacco stems,

ABB. Healthy tobacco, 8 weeks old. \\\

‘ .
Ao Whole stem. [/A/08/7500m: P

—

B
i 'Lnlargomont,wh vascular tissues in A, [/2/90/150vm

C& D, Tobacco, 8 weeks old, 6 wueﬁs af ter roots inoculated with
Olpdd o, " '

Co Whole st %/“/?2/750um. »
Do bolargement of vascular tissyes tn Co F/2/90/1500m.

L& Fo Tobacwo, 8 weeks old, 6 weeks af ter roots {noculated with
OLpdd g TSA, - '

Lo Hhole steme F/87 1877507
Foonlargement of vascular tissues o [ Note the disorganisaticn of

the xylem, and the presence of untnn,ivo fnternal (1P) and eXlernal
c(el) phloem, /707907150,
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PUATE 2o Scanmind electror micrographs of transyerse sections of

tobacco s tems, ™
4

A& B Xylem coelln. 17478507300 m.

A, Healthy tobacco,

A
<

B, Tobacco 6 weebs atter tnoculation of roots Yith Wi/ T5A
C & l&. KyTem-cells, 1/4/1,800/100m.

C. } Tobacco 6 \'4('(\7, af ter i uﬂlal'i(m of roots with ;o fwn Note

theg Lignitied cell walls,
_ 3

0. Tobacco 6 wieks atter tnoculation of rootls with ."/‘.'.."."."/’/l“:/\.\
Note the thn coll wally, *

L& b Internal philoem cella, 1787450730,
L. Heal thy tobacca,

Co Tobacen 6 oweeks atter tnoculat ton of naaks with /1S
NQ(.;.- the extensive developoent ot phloen, hut no apparent necrosls,

\ \
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PLATE 27, Scantming electran m1([0qlaph) of Lyan verse sections of s
Lobacco Lissues, . ,
| .
A, B & O Petiule of tobacco § weeks after tnochlation of roots with a

Dlpddde /1SR Hote the dengse qun-1ibe material,

\

Ao Vascular tisaues of petiole. /479071500,
B. folargedent of region (large arrdw) i A to show the relatipnshim
of the gum-tite matertal to the cells. F/%/1,800/10.m, oy, -

C.o Same petiole section as o A viewed obligquely to show the gum- ke
material (arvows) ow Lhe cul surface.  F/8/450730,m,

”

Do b & L Xylem of tobacce stem 6 woeks uft?P{]nu<uldllun of rootls with

Hpcdini/ TSR

[a}

fo tnlargament of guiit= T matenial in oaylem cell n £

775 Disorganimed gy lem with thin-walled cells and gui-1 Hhe matvr]al

(arrows). /274507300,

canta iy gun1the materfal (arrows), rm'b,l/“/450/luum.

(W 'Tkl?—walvd dnd ]i@hiflud sylet cells together,  Necrotdo velly

Hu() r/'*/l UUU/I han, 7
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PLATE 280 Transegsston electyon mi Fographs of yascu]ar tissues' o
' tobacco stens,

A Bs Trangverse sections of phloem in tobacco showing s tunt

Symptorr. €0 days at ter noculatton of the roots with i/ TSA

»

A Sreve colbs (SC) and dodpanion cells ((2 b phloem tissues,

FGrOJUAYLC/ 3, 70074 ), N

s Steve coel s (50) weparated by a s teye plate (S17) . The colly are

apparent Ty novma b, and contain Popnotern () and plastids (p1) .

FGHO/LAY C/ 140071, m,

N






PLATE 290 Transmiss ton electron mcrographs of Uissues infec Led with
tobacco stunt agent . |

A& B, Iransverse sectians of Ay]pm in tobacco stems .,
lUfU/UA'L(/l,/UU/§“mf

Ac Xylem cells in healthy tobacco. Xybtem vessel (XV) with Tignified
wall, and cells contatning Cytoplasm, ‘

B Xylem colly 1n tobacco Showeing tunt symptoms 60 days af tor
oculation of the voots with Vp ol TSR Cel walls are thin and
Aave frrequlag oull |nes . Cytoplasm tnstde most ot the cells has
degencrated,  Parts ol the Tignified walls of two Ay lem vesselds (Xv)
are visih e, !

G Chloroplanty (C1) 1na mesophy b cetl of a tobacco Teat Showing
Stunt symplones.  Hote the Targe granules of stareh (“1) The Jower
chloroplast hay a dbsorgantued  membrane sys Lo due to the saaifen
accululation, o FGLOZUMLC/ T 6007 T,

Do Chloraplasts (Cn) tamesophiy Iocell ol o leat of Chenogad6wn
et it Cooforowith 3 days old necrotie Tesjons af Loy fnoculation with
tobacco sep containing stunt agent,  Note the large stareh (51)
granules within the Chiloroplay ty, the chloroplast at the lower rlght
By degonera Led, FGEOZUALC/ 15,000/ 1m,
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PLATE 30, Transmission electron micrographs of negative stained
tobacco stunt agent preparation,.

A~ €. */PTA/200,000/0.1, m.

.
A, A preparation obtafned after two cycles of differential
centrifugation,  Partacles (arvows) approximately 9 nm in diameter,
No infectivity assocrated with sample, o

B & C. Prvpurnli(nv.(ﬁ)halnud atter two cycleagnf polyethylene q]ycgl
GOOO precipitation.  Ho infectivity assoctated wrth samples,  Particles
(arvows) vange an size trom Th to 35 e Some particles (white arrow)
observed with a possible menbrane, ’

N .
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APPENDLX

Analysis of lesion counts obtained from control and troeatment

tnoculations made on the 2 halvesd of the same Jeaves of Chenopodi

anaan b Lo lor,

-~

tetest of signifigance for correlated samples (Snedecop & Cochran, 1967)

-
- f;[) - e
N ' 2 2
SIS AN (1) :
N~
. whﬁru D~ difference between paired sampleﬁA , ‘
' N o~ number of paired samnples,
. &
Stgnificance at the 1% level (1 ,01) denoted. by ** '
\ , B i [} '
hign]t1?anco At the hm ,evul (“ ,05) denoted by A e
Mo algnifleance dehoted by NS
i i / t
. : ' o I
P . ! :
. B i [l ”‘ ‘ ! by
s ;o t ‘ T ' |
f . { : R }{[ |
t ‘, i ' l | ‘ [ '\ N ' g
1 } xl‘) ! ' ! ‘I I . .,' S ]
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TABLE 5. Lesion counts: Effect of buffer pH on tobacco stunt agent
“ infectivity in tobacco sdab bioassayed on heniopod i
damaranticolor

e e b e e i s e 2 e

Buffer pH

5.0 5.5 6.5 7.0 7.5 8.5
S ~ RS
7261 210 32l 374 698
274 457 590 732 620 376
Exp. 1 - 366" 537 56 . 291 /363 470
A43 291 652 644 T 51T 223
Leston ws 609 119 303 309 239
counts 362 460 - 602 758 272 210
W 393 K12 134 697 984 548
, "161" 431 883 462 f?ar CA90
Total 2455 153 A4S ARZD 4205 3314
Mean , 307 I444' XY 529 526 A14
A3 183 - 150 262 178 " 136
0 s 269 151 100
Exp, A 70 41 276 118 . 320 160
- A7 134 3540 L 197, % A8
Les fon s e Y 10 zes )98
“codnts A ¢ 74 . . 210 S T R
T - B U/ 296 ' z44 ' 148 287
R T 169 . U8 164 229
Tota) sy - 1Mo 1610 1800 1 . M6 - A1
Cmeans . ocadorooqestt o gornozes o M8y 077
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i

TABLE 6. Lesion counts: Effect of buffer malarity on tobacco stunt
agént infectivity in tobacca sap bioassayed on <henopod!m
amarantieolor Lap. |

\ Buffer molarity
0.5 0.05 ~0.01 0.005
@ " 267 367 304
\ 231 213 K 188
12 317 175 178
4, 292 23] 170
3 193 164 210 ;s
A4 271 | 369 243
o 5 249 321 267
Lesion | 0 212 - 364 249
counts I 172 - 159 63
33 174 190 ‘ 95
9 219 268 281
13 25 224 229
4 120 . 193 217
L 26 298 ) 232
: . 7 241 345 * 180
12 307 278 193
' 'Tota] e . a8 4092 3296
S Mean o a0 zse 206 -



TABLL 7.

Total

Mean

/

j v

Lesion counts: Effect of buffer molarity on tobacco stunt
agent infectivity In tobacco sap bioassayed on Chanopodiam
amarantioolor  bap.o L

e e mn e e rm s i maar s e STIELS

Buffer molarity |
0.01M distilled

0.5 0,1 0,05 0.01 0,005 0.001 (nn 4~PTC) HQO
1A 133 241 Aw 210 435 64 116
2 56 236 ¢ 524 ABO 138 24 88
38 193 267 526 296 A08 53 30
17 244 100 677 6586 556 58 T4

) _
3 175 ses \ass 349, a7 50 108
A2, 191 290 JAma 209 372 69 22
15 72 299 165 536 494 140 63
25 36 213 622 B4 417 172 63

97 1100 203/ 3713 3867 - 3347 630 504
26, 13 256 A6A 446 AlB 79 63

’ Y
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TABLE 8. Leston counts:  Chenopodifon amimant Lo lor 1noculated with
tobacco stunt agent In tobacco sap and incubated at 174C

o hr A R e ER A b e ke Pf e ek il RS Ak ek ket n . R g gy B+ it e} rhe A SA R A s vl s e ar = s ae e et

Days after Inoculation

Leal
Moo A b6 o8 o9l a e 16 18
| 0O 0 1 2 62 80 . 91, 106 119 128 128
2 0 0 0 A 34 59 72101 118 135 138
3 0 0 1 10 24 36 50 {1 86 9] 102
A 0 0 0 ) 1A 27 31 A5 67 83 86
h 0 0 0 46 96 118 129 153 169 169 169
6 0 5 194 231 270 318 341 4]
7 0 17 144 211 246 253 253
B 0 131 161 198 218 241 74)
9 0 62 /4 105 10 1 1
10 0 72 139 103 121 123 1273
1 0 90 131 158 182 198 198
¥ 0 Al 54 76 90 108 108
|3 0 14 17 29 A2 4b A6
49 B 38 68 p6 96 102
E 66 o104, 14 M2y 142 7
16 42 109 146 1 221 220

ngﬂ - 1508 \935%#Qgg)z 2486 2510

Mean = 0 76 94 121 144 185 18%
S lAa g man o3 it et 8 T = - s
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FABLE 9 e ian count -, , - . the a I et L

tobacco wbant agent oo Tobacco wan and v gl e ted al |

n v
Days aftter , [hu wlalton

Ceal Noooo A ' t / i Y 10 (I |4
| ] bl 1 il 113 I $1 |4/ . |42 1Y
? 0 0 /4 It 120 I e () Bt

1 (0 Ry i A i /n " U T
4 Y ki " o (1Y 4/ P |y Ay

oh 0 Il Iy Bo Iy 114 [0 /4 124
b 0 1" 14 14 (K N oy ¥ hi
/ 0 I/ 1l 714 sl A e
U { U o 41 6 A 1 ! i

Y 0 th [ b4y 1o 164 fer 171 /1
¥} () 4/ v Ho 14 I (et 110 140
] () W S Ah Of (i 1, 1l i
I { Al A L a4 Py, ey 146 ]
] () A |4 .M 1 19 40 ¢ A
I 0 /1 o/ oY 1h P N T
I 0o [/ b 24 ) 294 f11Y 1)
i6 b A 14 1 IRl 131 147 44 144
futdl Y N O S [TV U7 F SV [ R Y ST VY Ry
Mean O T (1 R VY N LV BV VRN [ SR T

=

11
I 10
oy
[Hhu
A4
M
114
Ihil

AU

1hts

)
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IABRLE 1Y Leston counts . Tncrement curye 1ot Tobdico stunt dyent
fntecttvity on tahacon oo s on : v ;

aften wap branstay fon

1)
Days altey Inululnlltw
4 1 H 10 I 14 6 1] 20 200
I A /4 1134 P Y 93 g4 231 79 102 un
feaves ! Bo 116 16 104 ald ¥ 134 4l 0o 4H”

! S L O AV e KT TV N USY
Leston - L I (Y Ity L O Ui - I (A Y
county/ 0 W | 46 Y KR 1Ot | 90 Ho 16 ho oo 3/
feal e /1 143 141 20l 1049 84| 127149 1640 10
TR N T I Y £ SN I NN I P4 17/ N I 11 RO B [

'

0 2l 0 144 LG Yy (W) (R o A B PO O

lotal 4 hoY (Fgil! L36% I R U Y] il 9wl 0oy Lot
Mesani U i {10 220 174 144 Y Y N N T I
Nii {0 1] t t "/ 14¢ K| | 49 b w4 A/
I 1] i 1] fit) (h H0u 164 A T I 7
]Uﬂgﬂh‘ ) 0 () Uy {4 14 i/ 1630 gy ¢ i
() 0 ) 104 190 |4 el O I ST

Las fon {) 0 I 1 lh?v h A Mot hh A4
cownts/ ) () () At 8o 96 e K b oo
# ! ) U R ,

loal 00 of M om0 s e

N 0 R R VA s s N [ L B VR TRy,
Tota)l 0 O N0 606 870 1124 2026 1IAL 670 b33 30/

Mean 06U 76 109 v AL #bd M3 B4 67

' :
i ' h '
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TABLE 13. Lesion counts: Increment curve Il of Robacco stunt agant
infectivity in tobacco bioassayed on Chanope Llwm amaran: feolor

after sap transmission

Days after inoculation
oA 6 8 lo e T4 0618 20 R
Inoc., 0 A 54 A5 16 139 59 27 71 3l
leaves 0 A (6 69 78 92 ! 30 45 38
0 2 12 65 75 156 7 195 3l 33
Les {on | 0 104 3l 102 101 3l 121 23 3
counts/ | 12 38 18 12 A8 165 58 44 AT
leaf l A 43 85 209 65 166 62 52 28
0 3 36 62 80 3 102 51 65 93
' |
0 } 27 86 62 160 117 23 97 A2
Total 33 400 A6l b2A 192 644 H67 434 315
Mean 0 A 50 b8 78 99 81 71 B4 39
Non~ () 0 0 0 13 36 171 aoa 89 117
inoc, () 0 ) 0 17 69 96 158 116 100
leayes 0 0 0 no 3 43 279 231 78 168
o 0 0o 0 7 .72 8% 116, 66 A5
Las fon 0 0 o 0 19N 88 52 1206, 207
counts/ 0 0 0 0 5219 0 169 274 273 82
leaf 0o 0 0. 0 7 59 63 111 341 169
0 0 o 10 151 169 197 156 193
i N “ ‘ ‘ | N . N
" Total 0 0 0. 0. 73, 740 . 1109 14471325 1081 .
Mean 0 0 0 0 9 93 139 18)1.1686 135
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TABLE 16. Lesion counts: Effect of RNase concentration on tobacco
stunt agent infeg¢tivity in tobacco sap h1oassayed on "

n ‘)nwnqunhzunrumxuznrifolor ;

RNase concentration
' 0.1 0.01 0,001  0.000] 3
Lpg/ml _pa/ml e/l a/m) wa/ml o Control
0 2 79 163, 123 166
0 ] 24 105 190 25 |
0 0 97 155 103 . 115
Lesion 0 0 68 54 125 191
counts/ @0 9 . A3 102 62
leaf 0 1 9} Ban 14 140
0 0 9% 122 . 50 11
0 0 9 58 11 "o
0 0 73 51 201 8
0 0 69 . 98 76 15
0 (' S U4 127 132
0 R 92 ne 183
0 0 47 133 . 94 . 98
3 0 R I [ B
0 0 8l 93 .7 " 64
" 0 186 79 . 48 9
() - L S o
STl 0 . 7. s, 1860, ' 1640 . 1667
' Mean < ';19.‘.‘ﬁ 0 TJ; R ol 108 logr
}:f *Contro1 A O 02 M phosphate 4 0 061 M 4 PTC pH 7 0 . equql v01ume of , ',:g'_f
| | d1st1 led wqter S ST | o ;{,E’\-]
A i N ,\ ‘ 1y K | !
: | " o .
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TABLE 18. Lesion counts: Effect of bentonite on tobacco stunt apent
infectivity in tobacco sap bioassayed on (henopodium

amaranticolop

Mg -~ bentonite
Control 2.5 my/ml Control' 5 mg/m1  Control 12 mg/mi

— e S

89 . B4 33 7 62

104 90 14 ] 42

Lesion A7 93 19 12 25
counts/ 130 134 12 3 A
half leaf 126 84 9 4 10
| 78 95 17 46 7

81 36 ) 2] 27

19 46 17 8 88

Total 674 72 126 j02 265 0

Mean . 84 89 16 13 33 '0

t A~0,50 1A 0,48 t~ 3,17
NS NS A(a,08)

=

DO D DD O O

“Bentonite i
i Control | 3;m9zﬂﬂme;EQﬂtr0] 8 mg(m]“*antro]Aﬁ$16 ma/ml
N 20 S R 14 o
‘ 63 34 26 0 60
Lasion 122 9 T 1 0
- counts/. 159 C 44 80 - 0, 0
balf teaf . 40 37 12 . 2 L2 0
| A9 | L0 0
2 0
2 0

656 A9, . 262 21

R L T 8B 0 |
Total - . 957 % ' 886 . BT . 8. agr '
o . ! ; ! S ‘, | g{ﬁ] gy
‘M.'.‘ ;_ i ' 1 ' l:. B Vi ,:‘, L ,\ ,
Mean . 120 o A8 ’ 721' -, ]H 23 0, ‘
L ot e A0 A 2,39 _ﬁ} Uotlaz,p0
| ML A0,08) e M, 05)
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TABLE 19. Lesion counts: KEffect of‘%&e addition of yeast RNA
‘ on tobacco stunt agent infectivity in tobacco sap
bioaﬁsayad‘?p Chenopod e amarentieolor
Yeast RNA concentration (mg/ml)
0.1 1. 5 10 100
A | 18 4 0
Lesion 3 l b 8 0 ,ﬂg
counts/ ] 7 23 19 1 i,
leaf 2 9 24 12 0 "
3 9 6 29 0
! 3 5 R2 . 34 0 A
1 6 o 6 1
| 8 N6
2 ] 51 16 |0
8 9 5. 30 0
0 " b . 17 0 ,
0 W 8 183 0 |
Tota] | 28 72 222 R 3
| éan S PR L 0 RN
e e e et skt o s S S : L . Co
' ‘ |
l ’ ' ! ' 3
S : t v
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&
TABLE 20. Lesion counts: Effect of yeast-RNA and Mg?' on tobacco
stunt agent infectivity in tobacco sap incubated at 20°C
and bioassayed on . henopodim amayanticolor
Incubation time (minutes)

PRSIy e, ot e < v me

0 . 10 R0 30 60 °

P —— SR ORI SV U PP O

v C 1 C T C T c T C T

B T Sy SN SUOU SO [ A e g e

Buf fer 78212 11 138 32 140, 34 168 | /7
? 76 61 50 103 10 36 13 134 2 719
5 mg yeast 261 308 83 228 11 100 31 93 170
RNA/i] 126102 139 126 45 31 79 237 7 108
Les fon 1539 13 440 23 74 1 99 8 33
coupts/ 870 14 90 38,182 A4 38 2 19
half leaf 132 415 26 156 6§§§2KX) 25 M2 1 25
137 244 10 116 32 230 36 122 9 79
~ Total 432 1451 346 1000 26 994 229 1003 31 490
Mean 104 181 A3 126 32 124 29 126 4 6l

, "y :;,}1‘;},‘], ? '
Buffer , -~ . 88Ty s 7 16 3 9 a5 1 4
v ' BO 99 20 48 18 3. 22 10 7 3
0,01 M 147 264 44. 70 100 79 27 w2 6 4
MgCl, ‘ 267 186 BA 260 30 66 20 A3 & ' 2
Lesfon be o da A6 79 b6 13 2 10 1
. counts/ 58 50 14 23 21 A 4 3 0 |
© halfleaf 28 30. 36 12 A9 B4 13 16 6 "4
Lo 60 B39 28 36 9 3 4 144

! Tota1fgf,’ 83];' 883 1436 597 s7s 194 ‘]?1 1?3 a0, 23

:o Mean 108 1058 75 34 37 18 15 5 B
i e L : , G 4 R
i conﬁr01 i,e, 0, 01 M phOSphate pH 7, 0 0, 001 M 4 PTC‘Q

A

e B
J)'

‘ Qreatment 1 e, phosphate/PTC‘4 yﬁast RNA or MgClz

Lot
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TABLE 21, Le?ion‘cqunpg;#npilution end point of tobacco stunt dgent
InfectivityJREARACCO sap bioassayed on “honorodiwm
ankapant oo G E - :

Dilution (sap: buffer)
1:5 1:10 1:50 1:100
Exp. | 180 117 I 0
219 61 ] 0
113 66 . 2 0
204 170 0 0
244 60 0 "
310 88 1 0
89 75 0 0
105 75 0
Total 1464 702 6 0
Mean 163 B 0
I
kap. 1A 273 38 0 0
Lesion 131 6 0 0
counts/ 549 134 135 1 0
leaf 216 189 153 0 0
L 249 280 . 78] 0
oM s 85,7 0
895 . 1422y 0
e57 . @52 .89 0 .0
JTotal . 2865 17580 . 900~ ' B ;“o_
T T G N ; ,
{ Mean' 358 o 1220 M3 o~ 0
et *I“‘ ‘ T " ; T TTTH R f ,}
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TABLE 22. Lesion counts: Longevity of tobacco stunt agent infectivity
in tobacco sap prepared in phosphate/PTC buffer and
bioassayed on ienopodiwm unrant feolor

“ﬁ%s‘ - Incubation time (hours)
W 0 \ 2 A 6 8 1224
4eC 209 117 65 6 9 2 0
Lesion 211 174 8 9 2 ¢ 0
counts/ 271 167 17 7 2 0 0
leat 335 162 A5 b A 1 0
169 21t 108 47 |7 2 0
b47 144 95 92 14 l !
ABA 91 173 70 12 26 4
AZA4 186 63 99 30 14 0
lotal 2700 1259 N574 a3 90 64 3

. ~‘?\ \\‘ \

Mean 334 167 8 AR I f 0

.,A f W “

; i . oy
Ny ' ! i § v
i !

R0C | a7 1 0 0 0 00
Lasion 178 ) .0 0 0 0 0.
qounts/ 217 ¢ 0 0, 0 \\ 0 0.
leaf e ' 0 0 ‘\ o, 0o 0

A 0 0 0 X\ 0 0 0
AT 0 0.0 \\\0 0 0
436 0 0 0 00 0
6 0. 0 0 0, 0% o
‘ o : L : s \ ;|
Total" g884 .8 0 0 0 0 0
. Mean - " 361 1 B N N | X
R TT T T o RN



TABLE 23. Lesion counts: Llongevilty of tobacco stunt aqent Infectivily
in tobacco sap prepared an phosphate/PTC bhuffer plu* I ) mg
yaast RNA/ml and bioassayed on encocd i marant ool o
’ lncuhatioqrtime (hours)
o 1 2 3 4 %%g% 12 24 36 48
o i e
4°C 61 32 59 34 34 30 9 3 ¢ 0
Lesfon 109 17 127 37 H4 2t 5 V4 0 ()
counts/ 99 37 149 31 32 6 14 I 0 0
leat 140 H4 /1) 8 At 0 5 0" 0 0
. 203 130 &\lq_‘wgaz 22 18 4 0 0
107 116 41 47 (1 27 y 0 3 ()
R ) 34 )12 6l 17 1R | 0 0
195 95 67 109 90 22 16 4 0 0
Total 026 575 581 480 ABZ 167 87 13 5 0
Mean 1249 /2 13 60 h7 21 1 e I 0
20°C 1) A A 0 0 0 0 0 0
Les fon s 8 3 0% 0 0 0 0 0
" couiils/ 98 0 0 0 b 0 0 0 0 0
- leaf 93 7 0 0 0 0 0 0 0
- 136 1 o 0 0 0 0 10
80 26 g 0 0 ' 0 0 0 0
93 22 4 0 0 0 0 0
135 13 ] 0 Q\ 0 0 0 0
. N o ..5%%
Tota] 939 104 M 0. b0 0 BT 0

Mean 17

o —4
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