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";'_.";._',:respect'{vqiyO The vaiues of. sedimentat?_qn coe&ment and bug_yant .

' """‘?**"““ﬁmr T“éi"t‘ea’by a test virus. Hre. PVM 6r rvs» 'ﬂmther'PVM nor

, .\",v'l ' . Ag‘ "‘ ,. . ) xiy]

o o ‘Inte\iOn between potato \yirus M (PVM) and potato virus S}

(PVS) ivas’ ihvestigeted, using pyrii’ied preﬁurations of intact o
partic1es ahd llibonucleic ecids. (RNA's) in their respective local *

lesi‘on hosts Th& pqrification af.. PVM and PVS by Idii‘ferential
\precipitation with polygthylene g'lycol and sodium chioride

¢ ,,.?;.mes,u'lted fln increases Jn rthe virus yieid up to lo-foid (3 350 mg

"-.‘virus per kg of 1nfected lea.ves) over those ob ta@ed by t'

R Fethods: reported in literature. “The, yaTues, of Absarbance 607260 ‘Were

" found toba 1,460 04 and- 1.4810, 03 for. purt md M and s

ié‘ens'ity of PVM and s were 1ba and Mas an,,d 1,35 and 1 34 gm/mT'
‘ " y Inocu]ations of l’hastas vulgama L cV‘ 'Red Kidney or.
B Clrfnopadtwn quzhoa Wind with a mixture of puri fied PVM and R
: PVS respectively gave rise to -marked increases in the ]océi iesion o
- 'NPVS mixed as a counterpart of a give‘n test virus was ‘I'ecovered‘“’ '
4ﬁrom the inocu!ated leaves of the non-host plant a.fter mixog appli-
..'-',T‘;CBUOD.-' l\pproximately IO to 30% increases in iocal lesmn nunber
| 1ncated by the test viruses were. also obtained in the pre%ce o[ theg
'}j"l-coat proteins of the counterpart in the 1necu’lum Intlérg,ctton of the

L viruses was not found when - Simuitaneous separqte gmocuiations were

‘ ‘ _made ento thé upper and lowpr epidermal layers of the test pl ants?;

In theb presence oi' the wrai PNA of the cou‘nterpa#t the

+ N e B i N 5
s el . * . & i
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,3@4" Similarly, experiments with 1npculum of mixed viraI RNA S yih]ded v

4,10 -to 307, 1nh1b1tion 1n the 1nfectiv1ty of the test viral RNA.. This
resu]t suggested that there gas no genetic 1nteraction between these
";;wo~x1:pses even aQ'RNA 'evel The activity of the endogenous

e -

1ng the intact ! raﬁ'dounterparts before mixing with the RNA~

preparat ons or’ by addtng yeast RNA to the vira] RNA preparationsim
,.f« whenﬁﬁntact viral COunterparts were mi§Ed o ‘f
‘w_.f; The resu1ts suggested that thgiigimUIation of infection by
a Mthure pf PVM and PVS was - ach1evedmpoésib1y through the physical
interaction of t e part1cies between the lntact viruses and even

gp a limlted extent through an 1nteractwon w1th coat protein of

the counterpart Thu,, it was concluded that thws type of
1nteractton found between PWM and PVS in the1r reSpect1ve Ioca1‘
1es10h host was a un1que phenomenon d1C{erent from any - knowry

* y

1nteractions between d1fferent plant v1ruses

. o

.

~

;"ﬁ‘ ribonucTease in the 2) rif d virus preparations was reduced by .dilut-
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TYMV . turnip ye]]ow mosa1c virus .
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’Eubject (G1bbs, 1969 Lwoff and Tournier, 1971) potato v1ruses M

| The carlav1rus group 1ncludes carnatlon 1atent v1rus (CIV) as ItS type
' Lhrysanthenum virus B \CVB), cowpéa miTd mottle v1Pus CMMV) 111y

T . ‘
- Ja&ent vrrus (PLV), pea Jtreak v1rus‘YPSV \\botato virus N (PVH),

potato v1rus S (PVS),‘red clovér ve1n mosaic. v1rus\{R§VHV), and wh1te

‘the InternatIOn 1 Comm1ttee on the Taxonomy of Vlruses (Fenner, 1976).

_bryoéy mosalc v1rus_(UBMV) Thefe arévfour more possibfﬁ“ émbers"

‘ CHAPTER I

Lo [
' |

"INTRODUCTION

.o . R
. . . v !
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-

A]though the taxonomy of v1ruses is a hlghly controvoﬁs1al

b

and S are now rla,s1f1ed as member: of the carlav1rus group (Hart1son )

et a] 1971)Y\;pd thlS S1gla group1ng has bPLn approved recently by

member, ond add1t1ond1 11 members such as. cactns v1rus 2. CV2)

symptom]ess v1rus (LSV), narc1SSus 1atent v1rus (NLV) pass 1flora o

o ,
'ggested on the ba51s of partlal characterlzation of the v1ruse,

- e
' [

v — _
1nclude ch1cory blotch v1rus (CBV) freSSIa mosaic- v1rus (FMV) hOp

]atent virus (HLV) and poplar mosa1c v1rus (PMV) (Brandes, 1964

L

Harr150n et al. , 1971) The members of the group are character1zed by

a part1‘]e ]ength of 620 690 nm, stralght to sllght]y f]oxuous rods. ,j

containi g about 6% tlbnuUC]e1C acxd (RNA) (G1bbs, 1)69 Harr1son

et a]., 1 71). Thelr longeVIty Lr Vittd s oniy a faw days at ?O C

'~the.therma]'jnact1va;1on po1nt (TIP) is between J59-/O_C, and the

o

o

3
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~—~and have-a~narrow host.rangev Besides mechanical transmission, the"

,\}' ‘ .
“dilution end pomt (DEP) is 10” 2 10 ng)eg induce mi1d or'no symptoms

- Quarantine Act Of 1912, aimed to restrict the spread of potato

Cw
Viruses of this group’ may be transmitted by aphids “Their serological

. re]ationships range from n)f to distant (Kassanis, 1955 1956 f}ﬁ',

Bagna]l et al., 1956a b Rozendaal and van Slogteren, 1958v Bagna1l

et al., 1959L van. Siogteren et al s 1962 Hakkaart et aix, 1962;--

Brandes and Hetter, 1963 64 wetter, 1967 Varma et al :1970;;865’

et a] 1972) _ e
Soon after the turn of thIS century,_Canada acquired an

. 1
‘1nternationa1 reputation'for high quality seed potato prodnction

to ciimatic conditions su1tab1e for sucha, purﬂose Seed potato “bgg“

‘ CFrtificatidn started in qinaﬂ% in 1913 by the National Plant

diseases across countries or continents (Rieman 1956) By 1922 the

P

>
certified acreage for ceed potato production 1n Canada was 6 642 acres

iv”Large scale sero]ogical and 1nd1cator p]ant assays began in 1952 to

i maintain seed potato stocks free~$rom potato v1rus X (PVX) 1nfection

(Munro, 1954) : Virus tested potato stocks were established in British
O e

N Cblumbia (Stace Smith and Mel]or 1967 19683 b, Me]ior and Stace- -

Smith 1967 1970 1971 Nright 11970; Uright and Me]]or, 1976), and

viere. 1ntroduced 1nto elite seed- farms 1n Eastern Canada 1n 1969

| - N Lot )
}(MacKinnon and” Bagna]] 1972) Approximately 85% Qf the)ceqtified seed

' potato acreage is 1n Prince Edward Is]and (P E.I. ) and ‘New. Brunsw1ck

(Seed Potatoes from Canada, 1975), more than 75% of seed potatoes :

in Canada are grownvannUualy ¥ P.E.T. to ‘meet the needs of ‘both

:domestic and exbort markets (HacKinnon et a] ~1972).

""f

N L

"through constant efforts in- disease control and research 1n addition Lo



——re :" Qa _ ‘j;5~f;p',fton ave the two—mojpr"onmgncfa1 potato‘“ ”“"“L;jf”‘

.;#‘ L farm 1ands (Ho]mes e} al.,’ 1976) .”Thg A]berta Seed Potaxo Improvément S
‘w;rf,¢~ Progr&m (Kgﬁlﬂ5 Was estab]hshed 1n 1971 to supply th 'growers with

";;'[" disease~4ested seed potatges (Letal and Hirhki 1576):; Under this~-

prOgram seéd potatoes, 1n particular'Elates I and. II,_.ave been grown
r‘ltT n' isolated fields at Laconbe and Peers in Central Albe'ta ‘In'1976, ffég
n”whi]eiﬁlﬁerta had 17"‘0 gcres under potato cu1t1vat1on, a 12% . }r"j
N " "Jﬁ. 1ncrease 1n yie]d was repotted 1n the province (Fruit Ve?etab]e and L
o . Honey 'Crop and Market Report, 1976) ) ”'; 1f”*1; L’j - -t-‘ | ‘4 :Ef
o ' o ' In 1976, Canada had 283 600 acres under potato’ product1on as d o
tompared to 260 000 acres 1n ]975 (Fru1t vVegetable and Honey Crop and
". Market Report, 1976). Of thTS“'SSIOOO M, 000 acres were 1nvolved in
the. product1on of seed potatoes, and of whlch about 45 bOO ac(es were | -
Ifor export purpose. Ellte seed potatoes are maintavned cont1nuous1y ﬂi,i' :

———

R by clonal select1on,_serologlcal_tests, tndwcator plant assays and _ﬁ{ fi;”;,

'»'other neceSSary tests to- assure that they are free of tested v1ra1 “, S :'1_?

s

' fungal or bacterlal 1nfect10n At present about 46 potato var1et1es
are 11censed for sa]e as seed potatoes (Seed Potatoes from Canad#

,."-3;}975), ‘and" between ]9611 197‘3 the annua‘ﬁ:xport amounted tO 125, 000

[ X o
though Canad1an seed potafoes have been exported to-owpr 20
:the Targest seed potato exporter ln the wor]d 1s EEF\EH, A
‘fvan der Zaag (1972) reported that between 1965-1970 about,
gof cert1f1Fd seed po%atoes were exported to more than 50
5 ther European countrxes with sxgn1f1cant export ofjseed

' the Republ1c of Ireland Denmark
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and France

——————————————————eoﬁtro%—of—varﬁses—+n—seednﬁata%eeS—hﬁsmﬂﬁd—ﬂhJOng—w—é-
. g :
h1story There are. three pr1nc1p]e methods whi ch have been used

| separate1y or in cqmb1nat1on for better results (1) varneta] SR

reSIStance,.(Z) thennotherapy, and (3) meJistem tlp cu]ture

Bagnal1 et al. (1956b) reported that certaan cu1t1vars 1nc]ud1ng J

"pacof, ‘Alpha s ’Sebago , 'Voran' and Seedl1ng X927 3 were found

- ]

?.9:" free from PVS infection by. sero]oglcal tests Evidence of re51stance,

to PVS in Saco was r¢ported a190 e1sewhere (A1f1er1 and Stouffer,

1957;.Bae“ et alﬂ, 1999 A1f1er1, 1960 Bagna]] and Young, 1960

-+ 1968, 19“ : Laénal],“1965- 7adina ,1971) ' However,.Larson and 05h1ma'
(1959) later found that when PVS was 1ntroduced to 'Saco p]ants by
~ top- graft 1nocu]at1on the virus passed through‘the stem t1ssues 1nto :
i the roots where 1t could be detected Baerecke (1967a) and Vu11c
" andeunn1us (1967a) atso reported transm1ss1on of PVS from 1nfected
——se1on to Saco p]ants Bagna11 and Young (1960 195 972)

o hypotheSIZed that re51stance of Saco potato was contro1 ed by a

. ] s1ng1e gene in the homozygous recess1ve cond1t1on, i. e $SSS be1ng
| re51stant to PVS wh11e potato with a dom1nant gene, 'S' is suscept1b1ee
‘Scholz: (1964) obta1nad a- PNS-reSISdant hybvld by - crossangA'Ora and

’ 'Schwa]be potatoes Baerecke (1967b) and Makaro:\(1975) found that

the re51stance to PVS of a Bo]1v1an c]one, GOZanum tubuPOQum andagvna

""‘Huaca nahui' P]ant Intvoduct1on 258907, was due to the presence of'a’

s1ngle don1nant gene N On screennng 43,tuber-bear1ng aqlanum species,

N,

Bagna]} (1972) discoveited that s. ‘microdontum was resistant to both PVM

> and PVS

¢

. I ‘
Heat treatmont has ‘been a useful and an easily app11cable
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therapeutic method for controlling v1rus -and mycop]asma d1seases of

) plants Effective treatment temperature arid durat1on may vary From

35° to 54°C. and from'hours to weeks. Two k1nds of potnto materlals

have been used: the’dormant tubers and young grow1ng plants The ‘a,~“

treatment of dormant tubers may rely strf’t]y upon re]at1ve1y SImple’
heat- 1nact1vat1on of the virus, howevei “hot-air- treatnnnt of
V1gorously growing p]ants 1s]more widely used '

d1scovery of the freQunnt absence of tobacco mosalc virus

t* the grow1ng t1p of 1nfected plants (L1masset and Cornuet
19&9) conso]1dated More] 3 (1948) p1oneer woré on’ the mer1stem t1p

“culture techn1que to free p]ants from v1ruses Holllngs (1965)
'def1ned«a mer1stem tip culture as an aseptic cudture of hpical

nmrlstem dome p]us the f1rst pair of Teaf primoirdia, whlch is about

- '0.1-0. Smm 1ong in dlfferent plants Merlstem t1p culture ‘alane often

I .
: g1ves rwse to virus-free <lones, and is espec1a11y va]uable when heat .

treatnent fa1]s Bawg%n et al. 1950) or where p]ants cannot w1thstand 3

heat. By grow1ng the exc1sed ap1ca1 mer1stem (0 1-0. 25mm) of sprouts

From 'K1ng Edward' and Arran Victory! 1nfected w1th PVM and PVS;

. Kassan1s (1957) obta1ned a 11m1ted number of v1rus free plants

S1m11nr1y Quak (1061)4 Yora and Tsuch1zak1 (1962), and Huth and Bode
(1970) also produced few PVS free potato plants Morel and Mu]]er
(1964) eradltated PYS and F"JX from Red Ponti\c and Eerstehng

. potatoes using the s ame tcchn1que with 1mproved medium.  Pett (1974)
c]a1med, us1ng merlstom tip cultures, 84, 6 of 'Axila’ and"Sperber'v

[

fwere made free fxom PVS, while 71. 4 of 'Meise' ‘were also free from .
| _ e

v

'pvm\and PVS.

However, simple heat treatment or meristem tip culture alone.
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’ somet1mes fails’ to produce v1rus free potato plants VlrdS-free nuclear

stocks can be obtalned ,more eff1c1ent1y by combin1ng thermntherapy and -
meristem tip culture techniques (Quak, 1972) - Thomsen (1958a) obtained
“1§%ne hea]thy potato plants by cultur1ng PVS infected shoot aplces at
30°- 38°C in darkness for Z-llo days, ‘then e\c151ng and subcultur1ng the
shoot apices ‘1- 2 cm) S1m11ar1y, Morel- (1964) cu]tured mer1stem tips
of sprouts from PVS lnfected tubers germ1nated in darkness at 37° 38°C ‘
to obtaln virus- free plants., Stace-Smith- and Me]lor (1968a,b) a]so;
succeeded in e11m1nat1ng both PYS and PVX from 1nfected"Wh1te Rose
by grow1ng the 1nfected plants at 33° 37°C (with 5011 temperature

| at 30°- 32° C) for up*to 7 months‘and cu]tur1ng the exc1sed ax111ary
-buds (0.3-1 mm, 1nc1ud1ng 2-3 leaf pr1mord1a) oni Murash1ge and

Skoog's (1962) lwqqu‘nedrum These techn1ques were soon app11ed to -

l‘ other infected atocks S0° that over 40 ciltivars of potato 11cense’/for o

sale in Canada were freed from PVS and PVX (Me]]or a‘g.Etace Sm1th

Qi ]970 Wright, 1970; Wr1ght and MEQ]or, 1976) erght (1970) reported

that PVS- and PVX free 'Netted Gem' (Russet Burbank) and 'Nh1te

| Rose' seed potatoes 1n3reased thelr yxé]d by 11- 38% in British

: Co]umbla, Oregon d Ca11forn1a In fact Shepard and C]af]1n (1975)

'*-stated that the only serlous attempt be1ng made in North Amer1ca to

Aproduce PVS- and PVX- free cert1f1ed seed potatoes at the grower 1eve1 :
is in Br1t1sh Co]umb1a, Canada ,“" “ o o ! ‘
‘ Huth and Bode (]970) el1m1nated PVS' from 1nfected German

| - potato. varygt1€% by heat treatment of tubers and merlstem tip

cu]tures foltowed by graft1ng of p]ant]ets onto tomato plants:,  In

= F1n1and Vapwo (1972) s1m11av]y reported an 807 recovery of potato

' plants free from PVS and PVX from ap1ca1 mer1stcms Machna]d (1973)

e o



in. Scot]and a]so recoveved 58% of potato p]ants free From PVS and PVX. : . .,

when ‘tested sero]ogically .
Although much effort has been made in establishing viras- . S

tested nuc]oar stocks,?re1nfectlon can. occur. In na&ﬂ?e PVS can

be transmitted by the aphid, Myzus ponoiaae Sulz (Bode and

- * Weidemann, ﬁg?l; MacKinnon;’1974).; After the lntroduction of

_viros-tested seed potatoes, 3-57% re1nfect1on by PVS and PVX

occurred in P.E. I durlnq 1969 1972, depend1ng on the cioseness of

A .’

virus sourcc and varletal suscept1b111ty (MacKlnnon etﬂal » 19725,

.v-ﬂ‘HacKlnndn, 1974) R o T

T Nevertheless, there Were fWo- To threefold 1ncreases in y1e1d - gnf;;

globa]]y dur;:g the per1od 19’5 1965§$hrough 1mproved health of ‘seed

.potato stocks (Ho]]wngs, 1965) Shepard and laflin (1975) reported

©  three Un1ted States and one Canad1an grow1ng reg1ons had recorded

.potacoes\has been 13. 3 tons/hectare 95 tons/hectare has beed ach1eved :

PVS and CLV Kassan1s (1956) and Baqna]l et a] (1956b, ]959)

y1e1d increases of ]4437” by using virus- tested seed potatoes Between

I o .
1962—]973 23 and 30” yield lncreases were rcported From potato T
@row1ng areas in #We tomoerate and trop1ca] zones 1n the world |

respect1ve1y.(van der ?aag, ]976) Alth0ugh the average y1é]d of

(R4

‘L:1n exper1mental f1e1ds in the Netherlands The survey from 1962 to

1073 1nd1cated that the tota] acreagerfor world potato productlon w1]1

i

decrease contﬁnubusly because of constant 1ncrease in y1e1d due to

_ the ava1]ab1]1ty of dlsease tested seed potatoes. ST "} e -

Bagna11 et aT {19564, b) determined serolog1ca1]y that PVM
-

and PVS had a reIat1veY/ small fraction of the ant1gen1c determ1nants c.

in comnon On the basxs of comparat1ve ser01091ca1 studies on PVM




e @

o suggested ‘that these three V1ruses might have had a common ancestrv o L

,v Van S1ogteren et ql (1962) and Hakkaart et al. (1962) proposed that

" the- mutua1 degrees of’sere]ogicaI re1ationships between PVM, PVS CLV
and CVB cou]d be arranqed as PVM CLV CVB PVS 1n order of re]gte&ness
| PVS was found with PVM 1n most commercial stocvs of -

"Klng Edward' potatoes (Bagnall et al 1956b 1959, Kassanis,,' '

1956, 1960 1961a; Rozehdaal and van Slogteren 19584 Howard and’

- J1fferent &egrees of 1hterference were reported between the1r stralns -f}.: "‘,

Wa1nwrwght 1960 Bawden and. Kassanis, 1964; Beemster and hozendaal

1972) Kassan1s(1956) and ‘Bawden and Kassanls (1964) reported that

W and PYS. could mu1t1p1y, without 1nterfer1ng with each’other, to i-

. much the same extent as 1f each of them were alone Cross protect1oﬁf’

! . [

a phenomenon whereby sero]og1ca11y related v1ruses are mutuaIly

-

® ‘ e |
antagonist1c and p1ants fu]]y 1nfected with one res1st 1nvas1on by A

another, was-not clear]y observed betweqn these two viruses (Kassanis,s .;7
'1956 Bagna]] et a] 1956b,11959 Rozendaa] and: van Slogteren, 1958 '“h

‘Bawden and Kassan1s$ 1984 Beemster and Rozendaa1 1932) but

by Rozendaa1 and van Slogteren (]958) These results,suggest that
l'-
'the sero]ogtca] d1fference between PWW and PVS resulted Lﬂ the e

'abpanent 1oss of the1r capab111ty to 1nterfere w1th each other

foond that a mixed 1nocu1at1on of PVM
-y -

1ck appearance of- the ch1orot1c 10ca1 Coo-

'Bagnall et a] (19 :
_ and PVS resulted mn t.
'1es1ons on’ Daturd »erwzardtt Lund.’ and D,Ametez,L., wh1le PVS e}one :
‘~d1d.not 1nC1te ~Symptoms_on e1ther of-the hosts,‘althoughlffhthfected.

0. metel systemically. S _ o
bn the other hand, Ambrosov and Soko]ova (1973) reported that

-secdagsry 1nfectlon with. PVS s1gn1ficant1y reduced 1nfect1on by

i .0 1

Sm———
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. PVH‘in the- ibtato plantr whdn deter fned s ~ :
R gg:;:l"
T 1972), howeveh, réported that the mu]tiplication of 3%% WlF

L)

a 1nﬂibit~ed by ‘he%econ?ary 1nfection w‘lth PVH and 1ater PVS was

nep1aced completé]y ﬁbward and Wainwright 0) and Bawden and
!

Kassan1s (1964) suggested that in m1xed\\nfeﬁ$tons by PVM and PVS the

sult1ng symptoms depeaﬁed 1argely on, the viru]ence of the. PVM ,
strain H1ruk1 (1970) Found that there’ was a strong 1nh1b1tory effect

a& cv. a.p Kidney' .when aym1xed<1noculum 1n sap was used*ﬁ N -

‘ : Ther'@bye the bioJ?glcal fnteractlon between PVM and PVS .
c: ‘w e -
_ rémains as a controversia1 tOplc One of tﬁi reasons for &hls was the

AT S L
STLARN [Av Jr :

!,‘ N\
“determine the presence or absence of 1nterference or fnteractlon between

i

& the two- v1ruses it ise es sential to ana]yzewa m1xed infcct1on w1th '
| ' ) .
~( RighTy pur1f1ed v1ruseswby the local leslon method or other quantvtat1ve

techniques- In th‘"BEHt thene viePe no such carefu] ana1yses made on .éi!b"

f.‘, these vzruses AIthougb PVM and PVS have been known S1nce 1923 and

lﬂfl reSpectlveTyunour understandlng of the1r pnys1cochem1cal propertles /*fff.

W In the present study, 1nv%stlgations Have been ma1n1y d1rected

Lowards the purvf1catlon of ﬂotato v1ruses M and S in Iarge quant1t1es

Wlth 1mproved y1e1ds stng the h1ghly pur1f1ed vwrus prepar@tions the

studaed - The b/94091cal rnteract1on of pur1f1ed PVM and PVS was

- :nvest1gated at intact ?art1cle and RNA leyels ln the1r respetttve
i local lesion hosts The effects of endogenous ribonuclease coat-

pvote1n and yeast -RNA on - the v1ra1 1nteract10n have been .inc¢luded as
b o T : T o J ‘

Qy PVS & P 1nfection in its local 19510n host Phas.olus uulgakte e

1agk of rel1a67e bzoassay systems for these v1ruses 1n\the past T ’;;4@?:.

pH131nochem1cal and b1o]ogrcal prepertles of PVH and PVS ha;f also been

~l' 15 stul] fra_gmenta__y.«,,.,,.._t_;_.;_,;w e R N},‘; wanmu-.&-m-in e

e e e
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CHAPTER 11

N

LITERATURE REVIEN | L,

E5)

A, Potqto Viruses M and S

@‘ Sorioﬁs confusions fn ppméncfatnrn ogeurrad when,earliér
workers assigned ditferent namés forgthe saie virus on LheAbasis of
symptoms, wiich might‘yary in 9évority undor different‘condftidns.
K'virus diseasé, belicved to be caused by PV, has firsﬁ cngountered‘
by E. 5. Schultz in 1923 and may serve as a‘t/cha]'exawplc in this
'}usbedt. Symptoms incited by PQM in 'Green Mount&jn' was first
de%cr%hed unJer théfnnme of 1eaerI]ing mJZaic:(Schthz and Folsom,
1523). 'Since then at least nife more synonyhs have been assigned to :
this same virus (Rozendaal and van Slogteréh, 1958; Heﬁtéﬁ, 1972)Aas -

|

Tisted inthe fo]ldwing: potato virus 7 (Johnson, 1927), pdfato
paracrinkle vifus (SJlanun and. Le Pelley, 1930), potato'jnterveinal |
moﬁaic virus'(HcKay and Dyksgrg, 1932), poﬁato vifu< £ [unpub]ished
thesis OFQF. t. BAwéen (Smitﬁ, 1933)], KJ?tofful-Rol1mosaik-Virus
'(Koh]or.u1§3&), Solanuaivirus ; (Smith, 1937), Solanum virQS 11 (Smith,
.

1937), o o il Holmes (Qo1mes,-1939) and KaPtoffelaK-Virus
‘(Koh]er, 1941}. denddl et al. (1956h) -designated the ”interveinélﬂ
mosaic virus (v factof)” of -the 'Irish Cohb]erk'potato as "potato

v

virus M, which at Tact w09,*f§1univeﬁsa1_acueptahce.

i

/) "OPVS wasTaccidentally discoverod in 1943 at the Labordtfry for

: - .

7



F]éwerbuﬂb Rescarch at Lisse, the Netherlands, directed gy E. véh
Slogteren during SnrO]Ogiéd1 tests for potato virus.A (PVA);:'AHtiserum'
produced by sznp’a supposedly pure PVA°source from 'Lfght Industrief
56;voni}r;eacﬁéd'hon-gpecific511y'with PYA a]one,‘but:also with an

qnd 'Bintje' regardless of the presenée of PYA (van S]og%eren, 1955a,b;
Rozendaal and Brust,_]955)., The field occurrence of this virus wasj
first rnporfed in 1951 by de Bruyn Oubo;er'(]QSéZ, and later was
namd as potato virus "S" in honor of its original<discoverey, E. van
S]Qgtgrcnl(ﬁozend5ﬁ1w ]954; Macleod, 1962). ' | |
The host range of potato vifusos/M énd S includes several
. species in the families o?fAmaranthéceae, Chenopodiaceae, chumfnosae,
and many species belonging Targely ‘to the So]anaéead (Bagnall ét'a1.,
19E6h, 1959; Macleod, 1962; Hetter, 1971, 1972). .Lgccpersicon
"¢;wzuuvﬁﬁ]1. (tamato) is immune to PVS, but s}stemical]y suscept-
ible to Pvﬁ withéut p;oducing visib]e symptoms . It may, thorPfore,
be used as, a filter plant éo soparate PVl from a m1de 1n0(u1um of PWM
and -PVS (Rozendaa] and Brust, 1955; Bagnall et al., 1956b; desanis,
19565 Vulié and Hunnius, 19675{ Htorvath, 1972, 1973). Hiruki (1970)
found that French bean 'Red Kidney' was also immune to PVS
suqges ting thdt PV1 cox]d be Joparated from doub]e 1nf9cted samn]es
w1th subsequent subcul ture in, tomato ~ Bagnall et a]. (1956b, 1959)
“suggested that Jicotiwr “'L; 'yl Dom1n could be used as a. test plant |
for the isolation of PVS since it.is system1ca11y susceptwb]e to
PS5 while Iocallj guscaptible to PYM, {

According io the cryptogram nroposed by G1bbs et al. (1966) and

G]bo>'nnd Hdrrlsqn (l968), PV and PVS ars described as kKooK [k

S .
\

unknown viral antigen obtained from 'Light Industrie', 'Dark Industrie', -

12
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E/E ¢ S/Ap" and "R/1. (Hinostroza-Orihuela, 1973) : */* : E/E E/E : S/Ap"

[Type of nucleic acid (NA)/Strandedness :-Mi of NA/Z NA : Outl:ne of | .

) partic]e/%haph of nuc]eocapsid : Hosts/Vector] respect1vc]y, where

£ = e]onguted w1th pnrn]le] SldLS, ends not rounded S "seed p]ant
Ap,= aphﬁd R = rlbonuclelc ac1d, and o= s1ng]e Both-v1ruses are
straight to slightly f]uxuous fl]amnntous part1c1es of apﬁrox1mate]y‘

650 x 12 mn in size (Hotter and Brandes, 1956; Brandes et al., 1959;;

. De Bokx,.1969; Tu and Hiruki 1970 Hiruki and'Shukla, 1978)..“PVH ‘

Chas a TIP of 65°-71"C (Wntter, 1972) while PVS's is 55°-60°C (Bdgnall
. ‘2 ‘4 AT

et al., 1956b; Netter, 1971). Both viruses have a DEP of 1072-10

(Bawden et al.,, 1950; Bagna]] et al., 1956b; Wetter, 1971, 1972;

!

' “‘W1ruk1 1973, 1975a), and-their longevity in vitro is only 8 to-4 days

at 20°C. Although Kassanis (1956, 1961a) failed to transmit PVM in

'King Edward' of'the'Rdthamsted.stock by aphids, Yetter and Violk (1960)

succeeded in transmitting Gorman iso]ates of PVM by M. pérsicae in

other:potato cu]t%vars It appears that different stra1ns of
y

PVH vary considerably 1n thelw aphld tvansm1551b111ty B@de and

.Je1demann4(197l) reported that the rate of transm1ss1on by M. pers sicae!

ranged from 1 to ‘§2% with five PVM stra1ns S1m11ar]y,
despite ear11er reports to tha contrary (Rozendaa] and Brust, :1955'

KaSSanisﬂ 1956) varlous 1so]ates of PVS Mere transmlttod in the range

"of 3.47 to 427 by . peredoac (Bode and Weldemann,.197b MacK1nnon,

1974) . However, PVH and PVS were not transmitted via true seeds of

various infected ucopersicon species (Horvath, 1973) or potato

cultivars (Shepard and C]af]in 1975; Goth and Nebb 19/5) Thése

viruses are mainly m1|nta1ned from gonerat1on to génerat1on through y

the tubers of 1nfctted_potgto_p1ants. Before dTSédSQ-CEStgd seed

I

. - - . s :
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'potasoesabere avapfable, farmorS"fn tho?Noinor]andSZtonded tokretajn

" smaller tubers from the prQV1OUa crop for seed purpose, and this

AApxact1ce ho]ped the spread of these v1ruses (Rozendaal. and Brust, 19;)) v*.l;m_;
' In potatoes, PVM 1nc1tes symptoms ranglng from veny $11ght |
'(. .g. 'King Edwakd ) to. sovere (ofg. 'Artan Victory' ) 'K1ng Edward'
‘infected with’ PVH is usua]ly symotomless and occasionally shows sllgnt
rufdllng and.pallng of leaves, whlle in other cu1t1vars, varlous
dlffused 1nterve1na1 mott]lng, mosaJc, cr1qk]1ng and r0111ng 5/mptoms

. 1n 1eaves, and dwarf1ngébf the plant are ohscrved (Bagna]l et al.

| 1956b) . The symptqms 1nc1ted by PVS in potatoes are downward rol]1ng,
1u9051ty, s]1gnt vo1nband1ng, ch]oros1s of 1eaves and stunt1ng of -~
shoots Chmulev (1974) and Ambrosov and Scnchutskaya (1975) reportéd
f1nfect1ons by these two v1ruses-resu1t1ngvin'marked decreases'in
p1gmontat1on and ohofosynthetlc act1v1ty in potato plants, hut w1Lh
.1ncveased rcsp1rat1on anL ox1dase act1v1ty .' ; ;

: _ 4
B. Distribution and'Economic Inportance
b Potato ranks f1fth ag a stap]e crop for human copsumpt1on
1fo]10w1ng wheat, r1ce, maize and barley (van dér Zaag, 1976) ’é .,
itota] wor]d potato crop produrt1om at present has amounfed to :“‘
'290 mllllon tons and of these; 130, 100 30, 8 and 2. m1]110n tons hove :'

been used for human consumpt1on, stockfeed, secd, starch- and,a1COh01~

‘productions respectively. In Aogth Ame:1ca 80” of the tota] potato

production have been used ‘for human consumption and.50% of which are
i processed. forms. In Europe,.howevérZISO% of the potatoes produced ‘ |
have been used as'stockfeed. ; o T

: S | S
PV and BYS are of economic importance berause they are widely

‘ ' , " - : )
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dfstributed whereuer potatoes are'orown : In rﬁ%th Amer1ca, Schultz
'(J§51) reported that PVM reduced the y1e1d of three potato var1et1es 3.7

mebyu13mt§y_JnTMa1ne,m PVM. was. a]so.found in Oregon. (MckayAand Dykstpe, m~____;5m

1932, Baghail et‘aﬂ , 1956a,b’, 1959 Kahn et al., 1967). Infect1on R

by PVS did ngt- affect the number of 'Sabago tubers hut'reduced the o

i
e

tuber weight (Lim et al. 1966) ‘Other reports of PVS OCCUFFEDCG—*”’.'”ﬁ L
:'1nc1uded Wisconsin (Poznndaal and Brust 1959, Bagnall et al. ,J1956a,b, ‘.j{“ 3
' 1959: Larson and Oshima 1959) _ a]ifornia (Go]d and Oswa1d IOSSf,Af.15
‘OreQOn (Vaughan and van S]oqteren, 1956); New York (A1f1er1, ]960), |
Hichigan (le, 1957), and others (Kahn et a1 , 1967). -

In Canada, PVM was 1so]ated from 'K1ng Edward' and some other '
cu]tlvars 1n‘0ntar1o and ew Bvunsw1ck (MatLeod 1939 1962’ L ‘\' o
-Bagna11 et al. 1956a'b' 1959), and more recently in Alberta (H1ruk1 |
1970, 1973; Tu and H1ruk1, 1970) Ur1ght (1970) est1mateH that |
1osses due to PVS 1n Br]tlsh Co]dmb1a ranged from ]O to 30%, especiaily5
‘}.when other viruses such as PUM or PVX were present -Occurrente

{_of PVS was reported—an hew Brun w1ck (Bagna]l and Brad]ey, 1955 ‘
..Bagna11 et a1.,vl956a,b, 1959) Br1t1sh Columb1a (Stace Smith and |
Me11ori 196éa}b5,'P.E,I{‘(Macklnnon, 1974),5and’A1berta (H1ruky, , | - }

19758). . \ .
In Centva] and South Amerlean c0untr1es 1nc1ud1ng Mexlco,. -

Guatema]a Ha1t1, Colorb1a, Ecuador Peru, Bo]1v1a and Chile, the
'overall 1nc1dence of PVM. and PVS 1nfectons 1n varioys: potatq1~y1t1vars

_was about 2 and 147 respect1ve1y (Kahn and Honroe 1970)  McKee
(1964) estab11shed the presence of PVS in Peruv1an potatoes and ; : '__ .y :
l Mendoza (1967) found that about 175 of themAwere 1nfected by FVS -
Hore reeently, H1nostroza-0r1hue1a (J973) evea]ed an average/pf‘28%

|
|
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:_van S]ogteren, 1936 Kam raz and Shcherbakova,,1957 Beemster and

Bawden ct-al. . 1950 Kassanzs, 1956 1960, 19

"o . . R '] .\ . ‘, -_"~ -'.’ l’..v‘q'-‘_ '
1nfect1on w1th PVS 1n]£1fferent Peruvian cult1dars In’ Argent1na,

Pont1s and Fe]dman (1963) reported the first record of PVM 1nfection

16
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Although PVM 1s not s w1despread as PVS 1n Hestern Europe. ’

1ts presence has been veporfed in England (Sa1aman and’ Le Pe]]ey, 1930,

1a), WOSt Germany
(Kﬁh]ér,.1941 Vu]ac and Hunn1us. 1967b), Fran e (Payen and Madec,'

1957), the Nether]ands (Rozendaa] and van S]ogteren, 1958), Ita]y ;

A‘(Lov1solo and Benett1, 1959) U S S R. (Kolobaev, 1963), East Germany :j

- g

-(Scho]z, 1965a) Rumanla (Ghéna, 1970), and Poland (Chrzanowska, ]973

.]976) There are. strong 1nd1cations that PVM is now the most

1mportant virus of potatoes in Eastern Eur

#

e ;i.nc'luding,"U.SA.‘S.R. / ‘"
(Hiruki, personal communwcat1on Y1e1d 1oss s due to,PVS were L -~ i

est1mated to be 10 20”, depend1ng on, potato cu]t1var as we]] as v1rus

strarn (RozendaaI and Brust 1955, vdn S]ogteren, ]955c Vaughan and

.,‘

- .
Rozendaal 1972) In the Netherlands, many potato cu]t1vars have been

’]9?5 Rozendaa] and van S]ogteren, 1958) N1despread occurrence of

)

“PVS in var1ous potato cu1t1vars has a]so been reported 1n West -

]
';Germanyy(Kohler,-1953,-1955 Netter and Brandes, 1956) Scot1and

HacArthur,.1956),QErance_(Sp1re et a] 1967) Denmark (Krlstensen,

1956), Finland “(Aura, 1957; Tapio' 1072),_Ita1y (Lov1so1o and :
Benetti, 1959), England (Kassanis, 196]a) U S.S. R"(Kamerag
and Shcherbakoya, 1957) Czechos1ovak1; (Jermo]gev and Pvusa,.]958

Sip and HavTova, 1969 §1p, 1974) .East Germany (Scho]z,s1962, 1965a,

,,b), Bu]garla (Bailova Yankulova, 1966); Ruman1a (Ghena, 1967

|

"much morq,severely 1nfected w1th PVS -than with PVX (Rosendaal and Brust
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1970), and Hungar_y (Horvath 1972,,) - o _
. S1m11ar1y, PVM and. PVS were also found in As1a .Both, uiruses

occurrdd in Japan (OshIma and Sato 1965 ;. Hor1o et a]\. 1969 Hnrmn;__-m;megs,jﬁ_

[

4

' .1solatlon processes F11amentous v1ruses are known for the1r frequent I;

6im*mPurffication

1

3

qnd'Ku. i, 1975) 2 Horio et al. (19690 reported’that PVM infect1on in -ti\
seed p tatoes ranged from 11 to- 1000 in seven cu1t1vars tested PVM o
and PVS were present in a number of Korean potato seed stocks (La,

1974) Severa] PVM sira1ns also were detected in Talwan (Lee,v1971) :fu

The spread of PVS in Ind1a was stud1ed by Gangu]y (1963) end by’Upret1

g and Nagalch (1969) - , g.\, J} T " .;' "'“<

Desp1te the known occurrence of\PVS (Sampson and Taylor, 1968),-
PVH has not yet been found 1n Austra11a (D 5. Teakle, personal
commun1cat1on) PVS has been 1dent1f1ed sero]og1ca11y 1n three potato o

cult1vars 1n New Lea1and (Thomson, 1959) ‘In Sduth Afrwca, Herold
i -

(1967).f0und,that 16% of var10us potato cu1t1vars were 1nfected w1th g N

i
' .
.

Pur1f1cat1on of the members of the car]avxrus group hal a]ways- -
)

been d1ff1cu1% in the past because of the low v]rus conceqtra ion in
host t1ssues and 1osses due to aggr gat1on of v1vus partftTeJ dur1ng
format1on of 1nso]ub1e aggregates, espec1a11y dur1ng toncentratlon steps’

(C]ark and- Lister 1971 HodreJarv et a] 19701 Pa]lval and Trema1ne, fl

. 1976) These dhff1cult1es have conSIderably 11m1ted °tudses of

phy51cochem1ca1 propext1es of tne v1ruses be]ong1ng to the car]av1rus

S group. .. © L . L e 1

'"fPolyethyTene glycols (PEG) (trade neme "Qarbowox“‘ns referred . |
’ Lo T B ! ' :

e
i

s
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“to sol1d,PEG w1th M! over 1000 da]ton), uncherged Tinearfpolymers :

H

hav1ng a,general Formula HOCH2 (CHZOCH ) CH OH. are chemica]]y inert

i~-~-and”the1r meTtﬂng po1nt, v1sc051ty and aqueous ao1ub1]121ng hqtlon all

e 1ncrease with 1ncreas1ng mo]ecu]ar We1ght (McC]e]]and agd Bateman,

1943)‘\ HcC]endon (1954) flrst reported that 20” (w/v) or h1gher
Carbowax 4000 (Hd 2400) together w1th 1M sod1um ch]orlde (NaC])
nrec1p1tated the "ultrav1olet absorb1ng mater1als" from his ch]oro-
i‘olast preparat1ons He 51gn1f1ed that. th1s dlscovery}mlght prov1de
_a new too] in the study of nuc]eoprotelns Attempts Were made . g
‘ 1n1t1a11y to pur1fy and concentrate VIFUSCS us1ng aqueous ‘two- phase ,
"'systems of sod1um dextran-sulphate and PEG (A]bertsson 1960 Ph111pson
et al 1960) . It was noted that. the\concentrat1on of . NaC] was f‘:
srgn1f1cant in che system aqd 1t dlrectly affected the, flnal |
fconcentrat10n of the vuyus 1n one phase or the other.;}ﬁ R o
‘.,' : Hebewt (1963) d1rECt1y applied PEG 6000 ‘and Nag] for
'orec1p1tat1ng p]ant v1ruses 1nstead of the labor1ous conVent1onal o

Inethods (rev1ewed by Steere, 1959) The two filamentous p]ant v1ruses

"”he stud1ed were prec1p1tated by us1ng 4 ‘(w/v) or-]ess PEG whl]e the

", two SphPPILa] v1ruses wene prec1p1tated by 8” (w/v) PEG The effect

"later by Lastra and Munz’ (1969); who found a 90 recovery oF the .

1nfect1v1ty of squash nosalc v1rus by u51ng«67 PEG™ 6000, wh1le 4 dnd 2~

! PE§ recovereﬁ,on]& 70, and’ 40” of 1ts total 1nfect1v1ty respectlvely B

t

'Venéiamp and hosch (1963, 1964a b*c) anﬂ_heberman (1966) exam1ned
var1ou§ concentvatlons of" PEG 6000 and NaC] in cel]u]o:e column

| -

,chromatography for virus pur1f1cat10n The virus could ‘then be eluted

i

N of PEG concentrat1on on 1sometr1c v1rus prec1p1tatloniwas a!so stud]ed o

o w1th a buffer so]ut1on conxa1n1ng ne1thor PcG nor NaCl Us1ng the same ~

18



!

techn1que CPark (1968) tried to ptec1p1tate alfa]fa nnsa1c vwrus (AMV)

with 8i (w/v) PEG .20000 and fractionated it on@a k1esu]guhr co]umn by L

wash1ng Hlth a 10% (w/v) nonllnear decreas1ng grad1ent so]ut1on of

' PEG 6000 Adomako et a] (1974) chtomatOQradhod cocoa necros1s v1rus

~ that had been prec1p1tated wuth 10¢ PEG 6000 on Celite and ge]-

(Sephadox G200, Sepharose 4B) f;]trat1on co]umns w1th decreas1ng

{

concentratlons of PLG (5 3, 1, O%) as e]uent . This chromatograph1c

~purification was carrled out with a be]1ef that pJant v1ruses

cou]d be prec1p1tated and ked1sso]ved at d1fferent PEG and NaCl

f

concentrat1ons | ' : T

i’;’ - Investigation was- made 1nto the centrifugation of PEGm

Aproc1p1tated p]ant v1ruses through a reVeroe .concentration PEG°

' so]ub1]15y grad1ent (IO—O,), vk 1ch was stab1T1zed by a pOSIt1Ve sucdose

vdens1ty g:adlont (5-30:) conta1n1ng 0.15 M NaCl, for: the determ1nat1oq

'-of the m1n1ma1 concentratlon af PEG and NaC] requ1red for the

\

prec1pltat10n of thogv1rus or its: components (C]ark ]970 C]ark and .

VLISter, 197]).: In study1ng wound tumor vmrus Reddy and Black (1973)

reported both. PEG and NaC1 concentrat1ons were very. cr1t1ca1 Since they

: had a markod effect upon V1rus /1e]d and spec1f1c 1nf°ct1v1ty
Soon after Hebert 5 (1963) dTSCOVery, the PEG laC] prec1p1tat1on 3

o procedure wWas w1de]y adopted for the purlflrat1on of not on]y other

p]ant v1ruses but also an1ma] viruses (Kanarek and T?wbe 1967; ~Hagner

et al., 1970 McShnrr/ and Benz1nger, 1970 Fre1dmann and Haas, 1970)

K and Bactorlophages (Yamamoto et al ; [1970) .. Recont reports :nvo]v1ng

PEG- haCI pur1f1catlon of p]ant viruses are: pea seed borne mosaic virus

(knesek ot “al., ))74 , carrot th1n leaf vgtus (H0we1] and M1nk 1976)

ryegrass wosd1c virus (Pa11wa] and Trémaine, 1976), so/bean,dwarf v1rus_,

] “a

e



o (wmtfn]d ‘and ngmn;/w/ﬁ SR ‘- v

I

- (Kojima And ‘Tamada, 1976), tobacco mosaic virus (cowped stra1n)

‘ l o ) - } . ' ‘1:.’ . ﬁ‘b ‘ N X ]

-D. Interact1on Between D1F erent Plant V1ruses - _ : o

] . L]

Informat1on on p]dnt v1rus 1nteractfons:ms scattered through

-\< ~

a tremendous]y 1arge vo]ume qf 11terature and has been rev1ewed

frequent]y‘(Pr1ce,-1940, 1964, Bennett T9:f:
' ) ) T ' \
1974; Kassanis, 1953- Best,’ 1963, Kohler, 19 .‘ﬁtthev.s, 1970; .

Loebensteln, 1972a b; G1bbs and ugrr1son, ]976 Dodds and. Ham11Lon.
X

1976) In dea11ng w1th virus dxseases oreurr1ng in nature. 1t\1s'not
unusua] to f1nd dqub]e, tn1p]e or even quadrup]e v1rus 1nfect1ons in
; p]ants Wh11e stra1ns of a v1rus are murually antagon1st1c, both -

synerglsm and. antagon1sm commonly occur between dlfferent v1ruses

These 1nteract1ons are often e\pressed in synﬁtomato]ogy'and/or resu]ts
, f

1n an -abnormal. increase in onelof the 1nteract1ng vﬁruses

{

Kassanls (1963) and Price (1964) 1nterpreted 1nterference as a

phcnomenon whereby a v1rus or‘v1ra1 component 1nterferes w1th thj:‘bb

' mu]t1p]1cat1on of dn unre1ated v1rus or 1ts d1seasp produc1ng capac1t1es,

1 and that Cross protectlon is a term des1gnated to 1nterference between‘

stra1ﬂs of a.virus on]y In add1t1on, these two phenomena differ Tn 5‘

'?j_ such a way that cross prqgeet1on is spef1f1c, often a]most eomp]ete,

re]at1ve1y 1ong Jasting, and frequently rec1proca] but 1nterference 151

non spec1f1c, 1nromp1ete, short 1ast1ng and one dl:ect1ona1 However,

I
progress made in th1s area of researrh, def1ned the 1nterfqunce of

Loebenste1n (1072b), with a more 1nc1us1ve view after cons1der1ng reEEE}T““’j'//i‘T

‘plant viruses as ”a phenonienon whereby the 1nfect1on process of one

20
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virus. 1nRerferes with the mult1p11cat1on of anothér v1rus or straln,
-y ,
~ or whereby a non- mu]t1ply1nq substance 1nterferes via a host-med1ated

D e

' procesé; requ1r1ng the transcr!pt1on mechanlsm of the cell, with ‘the |
‘ nm1t1p11cat1on of a v1rus" ) li o : fﬁ@
In this rev1ew more emphas1s w1]] be . g1ven to the 1nteract1on (
between dlfferent v1ruses F1rst1y, in 5/nerg1st1c 1nteractlon a
bdouble 1nfect1on by TMV and PVX wh1ch re5u1ted 1n scvere'streak u" ) .
. symptom in tomato plants, 15 perhaps the flrst example that 1s wel]- :

known 1n p]ant :}rology (chkson3.1925 Vanterpool, 1926) - In other

double 1nfect1ons, sevore symptoms also resulted from a comb1nat1on ,

.of TMV and tOb‘LCO etch virus (TEV) (McUhorter and brnce' 1949), b hi"
potato aucuba mosalc vxrus (PAMV) and AMV (Oswald et a] , 1955), or |

| o TMV and cucumber mosaic virus (Garces OreJueIa and Pound 1957 Marrow __
‘ .and M1g]1or1, 1971) Development of .a new Santom uch as local ,.' ,v .."f .

]es4ons, wh1ch was . not produced by ne1ther of 1nd1v1dual V1ruses,eua“‘ | h, e
found upon: concurrent 1nfect1on with a m]xture of MV’ and PVX

,(Sadas1van ,1940 Ross, 1959) In m1xed 1nfect1on the concentrafTEh7

: of 1nteract1ng viruses is a]so affected For examp]e, the concentratlon

,{A
of dodder latent mosaic v1rus (DLMV) -greatly 1ncreased w1th o change

= f

in - the concentrat1on of the secondary v1ruses, when tomato pJants . if
1nfected w1th DLMV was superlnfected with TMV or TEV (Bpnnett 1949)
“Similarly, an 1ncrease of PVX concentratlon up to 10 fold was detected
in the presence of PVY in potato and tobacco p]anta, the 1ncrease was

. st111 h1gher~1n 51mu]taneous 1nocu1at10n than in separate 1nocu1at10ns
made in sequence (Ross, 1953 Rochow and ROSS, 1954 t955; Thom;on,
198 8b; Goodman and Ross, 1972); Concurrent'1nocu1ation with TMV and
PVX or-using TMV as a cha1}enge virué, an increase'up to 5—fo1d in.

! : : ’ ‘ o , : s
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' PVX was, reported (Zachos, 1957, Thomson, 1961) TMV concentratwon in’

bar]ey was much h1d'er in the presence of barley strlpe mosa1c virusnu

' ._v1rus, and 1n concurrent 1nocu1at1on the system1c fnfect1on by the

"tomato p1ants, aldecreaSe of 20 to 657 in TMV concentrat1on %ié
\found (Rochbw, 1954 Rochow and Ross, 1954 Zachos, 1957) «~, Th

*than in s1ng1e inﬁect1on w1th TMV (Hami1ton and Dodds. 1970 Dodds’
A .

and Ham11ton, 1972) - ,"- . .

!

Second]y, a number of reports perta1n1ng to antagonlstlc effect
;‘oﬁ m1xed infection ex1st, in which the v1ru§es and procedures s1m1lar
to those ment1oned above were used. In antagon1st1c 1nfect1on/w1th

g}h1xed vxruses, reduct1on in virus concentration was often noted. For,

examp]e. 1nfectvon wwth TEV ostab]wshed in petato or tobacco plants

:‘1nterfered Wwith the secondary 1nfect1on wwth PVY or henbane mosaic .

1atter two viruses- was suppressed or a]most comp]etely rep]aced uy
TEV even 1f they had f1rst become establlshed in the hosts (Bawden
-and;hassanls, 1945) In s1mu1taneous 1nfect1on‘51th PVX and PVY
“the 1atter decreased as the amount _ of’PVX 1ncreased (Ross, 1950, 1957

Hutton, 1952) Hhen ™Y and PVX were:1nocu1ated s1mu1taneous]y on

ﬂ‘speed of. 1e51on ‘development. and/or/the size of 1es1ons 1nc1ted by

-

PR

's1gn1f1cant1y (Prlce 1935 McK1nney, 194] Bode, ]948 Ross, 1953, L

Nltzany and Cohen 1960, N1tzany and Se]a,rﬂ962 Ford, 1967, Wenzel,

t}971. Kassanls et a] , ]974 H1ruk1, 1975b) By contrast fs1mu1taneous :

/

1nocu1at10n w1th TMV: and PVX resu]ted 1n 1ncreases 1n the' 1es1on~§pze

i hof T™V, whereas if PVX was. pre 1nocu1ated the result1ng jffec* was '

~negl1glb1e (Ross, 1961)

An unprecedent type of 1nteraoelon was reported to occur

f..,

> w!' Co
R " H
+

- one v1rus in the estab]1shad presence of another one decreased j _f-;aégftﬁisf’;

~be



‘-9/ f .. between sate111te tobacco necros1s virys (STNV) and tobacco necrosis

“—‘——"““—*WnTnS"tTNV)—(KassanTsT—iﬁ68)——71n—th1s—system~—the—mu%tTpTTtat+nn

: STNV was cé%p]eté]y dbpendent on the presence of TNV, and’in mlxed

.8

o 1nocu1at1on in tobacco or. bean p]ants the concentrat1on of TNV

deczeased depend1ng on the ‘amount of STNV present in the 1nocu1um

a

(Kassan1s and N1xon, 1961 Kassan1s, 1962 Kassanis and White, 1972)
qx'J - The studies of 1ntevact10n between viruses have recent1y bé’h
) carrled out in pvotop]asts using both stra1ps (Otsuk1 and Takebe, 1974)
o and unre]ateti viruses (Otsum and Takebe, 1973 1976 Tak\ebe et al.,
Lastly,"enotheh %eeture of interferehce is. the'fnteraEt}on of
'an 1nsect non transmlss1b1e v1rus wh1cn'becomes e]wg1b1e in the presence
oflan 1nsect transm1ss1b1e v1rus C]lnch et al. (1936) were -the first
| “to f1nd that PAMV became transm1ss1b]e by aph1ds in the preSence of
" PVA, and ]ater PAHV was discovered a1po transm1tted together with PVY
[ (Kassams, 1961b) Smi th (1945 1946) reported that tobaccoﬁttle

v1rus c0u1d only be transm1tted by M pgrszcae toge;ﬁér*w\;h ‘the aphad

dependent tohacco ve1ndistort1ng v1rus present 1n the double 1nfected o
\?w .A i

tobacco plants _ . : : , .
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) o ¢ PURIFICATION AND PHYSTCOCHEMICAL PROPERTIES =

o INTRODUCTION |
. : | ‘ Lo _ BN . .
. » e n o : R S

\' The pur1f1cat10n of PVM and PVS was 1n1t1a]ly attempted by
van Slogteren’ (1955) and Rozendaa1 and van Slogteren (1958) Their
method 1nvolved extract1on of sap in the presence of sodlum b1§ulph1te
and potass1om cyanlde c]arlflcatlon of the sap with chloroform, and’
isolation of the, varuses by differential centr1fugat1on Netter (1960)
then pur1f1ed both v1ruses, after c]ar1f1cat10n of sap with ether and
carbon tetrach]or1de by dlfferent1a1 and rate zona1 den51ty gradrent | |
centrlfogat1on followed by d1a1ys1s Albrechtovd and K]Tr (1968)
'reported that, PEG 4000 ‘was su1tab1e for the precup1tat1on of PVS, and 4:
la*er extended the1r work to the pur1f1cation of PYM' us1ng PEG of '
'_',} i' dlfferent wolecular we1ghts and concentrat&png (35 solutIGn:of PEG
4000 30 so]ut1on of P[G 6000 and 20% so]utlon of PEG  15000)
| (A]brechtova and K1fr; 1070). |
S ' In PVM purrf1cat1on HodreJarv et al (1970) homogenlzed R
1nfected leaves of 5. dbmae sum Iﬂ the presence of chloroform The 'J;’
're5u1t1ng c]ar1f1ed sap - was supJected to d1fferént1a1 centr1fugat1on
: E]ectrophoresls of the p§k§1a]]y pur1f1ed virus wa:ithen carried out
in a sucrose density gradxent column, H1r%p1 et at, (1974) uséd | ‘
c | 24
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n-but&no ang w/v ?Té‘ 20000 without NaCl to.purify'PVM.

| In PVS pUrifianion, Shnpard (1270) clarified the virus-
containing. leaf hnmogondto w1th ch]oxofovu, subJecto yb to d1froront1a]
ccnprr(ugatlon and, precipitated the vd;US'with 57 (w/v) .PEG 6000; the

Cfinal purificalion was achieved by two additional cycles-of differential

pbntrifugation. rozar and Sivers (1975) added 5% Triton X-100 to the

) i

[3

pHouphutolhuf?dr during h0wogonizdtidn of infecté% tomato Teaves to
: | ’ }
incrnqse>th§ yield of PVS, which resulted 1n.an‘8-ﬁold increase in
serological titre of the v{rus'prepdratinn obtained.
Dﬁ%plto of-the reparts on the purlf1cdt1on, of PVM and PVS in
C .
the past only a limited amount of lnforlntlnn is available on the
quantitative estimation bK-ylo]d, spcp1fxc infectivity and the
vphyaifocaomjca] propérties,ofvboth viruses. _Thelpurposes o% the prescnt
study are: firstly, to purify Mese two viruses quantitntive]y by
applying.an improved PEG-HaCl procipitatioh'techniquw and thus to
pro:ide']drge arounts of purified PVHIde PVS for the ]ator‘intefaCtipq
stadies, secohdly; examination of the purity of the virus preparations
lby ult;dviofbt.(uv)‘absqrption e]ectrod.mié;oscohy, anh]ytica] and
T buoyant d%n51t/ u[ﬂt'lfUGdtlonS and thlrd]y, detorm1nat1on of the

specific 1nf9ct1v1ty of pur1f10d PVM and PVS by Hsing thelr respective

{

(\_ 4 \

. i -
T - . ) .

"); 10gql Tesion hosts, Sy
L

| Cdha .
MATERTALS' AND METIIODS

Virus -

The Alberta isolate (AP-1) of PVl was propagated in 'King.

a e
. »



|

Edward' pdtdto. Thc.inféctedip]nnts were slightly stunted but otherwise
‘__appeaipd.'nbrma]'A(P]qu.l, A).iijhoﬁbaﬁadién isolate A' of PVS, free -
from infections with other vifuses iﬁc]uding pota}o}viruﬂeg M, X, and Y
(Hirukf “1975a) , was multip]iod in 'Netted Gem' polato (P]ate’l A). In
'PVS infceted plants veung]onrlng and IOdfro111ng sywptons were ﬁv1dont
in the carly stages of their growth. Freodom of ‘the samp]cs used in
this study from PVX infection was ascertained by using ouzpmzcna

glodea L; (Wilkinson and B]odgett 19483) . ~The potato plants were
“grown in 20-cm plastic pots conta1n1n§ a soil-mixture of 3 parts loam,

1 part peStmoss and 1 part,coarse-bakpicle—size sand, anq fed with
cowmorciaf fe}tilizer'(28-14;14) at intervals of 2-4 weeks, depéhding
on growth coﬁditionr Th0‘1nfecred potato leaves, exc]ud1ng mid-ribs,

e re haw»estod JusL pr1or to the blossom stage Tl. 5-2.0 months), put’

in notyethylene )ags.(ZOOgm/bag) and stored in a deep freezer at -63.5°C
o until use. | P | ®

1

B

B.. Llocal Les\on‘Hosts

The selected seeds of "Red Kidney' bean (RKB) (Town House brand,

firpress Fopds Ltd., Vancouver, B.C.) were'sown in lolﬁm clay pots

1o

, tontain{nd steam—sferilized UC-mix II (C) (Matkin and Chandler, 1957).
The p]ants weve jroun in a greenhouse at 17°£2°C and cool-white .
fleores Cont tbbGS at'an.intensity of 5,330 1x (JOO ft- c) (Hlvuk] et a]
1974) viere used to md1nta1n a 16- hr photopeywod per day during ‘the
winter. Only those scedlings w1th the trifoliate leaf-bud Just emerged
were sé1ected for ?VH bioassay (Hiruki,.lQZO). The RKB plants of this
partfcu]ar growth-stage were obtainable from 9 to 12 days after §eeding,

depending on season-of the.year (Hiruki, 1973). s

26
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Chenopedium quinoa Willd. géods, the'C\SLlcction (Hiruki,
197ga), wer¢ 1n1t1a]1y gnglnated in, dlsposable plastic -trays (12 cm
X 19 cm X 6 cm deep) conta1n1ng UC-mix. The secgs were covered with
© o a thin layer (3-4 mh),oﬁ_the soil-mixture. After.lo to 12 ddys.the'
uniform secdlings were selected and transpTanfed 1nd1v1dua11y 1nto the
clay pots containing the soilsmixture, The p]ants wore grown in the h
greenhouse agd fevt1]1zcd at regu]av Jnterva]s The greenhouses were
-proper1y shndedﬂon the roof throughout the sunmer while a 16-hr photo—
period per déy was malntauned u1th supp]emenbany f]uorescent and
1naahdvscent lights at an 1ntcns1ty of 16, OOO 1x in the winter. The
iav plants were most susceptible to PVS dur1hg]the period between
. : ' . 2
40-60 days after sceding KHiruki* 1975a). ’

\
, \

. . | . W : . ‘ :
C. _Purification ‘ . -

Tho fol]ox1ng method was used for pur]fylng both PVM and PVS.
Frozen 1anLth-]thCS' Oﬁ cm were ionogenlkcd in the presence of 400
ml buffer solut1on, which contained O 5 M borate, 1 1% (w/v) scdium sul-
'phste and 0.2 (w/v) L a5aorbate, adJusted to pH 8.0 W1th sodwum hydro—
xgdc,(NaOH), f * 5 min using a Narlng Blendor (Fig. 1). Thn green-
g(]rred Juict was squeezed throuch two ]ayers of . ch@éﬁe cloth. 1nto a
beaker kept - in ice. The'resultlng sap sample amount1ng to 550- 600 ml
Was transfcfrcd to a 2-Titre vo]ungtz1c flask and- shaken v1gor0us]y w1th
an oqual volune of Lh]Oroform (Schneider, 1953) for 5 min. The emul-

q]fled mlxture was transferred to six ?50 H] po]/pvopy1ene hott?es and

centrifuged at 8,000 rpm for ‘10 min (Qorva]g mod01 RC 2-B. refr1gerated

cehtrifuge; GSA rotor). After the' centrxfugat1on three d1<t1nct layers‘

were obtained. Thcy‘were an axber-colored supernatant~tontaining the



' FI.G 1, A flow leng“"\ ullusfrahng the purmcanon Q
procedure of pofofo virus-M. ord pofofo virus S, -

-

F lnfectud d_Leaves

( Homogeﬂzze for. 5 )

] o o
Residue '~ Sap+CHCl,, shake 5
| | ,.qg,ooo,rpm//a"
.‘l“’.." j L
® @+7% PEG+4%N0C| //IM"C
v 1«&/0000?p/77/ =
@ OO5M bcrate, p/-/8(over/7/gf‘~f 4"6‘) S |
-6, 500 rp,»n//o o !
® - O=20000pmezer
o @
| ®+OO5 M borate pH9 (avem!g/;f 4°6‘)
c «-8000rpm//0
® . g)+5%PEG + 4 %NaCl, //;r 4°c
PR ,«l—/OOGOrpm /20"
%

(P)+ 005 M borate, pi& (avem/g/?/ 4°0)

J /0,000 rpin/ 10’

Y Supernatant -

o Purified Virus

: ) ”~

‘ 7&00 M borate + l%NOQSO 0.2 Aaoco. bage pHE
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virus, a wh1t1Sh solid 1nterphase coaguTum (2.5-3.0 mn) of denatured~
, proteln‘and,eell debris, and the chToroform—soTvent phase conta1n1ngi
chToropTast chTorophyTT e]ements at. (:i:}ottom The supernatant was
.transferred into a’1- T1tre beaker kept,1n 1ce, to which a mixture of
,7” (w/v Pﬁb 6000 (M 6000 7500 J. T Baker Chemical Co., M. J ) and‘
4 (w/v) MaCl' was added\w1th contlnuoys stlrrlng unt1] d1ssolved .The
soTutlon was lept at 4°C for 1 0-1.5 hr (Hagner et al. . 1970 Reddy and
Blatk 1973) to fac111t1ate'v1rus prec1p1tatlon before be1ng centr1fuged
at 10 000 rpm for 20 min. The irus in a. pelleted form was. suspended
| ) in 150 ml O 05 M borate buffer adJusted to pH 8 0 with NaOH (hereafter |
| referred to as borate bLffer), overn1ght at 4° C The uspens1on was |
.tentrlfuged at 6 500 rpm for 10 min and the resu]t1ng supernatant yas
.further centrwfuoed at 30 000 rpw for 2 hr {Beckman mode] L 4
preparat1ve ultracentr1fune Sp1nco rotor 30). The pellets thus '

obtauned cons1sted of Virus as a cTear geTatlnous top Tayer and . the

cnlorop]ast debris a the bottom TJyer The top layer was d1sso]ved in

3

40 .m1 of borate buffer and- kept overnloht at 4°C, The v1rus suspens1on '

was centr1fuged at 8,000 rpm for 10 m1n and the supernatant was"
reprec1p1tated with 57 PEG and 4% NaCT The peTTet was dissolved in
7-8 ml of borate buffer and; kept overn1ght at ﬂ°C " The supernatant

4.‘.
contammo the puri fred Virus. was ﬁnaTTy obtamed by cent”hgmg the

‘suspens1on at 10 000 rpm for 10 min.

B

D.. Electron Hicroscopy e : ST

Droplets ov d11uted pur1f1ed virus preparatlons were placed on
200-mesh FormJa) coated copper grids and a droplet of 2% neutral sodium

- phosphotungstate (PTA) was added to'each samnple (Brenner'and Horne,

»
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'19%9)1 A few seconds later the m1xtures were. blotted dry.and the o [ )
“stained Jamp1es were exam1ned 1nmmd1ate1y na Ph1]1us -200 e1ectron o “f:;iwf‘

'm1crosc0pe at 60-80 kV. Leaf d1p prepardtlons were a]so observed for
 comparison (Bvandes, 1957). . . ' l
T v
E. Analytical Centrifugation
I ' -
The sed1mentat1on coeFf1c1ent va]ues of ‘the pur1f1cd PVH and PVS

preparntlons were determlned by ‘the sed1mentat1on \eloc1ty method 1'
'performed in a Beckinan. model E analytical centr1fuge w1th bu1lt in high-

intensity UV optical system and monochrofater assembly The prepara—

| %t1ons of PVM or PVS’ pur|f1ed by the PEG- daC] method WQre subJected to }'

N

~ further pdr1f1cat10n by 5- 30” (w/v suerose dens1ty grad1ent centr1fuga— j_ii‘
_:tlon (Brakke:lfgdl) at 25 OOO rpm (Sp1nco SN 1 rotor) for 2. 5 hr,
_pr1or to the nxammatwn by ana]yt1ca1 aontr1fugat10n - The resu1t1ng

’vgradlent samp?es viere fractlonated by an 15C0 model D dcns1ty grad1ent |
'fractlonator, dlaTysed by 5- 7!changes of 0 1M phosphate buffer 3 m

- conta1n1ng mono~ and d: ba31c pota551um phosphates, pH 7. 0, and then _,~: RN
w.centr1fuged at 30 OOO Fpm dt 20“C in the ana]yt1ca] centr1fuge .The
7sed1nent1ng boundary was nmn1toned w1th UV opt1cs at 2 or 4 min’

: 1d\ervals for 2% min and the m1crodens1toweter trac1ngs of the films
‘ were obta1ned “In some runs qhe progre351on of the sed1mentrng boondary “
was measured by us1ng a phoeoelectr1c scanner and a mu]t1p1exer o
- accessory. The sed1mentat1on coeff1c1ent was ca]cu]ated by the ]~ '

|
graphira] wethod (ddrkham 1960) and was corrected to-the solvent .

v1$c051ty of water at 20°cC. _ o ; | | .

" F.  Buoyant Density ‘
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So]utlons of 20 30-and 40 \:\)Q) ces1um ch10r1de (CsC]) were made

o 1n‘D’Dl‘M’Tr1s buFFer conta1n1ng 0.1 M NaCl and‘l mM ethy]ened1am1ne T -

tet raacetate,IpH 7.5.  About 1 ml of the pur1f1ed virus preparat10n~Was'
layered on the top of a dlscont1nuous step gradient (Mese]son et al,

57) made by 0.5 ml 20 1 0 m] 30% and 1 5 ml - 40% CsC] in a 5 ml
1ustero1d tube, then the gradwent tubes were centr1fbged at 35 000 rpm

for 20 hr. at 4° C (Beckman mode] L-2 ultracentr1fuge Sp1nco Su 50 1

rotor). Fract1ons of 0.2 m] each were obta1ned from the gradlent by

p1erc1ng ‘the bottom of the centr1fuge tube and the absorbance of eachvv

fract1on was determ1ned at 260 nm The refract1ve 1ndex of se]ected'

o assayed for 1nfect1v1ty 1ﬁcﬂts respect1ve 1bca] 1e51on host.

G, Standard Gd{ves g o ; PR ;"”

),
..é

'

fract1ons was also obtalned (ErmacRefractometer, Tokyo) and convertedﬁbhi,

to the dens1ty of CsCl in gm/m] (Anderson -and Anderson, 1970) '; | |

v1rus fract1on was d1a1ysed aqa1nst 8 107 thanges of. borate buffer and..

R S

i

o . , . . . . . Lo . -

/,

PVM and ;hs preparat1ons pur1f1ed byxthe PEG Nacﬂ method were;
further subJected to sucrose dens1ty grad1ent centr1fugat1on1(see
Sect1on F) dlalysed aga1nst 10. changes of doub]e d1st1]]ed water and
were 1yoph111zed 1n a freeze dryer (V1r T1s Co , Inc., Gard1ner “N. Y )
at ~40 c fer 4 days A known welght of the 1yoph111zed virus- preparat1on
-was d1ssolved in borate buffer to d1fferent‘boncentrat1ons for the
determ1nat10n of the1r absorbance (A) at. 260 nm us1ng a H1tach1 Perk1n-. -
E]mer model 139 UV VIS spectrophotometer (F1g 2) |

']' ' , ’.

H.  Specific Ihfel‘ctivity o

' Specific infectivity was determined by inocu]atingsa'resbective
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.the 1nocu]um was exhausted

~:prev1ous]y

/ ’ -
. . .o

-|.1oca1 1esion host w1th a known amount of pur1f1ed PVM or PVS 'The”_ '

[

‘pr1mary leaves of RKB were used for PYM assay, and before 1nocu1at1on

- the buds of tr1fol1ate 1eaves were removed For PVS assay, 2~ 4 well-

i

~Vsérrated ]eaves of each C quLnoa were se]ected for 1nocu1at10n ~ The.

1eaves were dusted un1form1y w1th 600 mesh (20- 22 puﬂ Carborundum

‘(boron carblde, B4C Norton Co Canada Ltd. Hamllton,“Ontarlo) pr1or

‘to 1nocu1at1on Inocu]at1on was made by gently strok1ng ‘the leaf -

surface with a Q tip [Cheseborough Pond s (Canada) Ltd.,‘Toronto]

1

‘ ‘d1pped in inoculum. A p1ece of~fo1ded paper toWe] of a~conven1ent :

-size was used to support the 1eaf at the under s1de dur1ng inoculation.

Leaves were r1nsed w1th d1st111ed water 1mmed1ate1y after 1nocu1at1on

Two m] of virus suspens1on were app]red separate]y to 62 64 ha]f- '

1eaves of RKB for PVM and 50*52 half- 1eaves of ¢. quznoa for PVS unt11

The 1nocu1ated C. qutnoa plants were Uncubated in: growth

- chambers at 27 +2°C w1th a 16- hr photoperlod of 10, 760 1Ix (.,OOO ft c)

‘ 11ght 1ntens1ty (leuk1, 1925a), while RKB were incubated as described

RESULTS I »

_—

v

sulph1te (Bald and Samuel, 1934) and ascorb1c ac1d (Best; 1939 Fu]ton,

1974) the extracted sap remained essent1a1]y green. asl.expected.
Pur1f1ed preparatlons showed a. UV absofptlon spectrum typ1ca1 of

pur1f1ed v1rus-preparat1ons (Fig. 3). The values of A 260/280 were

)

. - . \
/ o .
. . \
. . § . .

.



! tF IG 3. Ulirowolef absorphon spectra of puruﬂed potato
~virus M (PVM) and pototo vnrus S (PVS) preporanons

‘ .
_ o —— PVM (4260./280:146)
2.0hs. ; ' ' CoE . : ! ;’
- | o—o PVS (4260,/280:148)
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1. 4640 04 and 1. 48+O 03 for PVM and PVS respectlvel , wh1ch.were w1th1n

'the range of the reported va1ues for the carlav1

’sbgroup (Tab]e
The average virus ylelds were about 330 mg for PVM and 350 mg 'for PVS
per kg of 1nfected 1eaves , ! '
. Brown necrot1c le51ons (G&4 0 7 mm) (P]ate 1, B) 1nc1ted by o ;ﬁ
PVM appeared in 3-4 days in RKB and wefre counted 8 9 days after
inoculation. As to PVS, ch]orot1c 1es1ons f1rst appeared 1n 5 days,
’then 1ncreased Jn s1ze (1.0-1. 5 mm) w1th a necrdtic centre 1n 7 days
. (Plate 1, C), and the max1mum lesion number was obta1ned in 8 9 days o ﬁ
after 1nocu]at1on i The spec1f1c 1nfectly1t1es for purified PVM and | l
'.PVS vere 3 and 55 1oca1 1es1ons per ug v1rus respectively.
‘r In e]ectron m1croscopy the pur1f1ed virus preparat1ons wene
re]at1ve]y free from- host materials (Plate 2 A and B; Plate 3 A). o
'However, in the ]ength d1str1but1on of the virus preparatlons pur1f1ed
by the present method PVM showed three major peaks (Plate 2 C),.wh11e
PVS formed a norma] distribution pattern (Plate 3, ,B) w1th a modal
1ength of 645 655nm (wetter and Brandes, 1956 DeBokx, 1969 H1ruk1 and
.ohuk]a, 1973) when 300 part1c1es were measured: respect1ve1y T
The - sed1mentat10n coefficient (szo .) va]ues, reported for the>
members o‘ the carlav1ruswg§oup, ranged from 136 to 1725 (Tab]e 1). In
th1s 1nvest1gat1on, the puri 1ed PVS. preparatvon exh1b1ted a s1ng]e [
boundary 1n analyttcal centrifi gat1on and. thé sed1nentatton coeff1c1ent
Vwas 148S. However _1n the casé\of PVM three sed1ment1ng boundarIes | i
were noted ng1ng sed1mentat1on coeff1c1ent va]ues of 108, 99 and 90S
respectlvely This resu]t seems to corre]ate with. the h1stogram show1ng‘

. the part1c1e length distribution of PVM (Plate 2,C), and may represent

an art1fact resu]tlng from degradat1on of PVM dur1ng the prolonged :
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'purif1catlon procedure used_1n_this_studyru—%n~equ14rbrtum~denstty”—"“”““““T___

1
[

‘,grad1ent centr1fugat1on,\the virus preparations purlfied by the present
‘ﬂmethod showed only. a single 11ght scattering band in the CsCl gradient '

st

(P]ate 3 C) and a sfngle uv- absorptlon peak (Figs 4 and 5):

- buoyant densities of PVM and PVS were found to be 1.35 and 1.34 gm/ml

[ respect1ve1y (Figs. 4 and 5). The v1rus fract1on recovered from the CsCT\>
den51ty grad1ent after exhaust1ve d1alys1s had extreme]y ]ow 1nfect1v1ty |
for: PVS (2.4 1e510ns/ha1f Ieaf 1n 29 ha]f leaves) and none for PVM when 1‘.1-
- assayedron their respect1ve TocaT 1es1on hosts o o S '

g

DISCUSSION S
H / » ) B : \ " . i
A preclpltatlon method using PEG and NaCl’has been applied as- o o
a 51mp1e but eff1c1ent means of pur1fy1ng,bacter1gphages, animal aﬂd

:fplant viruses (Ueberman, 1966 Good1ng and Hebert, ]967 Kanarek and

o Tr1be, 1967 van Kammen, 1967; Albrech}ova and Kltr, 196 u Yamamoto ’ T
et al. s 1370 Hsu and Black. 1973) Furthermore, th 5n the - , (

":_aop11cat1on of the procedures1 another advantage of using this method "o

made quant1tat1ve pur1f1catlon of unstab]e v1ruses poss:ble

¢ .In separate experlments carr1ed out along ; with thls investigation,
o severa] other methods for. PVM and PVS. pur1f1cat1on from the 1iteragure

.(see Introductlon sect1on) were tr1ed out, but resu]ted 1n the virus

: y1e1ds rang1ng from 2 to 30 mg per kg of infected leaves (Lau, | '
unpublished data) HddreJarv et al. (]970) were ab]e to. obtaln a
y1e1d of 10-15 mg. pur1f1ed PVM (strawn M. ]) per kg of leaf” mater]al
Other reported data on- the yield of carlav1ruses were 2-5 mg for'CMMV .

S RN
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(Brunt and Kenten, 1973), ¢.25 and 40_mg'per kg of infected leaves for
NLV and PMV respectiue]y»(Brunt and Barton, 1976Y Al these authors
ld1d not use the PEG-NaCl method in thelr pur1f1cat1on procedures. In
~the present method, however, about a 10-fold increase in yield of .

purified: virases over the prev1ous]y reported values for PVM and PVS

,was obtained.

4 In this study, the brief mlxlng of chloroform with sap
conta1n1ng PVS in the initial step of pur1f1cat1on did not result in
virus inactivation as reported prev1ous]y with other viruses (Dam1rdagh
and Shepherd, 1970; Howe1t and?Mink 1976).> However, the same treatment
resulted in much lower specific 1nfect1v1ty in the case of PVM, which

“'may indicate some partial degradatfon of virus part1c1 s a5 revealed by

40

\

. Lo

electron microscopy and sed1mentat1on data . ' gg{
-Pallwal and Trema1ne (1976) reported_that_side-tofside Loy
" aggregation of r;egrass mosaic virus particles was'minimized bx
suspending‘the virus in’buffer at pH 8 0. ‘QOre aggregation;Was”foundf
', at ac1d1c thanat alkaline pH w1th CMMV, another carTav1rus member
(Brunt ahd Kenten, 1973) In-the present 1nvest1gat1on, the use of '
- .a]ka]1ne buffer was also found su1tab1e 1n prevent1ng virus aggregat1on
When the pur1f1ed v1rus preparat1ons were suspended in borate buffer and
stored at -63.5°C, homogeneous v1rus 5uspens1ons were cons1stent]y

' obtalned after thawing. In contrast, virus aggregates occurred after

:'thaw1ng the pur1f1ed virus preparat1ons that had been suspended in doub]e .

\ distilled water (pH5.6). Kaper and S1berg (]969) reul[‘ed that turnlp
'yellow mosaic virus: (TYMV), suspended in water and 1ncubated at -75° C,

"7d1ssoc1ated into RNA and caps1d when. thawed, and they suggested the

f/’ RNA'# bound to the 1nsoluble proteln fragments form1ng aggregates

I o .. R

A .



_ The values of the'buoyanttdensity of both virusas were simiiar
“and uere comparable to that of the NLV (Tahle 1): the only other
" car]avirus member whose buoyant density va]ue has been reported
recently. (Brunt and Barton, 1976)." Yet the sed1mentat1on coeff1c1ent
of PYM was much lower than that of PVS and’ thosn of certaln other
car]av1rus members. Bes1des degradation;, perhaps many empty part1c1es,
'espec1a]1y those having the "normal 1ength",might.he present in the
pur1f1ed PVM preparatlons ‘However, the data:pertaining to- the UV-

absorption spectrum of the PVM,prepargtions used in thfs'investigation

’y

did not suggest the presence of such defective torms,to the extent
detectable.a | | | .

| In COntrast to isometric viruses (Bancroft, d962) CsC]
.1sopycn1c band1ng resulted in tremendous losses of virus 1nfect1v1ty

and thus was unsu1tab1e for the pur1f1cat1on of PVM and PVS. The |
exposure of other f11amentous v1ruses to certain heavy sa]t solut1ons '
resulted in marked aggregat1on, and in some cases even complete |
degradatlon of v1rus part1d1es occurred (Dam1rdagh and Shepherd, ]970
Rao, 1977). In this 1nvest1gat1on, the UV-absorption spectrum of PVM
indicated that a light-scattering material was present benéath.the

meniscus (fraction no. ]4), indicating the gccurrence of degradation

K ‘

oflv1rus part%cles (Fig. 4).. tl | s .AA: )
Unlike ammon1um sulphate, the prec1putat1on w1th PEG NaCl is

more select1ve and the virus could be prec1p1tated regard]ess of its

concentration Furthermore, tf ribosomes were presént initially in the.;': ‘

preparation, they were not prec1p1tated un]ess the concentrat1on.o{.* u- ":‘ "

PEG 6000 was 1ncreased‘to 10ﬁ(w7v).or higher (Yamamdto et al.; 1550) "‘?f?a§%7'.‘

Thus, the‘purified virus preparations by the present method were .
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\ 4 | — \ |

_apparent]y free of r1bosome contgm1nat1on as 1nd1cated by e]ectron

m1cros%opy P]ates 2,A and 3\A) ana]yt1cal and buoyant dens1ty
entr1fugat1ons | Shepard (1970) also reportéd a s1m1lar observatwnn ;

'

from the electron m1croscopy of the PEG NaCl pur1f1ed PV$ and PVX

preparations.
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[ ('INTROBUCTION

b

. Bagnall et al, (19565 '1959) - reported that PVM 1nc1ted 1rregu1aﬁ

redd1sh spot o;;{1ng ]1ke lesions on the inoculated pr1mary leaves of
| Vzgna sinensis Endl (cowpea) 14 days after 1nocu1at1on, dnd that D,

mctcl-produced chlorot1c local lesmons 8 days after inoculation prior

to systemic chloro'c’ic}spotting‘.'i As a local 1es1on host RKB is useful

"ﬁor PVM biocassay (Hiruki, 1970, 1973 Dz1ewonska and Ostrowska, 1973

Hiruki et a]l, 1974). Ross (1968) and Kowalska and Wa$ (1976) reporged
L. chilense Don as a re11ab1e 1nd1cator plant for PVM. |
thh regard to assay hosts for PVS, Yarwdod and Gold (1955)

‘reported Cyamop31s tetrag?naloba (L.) Taub. (Guar) as a local lesion.
‘host. - However, later it was found that these;iesions were identica1"
'with those of PVM (Bagnall et al., 1956b, 1959). Ross (1968) also
-.reported L. chiZense'as a usefu)~assa}jp1ant'fo} PVS;‘.PVS Tnc%ted
'necrotfc lesions on Saracha. umbellata Don. (Bagnall et al., 1956b) and
d. aZbum‘L responded with chlorotic spots 1n about 20 days after
.é 1n0cu1at1on (Bagna]] et al , '1956b, %959 Scholz, 1965b Vulié and

’

Hunn1us, 1967b) . vLoughnane (1958) found that Beta macrocarpa (annual’

1
'

.beet) developed local lesions in about 201day35 C." amaranticolor COSte“~'




and Reyn. was-also found.to be a 1oca1 les1on host for PVS (Ho]]wngs,
1956),"and Vuhé and Hunmus (1967b) r‘eported c quinoa, C. albwn, c
amarantzoolor, and G. globosa as the assay hosts for PVS in. descendlng~, <
- order of” the1r sens1t1v1ty and eff1c1ency “Other workers (Vu]1§ and h

" Hunnius, 1967b- de Bokx, 1970; Cupert1no et al. ,'19}0 Hiruhi, 197§a,

[l

'Kowa]ska and Was, 1976) a]so agreed unanlmOusly that C. quznoa was. the.

usefuyl ]oca] 1eslon host for PVS. - "T;’e,'_ "‘, N

The optlmalfassay cond1t10ns for both 1oca1 lesion host and '
virus 1notu1um have been stud1ed extens1ve1y,f0r PYM- (HJruk1, 1970
-1973 Dziewofiska and Ostrowska, 1973 H1ruk1 et a] s 1974 Kowalska and

| Was, 1976) and for PVS (HIruk1 1975a, Kowalska and Nas 1976) in

. respect to p]ant age buffer concentratlon and pH dl]ut1on curve,

'»poste1nocu1at1on temperature and_]1ght 1ntens1ty-for maximal lesion .
. development, \ |

_Environmental conditions; such as variations in illumfnation

and temperdture,'1nf1uence the suscept1b111ty :0f many host p]ants to .

,V1rus 1nfect1on Bawden and Roberts (1947, 1948) d1scovered that pre-

1nocu]at1on shad1ng or damken1ng of: test plants for 24-or 48 hr resu]ted
I
from 2-. to 10-fold 1ncreases in 1es1on number w1th 4 v1ruses tested

".Subsequent]y, shad1ng or darken1ng plants for 1 2 days before 1nocu1a-

/-
tion was employed rout1ne1y to 1ncrease the\suscept1b111ty of test

- p]ants with vlruses that wefe d}ff1cu1t to transm1t (Kassanls, 1949,4:'

‘ h\watson' 1952)'- At the'same'tfme the sionif{cance'of'tehperature'effegt

9. t

) l
_on virus 1nfect1v1ty should not be over]ooked Post 1noculat1on ‘

o temperatUre af*ected d1rect1y the local 1e510n product1on in assay\hosts

7’ el e

" (Frost”and Harrison, -1967; H1ruk1, 1975a), .Tobacco ringspot virus in BN -

sap was found‘jnactivited after 1 day at. 20°C, but ketained its
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1nfect1v1ty for 85 days at -5°C (Pr1ode, 1928), while tomato spotted b

w1Ht v1rus was 1nact1vated 1n 3hr at room temperature (Bald and
o Samuel '1934). Bawden and P1r1e (1950 1957) found that freez1ng
- m1nced lpaves or expressed sap did not “inactivate TNV ' ‘ ‘
g In the present study, the effects of dark treatment and post-
-1nocu1at1on temperature on the Tocal Tesion hosts. and post storage

gtemperature effect on v1rus 1nfect1v1ty were 1nvestlgated 1In add1t1on,

assays of PVM 1nfect1v1ty at d1fferent growth stages of 1nfected potato

p]ants and the rec1proca1 1nocu1at1ons of PVM and PVS on the1r
respect1ve 1oca1 lesion hosts were carr1ed out : l

I ‘J

- MATERIALS AND METHODS
Sap from 1nfected potato ]eaves was extracted by us1ng a mortar

-

‘and. pestle at al:10 (w/v) ratio in 0.057 M phosphate buffer

conta1n1ng mono- and d1 bas1c potassium. phosphates, pH 8.0 (hereafter . -

referred to as phosphate buffer), as. 1nocu1dh H1ruk1 et al., 1974

."'

H1ruk1 1975a) in all exper1ments descrlbed below -Inocu1at1on pro-

cedure and 1ncubat1on cond1t1ons were essent1a11y the same as descr1bed :

' ‘before (Chapter III Spec1f1c 1nfect1v1ty sectlon) A11 exper1ments

iere done by usmg the ha1f leaf method with the ba]anced d]%_tmbut'ron '

) :of treatments wherever poss1b]e (Holmes, 1929 Samuel and Ba]d 1933,
Lor1ng, 1937) Immed1ate1y after- inoculation the leaf was t1]ted to
| . one 51de for wash1ng with d1st1T]ed water from a wash bott]e to av01d

1
_ contam1nat10n of the oppos1te ha]f 1eaf _lh

.o . . 3 .
- B R

o~

45”7

:"‘,_.(



J
'A.> Dark Treatment \
F1ve v1gorous1y grow1ng 8- day -old RKB and 5 un1form1y grown 40-
day -old C. quznoa (2. 1eaves/p]ant) p]ants were p1aced 1n a vent11ated\
"fdarkchamber [1nterna1 Teasurement (cm) 113(length), 60(width) and 45 '"'“":
‘, (depth)] and kept in a greenhouse for 48- hr dark treatment at 20°+2 C
On the second day, the same number of assay p]antSvfrom the same batches
were added for 24 hr dark treatment | On the third day, the treated
i_p]ants a]ong w1th the same numbers of untreated plants from thq same

batches were 1nocu1ated with sap samp]es conta1n1ng PVM and PVS

\ respect1VEIy ' T o

B. Post 1noculat1on Temperature o . S

' RKB plants: 1nocu1ated with PVM, 12 half 1eaves per treatment
Ewere p]aced separately in c0ntrol]ed growth chambers set at l7° 22°,
- 27°, and’ 320 C, with a 16 hr photoperwod of 5 380 Tx. |

C. ~Post Storage Temperature

@ .Inf'ectw* ty of‘ PV’Y and PVS e:ctrac‘t:ed from -z.nfected potato;leaves_ :
af’te’r stargge at d Fferent tempemtures | _

PVM~or PVS—nnfected potato Ieaves were harvested,’ cut, m1xed o

and»dfu1ded 1nto 3 batches of 0.2 gm each The leaves were enclosed , |

'-1n po]yethylene bags ihd one half of each v1rus sample was stored at 4°C
for 6 days, wh]le the rema1n1ng half was kept frozen at 63 é °C. After
3 days of storage at -63. 5 C one of each virus sample was thawed at
"room tem;erature for 0.5 hr before belng refrozen at -63. 5°C Infec-'

ct1v1ty.of both viruses ‘in the leaf samd]es from djfferent tempenature

treatments was determined after 6-day-Storage. Concurrently, fresh .

1 : . A
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. l

sap extracted from the ]eaves of the same  PVM-. or PVS- 1nfected potato

1

plants were tested as. contro]s

. .
I

various . tme zrztcrvalu af‘ter mcubatwn at 4° or at 24°C
PVM—1nfected 1eaves were harvested frbm a'King Edward' p]ant,/
cut, m1xed, and d1v1ded 1nto 11 batches of 0% 2 gm. each éach samp]e,
was enclosed 1n a po]yethy]ene bag and stored 1mmed1ate1y at' -63. 5°C
- for 6 days before remov1ng 5 batches oach for 1ncubat1on at 4° or at
24°C For a contro] at zero time, 1nfect1v1ty assay was carr1ed out. P

immed1ate]y aFter extract1on Samp]es 1ncubatgd at 4° or at 24 C were .

tested for the1r 1nfect7v1ty at 0.5-, 2-, 8-.’24— and 48-hr intervals.

D: Assay of PVM Infect1v1ty at leferent Growth Stages of Infeoted

2

Potato P]ants : o -

{

PVH-1nfected tubers of ! Ktng Edward® were seeded as descr]bed

‘ ')
befogﬁ (Chapter II,.Vlrus sectlon) _The flrst 1eaf samples; 0 2 gm ,

seeding. At the s ame t1me the p]ant he1ght and the he1ght of leaves )

sampled were recorded A total of 10 leaf samples was harvested at 3-

day 1ntervals,‘then 1nd1v1dua11y ehc]osed in a po]yethy]ene bag and

stored 1mmed1ate1y at -63. 5°C unt11 tse.

o . _Y."'”

%

. E. Rec1proca1 Inocu]at1on j o \\

A total of 24 half-leaves of RKB and C quzndL were 1nOCU1ated

‘ respect1ve1y w1th a sap sample of PVM from K1ng Edward'bleaves Aften

.9 days; the 1nocu1ated leaves of C. quinoa were harvested and ground for

back inoculation on RKBc Leaf-dlp preparations from the 1nocu1ated

1 .

!
1

47

ib.J Infbcttvtty of PVM cxtracted f%om jrozen znfbcted potabo Zeaues at nu;_ﬁj

)

W

I

’each ‘were harvested from the f1rst fu]]y deve]oped 1eaves 22 days after -
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1

- C. qutnoa Ieaves were prepared by sliding the freshly cut leaf edge

'f across a drop]et of 2% neutral PTA resting on a 200- mesh Formvar-

- PVS in the reversal sequence of inoculation of the local Tesion hosts.

coated copper grld blotted dry, and exam1ned 1nnmd1ate1y in a Ph111ps‘

EMZOO at 60 80 kV S1m11ar dup11cated tests a]so were carr1ed out for -
\

F.  Infectivity Iﬁdex

In thé present s tudy the‘fo]]owing formula was used to obtain‘

. v . | .
an infectivity index fnpm Tocal lesion e0unts. ’ - ~
_Average number of local .lesion obtalned in test
An infectivity 1ndex Average number of local 1e510n obtained in' contrd1 -

L .
LT >

" )
. H R . -

RESULTS AND DISCUSSION. o
e ] ; ) v ‘ A oA
A. Dark Treatmenﬁ . : ; : B e _‘ _ "‘tr*
The RKB plants that had been subJected to the dark treatment '

were pale in co]or and frag11e upon touch1ng Two. to 6-fold 1ncreases.

in suscept1b1]1ty were demonstrated in local lesion number (Table 2)

In both-PVM and PVS infection. the number of 10ca1]1e510ns obtalned was
much h1gher in the 48 hr dark treatment In an ear11er exPerlment w)spﬁ_ .

’ alum1num fo1l was used to cover the opp051te half 1eaf for dark treat—
e

‘ment, no increase in suscept1b111ty Was observed (Hiruki et al., 1974).

This. m1ght have been due in part to some poss1b111t1es that photo- | .

_ synthet1c products as we]] as water are freely translocated throughout

the plant S0 as to compensate the resu]tlng effects of’ dark treatment

in the covered port1ons of the 1eaves Therefore, dark treatment'Of

4
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" TABLE 2. Effect of dotk-treatment on the susceptibility of 'Red

Kldney bean (RKB) and Chenopoo'/um qumoa 1o potato virus M ond
potato vurus S respechvely }

l_.dcal lesion host’  Plant no. Controli Ddrk-trea\tmenti
‘ » " o 24 hr 48 hr
. PR 35 74 196
28 35 183
20 32 231
32 - sl 94 4
16 ""'_(_,-'3'2 138 .,
6.6 1.2 "40.6
0.9 ‘20 5.9
K 1.0 1.7 6.2 T ?“
: LI~ € 545. 1256
2 ae3 836 ' 1101
L €. quinoa 3 145 ] 796 '955 -
4 322 1051 613 .
| 5 186 esg . 1321
' Lesion no./half-leaf 509l . 1,9;;;4 , 3125 R
. Standard error 4 21,5 .27‘7
lnfe‘“chvnty index ! fO ' ‘3.'8 T ' 5|

I

i

'

Four holf leOVes per plant were moculated

blnoculum sap  wos extracted. ot a f 10 (w/v) ratio in_ 0. 0§7M
phosphate buffer pH 8. 0. .

]
3

“Dork- chamber temp_eroture: 20t 2°c.

N



- that in the temperature range between 16° to 22°C PVM ]es]ons developed

the whole p]ant 1s essentlal to obta1n 1ncreased suscept}b11ity 'Tbe

- results. from the 24-hy dark .treatment of c. qutnoa essentially conflrmed

.50

those of Hiruki's (1975a) although -the 48- hr dark: treaﬁ‘ent in this . .

1nvestlgat1on resuqted ln even higher suscept1b1l1ty It has been -

" reported that the longer the test plants remayned in.the darkness (upr:

to 6 days) the more suscept1b1e they became to the subsequent virus/ -
|
1nfect1on (Bawden and Roberts, 1948; Costa and Bennett 1955 Klmm1ns,

1967).
.= . The 1nh1b1tory effect of photosynthet1c products on v1rus mu]ti-

plication. was suggested 1n1t1a11y (Bawden and Roberts, 1947 1948 |
Yarwood, 1952 WI1tsh1re, 1956) However when the,;nh1b1tory effect

of untreated plant sab was tested against thelsap from the ~dark- treated

plant po- s1gnhf1cant d1fference was. obta1ned (Bawden and Roberts .1948) . =

Kimmins (1967) and K1mmlns and L1tz (1967) found: that pre- 1no€u1at1on

- treatments in high hum1d1ty and darkness ﬁncreased suscept1b1]1ty, but '

)when the - re]at1ve hum1d1ty was reduced to 20m, the magnltude of the

1ncrease 1essened in both darkened and’ 11]um1n&téd p]ants Therefore,

these authors hypothe51zed that a greater number of 1nfect1b1e sites

-rwere rendered ava1lab1e in 2arkened plants by the 1ncrease of leaf

turgor pressure - ‘ L i
" .. -
B. Post~inocu]ation,Temperature

In two separate exper1ments RKB p]ants inoculated with PVM
!

showed cons1stently much h1gher local lesion number at 17°C (Fig. 6),

/

whlle at or over. 27°C the number of ]eSIons,drasttcally decreased.

~Using the same ‘local lesion host, Kowalska ‘and Wa§ (1976) reported

S O

o

s / ' . 4; .’.' "‘-“/1'
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FIG. 6. The effect of post-lnoculanun 1amperafure on the Iocal
. lesion numbe_r_;_ofpotarq virus. M in_- ‘Redﬁ_K;anexy_‘bean S ———
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€. Post Storage Temperatute

o - v SR

oy
best but not at. 28° Us1ng D. metel Bagna]] et als ’(1956b) found
that the temperaturevaetween 18° to °C weretmost suitable for the

‘deveIopment of local and systemic spot symptoms ndhted bi PVM, Even

*

“1in potato p]ants symptoms.pf PYM 1nfect1on was repOrtedly most pro-

L 4

‘.nounced at 16°C (Chrzanqwska. 1973 021ewoﬁska and Ostrowska,.1973)

Post 1nocu1atton temperature has 1ts effects both d1rectly on

the v1rus and/br 1?d1tect1y on the suscept1b111ty of the host plant

Raising the temperature beyond the TEP oﬁ-v1rus may increase the chances

that part1cles become 1nact1vated before they can start to reproduce in '

the host ce]]s (Harr son, ]956) Frost and Harrison (1967) suggested

that v1rus 1nact1vat1ng systems of the host were stimulated more

>

- effmcaently at a,h1gher temperature. | : o

/

o a - Inf‘ect uzty of PVM*and PVS ea:tmct:ed fz'om .infected Qotato Zeavee

o
l

aflter otoraga at dszerent temperatures

tgﬁf; The h1ghed@ 1nfect1v1ty was obta1ned from the constant]y frozen

'1eaf samp]es of P¥M- and PVS (519 7). These results correlated well

< w1th Stanley's (1940) 51m11ar exper1ment in wh1ch at a 1:10 d11ut1on of

1

sap conta1n1ng toma to bushy stunt v1rus a!.;s fold increase in '
1nfect1v1ty was obtalned from ‘the sample that had been frozen at -12°C

‘over the fresh contro] sample. In the present v1rus -host systems, 1.3-

" to- ] 4-Fold 1ncrgpses in 1nfect1v1ty were. pbtained (Table 3). - Harrison

(1956) also found that the frozen sample i& TNV-znfected leaves gave '
h1gher 1nfect1v1ty than the fresh one or the sample that had been kept
at 22° or at 30°C for 3 da&%‘ Therefore, freez1ng 1nfected leaves, or

sap from such leaves have 11tt1e effect on,s/me viruses (Matthews,

'.'
'.' g:

1 ' ’ e
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Infectivity of. potafo irus M (PVM)and potato virus S (PVS), -,
ves, in ‘Red Kldney bean and Cheno- -
ter storage at different temperatures.

FIG. 7
ektracted from infected’ potato
\poa’/um quinoa, respectlvely,

LI lr\ected fresh lenves from the same plonts were used bs comrols
Sy, o PVM : 3
¥ ’ ; i
1 . "
. ct
1 \ i i .
S
¥ |
"’ o
. Vi
: - ‘ “
{
.
. ."\. . ..,
o ) - | QOO . ] ‘ .
T " . R ek .
\ .‘—’—- . ... ° i 0 9} ' ’.a .
A o' . < : " - i o,
‘-\ : e ; . "
3 2‘ - A l
- : 3
30 F '
v .g" . \ ~
g | u |
a.’n A b N \ :
> .
< 20 o ‘
. ,’ . ‘7‘5 LIB
i . , ‘)" : ..l v RE
, ) ‘,4 o
) - s r . A "\~ .
'.’4‘,0 ~ '
. . . . )
~ 2 . @ )
S | -,
,__‘»‘ oo .r.' O :* L2 d . P WP
o Fresh -635 C Frozen- ﬂ)aw-refrozen
R - otime) (6‘a’oys) (3days-30 Jdays) :
. ? ’?r N %
DA o eatmen? -
K \ . L s . 0 -
i o e ‘-
1 : s @ " . A~



§ . ;
TABLE 3. Lesnon counts: Infectivity of potato virus M and potato virus S,
exfrocfed ?rom infected potato leaves in 'Red Kidney’ bean (RK8) and Chenopodium
. quinoa, respectively, offer storoqe at dnfferenf temperatures. \Infecfed tresh lenves

‘from the same plants were used as comrols

a4

* Local lesion Half- Fresh sap 4°C  -63,5% Frozen—rhow—'refrozen i

- ' leaf -

o ' “host? no. /0 time) ( f days). (6 o’ays} r3 days 30’ Jdays}

, _ T .

SN o 9. 2 12 -

‘ SR Q- 5 !

7 .6 20 6

.4 0o . 6 I

5? I 6 I

4% s 15 .4

[ C 1'0 “ 2 (] 5
v 1S 2 22 7 5

» g » s ') - ’ .

3 P Ed . . . " .

LD “Meon. - 1,00 - 23 - 13 3.1
‘%} an Standard error 1.7 0.8 2.4 or
AR i lnfectwuty . Lo 02, . L3 03 .
p:""“ . . . ) . ’ - .n,.,? e -« i ® : ! v‘ : \v ' '
% .' ’ o {!)‘;', S ' » ‘ \ . :/,.

- | . 25 3 32 14
P 14 ' 10 . 6
\ . ; . X St ‘ .
3 15 0. 25 ' a
- 4 - 34 3 45 g 20
Ciquinoa ¢ 17 la2 3 10
. '.f,ﬁf_, 6 9. 2 32 12
: 7 35 /6" 32 - v
s B 16 L2 3 R
‘ o Mean 219 | 24 298 1i.8 .
Standard érror  3:0 | 0.7 ., 3.4 , e
Infectivity. >* 1.0 ' @1 1.4 0.5
Cindex J:¥h e 1 '
A T A
'; . . ' ] . -
ot lnoculum sap was extracted at 'a 1:10 (wv) ratio in 0 057 M phosp’ha?o
o "‘5{»’ pH 8.0." ' o
. l N L b .

. &
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\ 1970).

" of the cells and that the ox1dat1ve enzymes are still in-

/A p]aus1b]e exp]anat1on for the hlgher 1nfect1v1ty obta1ned from
“the frozen samp]es could be that when the leaves thaw the virus. V |

partlcles are more readlly released after the complete d1$organ1zat1on ‘

‘Jpss active

- £ 2
state at such low temperatures Wh11e temperatures,gﬁsn

c]almed to be - factory for short term storage W v) of some
labile viruses (McK1nney and S11ber, 1968) Meryman LJQ ? found that
all chemical dehaturation processes would only appear to stop near ,;

1

-100°C. - S ool L b

"\

. The 1nfect1v1ty of the samp]es subJected to the frozen thaw- S

refrozen treatment was lower than that of, the fresh . ones for both PVM

and PVS (F1g 7). However, the 30 m1n thaw1ng of the frozen samplés
,///

~at room temperature was 1nsuff1c1ent for virus 1nact'iva‘ﬂqn -‘) /z

\

b, nfectwtty of PVM "J:tracted‘ from frazen mfected potatiy Zea s‘

at various tz,me zntervals after mcubatwn at 4° ozs at 24"6‘

At zero- t1me the local. 1es1on number obta1ned was reﬁatlvely

"1]om: PVM ‘extracted from potato 1eaves that had been frozen and then

’

d at 24 C respectlvely, produced the’

l 1ncubated for 2 and 0.5 hr at

JShighest number of ]ocal T951ons (Fig..8). Fﬁereafter the 1es1on number.

t\\

steadv]y decreased up to 48 hr of 1nd|hat10n Fulton (1957) reported
that 4’ Prunus v1rus 1éolates )pst their 1nfect1v1ty rapidly in cucurblt

\sap at 24°C but thlS 1oss was slower at 0 C. Prufie dwarf, sour cherry

, recurrent necrot1c r1ngspot and necrot1c rsngspot v1ruses also were,

w R t

. found 1os1ng their 1nfect1c1ty in sap after few hours at room tempera-~

,1'

ture (Hampton and Fulton,. 961)

,. PLas ) ’ \
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o FIS. 8. lnfecflvny of pofoto virus' M extracted from frozen
‘infected potato leaves at various nme intervals after fhelr
IQCUbeIOﬂ at 4°or at 24°C
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- maxima -just .before the blﬂgsom Jtage (Flg 9). \irus concentratlon

’_ after seeding This resu]t agrees w1th Chrzanowska s’ (]973) 1n which

data) Thus, tak1ng advantage of this system the 1nteﬁgct1on of

. ;”\ ' B ! ' ) |"‘ ’ ) ] . ’ L.
| - ' _ N | E iy
D. Assay of PVM Infectivity at Different Growth'Stages;of’Infected

.

Potato Plants o . ~ . t

\ . i
by bloa;say was 1n1t1a1¥q~h1gh then fluctuated unt11 it reached ltS

~remained low aftge. ghe appeaéﬁnce of b]ossomzy The concentrat1on of )

PVM in 1nfected K1ng Edward' potato plants reached a max1mud.ﬁb days . V

lro1oglcaaidetectlon of ﬁ%M was best w1th sap s1m1]ar1y obta1ned from
vthe upper 2nd, 3rd. iﬁayitﬁ“iedves of p]ants aged 5 to 7 weeks . Bartels
(1966) ailso found-by serd]og1ca1 ‘tests that 1nfected potatO'and tomato

j-p]ants showed that PVM vas evenlj d1str1buted throughout the fo]1age

.1n1t1a11y, but after S and 8 weeks, respect1ve1y, it was genera]]y :f

found on]y in the upper parts of the plants. S1m1lar]y, wetter (1957)
F
found that w1th most potato var1et1es tested the PVS concentratwon was

hlghest in leaves JUSt below the,grow1ng tip of the shoots ' 'ht

e

E.. Rec1proca1 Inoculatlon

. :
PVM was not recovered from PVM- 1noculated <. qutnoq leaves to

.RKB, nor could PYM particles be démonstrated‘ by e]ectron m1cro\scopy

-

us1ng the same 1nocu1ated samp]es Svalarly, PVS was not,detected frOnn

,Ithe RKB 1nocu1ated with PVS by’ us1ng the same'methods- 'TheSe resu]ts

' _agreed w1th earljer o6§ervat1ons (Hzruk1, 1970 Hiruki, unpubl1shed

Wy
-t seéfwo viruses c0u1d be stud1ed in the1r respect1ve local 1es1on
e N P.';\, '._ . ..,:}. - -
. *\ & '.‘TT,. A

In-both: e"pe”"‘e“té' the relative concentration of PVM estinated -

. AR
S % T

l .
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" CHAPTER YV . ”ﬁ‘ o ]

INTERACTION BETWEEN PVM AND PVS IN LOCAL LESIQN HOST

INTROBUCTION
. . . ! [ o . . : . . ‘ o
| : SR | | .
A]thOugh PVM and PVS coexisted in, 'K1ng Edga$% potatoes, their L

1ntermed1ate types were never found," and this renui$ysuggested the

! .

1ack of genetlc recomb1natﬁpn between them (Kassanis, - ]963) The P

" b1o]og1ca1 1nteract1on‘between these two v1ruses, neverthe1ESs, st1]1

,1'45-: rema1n to bF understaod As seen in the fore901ng 11terature rev1ew,
TR VI w% N "““ ; W"
P the use of sgﬁaé; v1rus lnocu1um in v1rus 1nteract1on studles may
¥ gq . -

1nev1tab1y result .in some unde§1rab1e 1nterference between host'
:;'} ) ]1nh1b1tors ‘and the 1nteract1ng v1ruses, leading to unclear, 1nconc]u§1ve
L results. Therefore, in the present study pur1f1ed preparat1ons of PVM ;5_"
| PVS,‘and,the1r RNA end protein components were used to 1nvest1gate . 'ii;
the1r b1o]og1ca1 1nteract1ons quant1tat1ve]y in the1r respect1ve local

1es1on hosts , S : ' ‘ ' .

~ e
' MATERIALS AND METHODS' |

' A, Interaction Between Intact PVM and PVS -

4

.59
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‘a. ' Simultaneous troculation

- PurifiedVRVM‘and BVS were mixed in. ratio £.3:15-1:5 and 1:10

3

respectivelv, and'the volume of :;gnrm1xed virds 1nécu un . was' kept _ _
/

o _constant. The inocula containln PVM and PVS, paired w i th the,1nocu1um

_coftaining PVM only as a- Qﬁgtro] ‘were app]1ed to RKB The’same

treatments, except in the reverse order were a]so car 1ed out 1n
! . _ :

te-
E)

"C. qui nQa K : S o
.- M and poét-inoculations | ,
"

“In, pre- 1nocu1at1on treatments, 1noculatldn w1tthVM was carr1ed

out using 12 ha]f leaves- of RKB per treatment and was fol]owad by the

>

secondary 1nocu1at10ns W1th PVS at 0- 5- ,. and\lo hrﬂlntervaﬂs

..

reSpectively In pos t- 1nocuTat10n treatments, 1nocu1at1on in thé
reverse order was made a]so us1ng RKB at the same t{ﬁ\. Inoculum
containIng PVM and phosphate buffer, rep]ac1ng the same volume of, PVS,

4

.was applled as a control on the opp051te half 1eaves ‘\Phhsphate buffer

'i' alorie - was alsoi;p;ﬁ1ed to the control half leaves at the same time whep

the second virus was applied at ‘the. scheduled t1me 1ntervﬁls D_ai(ly_. o

.

counts of loca] 1e51ons;were made at the fri;? t1me as soon as. they were

v1s1b1e The increment curves,were obtained from the local ]esion

counts'for each'treatmen% " The same proceduces were used in assaylng
the 1nfect1v1ty of PVS in the presence of PVM in C. quznoa [ ']

c.V, q,=1."L.S'urrultaneous separate znoculatwns of upper and lower eptdermal

[} 1

layers '

-

g Inocu]atlon w1th PVM was made to the upper epldermls of 12 whole

1eaves from 12 RKB plants The lower ep1derm1s of half- leaves was-
1nocu1ated w1th PVS and the remaining half 1eaves Y1th phosphate buffer

Inoculat1ons were made 1n the reverse .order to the other 12 leaves.

iy 3
e
e A

60
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A

Similar treatments, in the reverse sequence, were repeated in
A} [ D .
C. quinoa. . ’ ’ . a

B: Interaction Between Intact V1rus. V1ra1 R1bonucle1c Ac1ds (RNA $)

i

a. | IsoZatzon of virdl RNA's and’coat -proteins

" .The viral RNh s were isolated by ‘the phenol method (Fraenkel-
Conrat et a] s 1961) The uv- absorptlon spectrum\and the 1nfectiv1ty'
of each v1ra1 RNA preparatlon were. determlned The coat proteins were
1so]ated by the acetic acid method (Fraenkel Conrat,.1957) .and the

preparat1ons were free from 1ntact wvirus part1c]es when = . -

subJ cted to e]ectron mlCFOSCODTC exam1nat1ons The coat- prote1ns

were d1ssolved in b 1N sod1um hydrox1de adjusted to pH 8. 0 and stored‘ ;

- !

in a-‘deep freezen until use. ' - :
- . /

b. | Interacttor Between intact virus and vzraZ RRA of the cou@terpadt

A, fixed ~amount of PVM was added to two concentrat1ons of : PVZ!RNA

and app11ed separate]y to RKB' p]ants The same concentratlon_of'PV

- was used as a control. Inoculum conta1ning PVS-and PVM-RNA was

: | , ?
: s1m11ar1y tested in. C. qutnoa, with a comparable control containing PVS

o

s

on]y i A
c.  Simultaneous ‘inocuzhdti(‘m oith PVM- and 'va;kzv:q g |

a A f1xed amount of PVM RNA was m1xed separate]y with two sampTes
conta1n1ng dlfferent amounts of PVS-RNA for - b1oassay in RKB, us1ng PVM-
RNA only as 2 contro] on the oppos1te han—leaf - Similar treatments.

were also carried out in the reverse order in ¢. quinoa.

d.  Simultaneous inoculation With intact virus and- viral coat-protein

of”the_counterpart ' ) v

‘_ 3

"? | } o ‘ - R ’ - B ‘ ' " .‘,"l v

" Yeast- -RNA and Coat-protein. ’ -‘ ) \ | | ’j-'m, :
!
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A fixed amount of PVYM was mixed with two preparatlons containings
!
d1fferent amounts of PVS coat-protein and the Mmixtures were. applied .

separately to RKB plants Inoculum contalnlng PVM only was applied as

a control. The same procedures were applied to c. quinoa u51ng inocula
\ . |
containing PVS and PVM coat~prote1n as tests and PVS only as a control .

1t

e. Detectwn of endogenous mbonucle;.z*se (RNase) acthty
A f1xed amount of PYM-RNA was mixed w1th a deries of 10- fon

d]Wut1ons of PVS u51ng phosphate buffer F1ve 1nbcu]a conta1n1ng PVM
/

and PVS in d1fferent ratﬁos were prepared and were applied separately
to RKB plants Unm1xed PVM RNA inoculam was used as a control . The‘
same \reatments vere carrIed out in c. qumnoa with PVS- RNA plus PVM as,
test inoculum and PYS- RhA as a control

) '(‘

fvo < Effect of endogenous RNase on PVS-RNA. infectivity in th_:é pre’sené‘e&

}
/

o
i

af yeast-RNA

|

"A standard concentratlon curve of yeast-RNA (Fa]blocheM‘ LOS "’

Angeles) was obtained by determygang absorbance qf solut1ons contalnlng
d1fferent amount of yeast RNA at 258 nm (Fig. ;9); Fixed amountsfbf ;
PVS-RNA and PVM were mixed with phosphate buffer and . two d11”r‘erent*r
““concentrat1ons of yeast RNA respectively: - The three mlxed lnocula were .
app11ed sepjéitely to C. qutnoa, wh1le PVS RNA at|the same concentrat1on '

was applied to the opp051te half-leaf as a contro] The experiment was
e |
frepeated with a hlgher concentrat1on of PVS RNA. \

g. Stzmultztory 'Lhdex . .

\

- In the present study the fo]low1ng formu]a was used to obﬁlln a

1

st1mu1atory 1ndexﬂ;rom local ]es1on gounts.

l

R | . Average-number of 1oca1 lesion obtarned in test
A stlmulatory 1ndex Average number of ]ocal 1es1on obta1ned 1n control .

! oilh N . ﬂi



A Standgrd curve. showmg the absorbance values
onucleie acid (RNA) of different concemranons .
at 258 nm. '
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- ARESULTS , _ : . o

','vw

A.  Interaction Between Intact PVN and PVS - :
a. -~Szmultaneous moaulatwn‘ B - o ) ) |
Marked lncreases in local lesion number were obta1ned in RKB ~
land c. qutnoa 1n the presence\of the counterpart (Figs. 1 and 12).-
RKB. the 1ncrease was more promwnent as the amount of added PVS 1ncreased
and_the stimulatory 1ndex ranqed from 1.4 to 7.1 (Tables 4A and 48B)."
However, in C. quinoa the les1on numbers incited by 1nocula containing
PVM and P¥S in the rat1os of l 5 and 1:10 d1d not differ s1gn1f1oantlyi ,
The stlmulator/ index ranged from 1.4 to 2.1 gor PVS in . quinoa L
(Tables 5A and SB) In appl1cat1on bf phosphate- buffer only, no-lesion .
was incited 1nwboth hosts as expect!d L
b. Pre- and post-znoculatzons o S f‘. .
| _ At zero t1me 1nmed1ate, seduentlal 1nocu1at1ons were made with
APVM and PVS separately S1m1lar 1noculat1ons ln theé reverse order were
made as well These treatments conswstently resulted in.the highest
. 1nfect1v1ty of the test v1rus,land the extent of ‘the stimulatory effect /i ’
 was comparable to that obta1ned frqm s1multaneous 1noculat1on |
‘experlmqnts descrrbed in the fore901ng sect1on The’pre or post-
inoculations with PYM or PYs at d1fferent t1me 1ntervals resulted in
ithe ltmlted stimulation of the 1nfect1V1ty.of the counterpart (Figs. |
‘ l3A and 138). In general, the post 1noculat1on experiments shonpd/
sl1ghtly h1gher stumulatory 1ndexes than those obta1ned in the pre-
' 1noculat1on expemments in both hosts (Table 6.). The st1mulatory ”4
- 1ndexes decreased as the. t1me 1nterv&f between the pre and post- :

‘ - A

5-1noculat10ns was prolonged a | ;-

TR , : < .
. . . . ‘ i .
. L , L ;
4 . L A
N . . 0 ’ - : .
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TABLE 4%,

"

\ The JJocal lesion” numbers obiamed from slmulioneous appllco- B
. _ Jtion of purjfied potato wrus ‘M (PVM)

potato- virus-5- CPVS) rmw m* :
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" In RKB, PVl lesigns ¥rom é11 treatments. sta taWed,

i e )

1'.1;{,_-‘:', days after inoc atiom, then increased rapidly’ betv‘J? 5 and 6 days -
and r‘aached a maxupum in~7 to 8 days (Flgs v13A and "13B). ‘ In’ C qumoa. '
PVS mmns were v1s1b1e 6 days after inoculation, then mcreased

o 1ogar1 thmlcaHy durﬁg”"the perlod .between 7 to: 9; days and reached a

B

 maximum in 9 to 10 days (Fl 13A and 138)

c. f«SzmuZ‘faneous separate tnochZattans of upper “&nd Zower ep'bder'mal
Zayers o AR B T , v
) } 3 . |
There was no slgmficant differencé in the st1mu1atory y\dex :

._,“

m smu]taﬂe‘&s separate 1noculataons w1th PVM and PVS of the upper‘q’andI -

M

- 1ower ep1d,ghﬁnal layers of RKB. and C qmnoa leaves Tab]ek 7 and 8)
The results also "indicated that the susceptlblhty of - the 1ower o u e
i . C

. ep1derm15 of both host ﬁants was- much ]ower than tha% of the upper ” ’*:‘,. g

em derml S’:"b B W&f i’i.. N .‘;-T- ’i..i

\

IR Coat protém.a . . 2 , .
oa, Infecthty» of vsz RNA 's ' , X e T e

‘. The UV abs“orpt1 on spectra of PVM- and P‘ls RNA s obtamed were "
" typ1ca‘1 ?or “RNA (F1g 14) The ratio of A max. /min for PVM-RNA’?%d |
PVS RNA were 2. 26 and Zﬁ’fespectwely The 1nfect1v1ty of the P’vs- W o .

-j;nan that of the th.RNA (F1g 15).

Interactton between wﬂﬁact virus and vwal RIVA bf the counterpart ‘

Infect1v1 ty of the 1ntact v1rus was’ decreased m tﬁe presence

of the v1ral RNA of the counterrart (Tab]es 9 and 10[) The results o o

\

showed that the degree of mterference was dependent on the (:oncen- i

~ -

'tratlon of the v1ral RNA of the counterpart present in-the 1nocu1um.



TABLE 7. Simultaneous uporou inoculations with .purified potato vir*n M(PVM)ond

- pofato virus. .S (RVS)- of-the -upper -ond. lower epidermal- byerwof 'Rcd Kldnayﬂunn ST T T,
- . " Lesion no./holf-leaf, R L
Expt. ' Leaf no. ‘M7 M ' :
P~ s¢ S " P .
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- .
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N T T T -1
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3 20-75,,.13 24 4 2 5 .5, ,
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e 6 ' 1923 20 14 8 1l 139"
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‘ . Co oo R . L : » ] * ,
0 33 mq PVM/mk%zs applied fo the whole. upper epidermis. - S
0 057 M phosphate ffer(pH 8)- was ap Ined to one-haif qf the .
lower epidermis.
€ .40 mg PVS /ml wos upplued e one-half of the lower ep:dermu
fSnmular scheme _applies for othe/r chuiohons - - .
o ; ) -“ Y ) .
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potm M GPVM) of the r and lower ‘epidermol loyars of C‘bmopodmm qafmoa s
1 N N ) N ' ’

Lesion no./haif-leaf - . D R

] s v’
Expf Leo'f no. = S .‘ P M MJ}P
G N M M. P 'S 'S
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The results also. indicated the reductions 1in the lesion humber !ﬁe to

-Sii; “for PVM in"RKB (Table &) and 30 to 60% for PVS in c. qutnoa (Tab1g 10). g

s
N

' Y
Lo counterpart The resuits ‘showed that “about a 10% inhibition of the P,

- d. S‘Lmultaneous tnoculatwn mth mtact virus and vzml coat-protem >

~ inoculum, On the whole, as the stimulatory index indicates about

, !" ' In both cases the 1nfectiv1ty of PVM- and PVS RNA S was hidher

. as the concentration of the 1ntact v1ra1 counterpart was reduced (Fig

" RNA in§the inocula increased, there were apparent decreases in

e

the presence of the RNA of'the counmrpart were approximately SQ,to 60% _

e. Sﬁmul%aneoua tnoculatéon wtth PVM- and PMS-RMA'a o J .'wv.; h;ﬂg

I

On\y slight in‘erference was induced by the’ virai RNA of the. . "1:$f2.5

PVM RNA 1nfectiv1ty occurred in RKB (Table il)vand about 20 to 30%

- inhibition of PVS.RNA infectiv1ty in C. qutnoa (Table 12)

of the counterpart ' .

In both cases, ‘the infectiv1ty of the test v1ruses was slightly

_higher in the presence of the coat -protein of the counterpart in the . -

10 to»3o, 1ncreases in ]ocal lesion number were obtained (Tables 13 and

14) * The inoculum containing coat- protein only did not’ produce any -

lesion. - o S
e.  petection of endogeneous RNase. activity _ . ,

fg-and 12) The q;tiv1ty of the endogenous RNase apparentiy diminished v_}:z;

~ upon di]uting the preparation containing the 1ntact ‘iral counterpart

-betueen the di]utions 10 -2 to 107 4 ; o ] ‘;' . AR ';//;7
f. Ef feet of - endogenous Rh’ase on PVS—RNA mfecthty in the presence :

¥ C |

af‘yeast-RNA - A

Q>

The 1nfect1v1ty of PV§~RNA was retained in the prese e of

yeast-RNA_in ‘the inoculum (Table-lS). As the concentratio of\yeast-
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" was essential at an. ihfectible s:te to transform Tt to angdn

. / "\-
initiate infection by themselves in the same plants.- The increase“?n '
infectiVity, alternatively. may be due to a- physical\ enomenon. ,é}‘ =
AlthOugh bioassay wds the most sensitive method for testing virus. the

production of a single local lesion requ1res about 50 000 to 1 million"br

) particles in the inoculum (Steere, l955 l956, Wildman, l959) These/ '

d a inmdied that the preSence of. a: cerﬁbin number of virus particles .3

i ey e P g g ct».c.,...,.._..._ye,:

centré A hypothe51s which may be’ worth consrdering is that the

e

counterpart 1n the- mirus mixture acts in such’ a way that _the. e;ficiency

of infection by the test v1rus is increased at the infectible site.thus ’;

‘ enabling the fewer test virus particles to initiate transfermation of

1nfectible Sites This kind of stimulation ‘would. not produce a maxﬂmnm

L O &

effect when a test v1rus fully activated by~the presence of the counter-

part 1n the inoculum : hes a threshold beyond which the fonner becomes

L o - ! !“;‘ '.‘ %
R TS ~~ LR
o ihh‘ibition Bf the nfectivﬂy of va-m However. the infectivity of
| 'lg . mixeh‘ inocu\l.a m‘]er emeeded.that of va RNA alone. | o
\ i’ s ._._ ’ ‘ . L s . - g,w:‘ ) ' E l‘ ,‘ .
RS e oo DISCUSSION- -~ E - B
. ¥ In the mixed inoculdtion experiments bpth PVM and - PVS produced
‘ﬂ’ “"-
- ﬂ!gher lesion numbers in their respective local lesion hosts ih the <:f ‘ "
: presence of their counterpa;ts.' A plausible explanation f#r the f R
: increase in the lesion number migh& be that the counterparts. ' I
S pOSSibly fﬂeir coatep 1ns ‘played a'mart in activatipg a mechanism, rt; ‘?'
”,{> iel to inntiate an infection. aathough they were unahle to L j 7\b\;

T

excessive for the infectfbn of a host leaf where “the: 1noculable area is _' o

|
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the ’"C"“S“ °f PV" beyond the certaﬁ level did not "proportionally

. S T
< : . e
PRI P I

b '. 1ncrease the lesion number (Fig. 12) However. ,in the experlmeht r
R involving a. host which has comparatively larger lecf area, an"" "' '” g
preparation of low specific inf‘ectivity. the presence of the ,

. "? part induw pronoumed stimulatory effec}whlch v(as ‘:_‘

ianc ‘tional to the arnount of the cOunterpar added to t’he inﬁct vfrus
" ]es (’F'go l])o .' U o _ S 1'_' . .o ‘»IA 7" ’ R - . R T

)

ously with a mixture of the H and G strains. Even after heat- or lﬁ& ‘
inactivation the & strain provided the, same Stimulatory e!fect Ws. :
the author suggested that the stimulption of infection requined more

) VL e .
w o ) - IS S au * Py .

than one pﬂrticle. , 2 N ;1 ', S [v ST 'f.-‘: e

o In the pre- and p’ost inoculation experiments. the dounterpart T
o stimulated the infection of*the test virus to a certain extent g-'igs. S , -
_;_Wm and-438; kble»ﬁ)rc‘ﬂ'fherefore*ﬁt"’fs—-safe mwrm tHese o ‘
_ ‘that some pre-inoculated viruﬁs particles remai’hed stable unti lg;such ’ o

,"time that it coul mt act vnth the post,*inoculated virus parti‘ es. , ;‘i_

. ',when a tota] number of virus particles supplemented by either a

v1rus or its: counterpart reaches 2 level that is suffiaient to support
mfection even a ‘ew infectious test virus particles that were present (}
m the inocu.'n could achieve successful infection "This stimulatory
. effect however, dimimshed after an 1nterval of lO hr between applic*

'tions of the test v1rus and 1ts counterpart. w e .



“1nog:ulation of intatt ‘\/irus ond
fv,_resulted in decnnses 1n the l‘f," Teston

'fgof tne particles between the intact viruses.-_:tf ase
: ﬁ, The fact that the F!sion numbers obteined from tneé
T “‘f"'cuia o? W‘ m;

'”inverSe]y proportfonal to the concentration of the counterpart can ,,

ra‘T counterpart uer% essent a ly”

) ’ explamed by the presence o’r‘ RNase in the fina‘l purified virus \ :.7;'-"": .

"preparations (F1gs l§ an 17) This bivity of' the endogenous RNase
Q could be. counteracted by adding yeast RNA to‘ the 1nocu1um (Table 15)
Do Hh;tfe'ld and williams (1963) earher detected a simﬂar RNase activity
& NN S
, @

present in- the1r puriﬁed TMM preparations, and\its opt'imal activity SN R
I, £his st' a relatwely high Rkaie _ ' N

L ranged frompH85t090

xacthty w:g expected smce pH 8.
S . E 2 \:

A

was maintamed in aH inocula used\
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used in this study 1;‘ perhaps more susceptyble to 1na$ti Wtim than tbe

, PVS 1sq1ate (A) dunng puriﬂcat\on. The relativelyrl Iw "mntfvityi |
Q the RNA 1snlated ’from PVN (Chapter V) may be due to the. \Mue reason. s

\

This situatvm could be remed:ed probably by inccrporati ng certain

. L ) - &5\‘ - A . R . o . o B . Ce PR U
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explaining the results. Alth@ugh the coiﬁlerpart viruses, a]one or 1n .

. assoc1at1on w1th the test viruses, are urable. to_estqgllsh'any detectable\ B

1nfect1on in the loca lesion hosts of the fest viruses they seem to

L ]
panticipate in 1nfect1on by t_

)
~N > scontribute to the 1nqreased eff ciency of infection by the latter ThiS .
‘ . r <

st1mu]at1on 1s hlghest 1ngpts fect when the two viruses are mixed and

test viruses in an unknown manner and

reo app11ed s1mu1taQeousl§'Jo t e test plants However, the same effﬁct did

‘. © t occur when each of them was. appl ed separate]y from the upper and
%;h the RNA's from these two viruses

lower s1des of the 1eaf t1ssu:, or wh
‘ werevﬂixed and’ app]1ed to tre test plants or: when the 1ntact test virus
o was m12e% With the RNA of the counterpart and applied. The fact that
the st1mu]atory effect of the 1solated coat- prote1ns is cons1derab1y 10w‘
when compared with that of: the 1ntact v1ruses may suggest the 1mportance
'of protein conf1gurat1on or certain requ1rement(s) for the1r molecular | 2
s1ze Further careful 1nvestlgatlons, 1nc1¢d1ng 1sotop1c labeiling of -
"' s v1rus and its components coupled with the 1mmunof1uorescence techn1que \\~J
which- can be effect1ve1y app]1cab1e to prftop]ast systems, will undoubt-- o

'edly shed light to the mechan1sm(s) of this extreme]y 1nteregt1ng type

N

of v1rus 1nteract10n. _ (; ' \ s .
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. A Chenopodiwm quinoa w111d leaf 9 days aftér inocu]ation with !

_perlphery

, PLATE_I. Systémiclaﬁ&-ﬁbbaﬂ 1§si§hfhost$ of potato virusés M ahd S.

e

M: A King Edward'- potato p]ant 1nfected w1th potato virus M
(PVM) (Alberta isolate AP- 1) show1ng symptoms of mild
~M§tunt1ng

H A hea]thy"Netted Gem (Russet Burbank) plant in bloom

S: A 'Nett Gem potato plant 1nfected with pbtato virus S
(PVS) ( anadian isplate 'A') show1ng mild stunt1ng at’ the
,bloss stage ‘ R

L

The pr1mary 1eaf of. Phaseolus ﬁulqarzs L. c& 'Red Kidney show—
ing brown necrotic Tocal lesions 8 days_after inoculation with
PVM. The inset shows an en]arged portion of the 1nfected leaf.

\
oo G {

A

PVS, showing Tocal 1es1ons with a necrot1c entre and a chlorotic

N N A e B
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. Elect on micrographs a d length-distribution of potato '
) obtained by the polyethylene glycol~podium -

oo R KRy
vt e ey
P [

" virug M (PvM
—ehl +

" ‘V-‘

pH 7.0.
Qo Co f

,'p

. ' ) Lo : R 1 . ,'
L , S ; e

.'Negatively stained PVM p;\\ches obserJed 1n a leaf dip
» preparat1on ' v _ L .

Ao

PVM particles ita1ned with 2% sodium phosphbtungstate. |

o A histogram showing the length d1str1bution based on a R
R mea;urement of 300 PVM particles 1 ;\ '

RS N
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- TABLE .16... Lesion counts: The effect of 'po_sf-inoculoﬁon\ “temperaturs -

"on the local lesion number of potato virus M in ‘Red Kidney’ been.

- 1 .
Exen " Ledf no. . \ . Temperafure'( f’C}" i -
S T, 22 .2 . 32
I 52 4 o "
. 2 64 7 / 0 t
f
3 70 r Y [
I t ' X
‘ 4 52 2z o o
- { o] o :
'5 - 35 10 0 0
6 50 1 4 0 0
Lesnonna/ 26.9 2.8 0 o.l-
half-leaf ™~ - - ‘ ‘ : e L . |
.Stondard . - :25- ' 06 o0 ' . o
error S , , .
. 24 8 0 o
2 25" 3 0 0
3 48 5 o . 0
4 39 . 7o, o o
5 1o . .- 13 | ‘o9, 0
6 AT T 2 0
Lesion no./~ 134 4.4 0.2 o)
half-leaf T | ‘< 2
Standard 29 VI 02 . 0
error < i o , '
: i
i

lnocmum‘ sap was extracted at a I: lO (w/v)mtlo in 0 057 M

~ phosphate buffer,pH 8.0. -
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o TABLE A _lLeswn counts : Jntactumy of - pdtiuo —wrus M- ex?rocted ~from - frozan T
" infected pototo leaves in ‘Red. Kidngy’ bean at ,yofigds \ime mtervors after - A ’, (
fheur incubation -at . 4° or oo 24°C ' : , : -

'f-"‘.‘. , ‘ Tlme /hf/_a |

o leof. C e Temperatur/e%{i\ R

;¢ 0o : t 4 24 4 24 '4 4\2{; , . /
119 230 25 82 33 32 \|5 K '3 ‘-5_2 6 o
2 26 A280',I2'- 63 103 49 9 1 0 4 '11:‘,8_

3 1728 5 57 9 16 1o s a0 \
4 44 .37 2071 N7 s 0.3 1o
5 _7'~"3,.l?. 42 .42 " 30 vls‘ 0 ?4 0
6 15 12 '8 63 ‘35. 21 l30 0o 1 0o
| SEORS
0
5
0

7. 47 4 21 67 206 '.67*__‘1-’ 1o
| 810 3 -7 32 . 74 33 '.‘IS_‘_
LR TR TR P 83 28 . 18
o " .40 30 20 (3 '3 114 26 31,0
| ',j l]'\?~4 Lfo 3y‘|s _|q4'j:36' 22 i.,,
R - ' |'5_ "l'gs' -"’-; T 19:3' , 84 ' '3'4 27
| Mem..‘ | |7.’9 10.1 431 ' g4a.a 362 :I83 2.3 | 5.'o_q';é',': 30 ‘
. Stonderd -25° 24:80 ° :.e.s‘. 61 ™ 07 1204 .ggo .7
lnfe«-mmy 0 06 24 4.7 '2.0' 1.0 o1 1 030.1 020
| o ? Inoculum : sop wos’ exfrocfed ot al: lO (w/v) raho in O. 057 M,ph&sph.atq - T“? B ;
buffer, PH 8.0, L S RN . S

‘ ".\x . i » i

¢
—
[ T P P S VG ST,




. TABL\E 18. Lesuon counts : Detafmmaﬂon of the infectivity of pomto virus M mv s
': / , Red Kndney beon at dufferent qrowth stoqes of unfacfod Kmq Edward potqto plmts

. S h : : -
' : o
" ..... - ‘.‘

Somple" DW; °"°f' Plont henqht {cm) 'Sqﬂ’plinq‘heiq'ht{cl)n} * Lesion nd/half—leof
seeding of - — e oo
' ‘yubers - Exp/ﬁ Exptil - CExptl Exptlf - Exptl Expt Il Lo

Y 22 272 183 - 165 10.2 . 623 69.3
2 25 ' '3s6 272 - 208 196, 158 225 -,

3 . 28 432 330 343 254 - 465 320

4 31 5%3 432 ' 386 305 ' 63 110
. 8§ 34 597 508 . 508 36.8 683 468
. 6 . . 37 668 559 . .. 546 424 323 233

7 . 40 -1 76.2 635 , 622 483 798 88.0 .
. g "™a3® - g5 \70.1 . 66.0 52.6 . 8.0 14.0
.9 . 46  92.7'80.0 . 74.9.610 - ' 248 205
S0 - 49 - 9T7:3783.8 846 TIT - - T.8. 83

? Inoculum: sag wos - extrocrgd ata 110 (w/v) ratio’ in ‘6.0"57.\ M wsphatg"b;,,,,',, e
P PH 8.0. ' ) . - . o =

’Blossoms.woo‘-~h~\f“' R
. . . ) ‘-." »I"’.. » ) ‘\.'c ) - .
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: TABLE'lsA

post moculohon frootments mth purified go'ato virug M (PVM) in. ‘Red Kndnoy'.j

tn«xéup//  2 1114 

Lesaon counfs lncremenf curves of Iocol l

ns obtumed after pre-ond

*- Inodulation | -
- time - ' ge a

-0 ﬁnﬁg ‘

“Haif-

-Days after inoculdtion .
" J R ., .

leaf g
. SR oo

. 6

; C.'rf

Bl

c T

T

“* N X|8
1a’
HIOU@

R S
, .

'l\

S A T SR O

.].”9{
a0
Ty
gllg',

l5

622

U
i 13

‘r7};
68,

32.)

a5 262 -
39 304

)
984

_‘IZ 82

189

laq 284
12 0
3 |o gép:
| 14 166, "

14. 162

19 7
Egjs 200

24 l25

a7 260
39 302

10 ‘91?'

127 8o
29 194"
37 308

lz\loa,

127130,

2i1|45
16 205
'25 |5|

47
40
o "
29
37,
2

|2

N

196

301

iré

133

14 rssj'

257
300
] 92 .v-f'
76

‘20 144 ¢

‘16 207
26 usotﬁ

22.8 l779 230 l779

R 99 eozozqee mansa4
32 so 35247 36225

o Mean.

" stondard IJ . 3
. drror - R .

37 2l9

C*Confrol |e 033 mq PVM/ml.

T Tost, 0. 033 mg PVM+O4qu PVS/mI R

-
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TABLE 19A.. conf.

129

noclatidh -
. 'timo, : leaf
(1) o

Days after inoculotii;n

T

6

c T

7
C.

. :

. 9.

C.

T

| Stondard -
eor.

19
24
15
29

- 31

12

3

N
9

10

17

72
2

NS RUDAANDO B N

18" 34
33 43
" 15..29

23 37

28 57
25 27

8l 17

N7 24

19 31

'irsvzaev
23 34"

'JO“
L
07
20
Tl
20

5 52176

.06 2l

N

8
25

30°
-
45
41

35

© 20

17

27

33 .
30.2

? '.,3 47.0
37/36 60

35
29

28
25

34
45 -
51 .
39
38

® 27
9 29 -

‘IIDAG y
I .35
1872
26 110 -

36 50
46 8l
30 52
40. 57

59 77
28 55

25+ 35

21 23
15 22

'8 18

25 34

33 60 -

16 .48
12, 36 .
36
27
10

- 140
160

20 \84:

14" 56

21 60

446 18. 722

36
50

32
43

62
29
25
23

18
27

332

oo
88
57

.60

80

54
37
28
24
23

' 39

-1

36

50.
32
43

62

'.'29\
25 -

23

: ;'1‘8
27 .

38

50.3° 332 so‘

- 54

86 ‘-”1

56
.60

-82 .
54 i

39
27\

27 !

- 23 o

.37*
58\ _

.

39 60 39 6‘

17

12

19

20

28
21
IS

23,
ISI'
69 zztzs 24133 2414

60
47
150
173
37

34

. 47
T2
3

7
801

.1‘,’

17
12

36

27
.9

10
. 20
28
Fo21
57 .

15

23'_

46
153

60

1?77
36 .
34

44
136
88

58

70

19.1 epf*

i

Second w?s wos - oppluad lhr oﬁer
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LE ‘19A. cont. .

| @

A

Sy e

s ; n - » ‘/;!
Inoculation - Half -

. Doys

affer_iroculation -

o

\ time " leaf a
~(10hr)° B A §

5
¢

T

6 7. .9

c T ¢, T ¢ 7T

1o 4

9 e

R - -2
12 S AR |
L Meon 110 93
 ‘Stondard i 1e

S

14 5
6 13

16 26
22 ' 9
25 17
228
9. .30
18 20
9 i3 7
10 % 9 7
e iz ‘8
> \_.'|~‘_2 ' , y v“‘/,‘/l,l' ‘9

COND DN —

Mean . &% (144 14.8.23.1. 42,
Men' g 141 148231 423

ODNO DLW —-
L]
h
Cj’
L)

—

25

20,

29
13

39
30°

28
23, )
19 17 20 28 20 29

18

11'6""
19

21.0

28

20
9
26

4

23

34
21

24

19
Ko}

4." 8

22
19

10
- 22

57.
'35
21

9
10
17
10

27 29" 29 34 29 34
2] 2r 24 28 25 30
26 1129 19 29 2|
13 25 15 32 16 34
43 62 45 73 46 71
33 50 .35 69 36 66
2931 30 36 ‘30 39 |
18 25 19 31 19 30

23 17 22 a7 23
100 20 10 23 10 24 |
I, .15 t2 L7 12 17 ‘.

ZLE;&Z; 27.4 238 '34.3 241 348

.39

24
29
65
34
39.

42

88

23
30
44
33

28 43 30 52 30 49 .
21, 39 21 40 21 40
1. 49 11 57 1l 58

26 '94 '28 104 30 106

41- 59 44 65 # 64
3348 35 54 36 56

23 50 26 -49 27 a8

35 106 37 110 39 108
21 89 22 88 23 @7

26 31 26 39 .26 .38

19 50 20 55 22 57
63 12 sﬂg 12 70
20 64 20 65 20 '66

239 61.8:25.2 '66.1 261 66.5

.\ Standard 17 26 27 57 26 67.28 67 30 67

., error

| _' ? The second virus was applied 10 hr affer.



TABLE lQB Lesion counts : ycremem curves of local lesions obtamed ofter pre-mdpost

RS e

;’-moculatnon treatment? with pumfled pofaro vnrus M (PVM) in Red chney beon

Expt 1.

i

: Days .after inocu'ldﬁbn""

Inocur  "Holf-" B . .
| ¢ T e T ¢ T, T ¢ T ¢ T
' -4 6 18 59 20 .8 25 99 25 99 2699
.2 3 8- 8 37 '14',:_5'9" 18 65 18 7| 18 68
' ‘3. 4 12,12 e4 .13 85 23 99 23 IOM/\HZl_f
o 44 15 9 5 20 78 30 94 30 l05 ''32 108
. o 5 7 "2'0'  24 116 27 '140 '3'.,8,‘171 ‘39 182 39 180
»s Coime &1 2‘9.: 491_1 ||  14.'4'_1‘1?8_ 55 178 56 188 56 |!aa |
. & 0 .9. 8183 9 33 12 43 12 50 13 50
g 3 9 1l 29 140 20 49 . 20 5‘7"21] 60.
; 9 9 I8 27\ 21 127 '2v7_|,4§,*"_3|'-»148 31 148
o .13‘ 34, 32 |0§-, 35 152 ‘40 l,8;“5.'n40 200. 43 202
11 8 B 19 50 21 64 29\ 79 29 90 29 %0
L oc12 7 9 1T a4 7 "'/a.__!.;_.z3' 92 23 94 23 94
Meon  60.148 191 655 210 927 283!08! 288‘IIGO'29¢5ll7_-
Stondard . Lr 26. 28 96 29 133 33 143 34 148 34 15
\ , - e | g
? C=Control,ie. 0.56 mg PVM/ml. |
% T=Testie. 0.56 mg PVM + 0.80 mg PVS/ml..
\

R

P31



. . o L W
b B IR | g
. . o ' C g T .
) e . ‘ . o
) ) ’ (/,W : ! B B
. A . - 1 y';
R Rt e s AR
. Inocu- . Half- "\ Days after inocyiation :
. .zmr; ::f" TN UL AR T
gh)?” o € T ¢c.T ¢ TtPc T ¢t ¢ T
Ll d5 17 37 2038 20 39 20 40
2 2 ©39 23 46 23 .48 23v a7
3 5 105" 45 106 48 106 48 105 -
: 4 3 134 26 134 '34 135 34 135
. 5. 1. 39118 46 20 49 20 50
j M—eg & 1 8 61 3% 67 33 71 32 70
IR S 64 25 69 25 74 251 73 -
8 7 5 .66 34 68 34 67 33 66
R 9 3 136 24 153 24 160 24 160
: 10 2 107 25 115. 25 122 .25 122 °
Wy ! o u 37 15 .41 15 46 15 44
12 | 2" 419 10 37 12 48 12 47 12 45
S . T R
‘Mean  :32 42 11.8 474 219 718 ,250 774 26 80.2 25.9 798
| Stondard - 0.7 08 1.8 74 26 111, 26 114 28 117 28 118 -
; Iv‘ N A - :.' . ' ! : \ . - - \\ . o .- '1‘. " -
o 1 8: 11 20 82 31 -89 40 99 42 107 43 112
2 . 3¢« 9. 14 86 20 142 30,148 31 i51 32 150 e
3 « 1 10 579 7115 9121 13 124. 13 120 v
; 4V 3.1 e 62 10 73 14 87 17 97 7T 99 - .
N 5 .07 5 35 9 42 4i 5201 53 11 520t .
s—om & 3. 8 7025 1 28 13 40 13 41 13 42
TN 7 613 22.61. 26.87 33 B9 36-95 36 94~ -
8 2 16 13 88 18 105 23 116 251125 25 120
;.9 I 13 5 '60 8 73 10 .87 15 93 .15 93
10 B 9 11 44 13 46 20. 58 23 60 23 60
. 4 8 12 44 19 45 24 46 24 49 24 49
2 2°- 6 8. 43'14 44 2 55 21 55 21 54
Mean 30 101 107 566 155 741 207 832 226 875 228 87..
. Stgndard 06 08 1.7 58 22 101 29 98 28 103 29 104

? The second-virus was ;oppli'edbvl hr - ofter .|




. Inocl-
- lation -

(she),

v .
OV BND DL N —

TABLE' 198,

e L

leaf
no. -

time

- Days dftcr"vinoéulafion_ ),.- S

N

Lc

a

T

5
q. T

-]

. c

-

T

€

2

T

!

B O R

'M.G.‘"";‘

~ ‘Standord .

~error’

w -
QOB NI s N~

12

3
3
4
2
8
9
3
4
R
7

[ 4

TO~-UNAN - W H

L

16
12

r

e
9

T

17
15
10

L9

20

\7
6.2 ll9
10,

n & N\m"'q' oS

|5

LZ-

o7

29 30
13 32
5 10
709

6 18
a4 12
20 39

12 18
7. 14

8 14
14, 26

15 49
10 4s’

8 -32.
4 ‘5‘0

32
15
> 7.

10

9
7

53
43
8
38

22

24

14
‘9

29

IQ
126 223 154

3!
IG
14
-29

20
4I

‘39
18

9

10

24 2.'9 25

|5

49

2. N v
;l

92

4l

7]

67"
56 '
78

i

22"

T2
43
18-

94
28’

29
K-

8 20°

1 IG 3!9 203 48!

34

»
'
3.

10-
. 8
27
16

9

149
31
&

336

17.7
25

35
18

14 .

29
12

22

42

10
9.

54

‘44
21
39
24

18
.50

.39

.25 .

19
53
45

359
40

- 85

74

28

! 05. .
.18

35
27
20
25

78
28"

31
21

26

21,
16"
29
1-2

22

a3
45

10 -
10
]

1 80

57 31

‘93 35
7823

63 18
78 29

2T 13-

34 22
88 .43
114 45
36 18
3110

23 10

28 9

b ::/ _‘
EACTE

37
42 26 4 -

97

33

3.

78 .
62
78
27

g9

.35

32

22,
29
‘218" 533 225! 578 229
:s 58 34 80 36 ss 37 9 Ae

'_Thciacond"vir'us_\\n'as applied 5 hr after.

S
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" 'TABLE 19B.- conf. |

inocu- .
M N~
. lation . letf
o time ° . e ‘
. -«w‘

. W - Lo
oot e \%a

S 6

cC T ¢c.T. ¢

T

after inoculqj.ion ‘
— -

" ‘7
c

T ¢ T ¢ T

""._(I'O':-hf)’ o

|

Medn

b
4

o : .

NN NN

L 27
. Standord .05 O3 1.8 27 21°
S oerror s R

3 816 11
6 7T 1310
10 12" 20 16
8 18 32 20
1. 5 4 8
3 4 .7 6
. 9 15 1%
10§ 12
o8l 9
15 iz
12

132 119
22 13

25 22
20 20
12 2
R -
32 15
8T 20
e 7
8.9
B I .7
30 30
5 2.
15 -7

13 138173 183

-y

oCwWwN NG S

SON=0-iNGO =W

et U
NORDODS @

a0

18-
38
47

1

K
20.
17

24
22
210

3

ot

36

9.

16" -

30

18 .

5 .
24

5T
A8
26 -

284
39 21

»

22

30.
12

5|
o
20
23
8

.6

16
12
3
13

9
13
9

133

LS

20.
9.

8 .
154

49

‘—I}‘.z;'v -9

T

27
25.3 45.7

56

.26
56 AT
a2t 2!
21 7
17 9

64
2

5
'_.26_‘

25
26.
53"
52
12 -9
16. 6.1
28
21
22
17
27 .
27
27.2
‘3.7

24. 15
26 12
25
50 132
14 6
23 18
17 12
e
10
18
23

26

36 22

62
41 21
2612 '
27 i

57 (7
i

7.
43
64
21 1
29

24
36 21
12

23
34

14
29 9

34

355 16.8.37.8 168 |
45 23 47 23 5

i

e !

" The second virus was applied 10 hv atter.
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A L TABLE 20A, . Lesion. counts-mcramom curves of local lésiom obiomod ftcr pn- k y
v . . I . .
\’g ‘ and post - nnowla%n mmmms with potato virus S(PVS) in’ aatnpad/ I
| qumoo Expt R o ¥ ‘.'i R .

- ' ' o T Days amr mocula‘hon , " . Y e
Incculation  Half-Jedf : ‘ - } o e T ey
timw e, .6 . 7. 8. 9 10, .

L, et g ¢ T T -1 |
R T T T I 29 30 80 30 79 TR
\ ’\O" ) , z ’ . .1‘.‘..
H 0, 1 a4 18 19 43 38" 155 39. 155 RN
o e R Lo
3 P 138 21 18 }58 277 so 270 - .

. L +4 2.3 931 32114179 222 61 227,

, | 5 0 0 4 u1 8 39121 88 .21 8 -

: “ e . 01 5 14 14 a2- 33 107 3344

Oﬁfm 2 ) T
AR 0 '3 -7/(:4 44 o 453 ao 160 -
SRR G T 15 7 39! 25 95 7v 201 o199
: e . 9 0 3 3 22 9 45 *29 99 29" 98
~ ) . o ‘ Lo
' 10 0 v/s - 33 3| 82 377 197 9 |95
e 3. 7,12 60 34 135\}06 " 284 105 280

R T} T 3 s 317 29 63 }50 131 52 133
oL L. Mean .. 08 29 63-269-202 -~7o-335|d 662 5251663
. sded 03 06 09 42 27 ips}77 203 77 198

arror

i RO, i
——

o C"Confrol i.e. 0.08mg PVS/mlL |
~ T =Test,i.e. 0.08mg PVS + 1. 67mg PVM/ml. .
j h ' . . . - . : E‘
{ ) : _ . Foo o ; ) |
¢ . ’ - » .‘ '
[ . 5 » .'
N~ ! t . .
) A ' L1
2 T 9‘
| | : ‘ '_> : “ o
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R . TABLE¥20A - cont. . . o N ‘ T
o 5. R N o ‘ <‘T‘ .
Inoculation _ Half- - Days after ‘inoculation
, fime - leaf. - g 7 -8 ) 0.
LS R A S N A ATS R Y-SR
N o 116 12 18 3731 89 31 88
f 5 2 O 3 9 43 25 43 47 89 49 90
b “ 3 I 1 8 11 28 46 84 100 56, 10l
4 4 5 23 22 43 .91 103 178 104 I75
. - 0O 0 5 7.1Q 20 20 44 22 48
-6 06 .2 5 13 10,32 22-54 24 57
S—=M 7 O 1 4 10 16 23 29 68 30 68
8" | 4 11 16 22 45 34 '90 34 89
9 0O 3 7 11712 33 25 85 25 87
10 2 8 12-,45 29 84 58 150 58 147
1. I 4 12 22 31 € 69 115 70 114
} 12 3 10 19 5140 94 99 203 100 200
_ .\ Mean " 11 35 101194 237 511 4931054 503105
N . : . ) : . o
© . ., .. Stondard 04 09 17. 41 32 75 83 140 83 13
X _— -7 ! error ‘ ! . ) ‘, AR o *
P° 0 2 2 13 7 39 A7 56 18 58
2 ¢ & 0 2 9828 18 70 18 7l
03 O 4 3 75 11 31U 30 89 30 88
a4 "0 4 2 .17 10 38 28 7} 28 70.
; ' 5 O 2. 211 .8 .31 15 62 |$‘\s\|2
Mt 6 1+ 6 "3 20 12 50° 34 103° 34-101-
, , RS A I 6 10 28 27 55 60 116 @O 114
\ .. 8. 2418 7958 17 90 40 192 ©0 190
L 9 14 4 22 24 50 50 100 $0 "99
10 2 8 -6 35 21.70 46 154 46 154
Z, b . 2,10 8 38 31 82 75 224 ‘75 221
1 12 .2 15 710 67. 30 137 68-248 : 70 245
Mean . 10 66 49 27.8 172 584 4011238 404123
: “Stondord . 03 16 09 54 2692 58 190 58 I9
o error o . . :
e [ '»r‘_ : . ) ~ ) .
.~ The -second virus was applied Ihr after. - : : : - : o
) ' . .
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TABLE 20A. ' cont. |
. ‘ ‘ y . B - \
7 noculation | Halt- " Days ofter inoculation |
“time leaf '
- ¢ , 6 7 8 9. 10 .
(10.hr) no. T ¢ T ¢ T ¢ T ¢ ¢
N o © 0 3 5 _10 IS 20 15 20
2 0o'o + 4 7 13 18.35 18 36
3 o o O 6 7 13 21 31 22 30
4 2 2 5.10 15 ~30,58 80 58 79
| 5 0O 0 O 2 6 7 16 18.16 19
: "6 | 07T -7 19 18 ‘52 57 52 €0
S ~—sM f ' .
> 7 2 1 10 13 29,45 75 102 75 100
-8 0 O 4 11 17 35 €2 77 61 74
9 . 0O 0O O 2 6 9 20|20 20 24 l
10 O O I 4 '8 10 23 30 23 30
H b1 .4 3 .13 13 36 33 36 33 .4
12 0 0 2 6 19 15 46. 53 46 52 .
Mean! 05 03 28 59 126 182 368 4614 368 46 ol
. Standard | '° 02 02 09 I 21 35 61 79 60 8 :
o m . . . l‘ i -
| 0O 0 I 9 4 2 I3 40 13 45 ,
2 0O 0 O 10 5 32 15 64 16 &5
3 ‘0 0 (210 10 41 20 9323 92
P 4 t .1 6 18 18 67 60 134 60 13l
,..‘;- _ - I o O t 7 5 33 14 64 14 68
v R O O 2 5 7 33 17 73 17 73
. M—=S > | - o2 - -
T 0.1 4 16 15 64 32 140 34 137
8 1 1. 4720 17 73 45.150 45 148
9 0. 0 I 10! 7. 39 16 ‘77 16 76
10 0. -0 1 5 620 23 60 23 60 .
I I J2 5 32 20100 54 168 - 54-163 '
12 0 0 1 8 7 3125 70 25 72 (n
| ~ Mean, 03 -04 23 125 101 466 27.8 94283 94
#  Standard o’ 02 06 23' 1.7 69 47 122 47 Il
error . - , L e
? The so/‘sd virus wos’ or;plied_ 10 hr after. .
. ) ‘ . - ‘ v -
;" B .
“ . . - \‘.
. ¢ ’ i«
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‘TABLE 208. Lesion counts:increment curves of local lesions obtainéd ofter pre- and

B pocf - jnoculation treatmenfs with potato virus S (PVS) in C‘beaomd/um qumoa

Expt. Il : ‘
INoCU~ ' Holf- " Doys after inoculation ', - b
fationeat T g 9 - 10 X
hme M et b ¢ Tic T ¢ T, ¢c T ¢ T
| 2 7, 4 1T 14 SI 37 |06 57 168 57 165
2 .,0 '8 2719 ® 66 20 150 37231 37 227 -
'3 0 i 0.6 7 17 16 52 30 99 30100 |
4 2 0 3 4 & 15 1340 27 73 27 78
s L33 9 10 33 ‘27 ‘92 41 148 41 143
e I ‘2 2 7 9 30 i9 73 ',3‘4-|09:ﬁ,34_ 106
S Oftime 1" 2°°3 's 7 22 (5 €3.28 84 28 84
8 10 1 1 5 5 15 9 46 19 .73 19 76
9. ‘2 5 3 14 15 45'33 107 53 i78 53 175
10 3 4 4.14 20 60 47 116 79 225 78 222
o 02 1 e 6 16 I5 48 22 89 22 88 '
12 o 2 "i- 4 4 14 2 25 20 55 20 87
o Mean 1.0 31 23 92 9.3 32.0 zzo 765 37-3:277 372127 ,. b
Stondd 03 07 04 1.6 14 55 %4 109 52175 T S
B T . i- -
? ‘c=Control, i.e. 0.16 ﬁig PVS/mi. T o '\'
% T=Test,ie. 0.16 mg PVS + 2.78 mg PVM /mi.
| . i ’: - -
I - e TRl
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| TABLE 208. cont. o e
. . K 1 Lo
, .lnof:u- Half- ) y ... Days ‘qf_ter,'inoculation %_ S S i
- dation - e T : - ‘ _
' time = '09f ' T — '
' 0. 6 T 8. 9 10 i
(1 hef c T ¢ T € T ¢ T cuwT ¢ T
B O 2 I 7 6 13 13 25 26, 38 26 40
2 0 3 2 9 8 16 19 31 28 48 28 ‘5
3 O O 1. 7 5 21411 49 24 64 24 g5
4 b0 3 4 9 .13 21 30 32 ‘41 32 40
5 3 9 .8 23 21 60 47 130 77 170 79 167 .
. 6 2 12 e 28' 14 45 31 110 64 133 &7 130
S—=M 2 5 ‘i 12, 10 29 27 70 .38 ‘82 38 80
84 1 4 4 10 19 37 30r 72 45 108 47 106
9 3 3.5 Il 17 40 32 95 50 106 53 110 |
- o 2 23 6 14 31 27 77 36 89 37 87
. 1 O 1t 2 5 '8 14 15 30 19 40 19 44
L2 I <3 3 8 ;fapr‘ I9 20 40 .30 59 30.60
| Mean | 1.3 37 36 10.5 14l 282 244 633 39 8is 400.82
Standad ‘0.3 1.0 06 2/ , 'S5 ‘43 29 101 50 120 53 12
. efror L ‘ LT
s i . . . ' .
'» [ 0 0 0 .3 4 14'13 36 22 87" 22 ‘86
v 2 0 0 0\s5 a4 28 12,753 29 121" 31 119
3 0.2 3 18 8 39 28 89 53%203 55 204
4 T4 10 11 33 32 95 60196 62 193
.5 0.0 I 9 6 27 15 49 28 g2 26 - 83
w5, & -, 0 V2 12 .7 25 17 48 31 96 31 o4 S
M==S 2 e 0 2 a7 2 15 44, 21 63 22 65 |
'8 0O -0 0% 4 7 13 17 31 20 79 21 .81
0 0 B 8 20°Qb 47.-38 77 .38 @0
b7 13 24 °33 67 43 157 43,155
9. 4 4 9 29 148114 A
© 0 4 -3 10 8 28 15 42 15 a5 -

/Mean 05 12 79° 68221 183 513 3101050 317 ios

ol © oo oo

" Standord 02 04 1.3 09 26 24 64 43158 44 LS
error - - ) T e 7
“The. second Virus .was gpplied. Ihr after. . = - e TR
7 L S
- _ a 1
{ : | i
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Days - after. inoculation !

! . . ' - f " ’
Clmocu- - / ‘
I, ‘_'o'|°ﬂ7_.‘,_m_‘ P o

8 9 1ot - |
c.T ¢ T ¢ T @ T

C ime ' 7
e U * L
C(shef ™ 9f§%; c

N OO®NDAD G N =]

‘ : S-_—b'M

i

- 00000-0000 -
NUWO -0 =——i—-0W

[¢2]
w
oy

"O N-0O0OO0O0O0O0-0O0

-0 ©
(o]
o

o

Tt

ONWO~-~NNHIWO —-N

oc-Moo--nNwNO
OO0O-0O0—-—-uGON

_ Mean . 08 08 L7

LUNO -0 —-NO—-—00nNn

)
S

O-mE-muesANO

[
10 30 j21 86 54 98 53 95
‘5. 20. 11 50 29 67 29 68 . °
10. 7 40 27 69 27 €Y
21 14 66 44 .88 44 86
15 1045 30 Y0 30 70
20 7' 607 24 67. 24 66

14 8' 30 (6" Z?f,ls 42.
7 .5 21 14 B1 14 2 U
10 13 40 41 75 41 76
'8 5 35 20 50 20 51
24 17 .72 60 8B 60 89

31 25103 77 111 75 110

55175 119 540 363 712 361 71
, 1.0 24 18- 70 56 67 55 7
L] L S - . ’ .

ONON G DD

o
[hM]

"\ C

"4 '13 11153 21 63 21 64 .

4 22 12 69 30 g0 30 88
.3 12 9 49 15 €0 .15 60
6. 15 10 58 27 .69 27 ‘70

12 35 27 91 50123 50 120
40 24 111 "6l W1l 60 110
23 14 6939 |82 '39 8!
23" ' 32 \74° 32 .75

14 . '
30

19 l01.50 14 €3 _14 €3
R 6 F2 1 7 10 48

SR 3 AN
1.8~ 58 21.4.13.566.029.8 78.329.7-78 '

NOLO oo O

Standrd 02 03 04 04 09 27 1.8 63 46 67 45 6

error 4

o

o . ) - - ° R 0
“The second virus wos applied

! :

_15 br after.

1.
H
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- ”'!;ABLE\'V"ZAO”B.“coqf‘,' PR | L AR .I

o oty MO Domotwwewelm
"“ﬁhf-”J“"“f*“féf*i“*fv““““““iéf“f?‘fEf“”””Tfa“f””*ﬁﬁ“ff" B
(10w ' T ¢ T ¢ T ¢t T .
o 22 I3 41 32 70 32 ‘69 .
10 '8:23 27 37 27 40
I8 7. 33 17 48 19 47
‘17 %30 27 55 "27 58
T34 7142 88 42,85
40 17 9l 50 131 50 128
9 4.16 14 29 14 30
9 4718 13 32 \13 32
.12 9 23 16 37 19 37
I3 .7 26 19,.%8 19 48 ,
200 M 41 32 66 32 64
25 13 46 30 73 30 74

46191 108 383 26.6 59.5 270 .59
I 04 1.7.07 29 1.8 65 33 84 32 8

3
o
a4
o
-
o

I p
-

-
[ —

ONOOOOWSHON - N
AANNNO OSSO
muuui\s.mﬂ'wapu.ﬂ"

N ’ .

O D 0OC0O0O0O0O0OO-0000
[a%]
od
o .

7 15 13 .50 25 ‘66 25 66 -
JA 1319 47 19 54 19 .48
5 24 10 '77 31 .95 30 93
5 29 12110 '32.130 32 127
-6 9,712 39 18 58 18 57
3
3
8
2

o

S

_ fz’ 8 44° 16 557 16 58
16952 20 €1 20 62
20 13 67 27 79 27 78 |
7.6 25 12 40 12 42 .
2 747 23 15 29 15 30.
5 12 ‘21 33 54:43 79 41 79
10 .9 731" 24 114 50 144 50 140
105 1.0 .4.4 55 I70 13.0 58.5 25.7:74.2 25.4 74
. 0203 08.09 23 23 84 34 99 33 9

Lo

1 M—ss

coco-mo-o .

b

C®~ND D N —

.0 © Soo00000O00O0OCO -

(Ko)
S N
oz

ON—-WBUHANNOWN.

o--o0

NWOONOO - -0 — -

Mean
Stondard
cerror

i o

‘T_ho 'second virus was ‘applied | 10 hr after. = |
, g A e
b
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‘ naLE 21, Lesion counfn‘rho\dllutlon curves of tho lmenvuy of rlbonuculc oem '

.- respctively iwloud fro potato virvs M (PVM) ‘ond -pofato virus S(va) in Rod Kllqox
_ beon (RKB) ond C‘Innqoodmm ouian : .

Locol  pyifeleat . . Dilution © |
lesion no. - — T B —

or

1
I
i

o,
—l‘.

(@)

N ]
(7]

(o]
R

13 .
.4
P9
AR

>,

oM -0 - o,
00000

Y]
3
8

- 7

10 \. 8
g2

12 10

Mean 9.3
. Standard error Loy

P
7;\\
‘bm.-‘qm(n&"u.,w-—
~n
WANGGO- 8 H&~Ny=-bO

(]
W
OO0 0O0O0O0OO0OO0OO0OOCOO®OO |

Op MNON-~—- -0

B ;o. .\
o
N

b,

,00 O00o0o0O0OO

Y e
" 98 66 30
132 . 50 " a7
a7 v 10 22
142 a1 16
180 - 118 13
216 96 26
304 . 44 - 14
264 68 9
152. 62 21
.1 134 80 13
N g2 853 s
|2\ 165 .',_. ,,38 N I
- Mean - - 1740 655 17.3
Stondard error -~ + 17.4 - 6.8 . 1.8

L

CONO R D W~

©0 0cococ©ooooocoog

o

Ow NO&WO H - 'uq'm mqgu‘—_ (4}

o O

ﬂ, By using 0.057 M phosphate buffer, pH 80. .- . . o »
Congentration: 50 A ~ units at - 258am. S T
. R : Co ' C
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TABLE . 22 Lesion counts Effect of endoqenous nbonucleose associated with

~ intact potato virus S (va)on the mfecnvuty of pofato vsrus M(PVM)- ribonucleic
... acid (RNA)in ‘Red Kndney’beon ‘ -

‘?“‘”'f"”vse:tp'f. “d';f"f Control® “f © Tes{ (PVM-RNA + PVS)

o 45 45% 45 Y 45 . 45 45
o 24° 024 0024 00024 000024
S o 3. -9 .6 1 18
2 5 o a 4 '9 10

R T 13 2 3 -8 8 -
e 7 2 5 8 | 6 9
5 . 9 4 3 - I 4
I 6 o 3 6 12 10 6
B 718 v 42 7 7 s
. 8- - 8. . s 7 6 5 12
9 .6 3 ‘4 5 9 7
o s . 5 -9 14 -+ 10
"o L2 s\ 4 8 .8
2 T ls o "2 4 7?7 10 9
“Mean 102 26 48 70 © 95 10.5
 Standard error 1.1 0.4 06 - 08 1.0 - 10 b
35 35 35" 35 35 35
I 1.6° 016 00I6_ 00016 Q000I€
48 2 2 6 5 ' 6.
2 "8 i I 5 10 -8 10 .
3 9, 0 3 . 3 i 13
4 7o .6 9 9 5°
O R 4 Yoo 3 T3 7 4
z 8 6 2 5 4 7 7
R T kR B T I 6
8 5 - -3 2 5 5 7 ;
: <9 3. L N 8 6 6
[ o R R -~ -5 4 6 -4 10
Y 9 3 '3 5 @ 5
12 .8 4 4 . 7 4 8
Mean . 74 | 23 3.5 5.9 69 7.3
. Stondard error 0.7 0.5 0.4 07. .06 .08

PVM-RNA only( A umts hf 258/7/”) R C
"¢ 4 units of PVM-RNA at 256 pm. o
PVS (mg/m/)



' TABLE: 23..

acid (RNA) in C‘benapoa’/um ‘quinoo.

. S o . 144

\

.»"‘

Lesnon oounts Effect of endpgenOus rlbonucleose assoclated with
intact potato virus M (PVM) on the mfectmty of potato .virus S (PVS)- rlbonuclelc '

Expt. ‘“"'f,je‘-’f % control? Test (PV.S-RNA + PVM) | o
' P ‘ \ .o . o . i ‘ . c
o 1010 o 10, 10 10
‘ o Mf 0.1l 001 - 00011 0.0001!
R 129 58 102 116 ‘142 - 137
2 54 26 87 90 ' 66 - 6l S
'3 94 20 44 42 62 75 .
4 67 27 65 74 - 72, 57 .
" 5. 104 60 95 95 122+ 124 -
- 6 ;118 27 .74 52 132 104
L g 62 26~ 45 64 . 59 53
'8 97 3 34 65 .69 75
9 78 41 68 79 96 - i28
10 78 45 . 50 81™ 50 78
b 97 53 €3 .68 91 99
2 90 . 39 . 38 61 64’ 94
 Mean . 890 381 638 739 854 904
Stondard error 6.5 3.9 65 58 90 83
6 6% 6 . s 6\, 6
o ) '07¢ - 007 0007 00007 000007
e 48 17 50 34 55 .62
95 - 36 66 66 . .99  1Q8
& 118 4 31 110 131 77
4 +130 19 ' 28 . 88 . 63 - 129
. 5 .. 42, 13 46 58 48 53,
T 'S 43 45 38 44 83 50 -
TR A 68 30 - 80 ' 47 38 70 ¢
- 77 'se . rr . 58 45 40
9 .50 23 94 90 40 © = 47
10 81 56 41 71 70 87.
S 44 + 40 - 33" 69 108 65 .
r2 58 32 59 98. 90 - 84
 Medn \‘ T2 - 313 53.4 . 694 ° 730 727
Stondarderor . 87 42 €3 6.7 86 . 76
PPVS RNA only ( 4 units ot . 258 nm ) , , o
' % A uits of PVS RNA @t 258am. - - BT
°PVM/mQ/MV) . S . ;
. .‘ a



