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ABSTRACT

Cyamopsis tetragomoloha (L) Taub., or guar, which is
considered to be an dimportant gum source for many
industries, in Southern Africa, was found to exhibit
symptoms of reduced leaf size, elongated green stems
and sterility. These symptoms are unlike any other
viral diseases reported in guar (Chester ep al.. 1944;
Streets, 1948; Coocper, 1949 and Hansen and Lesemamm,
1978) and have been named the "Green sterile" and
"Little leaf" (B. Back - pers. comm.) of guar.

The guar virus was characterised with regard to host
range, symptomatology, transmission, physical
properties, particle morphology, serology and molecular
weight of the viral proteins. Based on these results
the virus was identified as a wmember of potyvirus
group. The causal agent has been identified as a
flexuous viral particle (750 X 15mm), which is
transmissible to several Phageolus vulgaris plants by
mechanical inoculation. Symptoms on indicator plants
ware wainly systemic red veins and chlorosis or
hypersensitive I-gene reaction. Non-persistent aphid
(Myzus persicae) (Sulzer) transmission was guccessful
in some cases. Serological tests indicate a positive
regcrion with several potyvirus amtisera, nawely BCMV,
BYMV, PVY and SMV. Polypeptide bends showed strong
binding to these antisera. The molecular weight of the
coat protein of guar virus was found to be 33,000 to
34,000 daltone, using PAGE.
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CHABRTER 1

INTRODUCTION AND REVIEW OF THE LITERATURE

Guar is the Hindi name for Cyamopsis tetragonoloba (L)
Taub, The English pome of the crop is Closter bran,

Cvamopels is thought to have originated in Norch Afxica
where several wild species exist (Hymowitz, 1972). The
erop was taken to Indic and Pakistan, probably about
2o yearn wto, where guar has traditionally been used
an a livestock feedstuff (Celanese reporet, 1984). It
ia grown in Africs for similar purposes but on a
smaller rneale.  During the 1800's it was introduced
intic rhe seuthern United States of America where today
appreximately J00 900 heectares are under cultivation
Hanaer and Lesemann, 1978),  Commercial plantings of
sudar are enrrently made in India, Pakistan and the
vs, principally for the production of the

"nited

ceed Hymawice, 1970,
b GUAR PLANT

r is a4 summer arpnal leguminous shrub which may be
enltivated in semi-arid reglons, The guar plant vavies
in height from 9.5
grown, the fercilivy of the soil and the climatie
vindivions.

te dm, depending on the cultivar

thar has a leng tap root and nodules are found on both
tap reot and lateral roots. The stem is angular ribbed
and hollow,  The leaves are alternate, trifoliate with
Tong putinles. The [lowers are borme in demse, ersct,
axillary racemes . They are small, typleally
papilionacieous, varying in colour from purple to

i




white. Guar 1is largely self-pollinated. Elongated
pods (50 to 75mm) appesr along the main stem and arve
scattered throughout all the branches. The pods
contain From 4 to 9 greyish-buff sceds. The gum,
galactomannan, for which guar is prized, is contained
in the large endosperm (Fig. 1), where it serves as a
reserve food supply for the seedling when the seed
germinates (Duke, 1981; Celanese veport, 1984). The
galacromanuan polysaccharide of guar gum is a long
chain, made up of mannose and salactose sugar
molecules.

The endosperm weighs 35 to 40 per cent of rhe seed,
whilst the embryo and cotvledens account for a further
45 o 50 per cent and the testa accounts for the
‘nder 1Fig, 1),

ia drought-resistant, The crop grows
host in areas with a minimum temperature of 27°C, High
atnrea, over 17°C are necessary to ripen

tumpn

the cvop,

Goar requires 15 ro 20 inches of rainfall during the
tsen of rhe c¢rov.  Care must be taken not to

wrowi

¥, 8
pravide excens water. as this markedly increases the
sneeptibility of suar to Alper ia leaf spot and
baccerial hlight (Duke, 19813 Celanese report, 1984;
S.A, Institute for Crops and Pastures, 1975).

1.2 goil requirements

fuar is grown beee on fertile, wedium to light sandy
loam soils, with a pll yreater than 6.0 and also on free
deaining mibsoila.

It 1s recommended that guar seed is inoculated with
Rhizobium LInocuiant of the cowpea type, group K
{Celanese report, 1984),
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Endosperm containits gum
Germ
he wu.t eed (S.A. Institute for Crops and
Fasture | 1175)
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The crop does require high levels of avatlable
phosphorous in the soil (Duke, 1981; Celanese report,
1984; S.A, Tustitute for Crop and Pastures, 1975),

1.3 Lndustrial potential

The valuable physical properties of guar gum only
hecame known after the First World War. Previously,
Carb-hean gum, animal lue and starches were the
principal products relied upon for the purposes For
which guar pum is now used (S,A. Institute for Crops
and Pascures, 1975).

The gum, in the ferm of & mucilage, is increasingly
being employed for recovery of uranium from sludges, in
drilling for oil, in the  paper, textile,
pharmaceucical, food and other industries (Duke, 1981,
Hymowitz, 1972), A by-product resulting after removal
of the gum laver, is & very valuable, high protein feed
supplemenc, used for all cvpes of cattle feeding
mperacions.

The inited Stares has a limited production and most
prncessors of puar are still dependent on Indian and
Pakistan supplies for their requirements. Because of
the steady progress in the local production of uranium,
Seuth Africa may bewome one of the world’s principal
users of guar gum., The government of Souch Africa has
declared guar gum a scrategle material (Chemserve
Sreinhall, 19B6a; Celanese repore, 1984).

1.4 fuar in South Africa

Guar was Flvst used in Sourh Afrieca in the late
forties. At the time of the original uranium boom




guar replaced animal glue in filtravion ind extraction
from slurries. South Afriea leads the world in guar
rechnology related to wmetallurgical applications
{Chemserve Stainhtall, 1986b).

Chemserve Steinhall is responsibie for the local
production of guar in South Africa. The agronomy
programme includes rthe national states of Kalgwane,
Lebowa, Gazankuly and Venda: as well as the white
farming aveas of the Lowveld. Seven hundred guar
cultivars were imported and cested to select for
drought and disease resistance through extensive field
trials.

Apart fram drought resistance and the advantageous
nitvagen-fixing and soil-cleansing characteristics, the
guar plant has gnod resistance to pests and diseases
and  production costs are generally low (Chemserve
Sreinhall, 198ka).

With ¢he assistance of the KaMgwane Ministry of
Asriculture, a demonstration farm of improved practices
mn black farmers’ own land was escablished near
Malekugi viilage (Bastern Transvoal). The company
agronamist works with the farming families throughout
che seasen and rhe Larmer receives the entire crop
after it has been harvested and weighed., In the first
crials in 1983, chere were only five farmers involved
in the program, whilst in 1986 over 300 farmers were
invelved in the scheme (Chemserve Steinhall, 1986a).

1.9 Diseanes of guar

The available literature deseribes bacterial and fungal
pathogens of puar, but vory limited information is
pregented on viral discases (Mihail, 1982; Duke, 1981;
Stroets, 1948).




e

1.5.1 Viral diseascs of guar:
1.5.1.1 Lethal virus of guar (Gyamop-is psoraloides).

A necrotie, lethal virus disease was found causing an
estimated 7% per cont loss in an ewperimental field of
oy in Oklahoma fn 1944 (Chester et al., 1944),
Semptoms  comprised vein clearing, rolling, wilting,
wirly sripple necrosis and ahscission of young leaves;
minal necresis, neerotle stem lesions, yellowing and
n of older leaves; marked stunting of growth
titimate death, The virus was transmissible
11y, Symproms were masked in hot weather, e.g.
eOora AST6 (Streces, 1948,

Mosafe virus - wnidentified

Ceatorhin disease appeared {n Maricopa County fields
and caused lpsses n seed vield varying
reets, 1948).

e v
0

e B0 pur cent (8
The leaves showed a mosaice motrling as well as a
sriep in the size of leaves and growth in general,
B mont striking  svmptom was  the almost total
cioprensfon of weed pods,  The virus wes possibly
pread by corten aphid or melon aphid (Streets, 1948
Mihatl, 1982,

DU Y Tobacen vingspor virus

v ohaerved in 1944 in Oklahoma, The disease was
rennried ap a new vitus disease of guar and was later
civen the aame Mtop nectosis" (Weiss, 1943; Coeper,
H4%y,  The symproms are top stem necrasis and light
S leaf lesiens with dark marping,
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1.5.1.4 Guar symptomless virus

Geeds from Tndia, Pakistan, Belgian Congo and the
U.S.A. contained a virus which induced characteristic
red lesions on Chenopodium amaranticolor (Hansen and
Lesemann, 1978) . Since naturally infected and
fnoculated guar plants remained symptomless, the causal
agent was named 'guar symptomless virus'. The virus
belongs to the potyvirus group and was Ffound to be
transmitted through geeds (Mihail, 1982).

1.5.2 Bacterial and fungal diseases of guar

The principal bacterial and fungal diseases of guar are
presented in Table 1.

1.6 Diseasg of guar in the Eastern Transvaal

Recently, disease symptome appeared on guar plants in
fields near White River in the Eastern Transveal.
These plants usually formed a few pods at the base of
the stem. Thereafter flower formation took place
normally, but the flowers rarely produced pods. From
366 seeds sampled, 2lmest half (140) were distorted (50
per cent sterility) (Figs. 5 and 6). These sterile
plants remained green long after normal plants had
ripened. Leaf-size was also very much reduced comnared
to healthy one (Fig. 4). These symptoms were described
by Dr B. Berk (pers. comm.) from White River and named
“Green sterile” (Fig. 2) and "Little Leaf" (Fig. 3),
respectively.




and petioles. Produces
acervuli with sete (dark
purple); hyaline single
celled conidia.

8
Table 1: Fungal and bacterial digeases of guar (Mihail, 1982)
Disease Description Causal agent
Bacterial  Occurs mid-August when plants Xanthomonas sp.
Blight are flowering. Spread with  X. cyamopsidis
monscon in India and by rain. X. cyamophagus
Leaf lesions: V-shaped with . campestris
hydathode infection, dark
cireular spats moves from
teaf to stem, acropetal
defoliation, leaves with
yellow coze. Stem: linear
brown/black streaks, internal
discoloration, wilt. No
fruic/flower symptoms.
Leaf-spot Gran-white bacteria with a Pseudomonas
single polar flagellum. syringae
Cause lesions l-5mm diameter,
round, dark border, light
brown centre.
Pewdery Endophytic; host specific Oidiopis
Mildew Conidia 54 x 14.2. Occurs taurica
between August and October. Leveillula
tauricag
Anthracnose Causes black spots on leaf Collegtotrichum

Produces yellow/green spats
with dark center on leaves

and pods. Seed borme.

Gollectotrichum

truncata

o e




Disease Description Caugal agent
Wile Mycelial mat around stem in Sclerotium
summer, wilt and voot rot. rolfsii
Alteynaria  Circulav brown spots 3 to 6 Alternaria
leaf spot  diameter on leaves. Black cucumerina
flecka and oval spots on Alternaria
stem. Shriveled Jarkened cyamopeidis
seeds, 100 per cent Alternaria
infeerion. Seed borne. tenuisima
Stem and Water soaked lesions near Bythium
Root Rot hypocotyl. pyriotylum
Pythium
debaryanum
Roou Rot Causes root rot, leaf and Fusarium
stem blight. caeruleum
streak Black streak oun stem, no Fusarium
flowering or pod set. moniliformi
Wilt Yellowing, wilting, Roots Fusariug solani
with hlack lesions at soil
line with internal brown
discoloration.
Root Rot Dark coalescing leslons on Rhizoctonia sp.
the roots. Death of plamts.
Root Rat Root-rot, wilting and death  Phymatorrichum
of plant ln late summer. omnivorum




Figure 2: Infected guar var. 2DPS exhibiting green
sterility symptoms in the field. Elongated
green stem (EG) and few influorescences

{arrow)




Figure 3: Infented guar var.

leaf" (LL) symptoms

UK BER

Flgure 4: Healthy guar var.

ZDPS

sized leaves (arrows)

IDPS exhibiting

"Little

exhibiting normal~




Figure 5. Infected pod of guar showing two healthy (H)
and two infected (I) seeds

Figure &; Infected (I) seeds of guar in comparison to
healthy (H) peeds




2.

PIGEONPEA IN SOUTH AFRICA
During a collection tour by ICRISAT (India) staff in
South Africa, pigeonpea samples were gathered.
Pigeonpea was found to be of rare oceurrence. The
southern most distribution of pigeonpea on the African
continent is in locations mainly in the lower altitude
areas of East and North-east Transvaal and Natal.
Collected samples were found growing as an escape along
the road and other samples wexe obtained from hedges or
aingle plsnts iun farm plots near houses (Van der
Maesen, 1980).

Pigeonpea (Cajanus cajani (L.} Millsp.) plants showing
symptoms of mosaic and sterility (Figs. 7 and 8), were
brought from the Bastern Transvaal by Dr B Beck. The
pigonpea plants were found growing in the edges of guar
field near White River and showed similar sterility
symptoms to the guar plants, but more severe. From 78
seeds sampled, 72 seeds were distorted (92 per cent
sterility) (Fig. 9).

2.1 Steriliry mosaje in pigeonpes

Sterility mosalc is one of the major disease problems
of pigeonpea in -the Indian subcontinent. The incidence
of the disease seems to be on the increase and needs
immediate vemedial measures (Kannaiyan et al., 1981).
The disease has so far beem reported only from Burma,
Indla and Theiland. Typical symptoms are mild mosale,
accompanied by little or no flowering at all.

Sterility mosaic is suspected to be caused by a virus
and spraad by the eriophid mite Aceria
cajani Channalasavanna (Neme, 1972). The disease




spreads through infective mites disseminated by wind.
After purification, long, thin, Fflexuous, rod-shaped,
virus-like particles were observed, always in very low
numbers. Sap transmission of the causal agent was
unsuccessful (Reddy and Nene, 1981).

Development of resistant cultivars appears to be the
most effective method of control. To meet this
objecrive, a large-scale field screening program was
undertaken in 1975 at the Internetional Crops Research
Institute for the Semi-Arid Tropics (ICRISAT Centre)
and seveval resistant lines have been identified (Nene
and Reddy, 1976; Nene gt al., 1981),

3. VIRUS DISEASES OF BEANS

Bean common mosaic virus (BCMV), Bean yellow mosaic
virus (BYMV), Southern bean mosaic virus (SBMV) and
Soybean mosaic virus (SMV) represent some of the most
important pathogens that infect beans worldwide (Table

.

Schwarts end Galvez (1980) have shown that large yileld
losses can occur in beans affected by vizuses such as
BCMV and BYMV.

Viruses of beans have the potentiel for rapid spread
and have estsblished themselves worldwide due to their
varigble modes of tramsmission, e.g. mechenical
transmission, trensmission by vectors such as aphids,
whitefly, beetles and leafhoppers or through seads.

Chemical control strategies aimed at vectors, seed
certification schemes and breeding for resistance can
effeceively cantrol bean viruses (Neergaard, 1979).
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Figure 7: Pigeonpea exhibiting stzrile stem (S) with
almost no pods

Figure 8: Pigeonpea leaves exhibiting mosaic (M)
aymptoms (arrows)
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Figure 9: Infected seeds of Pigeonpes
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Yable 2: Virus diseoses gffecting boone {adapted from CHI/AAB descriptions from 1972 ta 1984)

VIRDS

PARTICLE STRUGTORE

HODE. OF IRANSMISSTON

HOST RANGE

SYNPLONOLOGY ‘GHOGRAPHLGAL,

Scan 6fsenges coussd by filowentous particlen

Bean conmon mosate
virus

Flexuous Fllament
7500m long & 150a wide

Sap, aced-borme,
potlen-borve,
trananicted

Rastricted to Phaveolus epp. but
can bu transeitted to aone
menbers of the Chencpodiaceas
and Sol D: 3

rop by
several aphid spectes.

spectes: Poaseolus vulgaris,

Cavres common mosale’ whict s
asanciatad with leaf malfor-
mation and rolling and ‘black
roat' which Ls eharacterised by
vascular necrosts and plant
death, Severity of the
aywptoms depends on cultivar
time of tnfection and
snviromentst conditions,

World-uide

Bean yellov mosatc
virus

Flexuous pacticie
7500 long

Bap and by wany aphld
specten in a non~
persistant mannox

Tntecen leguminous plants and

several ron~lsgunas. Disgnostic
spp. 1~ Phaseolus vulgaris, Piaun
sativom, Vigcta foba, Cheropodium

aorantlcolor, . quinea,
Gomphrana plobosa, Nicotiana

tabscum, Petunia hybrida,
Spinacin olerecea, Zegragonts
eXpangs .

Cavacs mosaic disease in many World-wide
tegunes, apical pecrasis in

Franch bean, ‘streak! in pea,

rosetce tn Ornithopus sabivus

and white streak or latent

infection in Gladiotus,

Beet mosats vires

Faxsous i tanent
730um by 13om,

Sap and by aghids 1n a
non-peraistant manner,

lioat vange Ealrly wida, sainly
in the Chenopodiacene,
Solanaceas and Loguninoase.
Ulagnoatic wpp. Bets vulsarle,

Spinacese glaraces.

Gauses o mesate discaze, World-wide

Claver yeiiow valn
vives

Flignentous
To0nm long

Eap and by aphids from
varlous ganora in o
non=peratstan: manner,

Tnfocts sevaral specica in the
leguminosss and in 5 other
fantlfies, Plognostic spp.i~
Ctenupodtun snaranticolout, G-
autnoa, Hicoflane tabacun, Mo
clevelandil, Phascolus wilgaris,

Taragonin exnansa.

Causos veinal yellowlng and  Britain, Cannda

WO Lng,
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TRDE OF THANSNISSION

HOST RANGE

SYNPTOMOLOGY

GEOGRAPHICAL

ok 331ameL.
S0 Letg.

Tramswities by severat
common aphld specics,
Seed-borne it cowpra.

oseae and alsg menbers of the
nargnghaceae, Chenopodiacess,
Cucyrbitaceac. Lablatne and
Lagnoatic app. i
.igaris, Chenopodium
smoranticolgr, Slyetos max,
Ocimun buaiticun, Petunia
bybrida, Poun sativun.

nfects wany species In Legamin-

Causes severs nosale of
coupea with veln banding,
interveinal chlorosis leat
distortion, blistering and
stunting,

Atrtca, Burops,
Agia and V.84,

s particle
sane g,

Seod, sap, no kown
wetors,

Tatocts many diFferent hosts,
Ineluding mesbers of the gonus
Phascolus,

Causes mild Laaf mottle, but
aceastonally savere systente
necrosis and chlovasis in
cawpean.

Bastorn region
of Ghana,

Sop and by at icast twa
specles of aghlda I a
nou~perstatant wanncr.

Wide ranga of Wnate, partice:
favly tn the Leguninosue.
Diegnostle app.i- Faselifiora
¢dutls, Phaweolus lathyroides
and Phoseolus yulgaris,

Causes nosates, TIGEROLE,
rugosity and distorvion of

teaves. Occurs naturally in
P. vulgarls, Clycine max and
other tropleal legunes, but

. 14 of minor importance in

these species.

TQuesnsiand, hew
South Wales,
Vastern
Australia and
Surinan,

Fiorame bt
e 15y boug,

Sap and by saveral
conaon aphid apectes,

Tosl range appoars to b
reatricced co menbers of the

Causen systematic motoling
and necroats,

5.8. USA, East
Agviea, N.E.

18 seed-borne 10 Legunlposne, Dlagnostic epp Australia,
roundnta Phareolyo wulgaris, hrackts dpon, ey
Bypogaca, Glyelne max, Cossla Matayata, Soueh
gseldentalin, Nizoblona Anerica and
glovelandi{, Chenopudius Europe,
marant {eoTor,
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Virw FARTICLE STRUCTURE HODE OF TRANSNISSTON WOST RANGE STNPTORBLOGY. GBOGRAPUTCAL,
AN §128
Patate virus T Flexuous filanent sap Limited host range, most Causes chlototic or necrotic Peru and
4008 & 120w susceptible spectes in local lesions, Botivia,
Leguninusae, Solanacese and
Chenopodiacese, Dlagnostic
5pp. i~ Phaveolus vulgaris,
Chenopodiun amaranticolor, C.
juinoa, Datura stramonius,
Mlcotiana debneyl.
Fotato virus ¥ Flexuus par.:cle Sap, aphlds. Host range Llwited to Wild to severe mottls, World-wide
7300 % 1m Solanaceas, Amaranthacese, streak, necrosis of velns,
Chenopodiacene, Compositae, necrotic spots, infection
Leguninosee, varlable depending on strains
and plant host,
Hed elover veln Febatar [1leninovs Sap and transmitted by  Nast range restricted fo Causes valn mosaic, streakung Burope, Morth
nosale virus parcicles usmm long  aphids tn a non- Amaranthaceas, Chenpodiscese,  mosaic and stunting in Anerica and
and 120m wide pevslstent manner, Mot Leguminosee and Splanacese. various legunes. South Afvica,

(645 x 120m)

common 1n seed.

Blagnoatic spp.:- Shenopudtun
smaranticolor, C. guinoa,
Gomphirena globosa, Pisum
satfvun, “rifollun dublun, I.
pratense, Vicla faba and ¥,
sativa,
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FARELCLE STRUGTURE
A SI1ZE

VIR

HODE OF TRANSMISSION

HOST RANGE.

SYHPEOMOLOGY GEOGRAPHIGAL

Flexous f1lamont
75003 1ong

Soybean easate
virus

Sap, borne by aeeds of
Glyelne max. trans-
altted non-peraigtantly
Yy wany sphtd spp.

Transmitted to Glycine wax and
members of the genera Phaseolus

Chenopadlun albus and €. gufnoa.

Most varlecies of Glyclne max Vorldwwide
devalop transient oysteaie
vetn-clearing folloved by a
volling or dLstorting mosaic
10 younger leaves with dark
Lacer puffed areas
along the matn veins and
chlorosis betveen the dark
coloured areas, Plants
usually slightly stunted,
pods are fever, sometines
walformed, Some varieties
duvelop progressive necrosis.

Shlte Clover mosalc | Flexuows £1laoent

v long and 13an

Restricted to the Legvelnosse.
Plagnostic spp.+~ Trifoliun
&pp., Puageoles wiigsris, Viels

Causes mosalc and mattie of
different degrees and vein

Noreh Anerica,
Furope and New
Zeal.

ate clearing.
fabe, Vigna sinensis, Plse
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TECHNIQUES USED FOR VIRUS IDENTIFICATION AND
GHARACTERISATION

There are several basic procedures to follow when an
unknown virus disease is being investigated (Hamilton
et al., 1981), In the imitial diagnostic phase one
determines to which group the virus belongs. If the
virus under tnvestigation is not easily assigned to any
known taxon, the diagnostic phase passes into the full
descriptive phase in which every property possible is
investigated.

The information sought during both the diagnostic and
descriptive phases has bean divided into twe sections:
firstly, what can be learned £from crude virus
preparations and, secondly, from puvified virus
preparations.

Using crude virus preparations the following properties
of the virus may be elucidated:

{a) repreduction of the disease, using the isolated
virus;

(b) host range studies and symptom expreasion;

{c¢) mode of transmission;

(d) electren microscopy, structure and size:

(e) biolsgical properties;

(£) rections with likely antisera.

Using purified preparations the following properties of
the virne may be elucidated:

{a) fine structure of the particles in the electron
microscopes
{b) serology;
(¢) sedimentation properties;
(d) analysis of the nucleic acid and the coat protein,
(Hamilton et al., 1981; Bock, 1982)
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By using these procedures, it can be determined if the
virus concerned is a "nmew" virus or is identical with
any known virus.

4.1 Host-range and symptoms

Most viruses that have been studied carefully are found
to infect at least 30 different plant species. It is
not known what determines the host range of a virus.

The host rvange of & virus and details of the symptoms
it causes ave specific characteristics of the virus and
these characteristics are often used, together with
others, to identify che virus (Gibbs and Harrison,
19763. However, according to Hamiltom, et al. (1981),
this is generally not a very pracise or reliable guide
to virus identification.

Preliminary host range studies are useful in
discovering convenient laboratory hosts for subsequent
virus multiplication, purification and infectivity
tests (Hamilton, et al., 1981).

Most of the bean viruses (Table 2) arc tramsmitted by
inoculation of sap to members of the leguminosae
primarily Phsseolus vulgaris species, as well as
members of the genera Chenopodium and Nicotiana. The
potyvirus group, which is rhe largest group among plant
viruses, is transmissible by inoculation of sap to many
leguminous species.

Host specificity is extremely important in infection
and if its molecular bssis was understood, host
specificity could be of great importance in the control
of plant disease (de Zosten, 1981). Atabekov (1975)
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has described the present status of research in the
area of hoat specificity of plant viruses.

Many strains of a virus may have a very similar host
range, while others may differ considerably. For
example, many strains of TMV infect a wide range of
hosts in the Solanaceae and other families (Matthews,
19703 .

Changes ensuing from viral infection, howaver minor,
may have a bearing on the physiology and/or morphology
of the host, leading to a variety of abnormalities, the
most readily perceptible of which are "symptoms', i.e.
the outward visible expression of the disease (Giovanni
and Marcello, 1985).

As a rule it is in the foliage of a plant that the most
noticeable symptoms develop and the effects of
different viruses on the leaves take many forms:
mosaic diseases, rtingspots, clearing of veins, leaf
rolling, distortion and malformation (Smith, 1977). In
addition, other symptoms such as necrosis, growth
reduction, decreased or halting of flowering and seed
production and tumours on the roots may occur (Bos,
1978).

Virus infections are influenced by several interacting
variables, the majority of which are the virus genome,
the host genome and the environment (Giovanni and
Marcello, 1985), Sometimes many different strains of a
virus occur and these may cause quite different kinds
of disease in the same host plant under the same
canditions. Plant factors, such as age and genotype,
or environmental factors (e.g. light, temperature,
water supply, humidity, nutrition, time of day or time
of year) may also affect symptom development (Matthews,
1970y,




4.2 Transmission studies
4.2.1 Mechanical transmigsion

Mechanical inoculation produces small temporary wounds
in the plant through which virus partiecles can enter
and infect the cells. Gentle abrasive powders, such as
carborundum or celite, are oftem used to increase the
number of infections produced (Stephen, 1984). The
viruses that are most readily transmitted by mechanlcal
inoculation are cthose that reach the largest
concentrations in plants and can infect the epidermis
as well as other tisaues (Matthews, 1970; Gibbs and
Harrison, 1976). The success of mechanical inoeulation
depends on numerous factors, including virus purilty and
stabilivy, pH and fonic strength of inoculum, type, age
and physiclegical condition of the host and alse
environmental condivions before or after inoculation.
Syeh  environmental conditions may include keeping
plants in the dark or in warm air before inoculatien
iftevens, 1983; Kado, 1972),

%,2.2 Zransaission by aphids

Aphids constitute the largest group of known plant
virus vecters, Viruses transmiiced by aphids can
usefully be separated into groups, differing in the
iength of cime the viruses persist in the aphids (Table
3.




viruses
(Stylet-horne)
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Table 3: Comparison berween non~peraigtent and
pergistent viruses (Gibbs and Harrison, 1976)
Terms Non-Persistent Persistent viruses

(circulacive)

Persistence

Persisting for a few Persisting for more

hours (usually less

than 100 hours, in

than four) sone instances for

the life of the
vector.

Acquisition  Seconds Hours

and

inoculation

Feeding

periods

Latent None 12 hours or more

period

Lucation of
virus in the
vector

Viruses carried on
che atylets of the
insect,

Viruses which pass
throogh the gut
wall into the
haemolymph of the
vector and back to
salivary glands
before the insect
becomes infective.

Locatlon of
virua in the
plant

The virus is acquired The virus is

from and incculated
to cells of
apidermis.

concentrated in the
phloem of the
plant.
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the virus and species
of vector is not

Terms Non-Perpistent Persistent viruses
viruses {circulative)
(Stylet-borne)

Transmission Mechanically Not mechanically
transmisaible. transmissible.

Symptoms Mosaic symptoms. Leaf-rolling and

yellowing symptoma,

Specificity Specificity between Transmitted by omly

one or a few aphid
species.

developed. Usually
one virus is
transmitted by
several or many aphid
species.

4.2.3 Seed transmigsion

Most viruses seem not to be transmitted through true
seed or pollen, but at least thirty are transmitted in
this way. With most virus/host combinatlons the
proportion of seedlings infected through the seed is
usually small, but in some instances, e.g. BCMV, up to
83 per cent of the seeds of diseasad plants may be
infeeted (Reddick and Stewart, 1919).

Many factors affect seed transmission (Shepherd, 1972):
(a) FEnvironmental factors -~ Temperature is the most

important environmental factor influencing
transmisaion.




(b) Hest and virus genotype,

{e) Infection timing - for seed transmisasion to occur,
plants must in general be infected before the
ovules are fertilised.

Viruses can invade the seed embryo (e.g. Prunus
neerotie wingspot virus) or are found in and on the
testa (e.g. TMV). Not all viruses cause symptoms in
the plants they infect through the seed (Bos, 1977).
The reason for the failure of most plant viruses to be
transmitted cthrough seed is their inability to
replicate and their degradation in meristematic tissue.
They alsc appear unot to be able to enter the seed if
they are vestricted to the phloem (Gibbs and Harrison,
19765 .

4.3 Purificarion procedures

Pyrificacion is often the major stumbling block in
virus characterisation, Purified preparations are used
for characterisation by electron microscopy, serology,
derermination of the physicochemical properties of the
virus, lts protein and nucleic acid components and for
the production of high quality antisera (Hamiltom,
1981). There are as many purification procedures as
there are viruses which have been purified (Frenki,
1972),  Various merhods used for purifying plant
viruses have been described (Steere, 1959; Brakke, 1967
2,b; Ackers and Steer, 1967; Venekamp, 1972; Schumaker
and Rees, 1972; Noordam, 1973). The object of purifi-
cation 18 to produce a preparation containing only
infeetive virus particles, but this Ls rvarely achieved
(Gibbs and Horrison, 1976). It is important to choose
a host plant in which the virus reaches a high
concentration (Smith, 1977).
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The main steps in the purification of a plant virus
are:

(a) Bxtraction of the sap: infected tissue is usually
homogenised in a blender in the presemce of a
suitable buffer. Buffers that are commonly used
are phosphate, citrate, borate und EDTA.

integrity and
sodium sulfite,
and polyphenol-
(Van Regenmortel,

In order to preserve particle
infectivity, agents such asg
mercaptoethanol, ascorbic acid
oxidase inhibitors are added

1982).

{b} Clarification of crude sap tou remove host plant

material such as treatment with chloroform,
diethyether, carbon tetrachloride, n-butanol or
ethanol.

fe} Concentration of the virus usually performed by
ultracencrifugation or precipitation with
polyethylene plycol or salts.

4.4 Preservation of virus material

Once a virus has been propagated and purified, it is
important to store it under cenditions in which its
infectivity and gntipenic properties remain unaltered
(Van Regenmortel, 1982). The methods that were found
most successful are hased on desiccation, freezing, or
Iyophilisation of vwirus material (McKinney and Silber,
1968; Hollings and Stome, 1970; Grivell et al., 1971;
Pureifull gk al., 1975),

The addition of 1 per cent sodium azide to leaf tissue
has been shown to protect viruses agaisnt microbial
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degradation and to preserve their antigenicity (Gooding
and Tsakiridis, 1971). Many plant viruses can be
preserved for many years in small pieces of infscted
leaf material dried and stored over calcium chloride in
stoppered bottles at 4°C (Bos, 1977; Bos and Bemetti,
1979).

Freezing infected tissue or purified virus preparations
at -20°C, or in dry ice or liquid nitrogen, has also
been used successfully with many viruses (Rochow et
al., 1971; Best, 1861; Silber and Burk, 1965).
Addition of 10 per cenc glycerol to purified prepara-
tions before freezing preserves the antigenic activity
of some  viruses (Paul and  Querfurth, 1979).
Lvophilisation of infected plant sap in the presence of
glucese and peptone, followed by storage under vacuum
at room temperature, has also been used (Hollings and
Stone, 1970).

4.5 Elegtron mieroseopy

Electron microscope studies of crude extracts or
purified preparations are the most important first
steps in the identification of a plant virus and a
preat deal of subsequent investigations will depend om
these tesults (Bock, 1982)., According to Brandes and
Berck (1965) viruses with elongated pavticles are
easily assigned to a taxomamic group, because the size
range of most groups of such viruses is sufficiently
distinet from that of other groups. Sphexical virus
particles in crude extracts are very difficult to see
under the electron wmicroscope. Deternination of
particle gize can be made fr m crude plant extracts,
using the leaf dip method or afrer purification. The
advantage of measurements employing ecrude plant
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extracts is to avoid breakage of particles that often
occurs after purification (Hitchborn and Hills, 1965),

4.5.1 Negative staining

The negative staining technique was first introduced by
Hall (1955) and developed by Brenner and Hornme (1959)
and  Almeida and Howatson (1963). Examination of
preparation by electron microscopy, using the negative
staining procedure, is one of the fastest ways to
assign a particular virus to a taxonomic group (Horne,
1967). The most widely used negative stains are
solutions of sodium phosphotungstate, uranyl acetate,
uranyl formate, ammonium molybdate or  sodium
silicotungstate (Gibbs and Havrison, 1976), The
particles of gome viruses arve destroyed or damaged in
Phoaphotungstic acid (PTA) (Hemilton et al., 1981).
The essence of the process is that the stain does not
react with the particle but merely surrounds it,
outlining it as electron-dense material (Milne, 1972).

4.6 Inelusion bodies

A major cyrological effect of virus infection is the
development of inclusion bodies. They are located i
either the cytoplasm or the nucleus of infected cells
Marrelli and Russo, 1977), The type of inclusions
formed is characteristic of the particular virus, but
one virus may induce the formation of several different
tvpes of inclusion, even in the same cell (Gibbs and
Harrison, 1976). Many viruses do not form inclusion
bodies (Rubio-Huertos, 1972). Inclusion bodies are
visible by light microscopy but electron microscopy
examination has given a mew insight into ultrastructure
and  composition of the wviral inclusion bodies
{Marthews, 1970),
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Four general types of inclusion bodies are recognised
(Smith, 1977; Bos, 1978):

{a) amorphous bodies, or "X bodies;

(b) crystalline inclusion;

() abnormal cell organelies;

{d) inclusions usuaily seen only by electron micro-
scopy that conesist of viral coat protein or other
unidentified protein.

varfous normal structures may resemble virus-induced
inclusion (Newcomb, 1967; Price and Thompson, 1967;
Marinos, 1967), Pinewheel  inclusions  are
characteristic for many Potyviruses (Edwardson, 1966;
Edwardson et al,, 1948: Ldwardson, 1974).

4.7 Enzyme-linked i bent _assay (ELTSA)

ELISA technique is used as a routine detection of plant
viruses. The ELISA test has the following advantages
(Stephen, 1984):

{a) Extreme sensitivity - allows the detection ot as
little as 1-10ng/ml virus (Clark et al., 1867a;
Gugerli, 1978; Reeves et gl., 1978; Devergue et
al., 1978; Voller et al., 1976).

'ty Applicability to large numbers of samples, as
investigations of the incidence of virus infection

in crops (Thresh et al., 1977).

(e

Economy in use of high cost antisera.

(d) Semi-automatable.
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(e) Quantitative (Clark, 198l; Jaegle and Van Regen-
mortel, 1985; Marco and Cohen, 1879).

(£) Zndependent of virus morphology.

(g) Tndep of virus ation.

Typical epplications include the routine indexing of
fruit treas in the field for the presence of Apple
mosaic virus (Clark et al., 1976b), Plum pox virus
(4dams, 1978), Prumus necrotic rimgspot virus (Barbara
eg al., 1978) and Citrus tristeza virus (Bar-Joseph et
al., 1979); testing of potato leaves, tubers and
sprouts for the presence of Potato virus Y and Potato
virus A (Maat and De Bokx, 1978b), Potate leaf roll
virus (Maat and De Bokx, 197Ba; Gugerli, 1980; Tamada
and Harrison, 1980) and Potato virus X (De Bokx et al.,
1980); and detection of Tobacco vwingspot virus in
individual soybean seed (Lister, 1978).

There are basically three enzyme-linked immunosorbent
assays that have become established in plant virelogy:

4.7.1 The doyble antibody sandwich (DAS) ELISA

Clark and Adams (1977) described the standard double
antibady sandwich (DASY ELISA technique. Virus-
specific antibodies are adsorbed to a solid surface,
such as the wells of a polystyrene Microtiter plate. A
test sample, suspected to contain the viral antigen, is
incubated with the antibody-sensitised solid phase.
Viral antigens recognised by the antibodies are
serologicaily bound, Enzyme-labeled specific anti-
bodies are added after the test sampla is removed. The
labeled antibodias bind to the viral antigen already




bound teo the coating antibodies and form the dnuble
antibody sandwich. Enzyme substvate is added. The
eolour change in the substrate is proportiomal to th
amount of enzyme present, which in turn is proportional
to antigen concentration (Lar-Joseph and Garnsey,
19813,

DAS ELISA is extremely sensitive, but 1s also very
strain specific (Koenig, 1978; Barbara et al., 1978;
Lister and Rochow, 1979; Rochow and Garmichael, 1979;
Bar-Joseph and Salmon, 1980; Uyemoto, 19833, The DAS
ELISA method is preferved when separate detection of
serologically related viruses in mixed infections is
required ‘Koenig and Paul, 1982a).

4.7.0 Indixect ELISA B

The indirect ELISA was introduced by Voller and Bidwell
(1977) and has been used by many virclogists, including
Rybicki and Von Wechmar (1981), Koenig (1981) and
Bar-Joseph et sl. (1979), Indizect ELISA systems
follow a double amtibody sandwich process, except that
the second layer of specific antibody raised in rabbit
is not enzyme labelled. The label is introduced as a B
conjugated anti-vabbit gamma globulin in a further

step. The indirect ELISA overcomes the extreme

specificity of DAS ELISA and is useful for rthe

datection of distant serological relationships which

may not be demonstrable by any precipitin test (Rybickti

and Von Wechmar, 1985; Lommel et al., 1982; Koenig and

Paul, 1982b).
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4.7.3 G d or sandwich ipdirect ELISA
(F(gb'),ELISA)

This ELISA modification introduced by Barbara and Clark
(1982) and is used by Bar-Joseph and Malkinson (1980}
and Van Regenmortel and Burchard (1980). This tech-
nique combines the advantages of an indirect agsay with
those of DAS-ELISA. Antigen 1is trapped on a solid
phase 2s in DAS Eliza but the F(ab'), part of the gamma
globulin molecule is used. The trapped virus is
detected, using unlabelled gamma globulin and this in
turn is detected, using an immunoglobulin-based enzyme
conjugate specific for the Fc portion of the IgG.

4.7.4 Detection of virus in aphids by ELISA

ELISA can be used to detect viral antigen in aphids,
e.g. Cucumber mosaic virus (Gera et al., 1978), Pea
enation mesaic virus (Fargette et al., 1981), Potato
leafroll virus (Glarke et al., 1980; Tamada and
Harrison, 1981), Potato virus Y (Raccah g al., 1981)
and Maize rayado fino virus has been detected by ELISA
in the leafhopper Dalbulus msidis (Rivera gt al.,
1981) .

4.8 Polyacrylamide gel Electrophoresis (PAGE)

SDS~PAGE is the principal techmique used to determine
the number of viral polypeptides -nd their molecular
weights (Laemmli, 1970; Maizel, 1971). The problem of
protein degradatfon during virus purification and
storage is especially significant in its effect on
estimates of polypeptide number by SDS-PAGE (Koenlg et
al., 1970; Hiebert and Mcdonald, 1973; Al Ani et al.,
1979). The molecular weight of an unknown protein is
estimated by comparing its mobility with those of other
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proteins of known molecular weight (Shapiro et al.,
1967; Weber et al,, 1972; Alper et al., 1984). 10 to
S0pg of proteins of purified virus produce distinmet
bands using SDS-PAGE (Paul, 1974). SD§ increases the
resolving power of bands and prevents zone dispersion
(Chen and Chramback, 1980).

5.  AIMS

The aim of this investigation was to ascertain the
causal agent of the disease of guar bean whose symptoms
of growth reductiom, "little leaf" and sterility were
suspected to be of a viral nature, since preliminary
rests showed no signs of a bacterial imfection.

The objectives of the present study were to

(1) establish whether bacteria were responsible foxr
the disease;

(2) confirm the presence of the virus(es) by indicator
studies, i.e, transmission of the virus by aphids
and mechanical inoculation to host plants;

(3) detect the virus, using ELISA procedures with
different antisera to common virus diseases of
beans and to identify the group te which guar
virus is serologically related;

(4) purify the wvirus, £ollowing determination of
particle size and shape in the electron microscope
as well as molecular weights of viral proteins,
using polyacrylamide gel electrophoresis;




(5) Ascertain if the guar virus had any resemblance to
the causal agent of sterility mosaic in pilgeonpea,

—h m - et 1
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CHAPTER 2

MATERIALS AND METHODS

1. CONDITIONS FOR GROWTH OF GUAR

The guar plants were grown in a mixture of :.erilised
soil, compost and vermiculate in a ratie of 1l:1:1, The
seeds were planted in soil not deeper than 0.5em, The
pots were 30em deep to allow the long root of guar to
develop. After the seeds germinated, sbout seven days
later, the seedlings were watered with a suspension of
Rhizobium cowpea E group {(Appendix 1). The plants were
watered only twice & week because excess water
ircreases susceptibility to diseases and regularly
supplied with essential nutrients by the application of
a balanced mineral solution ("Chewicult"). The guar
plants were kept in a growth cabinet with a temperature
of 28°C and 60 per cent humidity.

2, ELANT MATERIAL

Leaf material showing symptoms (Figs. 2 and 3) was
collected from £ields of guar near White River in the
Eastern Transvaal (Table 4), Leaf material which
showed no virus symptoms in the field ("Healthy") was
alao collected (Fig. 4) (Table 5). In addition, seeds
suspected ©of being infeated with virus and healthy
seeds ware provided by Dr Brian Beck.

e
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Infected puar varieties

Symptoms

"Little leaf'
"Little leaf"
Green sterile
Green sterile
Green sterile
Green sterile
Green sterile
"Little leaf”

Healthy puay varieties

Table 4:

Yarieties

Tx~79-2741
Tx=79-2741

HSB-130

6-120

SL-100

Lewis

2DPS

ZDPS

Table 3:

Varieties

201 Lewis

202 TX-78-3726
203 TX-78-3695
204 TX-71030-4
205 TX~78-3337
206 TX-77-3347
207 HSB-130
208 HFG-75

209 HFG-363
210 Esser

231 ZDJ

212 Glzo

213 TX-79-2741
214 8L-100

213 ZDPS

216 2-207-1-1
217 TX-76-3285
218 Katch-8

+ sterility

Percentage germination

-1-2-28

84.6
76
53.5
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3. IDENTIFICATION OF BACTERIA
The procedure followed for idemtification of bacteria
is depicted in Fig. 10 (Schaad, 1980):

(a) Growth on common bacteriological media

Small sections of infected guar leaves TX 79-2741
were sterilised by placing them in 20 per cent
Formalin for 10 minutes and then in 70 per cent
Alcohol for 15 winutes. After ringing in sterile
water, the sections were placed onto nutrient agar
media (Appendix 1I). Plates were observed for
bacteriological growth.

(b} Gram stain
The colonies grown on nutrient agar were stained
with Gram-stain (Appendix II).

(e) Selective media
1.  Y¥DC agar
Colonies were grown on YDC agar (Appendix IT)
and observed for colour of colenies.

2, KB agar
Colonies were grown in KB agar (Appendix II)

and observed for fluorescent pigment.

4, TRANSMISSION STUDIES

4,1 Indigator plapts

Indicator plants ate used to confirm the presence of a
virus in another plant which shows symptows, They are
also useful Ln studying the host range of a virus. The
virus must be lazboratory transmissible, either by sap
or ingects.
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Four types of indicator plants are desirable (Gibbs and
Rarrison, i976):-

One in which stock culture of the virus can be
waintained for long periods; & second in which
characteristic symptoms are produced and which can be
used to aid detection and diagnosis; a third which is
a source of large amrunts of virus; and a fourth for
assaying infectivity, preferably by counting visible
primary infections.

a

In this host study plants were chosen on the basis of
their susceptibility to viral infection. The Families

Leguminosae, Solanaceac, Labilatae, Chenopodiaceae and
Curcubitaceae are "susceptible Ffamilies” (Hollings,
1966). The 1list of indicator plants used in this

investigation are presented in Table 6.

Table 6: List of jindicator plants used in the deter-

mination of host yange

Indicator plapt Family
Nicotisna clevelendii Gray Solanaceae
Nicotiama plutinosa L. Solanaceae
Nicotisna tabacum var. Samsun L. Solanaceae
Datura stromonium L, Solanaceae
Petunia hybrids Vilm. Solanaceae
Pisum sativum L. var. Creenfeast Leguminosae
Chenopodium amaranticolox Chenapodiacea
Chenopodium gquinog Chencpodiacea
Lycopersicum gsculentum L. Solanaceae
Vicia fabs L. Leguninosae
Glyeins max L. Leguminosae
Lupinug aibus Leguminosae




Indicator plant

Vigna unguicylata var. Black eye
Phaseolus vulgaris L.
var. The Prince

var. Bountiful

var. Double white settler
var. Top crop

var. Seminole

var. Contender

var. Canadian wonder

var. Wintergreen

var. Golden podded wax
var. Monroe

var., Natal round yellow sugar
var. Genuine cornfield
var, Lazy housewife

var, Amanc.

var. Nep 2

var. Peru 0251

var. Sanilac

var. Diacol calima

var. Pinto

Phaseolus sp. (broad beans)
var. Aquadulce

Phaseolus sp. (runner beans)
var. Blue peter

var. Abundance

var. Everybearing

Fapily

Leguminogae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Leguminosae
leguminogae
Leguminosae
Leguminosae
Leguminosac
Legunincsae
Leguminosge
Leguminosae
Leguminosae
Leguminosae

Leguninosae

Leguninosae
Leguminosae
Leguminosae
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4.2 MWecahnical inoculation

Infected guar leaves vars. TX-79-2741, HSB-130, G~120,
SL-100, Lewis and ZDPS showing symptoms of sterility
and "little leaf"” (Table 4) were macerated in 2-5 parts
(W/V) 0.0M potassium phosphate buffer pH 7.0 (Appendix
11I) and a small amount of celite (50 to 100mg/ml} in a
mortar and pestle. This inoculum was then gently
rubbed over the surface of susceptible (10 to 14 day-~
old first trifoliate leaves) indicator plants (Table &)
as well as healthy guar plants. After inoculation,
leaves were rinsed under a slow stream of distilled
water to increase the points of entry cof the virus
(Smith, 1977). Inoculated plauts were kept in
temperatures of 25°C and 30°C. Infected leaves were
harvested 3 weeks after the imoculation of primary
leaves. As control, healthy indicator plants were
rubbed with distilled water and celite.

4.3 Aphid trapsmigsion

According to Bdck (1985) the guar virus could not be
transmitted by white fly (Bemisia tabaci). 1In this
investigation transmission studies were performed with
Myzus persicae (Sulzer), which is the vector of 50
different viruses (Smith, 1977).

Aphids reared on healthy chinese cabbage plants im an
insect cage. The plants were kept at temperatures
between 15 to 20°C and continuous illumination. These
conditions suppress the development of winged aphids
which are not easy to bhandle and not such efficient
vectors (Stephen, 1984).




4.3,1 Non-persistent aphid transmission

Virus-fres aphids were brushed into a petri-dish,
starved for 1 hour in 2 cool shaded place and given an
acquisition period of 2 minutes on infected guar var.
TX~79-2741. Aphids were them transferred to healthy
guar and indicator plants: Ch dium quinoa, Chenopo-
dium amaranticolor, Pisum sativum, Nigotigna glutinosa,
cotiana tabacum, Nicotiana clevelandii, Glycine max,
Phaseolus vulgaris vars. Bountiful, Double white
settler, Prince and Top crop. At least five aphids
were transferred to each separate indicator plant. The
aphids were allowed a transmission feed of 1 hour, in a
small cage which clipped duto a small area of leaf.

In order to avoid damage, feeding aphids were disturbed
by gently touching their antennae or breathing on them
to withdraw stylers. Once the stylets were withdrawm
the aphid can be carefully picked up with a slightly
moistened paint brush,

The vector aphids were then killed by spraying with an
aphicide (Pirimor/efekto) and test plants were allowed
to grow for symptom obsexvation.

4.3.2 Paersjstent aphid transmjission

Aphids were handled in the sams way as for mnon-
persistent virus transfer, except that no starvation
period was requized before acquisition. In addition,
the acquisition period and inoculation feed were longer
(24 boure).
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In a parallel control test, the aphids were fed oun
non-infected guar leaves var, TX-78-2741 and
transferred to indicator plants using the relevant
acquisition and transmission feeding times. This
control test was made in order to ensure that the
symptoms which developed were not simply due to feeding
of vectors or extraneous factors (Stephen, 1984).

4.4 Seed transmi

Pods from infected guar varieties (Table 4) showing
symptoms of "little leaf" stunting and sterility were
collected, as well as pods from indicator plants (Table
6) infected by mechanical inocularion and by aphid
transmission. Seeds were removed and sown in pots.
Seedlings were observed for virus symptoms for 8 weeks
at 25°C and 30°C. As control, healthy seeds were sown,

5. BIOLOGICAL PROPERTIES OF VIRUS

5.1 Longevity in vitro

Different viruses behave differently when allowed to
age in vitrg at room temperature, Longevity in vitro
is defined as the time for which crude juice kept at
Toom tempersture remains infective (Stephen, 1984).

- Infected guar sap var. TK-79-2741 was maintained at
room temperature and daily inoculations were made to
tha indicator plant Phaseolus yulgarjs var. Top crop at
30°C.




5.2 Thermal imactivation poipt

The thermal imactivation point of & wirus in crude
extract is the temperature required for complete
inactivation following a 10 minutes exposure to this
temperature (Stephen, 1984). 2ml volumes of infected
guar sap var. TX-79-2741 were placed into thin-walled
test tubes. Rach tube was subjected to the following
different temperatures for 10 minutes:
20°C, 25°C, 30°C, 35°C, 40°C, 4§°C, 54¢°C, 35°C,
60°¢, 70°c, 80°C
by placing 1t in & water bath. Each sample of
heat-treated sap was inoculated onto Phaseolus vulgaris
var. Top crop at 30°C.

5.3 Dilution end-point

Determination of the dilution of crude sap extracts at
which infectivity is lost is a useful pointer in virus
characterisation (Stephen, 1984). Infected guar sap
var. TX-79-2741 was diluted with 0.01M Potassium
phosphate buffer pH 7.0 as follows:
i/1, /10, 1/100, 1/1000, 1/10000

and separate mechanical inoculations from each tube
dilution were made to test plant Phaseclus vulgaris
var. Top crop.

6. VIRUS PURIFICATION

Infected guar plants varz. TX-79-2741 and ZDPS were
used for virus purification procedures. In addition,
purification was done with infected Pigeompes and
Phasgolus  vulgaris var, Contender mechanically
inoculated with the infected guar sap.

|
|
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6.1 Procedure 1

The method of Jafarpour et al. (1979) was used. This
method has been reported to give the highest yield of
virus and the best purity (Cowper, 1983; Fox, 1984).

One hundred and fifty grams of infected leaf tissue was
homogenised with a Waring blender in 450ul cold 0.5M
potassium phosphate buffer, pH 7.2 (Appendix TIIL),
Crude sextracts were filtered through twe layers of
cheesecloth and clarvified by shaking for 5 minutes with
an equal volume of chloroform. The emulsion was
cantrifuged at 8000 rpm for 25 minutes in a J14 rotor
of a Beckman JS-21 centrifuge. Virus was precipitated
from the collected supernatant by adding solid polye-
thylene glycol 6000 (PEG) to an B per cent (W/V) level,
plus 0.5 per cent (W/V) sodium chloride (Nacl).
Stirring was continued for 30 minutes at 4°C, after
which the extract was incubated overnight at the same
temperature. The precipitate was collected by
centrifugation for 20 to 30 winu.:s at 8000 rpm, and
the pellet was resuspended for & hours im 1/10 of the
oviginal volume with 0.0254 phosphate buffer, pR 7.2
{Appendix III}. The virus was then subjected to two
cveles of differestial centrifugation, a low speed
centrifugation of 8000 rpm for 30 minutes, followed by
a high speed centrifugation of 27,000 rpm for 2 hours
in a Ti 40 rotor in a Beckman ultracentrifuge. Pellets
were resuspended im 0.1 to 0.S5ml 0.025M potassium
phosphate buffer ph 7.2,




6.2 Procedure 2

This method is for Potyviruses (Pietersen, pers.
comm.). Intected leaves were homogenised in a Waring
blender in cold 0,54 KZH/KHZPOA pH 8.4 and 0.5 per cent
[L7A%] NaZSC3. 350g of leaves in 1000 ml of buffer.

Crude extracts were filtered through two layers of
cheesecloth., The filtrate was centrifuged at 4500 rpm
for 10 minutes. Triton X-100 2 per cent (W/V) was
added to the supernatant and stirred for 15 minutes at
4°C. Then 4 per cent (W/V) PEG 8000 and 0.1M NaCl were
added snd stirring was continued for 1 hour at 4°C,
Aftar a centrifugation at 7000 rpm for 10 minutes, the
pellet was resuspended in 50ml 0.1M Borate/Kcl pH 8
{&ppendix II1) and stirred for at least 1 hour at 4°C,
The virus was subjected to a low speed centrifugation
of 7000 rpm for 10 minutes. The supernatant was added
to 25ml tubes underlayed with 5ml/tube 30 per cent
(W/V) sucrose in 0.1M borate/Kel pH 8.0, and given a
high speed centrifugation at 27 000 rpm for 2.5 hours
st 4°C, The pellets were resugspeaded in 0.1M
borate/Kel buffer pH 8 overnight at 4°C, with tubes
tilted to cover pellets, (The rotors mentioned in
procedure 1 were used.)

6.3 Proceduzs 3

The wmethod of Alper et al. (1984) was used.

5 grams of infected leaves were homogenised in 40ml of
a sclution containing 20ml of 0.1M phosphate buffer, pH
8.2, 0.1 per ceent 2-mercaptoethanol, and 20ml of
chloroform (Appendix ITI). The mixture was centrifuged
at 2 000g for 10 minutes. Polyethylene glycol (4 per
cent W/V: M.W.6000) (PEG) and 0,24 NaCl were added




49

to the aqueous phase and centrifuged after 1 hour at
12 000g for 15 minutes.

The pellet was resuspended in the phosphate buffer and
brovght to /j, of the initial volume. After
additional precipitetion with PEG and NaCl and low
speed centrifugation, the resulting pellet was
resuspended in 0.2 to 0.5ml of phosphate buffer and
centrifuged at 2 000g for 10 minutes, and the
supernatant kept. All procedures were conducted at
L+

The supernatant, containing virus particles was
subjectad to further clerification by extzaction of
polysaccharides.

6.4 Polyssccharide extraetioa

To lml of purified virus were added:

1 volume 2.5M KZHPOA and

1 volume ethylenglycolmonomethylether (EGME),
The mixture was shaken for 2 minutes and centrifuged an
6500 rpm for 10 minutes. The upper aqueous phase was
dialired overnight in 0,05M Borate/Kel pH 8,0 and
freeze-dried. The resulting pellet was resuspended in
500pl Borate/Kel buffer pH 8,0 {oxr any other buffer
according to the purification procedure used).

7. PRESERVATION OF VIRUS MATERIAL

Wherever possible, purified virus preparations were
uged immediately to avoid contamination and
inactivation of the virus narcicles. However, vhen
storage was necessary, & drop (0.05m° i 1 per cent
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sodium azide, which is an antimicrobial compound, was
added to virus preparation and kept at 4°C. Infected
guar leaves, pigeonpea and mechanically infectred
indicator plants were also used, fresh where possible,
but when gtorage was necessary they ware freeze-dried
for 24 houxs and stoved over calclum chloride,

8. ELECTRON MICROSCOPY

All electron microscopy methods were performed with all
infected guar varieties (Table 4), infected pigeonpea
and indicator plants challenged with the guar virua by
wechanical inoculation (Table 6), or by aphid
transmission (4.3). Healthy guar varieties, plgeonpea
end indicator plants were wused as controls. The
negative stains which were used:

2 per cent aqueous phosphotungstic acid (PTA)

pH 6.5 and 2 per cent aqueous uranyl acetate

{4ppendix IV). Formvar-carbon or collodion-coated

grids were employed (8.1, 8,2).

8.1 Preparation of copper grids

Formvar for copper grids (300 mesh) was prepared for
TEM by dipping slides vertical', into a beaker
containing 0.3 per cent formvar .n chloroform, The
glides were removed with a smooth, rapid movement. A
sharp blade was used to outline the edge of the formvar
film aud this was floated off onto distilled wataer,
Copper grids were dropped onto the Fformvar film, The
formvar-coated grids were scooped out of the water,
using a piece of wire mesh taped to & slide and were
carbon-costed after drying and finally stored in a
dessicator,
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8.2 Prepsration of collodion grids

The £ilm was cast on a clean water surface by letting
£all a single drop of 2 per cemt collodion in amyl
acetate, The solution spreads and the solvent
evaporates, leaving a film which was skimmed off tro
clean the vwater surface. A second similar film was
then cast and grids dropped onto the collodion film,
which wes then collected by the same method as the
formvar~coated grids.

8.3 Leaf-dip method

The leaf-dip method in this study was based on Ball
(1971: 1974). The grid was clamped in forceps and
loaded with one drop of negative stain and a freshly
cut edge of leaf run through the drop on the grid over
a period of about 30 seconds. The grid was drained and
allowed to dry before examination under the JEM 100S
TEM.

8.4 Leaf squash method

This method provides excellent results for many high-
concentration viruses, but leaf squash preparations
contain, as well as virus, much cell debris (Stephen,
1984y, suaves Jmm in size were cut from a leaf and
macerated :- Arops of cold 0.5 PPB pH 7.2 (Appendix
IIT), Ge - were placed face down on the drops and
lett for 30 minutes and then 1insed in distilled water.
The grids were then placed face down on drops of
negative stais for 3 minutes and then rinzed with
distilled water. Grids were blotted dry and viewed
under the electrou microscope.
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8.5 Purified virus preparation

Drops of purified virus were placed on dentsl wex.
Formvar~carbon or colledion coated grids were inverted
onto these, left for 30 minutes and then riased in a
stream of distlilled water. Grids wexe placed onto
drops of negative stains iAppendix IV) for 3 minutes,
rinsed in distilled water, blotted dry on filter paper
and viewed under the JEM 1005 TEM.

8.6 TIransmission electron micrgscopy

The examination of blologicel material in the electron
microscope necessitates the use of special preparative
techniques, These techniquea have enabled the study of
virus in gitu, the position of viruses in cells and the
changes they may cause in cells.

The following were the asteps used in the preparation of
material for transmission electron wmicroscopy
(Provvidenti aad Cobb, 1975):

(1) Fization - 2mn leaf sections were cut and immersed
in 2.5 per cent gluteraldehyde solution (Appendix
I¥) 3n small bortles. The material was left to
fix for 1 hour ¢n a votox and then left in 0.05M
sodium cocodylate buffer overnight, Leaf material
wag post-fixed with 1} per cent oswium tetroxide
for 1 hour, then rinsed 3 times with buffer for 10
winutes ench,

(2) Dehydrsei:n - The fixed material was dehydrated,
using the fcllowing ethanol series for 15 minutes
each: 20 per cent, SO per cent, 75 per cent, 90
per cew’ ar- vwice 100 per cent,
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(3) Infiltration - Dehydrated material was placed in &
mixture of Propylene oxide and Epoxy resin
(appendix I/) as follcws:

Propylene oxide - 20 minutes
1:1 Propylene axide/Epoxy vesin - 30 minutes
1:3 Propylene oxide/Epoxy Tesin - 30 minutes
Pure Epoxy resin - 4 hours.

(&) Embedding - One piece of material was placed in
each plastic boat which was filled with fresh pure
Epoxy vesin (Appendix IV),  Specimens were
polymerised for 48 hours at 60°C.

€5) Sectioning - Blocks were sectioned on & Reichert
uitramicrotome and sections of 70 to 150nm were
coilected in 300 mesh copper grids. Sections were
stained with 1 per cent uranyl acetate and lead
citrate (Appendix IV) (Venable and Cogglehall,
1465). Sections were viewed under the JEM 1005
TEM,

8.7 Inclusion bodies

The following plant virus inclusion techniquee were
uged (Christie and Edwardgen, 1977; Christie and
Edwardson, 1986);

fa) Epidermal atrips of infected leaves were placed in
5 per cent Triton X-100 for 5 to 10 minutes and
then in calcomine orange/Luxol brilliant green
stain (1 drop calcomine orange, 8 drops Luxol
biilliant green, 1 drop Hy0) for 10 minutes. The
strips were rinsed in 95 per cent ethanol and
£ixed in acetave for 1 minute,
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(b) Epidermal strips were placed into Azure A stain (9
drops azure A, 1 drop 0.2M Na,HPO,) for 10 minutes
then rinsed twice with ethanol, Strips were then
wounced in euparal amd viewed under the light

microscope.

8.8 Immuno electron micyoscopy (IEM)

Inmune electron microscopy (IEM) is the term generally
ysed tor techniques that detect, by electron
wicroscopy, the specific binding of antibody to antigen
tMilne and Luisoni, 1977).

Purified guar virus vars, TX-79-2741 gnd Z2DPS as
antigen and the following antisera:

BCMY, BYMV, PVY, SMY and SBMY
were used in four different IEM techniques. The
various procedures were compared with control gride
where healthy purifisd guar sap was employed.

8.8.1 The Derrick technique
{Derrick, 1972, 19732, b; Brlangky and Derrick,
1974, 1979, Derrick and Brlamsky, 1976; modified
by Milne and Luisoni, 1977)

The above antisera (8.8) were diluted 1:1¢, 1:100 and
1:1000 in 0.1M phosphate buffer pH 7.0, 2ul of the
diluced antisera were placed on grids held in forceps
and these were iagubated in a humid box for 5 minutes
at voom temperatute. The grids were them washed with
20 conseautive drops of buffer and drained, but not
dried, and drops of virus sample (2 to 4pl) were added,
The drops were incubated oo the grids for 15 minutes as
above and the grids were then washed with 20 drops of
buffer, 30 drops of water and § drops of 2 per cent
uranyl acetate. The preparations wexe then drained and
dried,

[N O——



8.8.2 Leaf dip serology
(Ball, 1971, 1974)

A drop of antiserum diluted 1:100 in 0.001¥ awmonium
acetate was placed on a grid and a freshly cut edge of
guar infected leaf was held in the drop for a few
seconds. Then the drop was air-dried and stained with
2 per cant PTA pH 6.8 for 10 minutes.

8.8.3 Decoration

In this method introduced by Yanagida and Atmad-Zadeh
(1970) and used by Milne and Luisoai (1975, 1977} and
Milne and Lesemann (1978), virus is adsorbed onto
grids, washed and then the antiserum is added.
Decoration, or the covering of antigenic sites by the
antibedy molecules, occurs.

Drops of virus extract were put on a carbon-formvar
grid for 10 seconds, tinsed with phosphate buffer and
incubated for 15 minutes at room temperature with drops
of antisera 18.8) used directly or diluted 1:10 in
phosphate buffer. The grids were then rinsed with
water and negarively stained in 2 per cent aqueous
uranyl acetate.

§.9.4 Glumping
(Anderson et
1961y

1., 1961; Lafferty and Oertelis,

The antisera (8.8) were diluted 1:10 and 1:100 in 0.1M
phosphate buffer pH 7, and 10ul drops placed on a glass
slide. The infected guar leaf samples were crushed in
the drops of antisera and the slides incubated in a
humid box for 15 minutes at room temperature. A grid
held in forceps was allowed to touch the drop and then

35
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washed with 20 drops of phosphate buffer, 30 drops of
distilled water and finally 5 drops of 2 per cent
uranyl acetate, before draining and drying.

If a purified virus suspension was used, it was mixed .
with the diluted antisera, incubated for 15 minutes and
than processed as before.

9. SEROLOGY

Since Preliminary double diffusion test (Ouchterlony
method) and Radial diffusion technique (Slack and
Shepherd, 1975) using infected guar and the different
antisera (9.1) were unsuccessful, the present investiga-~
tion concentrated on different ELISA procedures which
gave better results,

9.1 antisera

antisera to known viruses were kindly domated by the
following:

RCMV, BYMV, PVY, SMV, SBMV (adjusted to lmg/ml) by G
Pieterson, Rietondale Research Centre were used in
indirect ELISA tests.

BCMV, (1:4096) BYMV, (1:16,384) TRSV (1:4096) by A Rrunt
Glasshouse Crops Research Institute, England, were used
in PTA ELISA tests.

9.2 Grid titration

Before use in routine ELISA testing, the optimal
dilution for eech reagent (sample, gamea globulin and




57

conjugate) was determined experimentally, using a
chequer-board titration (Voller et al., 1976):

Sample concentration: 1/10, 1/20, 1/40, 1/80, 1/160
Antiserum concentration: 1/500, 1/1000, 1/1500, 1/2000
Conjugate concentration: 1/1000, 1/2000, 175000,
1/10 000

Optimal concentration was takem as the lowest dilutiom,
giving a high absorbance A4L05 value for infected
samples and a low value for healthy controls.

9.3 Indirect ELISA method

The indirect ELISA procedure for virus detection was as
follows:

1. 200pl of purified virus suspension or crude
extract from infected guar leaves (Table 4)
infected pigeonpes and mechanically infected
indicator plants (Table 6) was diluted 1:20 in
0.05M sodium carbonate buffer pH 9.6 (coating
buffer) (Appendix V) and added to each well of a
polystyrene microtitration plate. Sap extracted
from healthy leaves was used as & control.
Coating buffer was added ro b6 wells to act as a
buffer control. Plates were thoroughly washed 3
times with PBS~Tween (Appendix V) for 3 to 5
winutes, after three hours incubation at 37°C,

2. 180pl of 1 per cent Bovine serum albumine (BSA)
was subsequently added and incubated for 1 hour at
room temperature before being rinmsed with washing
buffer.

3. 200pl of Purifted Ig¢ (9.7) (Img/ml) diluted
1:1500 in virus buffer (Appendix V) were added to
the wells. The plates were incubated overnight at
4°C and were washed as before.
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4, 200ml of Alkaline phosphatase labelled goat
anti-rabbit Ig¢ (1:7 000, Copper Biomedical
diluted 1:1000 in virvs buffer or Alkaline
phosphatase labelled Protein A, was addad to the
wells. Plates were incubated for 3 hours at 37°C
and were washed as before.

5. 200pl of p-nitrophemylphosphate substrate in
biethanolamine buffer was added to each well and
plates were incubated at room temperature for 30
minutes.

The reaction was stopped by addition of 50pl of 3N NaOH
solution. The plates were read at 490nm wavelength om
an BLISA plate reader.

9.4 F(ab')z ELISA method

The following sample preparaticn was followe” 8g of
leaf material was wacerated in 10ml of 0.( RENS "‘ -
buffered saline (PBS) pH 7.4, 0.05 per cer T ., 2
per cent polyvinylpyrrolidone and 0.2 .  cent
avalbumin (extraction buffer) wusing an uleraturrox
homogeniser. Samples were centrifuged at 8 000 rpm for
§ minutes, using an MSE Hi Spin 21 centrifuge and the
supernatant used in F(ab'), ELISA.

1. 20081 of specific Fab'), fragments of BGMV, BYNV
and SBMV diluted in 0.05M coating buffer pH 9.6
was placed in the wells of a polystyrens
microtitration plate and incubated at 4°C
overnight.

2. Unabsorbed F(ab'), fragments were removed by
flooding wells once with PBS-Tveen and immediately
removing this, using a Titertek Microplate washer




(Flow Inc., Conn., U.S.A.), followsd by 3 soaking
cycles of 3 minutes each.

3.  200pl samples were placed in each of two wells of
a plate, alomg with similarly prepared healthy
control plant samples and 0.1 per cent formalin
inactivated vitus-infected sap as positive
controls and incubated 4 hours at 30°C.

4, After washing, as above, 200pl of the specific
immunoglobulins (lmg/ml) diluted in extraction
buffer was placed in all the wells and incubated
at 4°C overnight.

5. After washing, 200pl at a 1:500 dilution of
goat-antirabbit Fe immunoglobulin-alkaline
phosphatate conjugate (GAR-Fc conjugate) was
placed in each well and incubated 4 hours at 30°C.

6. Plates were then washed end incubared with 200pl
of a freshly prepared lpg/lwl p-nitrophencl
phosphate substrate in 10 per cent diethanolamine
pH 9.8, The hydrolysed enzyme substrate
concentration was determined calorimetrically
after 30 minutes by measuring absorbtion at 405mm,
using a Titertek multiscan photometer.

9.5 Plate-trapped antigen (PTA) ELISA method
(Mowat and Dawson, 1987)

& simple end rapid procedurs of enzyme-immune assay
(PTA-ELISA) was used in an attempt to detect the virus
in guar. Virus antigen in crude leaf extracts .as
adsorbed divectly to a solid phase, allowed to react
with unfractionated antiserum and the antigen-antibody




complex detected with & conjugate of Protein A and
enzyme.

1. Test samples of healthy and infected guar (Table
4) and pigeonpea leaves in carbomate buffer (5mi/g
1:af) were added undiluted and diluted 1:10 to
wells of microtitre plates and incubated for 15
minutes at 37°C.

2. Antisera (9.1) diluted 1:1000 with virus buffer
(Appendix V) (PBS-TPO) were incubated in the wells
for 30 minutes at 37°C.

3. Protein A-slkaline phosphatase (ALP) conjugate in
virus buffer was added and incubated for 30
minutes at 37°C.

4, Enzyme substrate, p-vnitrophenyl phosphate in 10
per cent diethanolamine at pH 9.8 was added.
Plates were washed between sach stage with
PBS-Tween.,

9.6 Detection of virus in aphide by indirxect ELISA

The method of Tamada and Harrison (1981) was used.
Groups of 20 aphids were fed on infected guar plants
for 20 minutes. Aphid extracts were prepared by
grinding one or more individuals in & final volume of
0.25m1 exrraction fluid (0.05M phosphate buffer pH 7.0)
in the presence of carborundum. ALl aphid samples were
kept in ~70°C before grinding and extracts were
incubated at 37°C Ffor 1 hour, then centrifuged fox 10
minutes at 8000 rev/min before transferring the
supernatant fluids to wells in microtitre plates, The
indirect ELISA method was then performed.
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9.7 Purification of jmmunopglobulin ¢

A highly purified preparation of 1gG was used in the
indirect ELISAS,

A simple and convenient method for serum fractiomation
is Protein A-Sepharose affinity chromatography (Miller
and Stone, 1978},

Protein A isclated from the Cowan strain of
Staphylogocgus ayreys binds specifically to the Fe
region of 1gG. A very pure preparation of Igé can be
obtained from whole sera using affinity chromatography
on a protein A-Sepharose CL-43 column.

1-2m) of crude antisera BCMV, BYMV, PVY, SBMV and SMV
and then equal volume of buffer A were passed through
0.5 inch glass wool in Pasteur pipette (Appendix V).
The antigerum-buffer mixture was loaded into the
colums. The column was washed with 5 to 10 volumes of
buffer A and the flow rate adjusted to one drop per 15
seconds. 3ml samples were collected and absorbance was
read until it drops off near zero. The IgG frvaction was
eluted off the column with buffer B (Appendix V) and
flow rate was adjusted to one drop per 7 seconds, 3ml
samples were collected and absorbance was chacked until
it reached neav zevro.

The high readings were collected, pooled and dialised
against double distilled Hy0 at 4°C for 1 hour, then in
PEG 6000 to concentrate the IgG. When concentrated o
desired volume (1 to 2ml) the antibody solution was
dialysed against PBS ovarnight. Protein concentracion
was adjusted to 1 mg/mli, where at ODZSO = 1.4, 1g6 =1
mg/ml.
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9.8 Immunoc-electyoblot (IER)Y
Enzyme-assisted immunoelectroblotting (IBB) entails
SDS~PAGE of virus or sap preparation, electrophoretic
transfer of the resolved polypeptides to a

nitrocellulose membrane and probing the membrane with
antivirus serum (Towbin et al., 1979; Rybicki and Von
Wechmar, 1982, Pappas et al., 1983; Bode et al., 1984).
The technique allows characterisation of antigen, both

by their molecular weights and by their antigenic
reactivity. Because antigen detection 1s by an
indirect enzyme immune reaction, distant serological

relationships can be detected.

In this study the Western blot method of Hibi and Saito
(1985) was used:

Nitrocellulose blots were soaked in 1 per cent Bovine
serum albumin (BSA) in PBS buffer pH 7.4 (Appendix V)
for 60 minutes at 37°C with shaking. After washing & x
5 winutes in PBS-Tween, blots were incubated on a
shaker with the antisera BCMV, BYMV, PVY, SMV and SBMV
(diluted 1:200 in PBS) for 3 hours at 37°C. After
washing 4 x 5 minutes in PBS-Tween and I x § minutes in
AB  buffer (Appendix V), JAR~slkaline phosphatase
diluted 1:2000 fn AB buffer was added and blots were
incubated for 2 hours, on a shaker at room temperature,
again washed 3 x 15 minutes in AB buffer and 2 w 20
minutes in AP Buffer (Appendix V). Then the substrate
NBT + BCIP (Appendix V) was added, and blots were
Incubated in the dark until bands appear. Blots were
washed {n 10mM Tris-SmM EDTA pH 7.5 and dried at 80°C
in vacuum

oven for 2 minutes.
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10. PCYYACRYLAMIDE GEI, ELECTROPRORESIS (PAGE)

0.1 10 per cent gel

10 per cent gels were prepared according to the method
in Appendix VI. Samples were prepared by miving
semi-purified viral preparations from infected leaves
with splitting solution in a2 ratio 1:1 and heating this
in & boiling water both for 5 minutes. 10pl samples
were loadad onto the gel and 10pl of molecular weight
markers (Pharmacta), in order to determine the
molecular weight of the migrated proteins. Healthy
leaf extwacts were run ns comtrols, The gel was
electy-phoresed at 30mA for 3 hours or when the
bromo-phenol blue hand reached the bottom of the gel.
The gels were stained in comassie blue or silver stain
(Appendix VI) (Wray et al., 1981). After destaining,
gels were scanned on an LKB 2202 ultrascan laser
densitometer and the molecular weight of the proteins
determined.

10.2 Gradient gel

Same procedure as the 10 per cent gal was used but &
gradient gel from 5 per cent to 15 per cent was
amployed (Appendiz VI),




CHAPTER 3
RESULTS

1. IDENTIFICATION OF BACTERIA

The mothods for identification of bacteria are depicted
in the diagram (Fig. 10).°

1.1 Growth om common bacterjological media

Growth on nutrient agar was observed. Colonies were
white, Only ome type and colour of colonies was found.

1.2 Gram stain

The bacteria isolated (1.1) were found to be gram
negative. Since Corynebacterium (Fig. 10) is gram
positive, the bacteria were suspected to be either
Erwinia, Xanthomonas, Pseudomonas or Agrgbacterium.

1.3 Colonies on YNC agar

Whire colonies were observed on YDC agar, Since
Grwinia and Ranthomonas produce yellow colonies (Fig.
10) the bacteria were suspected to be either
Pgeudomonas, Erwinia or Agrobagterium.

1.4 Flyorescent pigment on KB agar

A fluorescent pigment was found in colonies grown on KB
agar. According to Figure 10 positive result for
fluprescence  indiestes that the bacterium was
Pgeudomonas .
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Pseudomonas causes numerous plant diseases with diverse
cymptoms, including vascular wilts, stem cankers, soft
rots, blossom and twig blights, leaf spots, tumovs or
galls (Schaad, 1980). However, these symproms were not
observed on infected guar plants, sc it was concluded
that this h~cterium was resident, but not the causal
agent of the disease.

2. INDICATOR PLANY STUDIES

2.} Mechaniral ipoculation

Results are presented in Table 7. Mechanical
inoculation, using infeeted leaf extvacts (Chapter 2,
4.2) of TX-79-2741 or IDPS varietie? om indicator
plants, gave di{fferant symptoms from the virus natural
guar hast. No symptoms were observed on guar plants
inoculated mechanically with infected guar sap.

The most common symptoms at 25°C and 30°C were
characterised by small neerotic ved lesions, appearing
5 days after inoculation followed by red veins and
chlorosis (Fig. 17). After 14 days virus symptoms weru
@ost severs. The symptoms were sometimes systemic
(observed on the first two leaves inoculatad and then
spread to mew leaves) in the following:

Phaseolus vulgaris vars, Wintergreen (Fig. 18),
Seminole (Fig. 21), Abundance (Fig. 26), Top crop (Fig.
13) and Golden podded wax (Fig. 22). Only on B.
wulgaris vars. Nep 2 (Fig. 11) and Contendex (Figs. 16
and 17) did the reasction appear at 30°C and was
restricted to inoculated leaves. This may indicate in
these planta the presence of a hypersensitive reactiom,
Leaf curling and malformation symptoms were observed in
Phaseolus vulgeris vare. Prince (Fig. 14), Double
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white settler (Fig. 15), Natal round yellow sugar (Fig.
24), Blue peter (Fig. 25) as well as Amanda, Bountiful
and Lazy housewife.

Most of the symptoms appeared at 30°C in a growth
cabinet with constant humidity (70 por cent) and light
(1500 lux) vonditions.

Many plants (Table 7), which developed symptoms at
30°C, did not show any symptoms at 25°C. Symptoms were
not produced in other Indicater plants, except
Yigna upguiculata and Lycopervsicum esculentum, i.e.
symptoms were mainly restricted to varieties of the
renera  Phaseolus. Therefore, host range studies
indicated that the guar virus may possibly be
restricted to viruses that infect the bean family.

Table 7: Symptoms_ on __indicator plants by
mechanical inoculation

Indicator host Symptoms produced by mechanical
inoculation
at_10°C at 25°C
Phaseolus vulgaris
var, Honroe No symptoms Red vein & chloresis
var, Amanda Leaf curling No symptoms
var, Nep 2 Hypersensitive No symptoms

reaceion of red
veln & chlorosis,
leaf curling and
death

var. Pern 0251 No symptoms No aymptoms

B




Indicator ho

st

Symptoms produced by wechanical
inoculation

at_30°C

at 25°C

Phaseolus vulga-is {(cont)

var. Sanilac

No symptoms

No symptoms

var. Diacol calima No symptoms Red vein & chlorosis
var. Top ¢rop Systemic red vein No symptoms

& chlorasis
var. Prince Leaf curling No symptoms

ver. Bountiful

Leaf curling

Red vein & chlorosis

var, Double white  Leaf curling & No symptoms
setrler malformated leaves
var, Pinto No sywptous No symptoms
var, Contender Hypersensitive No symptoms
reaction of red
vein & chlorosis
var. Wintergreen Systemic red vein No symptoms

& chlorosis.
Pods with red
spots.

var. Seminol,

e

Systemle red vein
& chlorosis

Ped vein & chlorosis

var. Golden
wax

podded

Systemic red vein
& chlorosis

Red vein & chlorosis




Indicatoxr host

Symptoms produced by mechanical

inoculation

at 30°C at 25°C
Phaseolus vulgaris (cont)
var. Canadian wonder No symptoms No symptoms
ver. Lazy housewife Leaf curling No symptoms
var. Gemuine Red vein & No symptoms
cornfield chlorosis
var. Natal round Leaf curling & No symptoms
yellow sugar yellowing
Phaseolus sp.
(Runnex beans)
var. Blue peter Leaf curling & No symptoms
mosaic
var. Everybearing  No symptoms No symptoms
var, Abundance Systemic red vein No symptoms
& chlorosis, leaf
curling, sterility,
no pods
Phaseolus sp.
(Broad beans)
Aquadulce No symptoms No symptoms
Chenopodium quinoa No symptoms No symptoms
Chenopodium
amaranticolor No symptoms No symptoms
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Indicator host

Symptoms produced by mechanical

inoculation

at 30°C at 25°C

Pisum sativum No symptoms No symptoms
Glycine max No symptoms No symptoms
Vigna unguiculata  No symptoms Red local lesions
Nicotiana No symptoms No sympie.s
¢levelandii

oriana No symptoms No symptoms
EIUELHOSS
Nicotiana No symptoms No symptoms

acum
var. Samsun
Lycopersicum Malformation & No symptoms
ggculentun blisters
Dagura No symptoms Yo symptoms
stromonium
Petunia hybrida No symptoms No symptoms
Vicia faba No symptoms No symptoms
Lupinus albus No symptoms No symptoms




Figure 11: Phaseolus wulgaris wvar. Nep 2 exhibits =
hypersensitive raction of red veins (RV) and
chlorosis (CHL) leaf cuxling (LC) and death
following mechanical inoculation at 30°C




P. vulgaris var. Top cvop exhibits
symptoms of necrotic lesioms (NL), red
veins (RY) and chlorosis (CHL) following
mechanical inoculation at 30°C.
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Figure 13; Systemic infection on P. yulgaris var. Top crop.
New leaves with red veins (RV) and chlorosis
(CHL) following mechanical inoculation at 30°C.

3
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Figure lh:

Flgure 15:

73
B. vulgaris var. Prince exhibits sywptows of
leaf curling (LC) and epinasty following

mechanical inoculation at 30°C

P. yulgeris var. Double white settler exhibits
symptoms of leaf curling (LC) epinasty and
malformated  leaves  following  mechanical
inoculation at 10°G




Vo e

Figure 16; 2. yvulgaris var, Contendex exhibits 2
hypersensitive reaction of red veins (RV) one
week after mechanical inoculation at 30°C
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exhibits a
(RV} and
mechanical

Figare 17: P. vulgaris var. Contender
hypersensitive reaction of red veins
chloresis (CHL) two weeks after
inoculation at 30°C
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. ulgaris var, Winrergreen exhibits symp-
+ o of red velns (RV) and chlorosis
Lt o onew leaves (systemic infection)

: . lowing mechanical inocculation ar 30°C

Fipure 18 (a & b
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Figure 19:
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P. vulgaris var. Wintergreen exhibits symptoms
of red veins (RV) and chlorosis (CHL) following
mechanical inoculakion at 30°C
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Figure 20: P. vulgaris var. Wintergreen exhibits malformed
pod with red lesions (RL) following mechanical

iroralatfon at 30°C




Figure 21: P. wulgaris var. Seminole exhibits systemic red
veins (RV) and chlorosis (CHL) symptoms om new
leaves following mechanical inoculation at 30°C
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Figure 22: P, yulparis var. Golden podded wax exhibits

(a) Systemic Ted veins (RV) and chlorosis (CHL)
following mechanical inoculation at 36°C

(b) Symptoms of malformation and blisters (BL)
on new leaves following mechanical inocula-
cion at 30°C
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Figure 23: P. vulpari{s var. Genuine cornfield exhibits
symptoms of red wveins (RV) and chloresis (CHL)
following mecharical inoculation at 30°C
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L]
we, L Figure 24 (a & b): E. yulgaris var. Natal round yellow sugar
at, exhibits symptoms of leaf curling (LO)
- epinasty  and  yellowing  following

mechanical inoculation at 30°C

- e




Figure 25

Phaseolus sp. (Runner beans) var. Blue peter
exhibits symptoms of leaf curling (LO), blisters
(BL) and chlorosis (CHL) following mechanieal
tnoculation at 30°C




e Figure 26 (a & b): Phageolus sp. (Runner beans) var. Abun-
. dance exhibits systemic symptoms of red
veins (RV) and chlorosis (GHL) on new
leaves following death after mechanical
inoculation et 30°C

9




Figure 27

Lycopersicum esculentum exhibits
malformation and blisters  (BL)
mechanical inoculation at 30°C

symptoms of

following




Flgure 28:

P. vulgaris var. Monroe exhibits symptoms of red
veins (RV) and chloresis (CHL} following
mechanical imoculation at 25°C. Some senescent
leaves were also observed
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Pigure 29: E. vulgaris var. Diacol calima exhibits
symptoms of red veing (RV) and chlovosis (CHL)
following mechanical inoculation at 25°C
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Figure 30

Figure 31

P. wulgaris var., Bountiful exhibita symptoms of
red veina (RV) and chlorcsis (CHL) following
mechanical inoculation at 25°C

T

P. vulgaris var. Seminole exhibits symptoms of
red veins (RV) and chlorosis (CHL) following
mechanical inoculation at 25°C




Figure 32:
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B. wulgaris ver. Golden podded wax exhibits
symptoms of red veims (RV) and chlorosis (CHL)
following mechanical inoculation at 25°C



8 s

Figure 33 (a & b): Vigna unguiculata exhibits symptoms of

red local lesions (LL) and chloroste
(CHL) folluwing mechanical inoculation at
25°¢c

ot S i ot et
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2,2 Trapsmission by aphids
Results are presented in Table 8. Aphid studies were

performed in a persistent and a non-persistent manner
(Chapter 2, 4.3). Indicator plants (Table 8) infected with
the persistent way of transmission show no symptoms, except
rolling and small blisters which appear also on control
plants tested with virus-free aphids. These symptoms were
due to feeding of the vector.

Symptoms of malformation of leaves and mosalc were
produced on the following indicator plunts, using the
non-persistent way of transmission: Phaseglus vulgaris
vars. Bountiful (Fig. 35), Double white settler (Fig. 36),
Prince (Fig. 37), Top crop (Fig. 38) and Glyeime max (Fig.
34). .

No symptoms were observed on guar plants using aphid
transmission from infected guar plants.

Because it was too difficult to maintain aphid cultures,
mechanical inoculation was preferred for virus transmission
during the research,
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Table 8: Syi.*oms on jndicator plants prod by ephid
traps; ssion
Indicator host Symptoms produced by ephid~transmission
Persistent Non-persistent
Glycine max No syaptoms Leaf malformstion

blisters and mosaic

Phaseglus vulgaris No symptoms Leaf malformation
var. Bountiful and mosaic
Phaseolus yulgaris Mo symptoms Leaf malformation
var. Dauble white and mosaie
settler

Phaseolus vulgaris No symptoms Leaf malformation
var. Prince and wosaie, white

necrotic lesions.

Phaseolus vulgaris No symptoms Leaf malformation
var. Top crop and mosaic
henopodium guinoa  No symptoms No symptoms

»
Cheaopodivry No symptoms No symptoms
amaranticolor
Pisum sativum No symptoms lio symptoms

var. Greenfeust

Nicotiana glutinosa No symptoms No symptoms
Nicotiana tabagum No symptoms No symptoms

var. Samsun

Nicotiana No symptoms No sywptoms
clevelandii
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Figure 34: Glyoine max exhibits symptoms of malforma-
tion, blisters (BL) and mosaic (M) follou-
ing non-persistent aphid transmission
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Figure 35 (a & b); E. vulgeris var. Bountiful exhibits
symptoms of malformation following
non-persistent aphid trausmission

e j
- N g {arrows)




Figure 36 (a & b): P. vulgaris var. Double white
settler exhibits symptoms of mosaic
(M} and malformation following non-
persistent aphid transmission




0 Figure 37: P. vuljaris var. Prince exhibits symptoms
vl o
(a) Valformacion and mosaic (M) following
nmm-persistent aphid transmission
N (5) white necrotic lesiona (NL)
1
1,
i
P




Figure 38 (a & b): B, yulgaris var. Top crop exhibirg
symptoms of wmalformation Efollowi: g
non-persistent aphid transmission
{arrows)
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2.3 Seed trapsmission

Guar varieties (Table 4) grown from infected seeds did
not show the symptoms of the virus disease ("Little
leaf", stunting and sterility). No visible difference
appearad between plants grown from infected and healthy
guar seeds.

Seeds were collected from pods of indicator plants
infected mechanically or aphid tranemitted (Tables 7
and 8) with the virus. Plants grown from these seads
appeared healthy, without any virus symptoms.

Mechanically inoculated Phaseolus wvulgaris var,
Wintergreen exhibited red necrotic lesions and produced
pods with red nacrotic lesions (Fig. 20). Seeds from
these pods exhibiting symptoms, when germinated, gave
rise to plants showing leaf malformation and chlorosis
(Fig. 39).
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SR Figure 39 (a & b): Malformated leaves and mosiac (M) of
e P. vulgeris var. Wintergreen grown

from infected seeds
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BIOLOGLCAL PROPERTIES OF THE VIRUS

Inoculation of infected guar sap ZDPS  onto
Phaseolus vulgaris var, Top crop indicated that the
longevity in witrg was 2 to 3 days, the thermal
inactivation point was 55°C to 60°C and the dilution
end point was 1077 to 10 "% Red local lesions
followed by red vein and chlovosis (Fig. 12) appeared
about 5 days after the imoculation.

b, VIRUS PURIFICATION

Fresh leaves of infected guar varieties TX79-2741 and
2DPS, brought from the Eastern Transvaal and showing
severe symptoms of "little leaf” stunting and
sterility, were found to be the moat suitable source
plants Ffor viruas purification. The virus particles
eould not have been observed in the electron microscope
after purification of frozen infected guar leaves
(-20°C), nor fresh guar leaves grown from infected
seeds and indicator plants infected with the guar
virus.

As asymptows om indicator planta suggestad that the guar
virus may be Baan common mosaic virus, Soybean mosaic
virus or other related potyviruses, purification
procedures were selected accordingly. Virus
purification f£rom infected leaf material were made,
using the procedures documented in Chapter 2, 6,
Procedure 1 (Chapter 2, 6,1) is known to be a most
successful method for isolating BCMY (Jafarpour et al.,
1979). Procedurs 2 (Chapter 2, 6.2) %8 a general
method for potyviruses (Pietewsen G, - pers, comm.) and
procedure J (Chapter 2, 6.3) is especially for BYMV
(Alper et al., 1984),

Compaxison of virus yields using procedure 1 and
procedure 3 showad that about 0.5mg per 100g of leaves
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wag obtained, Using procedure 2, a virus yield of

0.06mg per 100g of leaves was obtained.

The absorption spestrum of purified virus from infected

guar TX-79-2741 had a maximum an 260nm (0.12) and a
minimum at 246nm (0.11) (Fig, 40). The watio of
absorbance A260:A280 was 1.25 and the ratio of

4260:A230 was 0.7.

Pigeonpea leaves and pods were purified as well and

used in ELISA tests and polyacrylamide gel

electrophoresis.

5. DETEGIION OF _ VIRUS _PARTICLES _BY _ELECTRON
MICROSCOPY

Virus particles were scarcely obsexved im electron

microscope leaf dip preparations (Chapter 2, 8.3). MNo

vizus particles were observed in leaf dips from

infected guar varieties (Table ). Virus particles

could mot be observed in leaf dip preparations from

indicator plants infected mechanically (Table 7) or by
aphids (Tab.e 8) as well as infected pigeonpes.
Using leaf (Chapter 2, 8.2) from
mechanically infecred Phaseolus vulgeris var. Winter-
sreen pod (Flg. 42), long flexuous rods were observed
in the electron microscope.

squash preparation

Better observation of the virus particles was achieved
with purification of fresh guar leaves. The results
indicated that procedure 1  (Chapter 2, 6.1),
purificavion of infected guar TX-79-2741 and procedure
3 {(Chapter 2, 6,3), purificarien of infected guar ZDPS,
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Figure 40;

Wave length (nm)

Absorption spectrum of a purified prepara-
tion of virus (Jafarpour et al., 1979)
maximum at 260mm and minimum at 246nm




gave the best isolation of particles (Fige. 41(a¥h)43).
Virus-like particles from purified infected pigeompea,
using purification procedure 3, were observed in the
electron microscope (Fig. 44).

The micrographs showed the virus to he a long flexuous
rou-shaped virus. The mesn width and length of 30
particles was measured and calculated according to the
following formula:

Size of particle (mm) x 10%mm
Size of priat

* magnification
Size of negarive

No standards were used in particle length determina-
tion. Particles were on average 750mn in length and
15nm in width., The particle dimensions cbtained from
infected guar (Figs. %1{a&b), 43(a&b)) and mechanically
infected indicator plant, P. vulgaris var. Wintergreen
(Fig. 42(a&b)) was similar, showing that the guar virus
was transmitted successfully. Virus-like particles
were observed in a purified pigeonpea preparation (Fig.
44), These particles were also flexuous and were 630mm
long and l0nm wide.

The particles were isolated {n low numbers, indicating
that the virus probably accurs in relatively low
concentrations within the plants.

Yo virus particles were observed using thin sections
(Chapter 2, §.6) and immunoelectrommicroscapy (Chapter
2, 8.8). Imclusir. hadies were mot observed in light
microscopy using - - aethod described in Chapter 2,
8.7,
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Figure 41 (a & b)

(a) Magnification
%29, 000

(b) Magnification

- . x 58,000
o7
i
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i
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An electron micrograph of guar TX-
79-2741 virus particles following
purification procedure 1 (2 per cent
PTA)
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Figure 42 (a & b): An electron mierograph of virus
particles from infected pod of
Phaseolus yulgaris var. Wintergreen
with red spots (Fig. 20) (x47,000; 2
per cent PTA)
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Figure 43 (a & b): An electron miccograph of virus par-

tieles  following  purification
procedure 3 of infected guar ZDPS
(a) (x58,000; 2 per cent PTA)

(b) (x117,000; 2 per cent PTA)




Figure 441 Au .electron micrograph of virus-like
particles following purification procedure
3 from infected pigeonpea (x47,000; 2 per
cent PTA)




6. SEROLOGY

6.1 Grid titration

los

Table 9: Grid titration
T
snciserus LSOO 1:3000 11500 1 1:500 142000 iS00 | L1500 1:1000 L1500 | hufser
|
conjugare 13000 ’ 152000 15000
i
110 L6 as L5 | 0851 0753 0.9% | 0,618 0.65%  0.907 | 1,068
. | f
¥ ouw R I e R
3
FRR L2285 Lass 1985 [ 0750 0.9% 1w | 075 0.685 0.2 { 0778 .
g -
180 1260 L1478 1SS | 0732 0.860  L.0% | 07 0.6 0.756 | 0,877
1180 0402 0.578  0.673 | 0248 0.36  O.444 | 0,490  0.492  0.450 | 0.3
1040 0193 0.0 0,663 | 0,72 0.0 0,47 | 0,488 0570  0.638 | 0514
§
Rl 087 0198 0,505 | 0.222 0,258 0527 | 0,383 0516 Ok | 0,167
i B
= uw 0,229 0300 0.670 | 0,298 035 0499 | 056 0577 0.508 | 0,305

The following
Infected and healthy sap of guar 2DPS in the following

dilutions with coating buffer:

1:10, 1:20, 1:40, 1:80,

concentrations of reagents were used:

Antiserum BCMY in the following dilurfoms with PBS-TPO
1:500, 1:1000 1:1500.

Protein

A-Alkaline

phosphatase

following dilutions in PBS-TEO:
1:1000, 1:2000, 1:5000,

conjugate

in  the




Coating buffer with the following dilutions of
Ab/conjugate:

500/1000, 50072000, 500/5000, 1000/1006, 1000/2000,
1000/5000, 1300/1000, 1500/2000, 1300/5000.

Accoxding to Table 9, the best dilution to woxk with
were:

ag 1:20
Ab 1:1500
Gonjugate 1:1000

6.2 F(ab')z BLISA

Six h Llthy indicator plants and six mechanically
infected indicator plants (Table 10} were tested in
F(ab‘)z ELISA accovding to the method described in
Chapter 2, 9.4, The following entisera were used;
BCMV, BYMV, SBMV,
The results are shown in Table 10 The following
um sativum and

samples: mechanically inoculated
infected Double white settler were BCMY positive.
Mechanically inoculated Pisuym gativum alsc appeared to
te positive for BYMV even though it was symptomless.
Infected guar sample was positive to BCMV apd BYMV.

6.3 INDIRECT ELISA

6.3.1 Crude of guar varieties

Different pguar varieties leaves were tested in the
indirect ELISA method (Chapter 2, 9.3) and the results
are presented in Table 11, The concentrations of the
antigen, antisera and Protein A-Alkaline phosphatase
used in this test was accurding to the results in grid
titration test (Chapter 3, 6.1).
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Table 10: E(ab'),ELISA meadings

Sample BOMY. BYMY SBMY
Mechanically inoculated

Bisup gativum 0.710 0.788 3,225
nfected Prince 3 0.114 0.351 0,035
Infected Prince 2 9.168 0.268 0,035
Infected Top crop ¢.112 0.165 0.058
Infected Bountiful 0.113 06.332 0.024
Infected Double

white settler 6.800 0,307 0,075
Infacted Guar TX-79-2741 _ 1.204 1.077 0,323
Healthy Pisum sativum 0.199 0,181 0,012
Healthy Prince 3 0.052 0,134 0,001
Healthy Prince 2 0,131 6.189 0,025
Healthy Top crop 0,103 0,085 0.018
Healthy Bountiful 0,085 0.293 0.026
Healthy Double

white settler 6,091 0.236 0,012
Healthy gusr TX-79-2741 0,164 0.222 0,290
Positive Control 1.999% 1,172 0,411

A405 values of samples im F(ab‘)z ELISA after 30
minutes enzyme hydrolysis.

*  Values had gone off absorption scale

the rorulte ghowed that all guar varleties (Lewis,
j B TX-79-27"1, ZDPS and HSB-130) were positive to BOMV and
LA SMY.

; 6.3.2 Pupified leaves and pods of guar
4 Purified healthy and infected leaves of guar ZDPS using
the three purification procedures (Chapter 2, 6.1, 6.2




and 6.3), as well as healthy and infected guar pods
were tested with the indirect ELISA method, Virus
samples were diluted 1:40 in coating buffer. The
following entisera: BCMV, BYMV, SMV, PVY and TRSV ware
diluted 1:1500 in  PBS-TPO. Prorein  A-Alksline
phosphatase was diluted 1:5000 in PBS-TPO. The results
are presented in Table 12.

Purified guar virus preparations were positive to BCMY,
BYMV, SMV and PVY. Positive results were higher for
purified virus, using purification procedure 1 (Chapter
2,6.1).

6.3.3 Crude extracts of pigeonpea

Infected pigeonpea ssp, serially diluted in coating
buffer (Table 13) as well as healthy pigeonpea sap were
tested in indirect ELISA method. The antiseva BGMV and
BYMV were diluted 1:1500 in PBS-TPO and protein
A-Alkaline phosphatase 111000 in PBS-TPO. The vesults
are presented in Teble 13. Infectcd plgeonpea was
positive to BCMY and BYMV,

6,3.4 Comparisen between protein A-plkaline
h and GAR Alkaline ph e in

indircot ELISA

Infected and healthy sap of guar ZDPS were tested by
indivect FLISA, BSamples weve diluted 1:20 in coating
buffer and the following antisera BYMV, SMV end BVY
diluted 1:1500 in  PBS-TPO, Protein A-Alkaline
phosphata~: and GAR Alkaline phosphstase diluted 1:1000
in PHS-TP0 weve compared. Results are presented in
Table 14. TInfected guar veadings were higher with
Protein 4 - the healthy control was lower than with
GAR,




Infected sap

Healehy sop

Table 11: Indirect ELISA veadings of guar verieries
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SAMPLE BOMY SHV SBMY
Tewis green sterile 0.662 0.680 0.081
TX-79-2741 Chlorotic 9.553 1.369 0.095
TX-79~2741 stunting 0.535 1,284 0.080
TX-79-2741 green gterile 0.619 0.394 0,056
ZDPS "lirtle leaf" 0.554 0.859 0,098
HSB - 130 grveen sterile 0.649 0.672 0.087
ZDPS - green sterile 0.318 0.323 7.085
Lewls 0.125 0,137 0,066
HSB-130 0,100 0.113 0.081
TX-79-2741 0.126 0.143 0.064
ZhPS g.150 8.150 0,075
Buffer control 0.060

Abgorbance readings are means from six replicates




Table 12: Indirect ELISA readings of purified puax virus

SAMPLE BOMY. BYMY SHy PVY TRV
Purified virus from infected guar
ieaves ZDPS ( 1) 0.792 0,633 0.608 4,590 8.232
Purified healthy leaves of guar
2DPS ¢ dt 1) ' 0,179 0,151 0.183 0.157 0.173
Purified virus from infected guar
leaves ZDPS ( il 2) 0,202 0,234 0.239 0.212 0.235
Purified healthy leaves of guar
ZDES ( 2) 0,134 0.153 0.144 0.148 Q.117
Purified virus from infected guar
leaves 2BPS ¢( e 3) 0,384 0.320 0,375 0.368 0.212
Purified healthy leaves of guar
2DP§ ( 3) 0,187 0.142 0.122 0.127 0.096
Purified virus from infected guar
pods ZDPS ¢ 3) 0,324 0,331 0,358 0.352 0.282
Purified healthy pods of guar
ZDPS ( 3) 0,188 0.176 0,163 0.171 0.139
Buffer contyols 0,046 0.044 0.043 0.446 4.044
-
4
. T e .
4 . .
N '
. - ! . :
Y .
’
oo
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Table 13: Indirect ELISA readings of pigeonpea

Infected Pigeonpe Heglthy Pigeonpea A
Sap s

diluti BOMY BYMY BOMV BYMY

1:5 0.402 0,745 0.093 0.328

1:10 0.610 0.848 0,107 0,247

1:20 0.715 1.199 0.113 0.286

N

1:40 0.765 1.254 4.118 0,299

1:80 ¢.780 1,246 0.11¢ 0,298

Buffex control 0.072

Table 14: Comparjson between Protein A-Alkaline
h, conjugate and goat anti-rabbit

conjugate in indirect ELISA

Protein A GAR
Healchy Infected | Healthy Infected
i LIRS
g B 0.187  0.408 | 0.259 0,260
sy 0.123  1.491 | 0.206  0.307
tro T VY 0.095  0.226 | 0.125 0,127
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6.4 Plate-vrapped antigen (PTA) ELISA
6.4.1 Crude extracts of guar vapieties and pigeonpes .

Different infected varieties of guar leaves were tosted
in PTA-ELISA, (As well as infected pigeompea) (Table
15). As controls, healthy guar varieties and healthy
pigeonpeas wera tested. Crude sap (5ml/lg leaf) was
used undiluted, The following unfractionated antisera
diluted 1:1000 in PBS-TPO were used: BGMV, BYMV, TRSV,
Protein A-alkaline phosphatase 0.025u/ml in PBS-TPO was
added. Results are presemted in Table 15. Infected
guar varieties and infected pigeonpea were positive to
BCMV, BYMV and TRSV. ~

o
5
E]

e oo

P
P

6.4.2 Purified guar leaves and pods and purified
pigeonpea

a5

Purified virus samples from infected guar leaves and
pods, as well as leaves from infected pigeompea, were

tesred in PTA-ELISA. Healthy controls were alsa

tested. Virus ssmples were diluted 1:40 in coating

buffer. BOMV and BYMV were diluted 1:1000 in P3S-TPO. w
Each antiserum from two different sources. Protein

a-Alkaline phosphatase conjugate was diluted 0.025u/ml

in PBS-TPO, Results are presented in Table 16.

Purified virus samples from guar and pigeonpea were
positive to BCMY and BNV,

6.5 De'_ction of virus in aphids by ELISA

There was no difference in sbsorbance readings between
viruliferous and non-viruliferous aphids, using the
indirect ELISA method.




Table 15: PTA ELISA readings of guar varieties and
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pigeonpea
SAMPLE BCMV BYMV TRSV
Infected guar Lewis 0.276  0.385 0.269
Infected guar ZDPS 6.432  0.604 0,413
Infected guar ZDPS

("Lictle leaf") 1.426  1.587 0.577
Infected guar HSB-130 1.252  1.426  0.589
Infected pigeanpea 1.621 1,461 1.212
Healthy guar Lewis 0.241  0.256 0.186
Healthy guar Z0PS 0.185  0.216 0.158
Healthy guar ZDES 0.157 0,165 0.159
Healthy guar HSB-130 0.120  6.175  0.132
Healthy pigeonpea 0.153  0.131  0.166
Buffer controls 0.036  0.042 0,045




Table 16: PTA ELISA readings of purified virus from guer and pigeonpea

SAMPLE BOMY BYMY
ENGLAND G PIRTRRSEN ENGLAND __G_PIETERSEN

Purified virus from guar pods

(Alper et al., 1984) 1.700 0.972 1.731 1.959

Purified virus from guar leaves

(Alper et al., 1984) 0.786 0.773 2,242 1.999

Purified virus from guar leaves

(Jafsrpour et al., 1979) 1.999 1.999 1,999 1.999

Purified virus from pigeonpea leaves

(Alper f al., 1984) 1.030 0,951 1,178 1.725

Purified BCHV 1.999 1.997 0.116 0.117

Purified healthy guar pods

(Alper et al., 1984) 0.138 ¢.139 4,137 0.148

Purified healthy guar leaves

(Alper gt al., 1984) 0.137 . 0.145 0.132 0.136

Purified healthy guar leaves

(Jafarpour et al., 1979) 0.132 0.148 0,135 0.131

Purified healthy pigeonpea leaves

(Alper gt al., 1984} 0.131 0,138 0.136 0.133 -
B

Buffer controls 0.085 0,071 6.051 8.062




e

7. POLYACRYLAMIDE GEL ELECTROPHORESYS

*.1 Egtimagion of the molecular wveights of viral
proteins

The log 10 of warkers of known molecular weight was
plotted against distance migrted by the proteins (in
mv. In this way a standard curve was constructed from
which the unknown molecular weights of the viral
profein bands could be determined (Fig. 48).

SDS-FAGE  of semi-purified infected guar ZDPS leaf
extraces tlanes 6 and 7) revealed several polypeptides
net presented in healthy leaf samples (lanes 4 and 5)
‘Fis. 45). Lane 10 is semi-purified BCMV, An upper
rand of 55,000 dalrons was nbservsd i{n infected guar as
ds appearing at 7-48,000 dalrons, 43,000
ons,  36-37,400  daltons  and  33-34,000 daltons
zelecular weight. FL-e polypeptides bands were also
~hserved from infected pod extracts (lame 5) but not
from healthy pods tlane 43 (Fig, w6}, An upper band of
f,449, daltons followed by two bands between 36 and
dastons and two lower bands (23,000 and 26,000
daltensr were ohserved,

sy
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Ten per sent Polyacrylamide gel of imfected
and healthy guar leaves

lane 1
lane 4

lane 5

lane 6

lane 7

land 10

Molecular weight markers (X 10%)
Healthy guar leaves ZDES
(purification procedure 3)
Healthy guar leaves ZDPS
(purification procedure 1)

Infected guar  leaves  ZDPS
(purification procedure 3)
Infected  guar  leaves  ZDPS

(purificarion procedure 1}
BCMV - England
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Figure 46: Five to Ffifteen per cent Polyacrylamide
gradient gel of infected and healthy guar
pods "

lane 1 Molecular weight markers (X 10%)

lane 4  Healthy guar pods (purification
procedure 3)

lane 5 Infected guar pods (purifieation
procedure 3)
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7.2 Immung-elsctro blot

Purified virus (purification procedure 1) preparations
from infected guar plants ZDPS and purified BOMV were
run on PAGE gels (Fig. 47). Gele were treated with the
following santisera: BCMV, BYMV, SMV and PVY,
smmunoblots with BCMV antiserum showed strong binding
to several polypeptide bands of BCMY (Fig. 47) mainly
one at 26,000 daltons and two bands at 34-35,000 and
36-37,000 daltoms moleeular weight., Infected guar
samples (lame 2y fig. 49) exhibited strong binding of
BCMV antiserum to polypeptides with a molecular welght
of 33-34,000 and 36-37,000 daltons and the upper 535,000
dalton band, Little or no binding was observed in the
healthy guar leaf (lama 1, Fig. 49). Strong specific
binding was again observed, to polypeptide bands at
33-34,000, 36-37,000 and 55,000 caltons from infected
guar leaves (lane 2), employing PVY (Pig. 50), BYMV
(Pig. 51) and SMV (Fig. 52).
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Figure 50: Immunoblot of purified bealthy (H) and *

infected (I) guar preparations using PVY

(1:200 in

lane 1
lane 2
lane 3

PBS) antiserum
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Dmunoblot of purified healthy (H) and
infected (I) guar preparations using BYMV
(1:200 in PBS) antiserum

lane 1 healthy guar
lane 2  infected guar
lane 3 BCHY
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Inmunoblot of purified healthy (R) ard
infected (I) guar preparations using SMV
(1:200 in PBS) antiserum

lane I healthy guar
lane 2 infected guar
lane 3 BOWY
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CHAPTER &

DISCUSSION AND CONCLUSION

Although the symptoms of the disease of Cyamopsis
fatrsgonoloba (guar) in South Africa appeared to be of
a viral nature, preliminary tests for the identifica-

tion of bacteria were carried out. A bacterium
identified as Pgeuydomonas {(Chapter 3, 1) was isolated
from infected guar leaves. None of the symptoms

associated with this bacterium, e.g. vascu .- wilts,
stem cankers, leaf spots, soft rots, tumors or galls,
blossom and twig blights were observed on infected guar
plants. It was thus concluded that this bacterium was
merely tesident and not the causal agent of the
disease. Consequently this investigation was aimed at
elucidating the viral nature of the disease using
techniques such as host range studies, virus
purification, electron microscopy and serology. From
these studies a potyvirus has been shown to be
associatad with the virus symptoms of "Green sterile"
and "Little leaf",

Many trials were made to establish the optimal growth
conditions of the guar plant (Chapter 2, 1). Deep pots
were used in order to allow long guar roots to develop
properly and high temperatures (28°C-30°C) were found
to be essential for the guar growth, Although these
optimal conditions were wmaintained, guar plants

d in growth i , were about 30em in
height, compared to im height for those growing under
field conditions, Plants grown from seeds obtained
from infected guar pods did not express the virus
symptoms. In fact, there was no difference in
appearance between healthy and infected guar grown from
seeds .
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Table 17: Varieties in South Africe tested and being
tested for I-Geme (G. Pietersen pers. comm.)
Dominant Recessive
I-Gene I-Gene
Resistance No Resistance Be22 Gene
Nep 2 Heuningberg Teebus
Kemberg Majuba
Nuweveld Bonus
Carioca Natal speckled
440 Skurwebarg
Seafarer Broadacres
Teop crop Umvoti
Contender Lazy housewife
Wintergreen
Cape
av 2
Harvester
Seminole
Strike
Unknown
Witsa
Blue peter
Flo
Foxté
Lebrador
Provider
B A
£
.
.-
. .
f .
,




Since only 30 per cent of guar seeds (Fig. 5) were able

to germinate, its possible that these may be the
healthy seeds which do not carry the viras. Therefore,
it was necessary to use fresh material, i.e. guar

plants showing symptoms of "Little leaf" and "Green-
which were brought frem the field in the
Eastern Transvaal. When frozen guar leaves, or guar
plants grown from infected were used, ELISA
tests, host range inoculation and purification did not
show satisfactory results.

sterile”

seeds,

No symptoms were observed on mechanically inoculated
guar using infected guar sap, however, indicator plants
Erom

inoculated mechanically, using sap (extracts)
infected guar, developed symptoms of red necrotic veins
and chlorosis (Figs. 11, 12, 13, 16, 17, 18, 13, 21,

22a, 23 & 26) after one week,
a sap transmissible agent. Symptoms were produced only
at temperatures of 30°C and most of the indicator
plants falled to produce symptoms at 25°C (Table 7).
Symptoms were almost restricted to varieties of the
genus Phaseolus, which indicates that the guar virus
may possibly be restricted te viruses that ir.ect the
bean family. According to Table 19 the following bean
varjeries which had been used in our investigatiom have
B. vyulgeris vars. Nep 2, Top crop,

inplying the presence of

1-gene resistance:

Contender, Wintergreen and Seminole. The I-gene
cesistance dimplies that below a temperature of 29°C
these varieties would not exhibit symptoms when
challenged with BCMY p, ypas and & hy itive

redction would only occur at temperatures above 29°C
(Kyle et al., 1988). In our investigation, Nep 2, Top
crop, Contender and Wintergreen indeed showed symptoms
only at a temperature of 30°C (Table 7), theveby
suggesting that a hypersemsitive reaction had occurred.
However, on Top crop, and  Seminole,
symptoms also became systemic (Figs. 13, 18 and 21) and
only on Nep 2 and Contendexr was the reaction restricted

Wintergreen




to inoculated leaves (Figs, 11 and 17). These results
indicate that the virus causes a hypersensitive
reaction in some varieties at certain temperatures, but
in others the symptoms spread to uninoculated leaves
and it would appear thar the virus isclated in this
study does not behave exactly in the same manner as the
BCMV pathotypes tested by Kyle et al. (1988). In the
case of SMV or BCMV pathotypes NL-3, NL-5 and NL-8
tDrijfhout, 1978) the hypersensitive reaction is
independent of temperatures which differs £rom the
ocher potyviruses, e.g. Blackeye cowpea wosalc virus,
Cowpea aphid-borne mosaic virus, Watermelon mosaic
virus-2 and most pathotypes of BOMYV (Kyle, 1988). It
would, therefore, appear that even within the potyvirus
group there is a range of symptoms with respect to the
I-Gene reaction. Kelly et al., (1982) reported a new
RCMY strain associsted with the Sanilac ev. Electron
microscope studies revealed Cthe presence of the
flexuous rod-like virus particles characteristic of
BCMV in leaf tissue inlected with the new strain. The
new strain induces systemle top necrosis at welatively
moderate temperatures (24 to 26°C), in commercial
cultivars carcying l-Gene vesistance, The new strain
which overcame the dominant I-Gene resistance found ita
way to Europe via snap bean seed multiplications by the
Europeans in East Africa (Silbernagel ey al., 1982).
Genotypes with dominant I-gene will progress from
necrotie local lesion to spreading veinal neerosis on
the primary leaf ("road map™). In our investigation
indicztor plants which have the I-gene and were
infected with the guar virus showed symptoms of veinal
neercsie only at 30°C, meaning that the guar virus has
not overcome the I-gene resistance,




Symptoms of red vein necrosis and
chlorosis, ctrling and malformation were similar to
those described by Bos (1971) for BCMV. He indicated
that the nature and severity of symptoms vary greatly,

depending on cultivar, time of infection and

environmental conditions. French bean (Phaseolus
vulgaris) is the common natural host. Sensitive

eultivars may show a reddish rugose mosaic, rolling or
eurling (Bos, 1971), According to Bos (1971) BCMV
produces no obvious local reaction in Chenopodium
gquinca or ¢. amaranticolor, while Vicia faba and Pigum
sativum have been reported to be immune to BCMV.
Contradictory to Bes (1971), Noordam (1973) found G,
quinoa a highly susceptible local lesion host of BOMV,
Such diffevences in observation mey be attributeble to
variable reactions of the B(MV strains. According to
Drijfhour (1978), there are 15 strains of BCMV.

The rsaction of certain P, wylgaris indicator plant, to
the isolated virus from guar, was not similar to the
loecal stwain of BCQMV  (B. Eddington, personal
communication). Noticeably P. vulgaris var. Sanilae ig
susceptible to BCMY, producing necrotic lesions or
necrotic veins and chloxosia, and P. yulgaris cv. Peru
0251 is hypersensitive to BOMV above 26°C. In this
ctudy, Sanilac and Peru 025. exhibited no symptoms at
either 25°C or 30°C. Comparing the virus to local RCMYV
strains may be useful. The uppropriate comparison will
be to strains prevalent in the area where the guar seed
was produced.

Comparisons of symptoms induced by the guar virus in
the Eastern Transvaal with cther reported viruses were
established. Top necrosis s a virus disease of guar




first observed by Chester in 1944, The leaf symptoms
are yellowing, stunting, occasionally vein-clearing or
a faint oak-leaf pattern and still moxe rarely, a light
chlorotic mottling, Small chlorotic depressions on the
leaflets became necrotic as the leaves became older
{Cooper, 1949}, An unidentified mosaic virus of guar,
found in 1973 in Maricopa Country f£ield in Awerica
sxhibits mosalc mottling on leaves plus a reduction in
the size of leaves and growth, as well as almost total
suppression of seed pods (Streets, 1948), These
symptoms were similar in some reepects, i.e. reduction
in leaf size and pods suppression to the symptoms in
this study, which infected guar plants exhibif,

“Guar symptomless virus" has been so named since
naturally infected and inoculated guar plants remained
symptomless. According to Hansen and Lesemann (1978)
this virus induced red lesions on the inoculated leaves
of §. amaranticolor, In this investigation symptoms do
not develop on C. amaranticolor and the naturally
infected guar exhibits "Green sterile" and "Little
leaf” symptoms. Since the causal agent was nok
ve-isolated from the indicator bean plants, further
transmission studies to other indicator hosts such as
tomato and other cowpea varieties may prove useful.

Aphid transmission performed using Myzus persicae
{Sulzer) to several P. vulsaris varieties (Table 8)
showed that the virus was transmitted non-peraistently.
P, yulgaris varieties (Figs. 34-38) exhibited
malformation and moaale aymptoms following the
non-persistent aphid transmissions, BCMV, as the guar
virus is also transwitted non-persistently by aphids
(Zettler and Wilkinson, 1969). No symptoms were
obsexved on healthy guaxr plants challenged with the
virus, using aphid tranemission. The mosaic virus
isolated from the Maricopa Country fields in America is




also suspected to be tramsmitted by the cotton or melon
aphid (Aphis gossypii) which is also able to transmit
bean mosaic virus (Streets, 1948). No further work on
this virus has been veported. Since aphid transmission
studies were ' erformed using only Myzus persicae, it
would be usef to catch aphids in the guar fields and
use these in .ransmission studies.

From the studies so far it would appear that the guar
virus is neither mechanically nor aphid transmitted to
guar but  is transmitted chiefly to certain
Phaseolus sp. vars. Monroe, Amanda, Diacol calima, Nep
2, Top crop, Primce, Bountiful, Double white settler,
Contender, Wintergreen, Seminole, Golden podded wax,
Lazy housewife, Genuine cornmfield, Natal round yellow
sugar, Blue peter, Abundance and Glycine max (Tables 7
and 8). Since aphid transmission and
transmission yielded different symptoms, and
infected pods from var. wintergreen, when germinated,
give plants with leaf malformation and chloresis but
not red veins, there is a possibility of more than one
virys strain. Tranamission studies from infected guar
to healthy guar were unsuccessful, but perhaps symptoms
only appear later on mature guar plants in the field
(Im height) and not on small guer plants grown in pots
in growth cabinets.

mechanieal
since

Biological properties of virus were slso used as a
guide in  identification. Eatimation of thermal
inactivation point (T.L.P.,), dilution end point (D.E.P)
and  longevity in (L.1,V) were made using
Phaseolug vulgaris var. Top crop. The T.L.P was
batween 55°C and 60°C, the D.E.P between 1073 . 1074
and L.I.V wag two to three days.

vitro




The results for the biological properties correspond to
those documented for BCMV by Bos (1971): The T.I.P. is
usually about 60°C but can vary depending on virus
source, strain and environmental comditions., The
D.E.P. 1is between 1072 and 10"% and sap retains
infectivity at room tempterature fur one to four days.

Seed transmission was only achieved through mechanical
inoculatim of P. vulgaris var. Wintergreen (Fig. 39).
It must b2 pointed out that only a proportion of seeds
from infected pods were able to germimate. The heavily
infected pods exhibits 50 per cent necrotiec, wrinkly
seeds (Fig. 5°, which do not germinate and may well
carry the virus. Indirect ELISAS (Tables 11 and 12)
also indlcate a positive reaction of infected guar pods
with sevimal potyvirus antisera, namely BOMV, BYMV, PVY
and SMV. It appears, therefore, that about 30 per cent
of the seeds are sterile and virus-infected, as is the
-t symptomless virus (Hansen and Lesemann,

Leaf dipe f=om infected _caves failed to show the

presenca © -iral particl. . possibly due to low virus
Purificav.on methods and with £resh

re both su:zessful, Using purification

i+ ieveloped ny Jafsrpour et al. (1979) and

‘1) raspectively, virus yields of 0,5mg
Tes were obtained.

Alper pe
per 100

The absorntio~ spectxum of purified virus (Fig. 40) had
a maximum g 260mm and a2 winimum et 246nm. The
Alr}:A280 war 1,25 and the Amax:Amin was 1,11,
©ording  to Hollimgs and Brime (1981) the wu.v
orbance eetra  of potyvirtses ave typieal of
nusleoproteins, with a maximum ac 260 to 262nm and




minimum at 240 te 246nm. The A260:4280 ratiocs of
1.14-1,25, end Awmax:dmin rarios of 1.11-1,27 are
typical of nucleoproteims containing five to six per
cent nucleic acid.

The vield of virus was low (0.5mg per 100g of leaves),
probably because of aggregation with host protein and
large amounts of phemolic compoundd and polyssecharides
in mature guar plants. Bos (1971) also repocted the
sedimenting of BCMV in association with chloroplasts.
Most reports for purification of potyviruses indiczte
that only small amount of virus can be obtained and
that methods for purifying one virus cammot be applied
to other members of the same grc.p. The advantage of
Alper ge al. (1984) purification method 3, compared to
Jafarpour at al, (1979) purification method 1, was the
use of very small amounts of leaves (20g). It must be
emphasised that purified virus could be achieved only
when unfrozen infected leaves from the field ware used.
Many attempts which were made to purify the virus from
frozen leaves or leaves from plants from infected seeds
growing in growth cabinet, were unsuccessful. Probably
the guar virus is unstable during freezing and the
infected seeds which germinate may not contain the
virus.

The purification procedures of Jafarpour et al, (1979)
and Alper gt al. (1984) yielded flexuous virus
particles of 750nm length and 1Saw width (Figs. 41 and
43) which bear close resemblance to members of the
potyvirus group. The best prepavations were obrained
by staining with two per cen. phosphotungstic acid
rather chan with two par cent uranyl acetate.

Hangen and Lesemann (1978) found in negatively stained

crude sap from infected guar, elongated flexuous
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particles with a length of 76lnm and a width of L2nm.
Particle properties of other guar viruses (Chapter 1,
1.5) have not as yet been reported.

Ultra-thin sections from infected guar leaves and
indicator plants infected with the virus did not reveal
the presence of the virus, nor inclusion bodies,
possibly due to low virus concentration. Inclusion
todies may accumulate at a certain stage of virus
infection in some cells only, so further imvestigation
at the appropriate stage may yet reveal these bodies.

Light microscopic examination of inclusion bodies was
unsuccessful and further work in the area needs to be

done.  According to Hansen and Lesemann (1978}
ultra-thin sections from guar infected with “guar
symptomless  virus’, ravealed inclusion  bodies

containing pinwhesl and seroll slements.

The sensitive technique of immume electron microsocpy
alse failed ko detect the virus., IEM, with several
viruses, for example bean yellow mosaic and baan common
mosaic viruses, has failed to improve detection,
compared to conventional electron microscopy (Milne,
1980). Bean yellow mosaic sud bear common mosaic
viruses are morphologivally and biologically similar to
virus particles isolated frowm infected guer ir thig
study.

According to Cohen gt al. (1982) the effieiency of
trapping of four viruses tested depended markedly on
the pH of the virus extract. They suggest that for
each virus aad host the extraction and testing
procedures have to be worked out separately. According
to Milne and Luisoni (1977), many variables can be




tested in the various methods described (Chapter 2,
8.8), involving fncubation times of the serum or the
virus, their optimal tions, the ti of
incubation and influence of agitation. In our
investigation IIM was performed only on sam;les where
no potyvirus was observed (frozen materlal). The
potyvirus were found only in extraction from fresh
field wmaterial with which TIEM could have been
successful. Unfortunately fresh leaves were mot
available throughout the year,

Since symptoms on indicator plants, mode of
transmission, biological properties and particle
morphology indicated that the guar virus may belong to
the potyvirus group, serological relationships wers
studied, using antisera from various sources.
hccording to Hollings and Brunt (1981), a virus is
considered to be a definitive wmember of the potyvirus
group if ir

{1) has filamentous particles of characteristic size
and properties;

(2) is transmitted non-persistently by aphids

{3} induces the formation of characteristic
cytoplasmic inclusions (“pinwheels™);

(4) is clearly serologically distinguishable from
morphologically similar viruses.

Serological relationship to other definitive
potyviruses iz not an essential cviterion for
membership of the group.
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Figure 53

Serological relationships of some viruses in the potato Y group (adapted
Edwardson, 1974)
below diaganal-related

above diagonal-unrelated
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As indicated by Van Regenmortel and Burckard (1980),
the indirect FLISA procedure is better suited fox
diagnostic work because of its wide specifiecity. The
antisera which were available by donation in this
investigation are common viruses of the potyvirus
group, which infect bean plants. Indirect ELISAS gave
strongly positive absorbance reading for infected guar
varieties ZIDPS, HSB-130, Lewis and TX-79-2741 using
BCMY, BYMV, PVY and SMV antisera. According to Figure
53, these viruses are serologically related. The
results were positive, using crude extract (Table 11)
or purified virus preparation from leaves and pods
(Table 12).

The rapid and simple procedurs of PTA-ELISA with the
aid of unfvictionated antisera gave some positive
readings with BOMV and BYNV, using crude extract from
guar varieties (Table 15) as well as purified virus
(Table 16). Infected sap reacted with antisera to TRSV
(Table 15). This is a nepovirus and the possibility of
mixed infection should be investigated, According to
Mowat and Dawson (1967) the incubation regime adopted
is a compromise between the comvenience of performing
the test 2s a continuous operation and the meed for it
to be sensitive encugh to detect or identify the test
viruses. Yet, in this investigation there was mno
difference in vesults between indizect ELISA and this
shorter procedure, the PITA-ELISA, which was more
convenient and rapid.

Fiab'), BLISA gave also positive raading for infected
guar var, TK-79-2741 using BOMV and BYMV antisera
(Table 10).

bl L

"




According to Mowat and Dawson (1987) when virus-free
extracts of leaf vere tested by PTA-ELISA and F(ab'),
ELISA, using the same entisera, similar abscrbance
readings were obtained by both forms of ELISA. Anci-
sera was not available in sufficient quantity and hence
direct ELISA could not be dome and only broad antigenic
specificity could be found by indirect ELISAS,

Protein A-Alkaline-phosphatase was found to be superior
to Goat anti-rabbit conjugate. The pesitive readings
were higher with Protein A-Alkaline phosphatase using
the same antisera (Table 14).

There was no difference in absorbance readings between
virus-carrying aphids and virus-free aphids. Gera et
al. (1978) detected a viral antigen in aphids carrying
a non-persistent virus, even on a single aphid, with
ELLSA test and Tamada and Harrison (1981) found potato
leafroll virus in Myzus persigae. According to Tamada
and  Harrison (1981), the temperature affects the
behaviour of the virus and may cause rapid degradation
of potato leafroll virus particles in the gut at
257C-30°" than at 15°C. Since the aphids in our
investigacion were not kept under a constant controlled
temperature, the guer virus could have been degraded,

The strong serological relationship of the isolated
virus from guar to the following potyviruses: BOMV,
BYMV, PVY and SMV was confirmed with immunoblotting
(Fig. 47), where strong binding took place of BCMV
antiserum to polypeptide bands appearing at 33-34,000
daltons, 36-37,000 daltons end an upper 55,000 dalton
molecular weight, Similar binding, but not as strong,
was observed with PVY (Fig. 50) BYMV (Fig. 51) and SMV
(Fig. 52). From SDS-PAGE gels, five polypeptide bands
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present in infected guar leaves (Fig. 45) and pods
(Fig. 46) but not in healthy extracts, were observed.
From the molecular weights of BCMV proteins (34-35,000
and 36-37,000 daltons, Fig. 49) and BYMV (34,000
daltons, Alper et gl., 1984; Stein et 2l., 1986) and
SMV (30,700 and 29,244 daltoms, Diaco et al., 1986), it
appears as if the coat protein of the guar virus may be
the 33~34,000 dalton band which is consistent with these
potyviruses. The 36-37,000 dalton polypeptide band
appears in both infected guar and BCMV (Fig. 45 and
49), The slower moving band (55,000 daltens) may
pousibly be inclusion body proteins, as in the case of
BYMV, where two bands of 50-35,000 and 69,000 daltons
were shown to be cytoplasmic eylindrical inclusion
proteins (Alper et al., 1984). further
electyonmicroscoplcal investigations are necessary to
establish the presence of inclusion bodies in infected
guar.

However,

Pigeonpea plants which were grown in the edges of guar
field, showing symptoms of mosaic and sterility were
suspected to be a source of infection in guar.
Purification procedure 3 revealed virus-like particles
(Fig. 44). Purified preparations as well as crude
extract gave positive readings, using BCMV and BYMV
antisera {(Table 13 and Table 16). Sterility mosaic of
pigeonpea has been reported in the Indian subcontinen-
tal (Kamaiyan et gl., 1981) snd further imvestigation
has to be done to compare the virus from pigeonpea in
South Africa to those found in India, and to establish
vhether pigeonpea acts as a primary source for guar
infection under South Axican field conditions. The
manner in which such transmission takes place needs
also be be elucidated.




The morphology of the virus-like particles observed im
extracts of guar with "Green sterile” and "Little leaf"
symptoms is similar in structure to the potyvirus,
Yguar symptomless virus (GSV)", isolated from seeds
from India, Pakistan and the U.8.4. (Hansen and
Lesemann, 1978), However, red lesions developed on C.
amavanticolor with GSV and not with the "Green
stexile”, "Little leaf" guar virus. Host range studles
with Phaseolus vulgaris varieties were unsuccessful
with GSV, whereas the guar virus in Southern Africa was
transmissible to several P. owulgaris varieties.
Unfortunately researchers working on GSV did not check
for symptoms in guar under field conditions (Hamsen,
pers. comm.); so at present it is not possible to
ascertain the relationghip betwesen GSV and the virus
isolated in this study.

The disease of guar im Southexrn Africa is appazently
associated by a transmissible virus of the potyvirus
group, since antisera to several viruses of this group
veact positively with crude extracts of diseased
plants, Identification of the causal agent requires
fulfilling Koch's postulates, i.e. to isolate the
causal agent and to show that when reintroduced into
guar it causes the same disease. Since transmission in
growth cabinets were unsuecessful, field trials could
be carried out, Until such transmission to guar is
achieved, the definitive causal agent of guar "Sterile"
and "Little leaf" disease cannot ba established. The
only conclusion is that this disease is assoclated with
a BCMV-like potyvirus which was isolated from guar
plants (Fig. 41).

Since four antisera to varicus potyviruses reacted
positively to extract of diseased plants as mentioned
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previously, the possibility of a mixed infection by
BCMV and snother virus cannot be ruled ous.

BEstablishing virus purity and identity needs to be
carried out in the future.

o
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APPENDIX I
Medium 79 - for Rhizobium cowpea E group (Dr Beck -
vers. comm.).
5g Mannitol
0.25g K,HPO,
0.1g MgS0,- TH,0
0.05g Nacl
50ml ynnst extract (make up a stock solution 10g
yeast extract/1¢ distilied
water}
500ml distilled water. ~

The above were mixed together and autoclaved.

The Rhizebium cultures were kept on a gentle shaker in
25°C and tasnferred to a fresh medium every three
weeks.




APPENDIX 11

IDENTIFICATION OF BACTERIA (Schasd, 1980)

Ring's Medium B agay (KB)

per 1
Proteose peptone (Difco) 20.0g
K HPO, " 3H,0 2.5g
Mg50,,- 78,0 6.0g
Agar 15.0g
Glycerol 15, 0ml

Gram_stain

A thinly spread bacterial film was dried in air on &
clear slide and then flamed to fix the bacteria. The
smear was flooded with crystal violet solutfon for 1
minute, washed in tap water an dried. Then flooded
with iodine solution for 1 minute ani again washed and
dried, Decolorisation was made with athyl alcohol for
30 seconds, rinsed in tap water and counterstained with
safranin solution for 10 seconds, then washed again and
dried,

Hucker's smmonjum oxalate crystal violet

Solution A. Crystal violet (Difeo) 2.0g
Ethyl alcohol (95 per cent) 20, 0nl
Solution B. Ammonium oxalate (Fisher) 0.8g
Distilled water 80.0mt

Solutions A and B were mixed and filtered.
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Gram's modification ot Lugol's solution
Todine
Potassium iodine

Distilled water

Decolorizer

Bthyl alechol 95 per cent

Counterstain

Stock selution

Sagranin
Ethyl aleohol 95 per cent

Working solution

Stock solution
Distilled water

Nutrient agar (NA)

Beef extract

Peptone {Difen? -

Glucose

Agar

Yeast extract-deyzrose»cacoz {1IDC)

Yeast extract
Dextrose

Calcium carbonate
Ager

1.0g
2,08
300, 0ml

2.5g
100.0ml

20.0
20.0
15.0




Iodine
Potassium iodine
Distilled water
Decolorizer

Ethyl alcohol 95 per cent

Counterstain

Stock solution

Safranin
Ethyl alechol 95 per cent

Working eolution

Stock solution
Distilled water

Nutrient apar (NA)

Beef extract
Peptone {(Difco) -
Glucose

Agar

Yeast extyace-dextryse:Caco, (¥DG)

Yeast extvact
Dextrose

Caleiwn carbonate
Agar

Gram's modification of Lugoel's solution

1.0g
2.0g
300.0m)

2.5g .
100, 0ml




APPENDIX 11T
Buffers

1. o.oiM® Buffer, pH 7.0

200m1 glass distilled water was added to 0.35g K,HPO,
200m1 glass distilled water was added to 0.272g Ki,PO,

When dissolved, the K“2P°h solution was added to the
Y‘ZHPOQ solution till a pH of 7.0 was reached.

2, 0.3M Potassium h Buffer pH 7.2

500ml glass distilled water was added o 43.75g KyHPO,
500m glass distilled water was added to 34,005 KH,P0,.

The two solutions were mixed, the volume messured and
0.5 urea added as well as 1 per cen: NapSOy: 0.5 per
cent 2-wercaptoethanol and 0,05M EDTA.

The pH was adjusted to 7.2,

Approximately 1.2v) of this buffer was added to lg of
fresh plant tissue.

3. 0.025M Potassium Phogphate Buffer oH 7.2

500ml glass distilled watexr was added to 1.7g KHZPOA
500ml glass distilled water was added to 2.19% “z‘“’%

The two solutions were mixed, the volume measured and
1M urea: 0.1 per cent mercaptoethanol added and the
final solutlon adjusted to pH 7.2.




4. 0,1M Borate/KCl Buffer pH 8.0

500ml glass distilled water was added to 3.09g Boric
acid

500mL glass distilled water was added to 19.06g Borax
(N“2B407'10H20) .

The Borax solution was added to the Boric acid solution
till a pH of 8.0 was weached. 0,1M KCl was also added.

5.  0.1M Phosphate buffer pH 8.2

0.1¥ solution of NaH,P0,-2H,0 (31.2g in 1000ml ddH,0)
0.1 solution of NayiiPO, (28.39g in 1000ml deH,0)

The two solutions were mixed and pH adjusted to 8.2.




APPENDIX TV

Transmission Electron Microscopy

1. Negative stains
(a) Phosphotungstic acid (PTA)

The stain was prepared by dissolving the solid
dodecatungstophosphoric acid in glass disrilled water
to give 2 per cent (W/V) solution.

The pH was adjusted to 6.8 with 1N NAOH, centrifuged or
filtered to clarify and stored in the dark. '

{b) Uramyl scetete

The stain was prepared by dissolving the solid in
distilled water to give 2 per cemt (W/V) solution

without pH amendment. The solution was kept in a dark .
bottle and refrigerated.

2. Preparation of thin sectioms for TEM (Provvidenti
and Cobb, 1975; Venable and Cogglehall, 1965)

Materials

(a) J.05M Sodiuvm cacodylate buffer pH 7.2 (1,07g/100ml
glass distilled water).

(b) 25 per cent stock gluteraldehyde solution diluted
€0 2.5 per cent with sodium cacodylate buffer.

.. . (e) 4 per cent Osmium tetroxide stock solution diluted
[ to 1 per cent with sodium cacodylate buffer,




SRR ;o mpm e DLt at ciatag

Epoxy resin:
The following compoments were mixed together:

DDSA hog
Araldite 14.8g
Epon B12 20.6g

DHP 30 2.5 per cent 1.87g

Staining of thin sections
Method

Drops of 1 per cent uranyl acetate were placed on
dental wax layed on wet filter paper in a petri
digh. Grids were inverted onto the drops for 20
minutes, then rinsed with distilled water and
drained, The grids were allowed to dry on filter
paper for 1 hour and then transferred onto drops
of lead citrate for 15 wminutes, rinsed with
digtilled water and dried,

Materials
1 per cent Uranyl acetate.

Lead citrate
Sodium citrate 1.76g
Lead nitrate 1.33g

These two components were added to 20 to 30ml
digtilled water and shaked vigorously for 1 hour
followed by 30 minutes oc-asional shaking. Lead
nitrate was converted to a milky suspension of
lead citrate., 8m? of fresh 1N NAOH were added to
the milky suspension which changed to a clear one.
Distilled water was added up to 50ml.




APPENDIX V

THE_ELISA TECHNIQUE (Voller and Bidwell, 1977; Barbara
and Clark, 1982; Mowat and Dawson, 1987)

{a) Materials

1. Coating buffer (0.05M sodium carbonate at pH 9.6)

NayC0, 1.59
Natico, 2,938
Nalty 0.20g

Make up to 1 litre and adjust the pH to 9.6 with
Hel.

2. PBS (phosphate buffered saline)

Nael 8.0g
KH PO, 0.2g
Ne PO,  126,0 2.9g
kel 0.2
van, 0.25

Make up to 1 litre and adjust the pH to 7.4

3. PBS-Tween Washing solution

PBS, pH 7.4 with 0.05 per cent Tween 20

4. Virus buffer (also used as conjugate buffer)
(PBS-T20)
PBS-Tween 12
Polyvinylpyrrolidone (mw 10,000) 20g
Ovalbumin 2g
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Substrate buffer
10 per cent diethanolamine adjusted to pH 9.8 with
HCL.
diethanolamine 97ml
84 Hy0 200mL
Na, 0.2
Make up te 1 licre with H,0. adjust to pH 9.8
with HCL,
34 NaGH !
120g N2OH/1 litre gd H)0 -

1 _per cent BSA: (Bovine serum albumin)
Plystyrene microtitre plates,

. Test samples: purified virus, sap extracts.
Enzyme: Alkaline - phosphatase.

b ¢ 2-ni 1 in substrate
buffer (lmg/ml).

Biecy 3 Immynoelectroblot (Hibi snd Saito, 1985)
A -
[
[ b buffer

‘ PBS-Tueen
0.2 per cent BSA
2 per cent Polyvinylpyrrolidone

i - it P S
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AP buffer pH 9.5

0.1 Tris
0.1 Nacl
SmM MgCL,

Substrate

lmg nitro blue tetrosolium (NBT) was dissolved in 3ml
AP buffer by mixing vigorously for 1 te 2 minutes, then
centrifuged for 5 minutes at 10,000 rpm. 0.5mg
5-bromo-4  chloro- 3 indolylphosphate (BGIE) was
dissolved in 10pl N,N-dimethylformsmide by mixing with
a vortex mixer for 1 minute and added dropwise with
gentle mixing into the NBT solution.

Protein A affinit
Stone, 1978)

(Miller and

Buffer A pH 8.0

0.016M boric acid

0.012M NaCl

0.0254 NaOH

0.luM PMSF (= Phenylmethylsulfonyl-fluorid)
0.02 per cent Naly

Buffer B pH 3.0

0.1 giycine-Hel
0.02 per cent Nab,

Protein A column

10m? slurry of protein A-~Sepharose CL-4B packed in X
9/15 (0.9 x 15cm) column, equilibrated with buffer A,
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i APPENDIX VI
SDS-PAGE (Shapiro et al., 1967; Weber gf al., 1972)
1. Preparation of gelu:
Reagents:-
(a) Acrylamide stock solution
22.2g acrylamide }  dissolved in distilled

0.6g bis-acrylamide ) water to 100ml.
May be filtered if cloudy.

(b} 10 per cent SDS made up in 100mls glass distilled
water.

(o) Temed (N, N,NN! - tetramethylethylene diamine)
(d) 10 per cent Amonium Persulphate, freshly made.

(e) Lower gel buffer: 1.5 Tris-HGL buffer,
(18.15g Tris base adjusted to
pH 8,8 with 6N HCl, final
N volume 100ml).

(£} Upper gel buffer: 0.5M Tris-HCL buffer.
(6g Tris base adjusted to pH
6.8 with 6N HCl, final volume
100m1)




10 per cent lower gel

Acrylamide stock solurion 13,501

g 8,0 8. 4ml
Lover gel buffer 7.5m1
10 per cent SBS 0.3m1

Degas for 3 to 10 minutes, then rapidly add:-

Temed 0.03m1
Anmonium persulphate 0.3m1

The sbove components were mixed well, poured into gel
holders and ieft for 1 hour to polymerise.

Upper_pgel (stacking gel)

Acrylamide stock solution 1.35m1
gl HO 6.0mL
Upper gel buffer 2.5m1
10 per cent SDS . lml
Mix and addi-
Temed 0.03ml
Ammonium persulphate 0.1mt

Stacking gel was layered on top of the 10 per cenmt
lowver gel (+ 2cm) and left to polymerise, Once set,
the gel cassetrtes were removed and placed in an
el v is vessel ng bath buffer (28,8g
glycine, 6.0g tris, 2g SDS, water to 2000ml),

ige




Gradient gel

5 _per cent gel
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15 per cent gel

Acrylamide 3, 5ml 10.5ml
1.54 Tris buffer pH 8.8 Sml 5ml
+ 0.4 per cent $SDS 0.2ml 0,2m1
gd H20 11.4mL 4, 4mL
Apmonium persulphate 75p1 75p1
Temed &l spl
II. Sample preparation
(a) Splitting solution

Glycercl 10m}

Mercaptoethanol Sm

10 per cent SDS 30mt

0.5M Tris buffer pH 6.8 12.5ml

Volume brought o 100ml with gd H.0 and a pinch of
bromophenol blue added until colour is dark blue.

& ratio of 1l:1 of the above solution and of the
purified virus sample was used, All samples were
heated in a boiling water bath for 5 minutes prior
to layering on to the gel.

(b} Molecular weight markers

Component Moleculaxr weight (Daltons)
Phosphoralase b 94,000
bovine serum albumin 67,000
Avalbumin 43,000
Carbonic anhydrase 30,000
Soyhasn trypsin inhibitor 20,100
lactalbuuin 14,400




III. Staining o! sels

(a)

{b}

1.

3.

Coomassie Brilliant blue 2
Methanol 500m1
Acetic acid 100ml
gd water 400m1

Gels were placed in the stain and left overnight
on a shaker.

Silver stsining (Wray et al,, 1981)

Gels were sosked in 50 per cemt muthsnol

overnight.,

Solution A: 0.8g Silver nitrate was dissolved
in 4ml d HZO,

Solution B:  2lml of 0,36 per cent Sodium
hydroxide were mixed with l.4ml of
14.8Y aumonium hydroxide.

Solution C:  Solution A was added dropwise into

solution B with comstant stirring
and increased to 100ml with HyO,

The gels were stained in solution ¢ for 15 minutes
with gentle agitation.

Gels were washed in delonized water for 5 minutes
with gentle agitation.

Developer was prepared: 2.5ml of 1 per cent citric
acid were mixed with 0.25ml of 38 per cemt
formaldehyde and increased to 500ml with water,
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Gels were soaked in the developer until bande
appear (less than 10 minutes).

Gels were washed with H,0 and placed in 50 per
cent methanol to stop reactton.

Destaining of gels

Methanol 500ml
Acetic acid 100ml
di,0 400m1

Gels were destained for 2 hours at 37°C.
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