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Vitis vinifera European grapes 15,5 sl =1

Vitis labrusca American grapes Sy ¥} cuiall -2

Hybrids between European S a1y 15,591 caiall o cumed e 4ail el =3

and American grapes
Vitis rotundifolia Muscadine grapes wilSu g Jlicl —4

fouind) sk (o Alaadeidd) Jpuat) Qe pana ap
V. berlandiere x V. vinifera -1
Fercal
41-B
Riparia x Rupestris -2
3309
Rupestris x Riparia -3
SO4
5 BB Kober
Berlandiere x Rupestris -4

99R, 110R, 1103P, 140 Rugg.
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RootStock Scion vigor |phylloxera Drought Groom Gall | phytophthora | Acid Soil | Water Logging

A XR#1 3 2 2
Borber 2 2 2

Castel 2 3 3 4
196-17

Dogridge 3
Freedom
Harmony
Ripana Glorie 2
Rupestries St.
George

Salt Creek
SO4

S BB

5C

41B

44-53 M
99R

110 R
101-14 Mgt
125 AA
140 Ru
161-49C
333 EM
420 A
1103 P
1202 C
1613 C
1616 C
3306 C
3309 C

K
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2 4 1 2
5 very resistant, 1 very susceptible
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Tolerance For Adabtablitv To
RootStock | Free Salt | Vig Effect on Dry Deep Silt or Deep, |Sand
lime (allit or Maturity Shaltow dence Clav Prv v Sail
AXR# 13 0.8 3 33 2
Borber 20 3 + 2 4 3 3
Castel 196-17 6 3 2 3
Doaridae hiah hiah 4 1 2 4
Freedom 3 1 1 3
Harmonv 3 1 2 3
Rioana Glorie 6 0.7 2 + 3 1 2 2
Rupestries 15 4 2 3 1
St Georae
Sait Creek 4 1 3 4
S04 17 0.6 3 + 2 2 1
5BB 20 3 + 2 2 1
5C 17 2 + 3 3 1
41B 40 Very 2 + 1 1 1 1
sensitive
44-53 M 10 3 + 3 2 3 2
99R 17 4 1 2 4 2
110R 9 2 + 3 2 2 1
101-14 Mat 17 3 3 4 3 3
125 AA 3 3 1 1
140 Ru 20 4 2 3 3 4
161-49C 25 3 1 2 2
333 EM 40 Very sensitivg 1 + 1 1 1
420 A 20 2 + 2 3 2 2
1103 P 17 0.6 3 3 3 3
1202 C 13 0.8 3 3 3 2
1613 C Low 3 2 2 2 3
1616 C 11 0.8 3 2 1 2 2
3306 C 11 04 3 + 3 1 2 2
3309 C 11 0.4 2 + 3 2 2 2
4 high , 1 Low,

4 good , 1 Poor
+ Advance , - Delay
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Bench grafting : suaie pmlai -1
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Definition :

Viruses: Obligative parasitic pathogen with a dimensions of less than 200 nm
(o) dikia) '
Essential features of plant viruses :

¢ Viruses contain one or more pieces of a single type of nucleic acid (RNA)
or (DNA).($s5 o)

¢ The nucleic acid is coated with one or more layer of protein
molecules.(Of 5 u alia)

¢ Viruses rely on living host cells for most enzymes necessary for their

replication.

Why are viruses and viroids important?
Viruses cause many important plant diseases
Viruses and viroids are responsible for huge losses
in crop production and quality.
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Shapes of viruses :

Flexuous rod Rigid rod Bacilliform

Cocoa swollen
shoot virus

Gemini viruses Spherical viruses

Bean golden mosaic virus CMV
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Viroids :

* Smaller than viruses

* Lack protein coat

¢ Circular RNA molecules capable of autonomous replication and
induction of disease.

* Sizes range from 250-450 nucleotides

* No coding capacity - do not program their own polymerase.

* Use host-encoded polymerase for replication.

* Mechanically transmitted; often seed transmitted

Are viruses and viroids organisms?
The characteristic features of life that distinguish living from non-
living matter are the ability of :

Assimilate (metabolize) with the release of energy.

v

Excrete waste products of metabolism.

Viruses and viroids are Not Organisms
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Grape vine viruses

Grape fanleaf virus :
GFLYV is the most important virus affecting grapevine. All cultivars and
hybrids can be hosts for GFLV.

High economical losses. result in yield reductions up to 80%.

Transmission:

The virus is transmitted by the nematodes Xiphinema index and Xiphinema
italiae. grapevine fanleaf virus can be acquired in 5 to 15 minutes,
persists up to 9 months when nematode not feeding.

Severely malformed leaves and bushy vegetation in a vine infected by a distorting GFLV strain

Abnormal branching in a shoot of a fanleaf-infected vine
Infected vines have shortened and more irregular internodes. Lateral sprout
development, double nodes, and stem fasciations cause a bushy
appearance.
Bunches are reduced in size and number, the grapes remain small and may
fall before ripening.
(Irregular ripening)
Prevention and Control :

« Control of nematode vectors through chemical treatments or soil

fumigants.

« Planting of virus-free nursery material in nematode free soils.

« Hot air treatment of rootstocks.

« Diseased vines should be removed and destroyed

« Planting resistant rootstocks.
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Grape leaf roll virus :

Several phloem-limited clostero viruses with particle length ranging from1800
to 2200nm, called “grapevine leafroll-associated viruses” (GLRaVs), are
thought to be causal agents. Other viruses could be involved.

Cause substantial reduction in yield, while poor fruit quality, poor color
development, reduced sugar content, and non-uniform maturation of fruit. A
yield loss of approximately 20-70%

Transmission:

The virus is transmitted by the mealybug (GLRV III). Pseudococcus longispinus
Within-field spread by mealybug is very slow

Grapevine leafroll diseas.

Leaves become yellow or reddish purple as the season progresses; the main
veins remain green. By late summer, the leaves start rolling downward,
beginning at the base of the shoot.

Shoot tip dieback, marginal necrosis and interveinal chlorosis are some
symptoms expressed on grapevine infected with leafroll virus.

rolling of the leaf and the leaf area turns reddish with a small, green line along
major veins. Leaves roll characteristically.

Poor fruit quality and poor color development

Prevention and Control :

* To reduce the spread of the infection, removal of infected plants.

* Control of the vector.

* Heat-treatment or meristem culture

* Planting disease free material obtained from a certification scheme.
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Rugose wood complex ( Corky bark, stem pitting and grooving) :
Virus particle flexuous rod, length about 800nm

Virus transmitted by grafting and by mechanical inoculation.

Transmitted by an insect; Pseudococcidae.

Pseudococcus longispinus, P. ficus and Planococcus citri

NOT by contact, NOT by seeds and NOT by pollen.

Symptoms :

Leaves: No yellow or red color leaves.

Cause pits and grooves in trunk,

Fruit: Berries are immature and sugars are reduced. Reduced yields.

Canes and Wood: The virus causes a severe disruption of the xylem. Pitting and
groove formation can be seen when the bark is peeled back. Swelling of the
trunk above the bud union often times displays thick rough bark with a spongy
texture. Both scion and rootstock occasionally display pits and grooves.

Symptoms of rupestris stem pitting on St. George. Showing a line of small pits developing
basipetally from the point of inoculation.
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Rugose wood-corky appearance of the bark above the graft union.

Deep grooving in the wood of chardonnay scion on AXR 1 rootstock with corky bark. exposed when
the bark is removed from the trunk.

Tomato ringspot virus :

TomRSYV has relatively unstable, isometric particles with angular outlines, about

28 nm in diameter, sedimenting as three components and containing single-
stranded RNA.

Transmission :

Long-range dispersal in trade is in host plants and parts of plants, including
seeds; accompanying soil may harbour infective seeds and the nematode vector.
Cause losses up to 80%

Symptoms :

Symptoms include chlorotic leaves

Berries of unequal size and reduced vine vigor
Oak leaf pattern

Grape viroid diseases:
» No vector is known.
» Natural dissemination takes place by
» mechanical. inoculation through surface contaminated cutting tools during
management operations (pruning and propagation); by
> graft transmission: and by distribution of infected propagating material.
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> None of the grapevine viroids is known to be seed transmitted.
» mechanically transmissible to cucumber cv. Suyo, which it infects without
symptoms

Yellow speckle viroid:

Symptoms :

Scattered yellow spots in a European grape leaf, typical of yellow speckle
infection these spots will developed into intense yellow speckling then to Strong
yellow speckle symptoms with speckles tending to gather along the main veins>

Pierce’s disease :

Cause:

Xylella fastidiosa, a xylem-restricted gram-negative bacterium
Transmission:

Transmitted by grafting and by a wide range of xylem feeding insects
glassy-winged sharpshooter

Symptoms :

Dark green tissues along the major veins against a chlorotic background
Shriveling grapes and dying leaves are signals of Pierce’s disease.
Burning from the margin toward the point of attachment to the petiole of leaf
with pierce;s disease

chlorosis and stunting, and dying of the vine.
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Insect Vectors of
Grapevine Viral Diseases
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Insect Vectors of Grapevine Viral Diseases

By:
Dr. Abdul-Jalil Hamdan
Assistant Professor, Entomology
Hebron University, Palestine

Introduction :

Diseases induced by intracellular infectious agents (viruses, viroids, phytoplasmas)
represent a major threat to fruit trees, and may constitute a limiting factor to their
growing.

The wide geographical distribution of these disorders derives both from the inefficacy
against viruses of the methods commonly used for controlling plant pathogens and
from dispersal operated by vectors and propagative material.

Man itself is the major responsiblegative material. Man itself is the major responsible
for the long distance dissemination of infectious diseases, through the uncontrolled
propagation and trading of infected stocks.

It is not by chance that the species with the worst sanitary conditions are those object
of extensive manipulations in the nurseries.

Surveys carried out in several Mediterranean countries have shown how deteriorated is
the health condition of fruit trees in the area, and how difficult is to find plants of

acceptable sanitary status in the field.

No sanitary improvement of fruit tree crops would therefore be possible without a
strict prevention policy.

VIRUS AND VIRUS-LIKE DISEASES AFFECTING GRAPEVINE

Little was written on disease problems of grapes until the second half of the 19th
century.

Several diseases induced by viruses, viroids, phytoplasmas and other unknown graft-
transmissible agents are more reported to affect grapevine.
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The probability that a virus was the cause of a disease in grapevine was recognized
just before the turn of the century.

Nowadays, many intracellular infectious agents (viruses, viroids and phytoplasmas)
have been discovered in grapevines.

VIRUS DISEASES
Some of 44 different viruses have been found in grapevines; 3lof which are
mechanically transmissible and have been more or less characterized.

This high number of viral agents reported in grapevine is due to the variety of

conditions and environments under which the grapevine is grown, to the occurrence of
natural vectors and to vegetative propagation.

List of virus and virus-like diseases of grapevine occurring in the EPPO region:

1. Grapevine degeneration complex, caused by grapevine fanleaf nepovirus and other
European nepoviruses

2. Grapevine leafroll complex

3. Grapevine rugose wood complex (corky bark, rupestris stem pitting, Kober stem
orooving, LN 33 stem grooving)

4. Grapevine fleck disease
5. Grapevine enation disease

6. Grapevine diseases associated with closteroviruses (material found to contain
closteroviruses is not admitted for certification)

7. Grapevine diseases caused by MLOs (visual inspection only - material visibly
affected by MLOs is not admitted for certification)

Other graft-transmissible diseases known to occur in the EPPO region are tolerated for
the moment, but every effort should be made to eliminate them, especially grapevine
vein mosaic disease and grapevine vein necrosis disease.
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Soil-borne (nematode) and aerial vectors of grapevine diseases recorded in EPPO
countriesl:

Vector Pathogen Geographical distribution
Xiphinema index Grapevine fanleaf | Worldwide  associated  with
nepovirus grapevine
Xiphinema italiae | ? 1 Mediterranean region
Xiphinema Arabis mosaic nepovirus | Throughout Europe and the
diversicaudatum Strawberry latent | Middle East
ringspot nepovirus
Longidorus Tomato  black  ring | Patchy distribution throughout
attenuatus nepovirus Europe, but more concentrated in

north-central, 1.e. PL. DE. NL.
BE, GB (England)

Longidorus Mainly northern Europe but also

elongatus rarely in ES, IT, BG and south
FR

Longidorus Raspberry ringspot | Western Europe

macrosoma nepovirus

Xiphinema 72 Mainly central and southern

vuittenezi Europe

Planococcus ficus | Grapevine closterovirus | Mediterranean region
A Grapevine leafroll-
associated closterovirus

1
Planococcus citri | Grapevine closterovirus | Mediterranean region
A
Pseudococcus Grapevine closterovirus | Mediterranean region
longispinus A Grapevine leafroll-
associated closterovirus
I
Scaphoides titanus | Grapevine  flavescence |Introduced to SW Europe from N.
dorée MLO merica. Spreading eastwards

1 Xiphinema italiae, although reported in the literature as a vector of grapevine
fanleaf nepovirus, does not seem to have any vectoring efficiency in the field.

2 Xiphinema vuittenezi has not been proved experimentally to transmit anv virus.
However, it has been found associated with the spread of certain nepoviruses (e.g.
grapevine chrome mosaic nepovirus) in the field. For this reason. it should be
regarded as a potentially dangerous nematode.
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Notes on viral disease of grapevines transmitted by insect vector:

Grapevine leafroll virus is the most significant viral disease of grapevines

Black & red fruited varieties exhibit reddening of leaves in late summer, light green
to yellowish in white varieties, often a downward curling of leaf margins.

Most apparent between harvests and abscission Virus causes degeneration of phloem
elements in leaves, shoots, petioles, rachis.

Several related closteroviruse- Grapevine Leafroll-Associated Viruses 1-8

Figure 1. Grape leafroll virus symptoms i grape foliage

GLRaV-3 is the most severe
» Transmitted by propagation techniques
« Some cvv asymptomatic,
but if grafted onto susc rootstock, will kill rootstock
« Severity varies with variety
« GLRaV-3 Can be transmitted

by mealy bugs:
1. Grape mealy bugs, Pseudococcus maritimus
2. Obscure mealy bugs, Pseudococcus viburni
3. Long tailed mealy bugs, Pseudococcus longispinus
4. Vine mealybug, Plannococcus ficus

The most ohvious symptom of grapevine leafroll disease, which is comman in grape-
YIoWwing regions Worldwido, 1S Toddeninyg and curling of 1oaves in tho fall on dark-fruted

varincios
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Grapevine flavescence dorée MLO :

Etiology:
* FD is caused by a phytoplasma that thrives in the phloem of infected
vines.

* This disease, which belongs to yellows diseases, is highly epidemic in
some vineyards.

Symptomatology:

* Reduced in growth, short internodes, and downward roll of blades are
the first symptoms of FD, and they increase in summer time.

* On white varieties, yellow areas appear on the leaves, often along the
primary or secondary veins; while on red varieties leaves become
reddish.

* Canes mature irregularly, or not at all, loosing their rigidity, and the bark
splits longitudinally.

* The bunches dry up, sometimes before flowering, in early infection, but
if the infection symptoms appear later, the berries wither and drop.

* Rootstocks can be infected showing little or no symptoms, and so be a
dangerous source of contamination.

Transmission and distribution:
* FD can be transmitted by vegetative propagation, but
* the main vector is the leathopper Scaphoideus titanus (S. littoralis) Ball.,
* that has five apterous nymphal stages before the adult alate stage, which
is mostly responsible for the disease’s dissemination

General characteristics of mealybugs:
* Sucking insects, feed on phloem
* Produce large amounts of honeydew
* Give rise to sooty mold, marred fruit
* Eggs in ovisac (most species)
* Crawlers, Nymphs, Adult female, Adult male
* Males very different from females
« Common insects, but normally under BC
Lacewings, pirate bugs, lady beetles, parasitic wasps, etc.
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Mealybug species:

1. Grape mealybug: Pseudococcus maritimus:

* Two generations: Overwintering and Summer

* Eggs overwinter in ovisac under bark of
trunk or cordon

* In late winter, hatch, and around bud break,
immatures move to spurs

» After bud break, some move to shoots

* Adult females produce eggs in late May-
June 100-300 eggs hatch in

7-14d

» Summer nymphs move to shoots, leaves and cluseters

* Primarily where touching old wood

* Adult females produce new eggs in late summer-fall

* Some in clusters, most return to old wood

* Diapause synchronizes

2. Obscure mealybug: Pseudococcus viburni:

» Narrower tolerance to cold temperatures

» Lack of diapause leads to overlap of generations.
* All stages may be present all year (unlike GMB)
» 2-3 overlapping generations

3. Longtailed mealybug: Pseudococcus longispinus

4. Vine mealybug, Plannococcus ficus
* Native to Mediterranean Europe, Africa, Middle
Last
* Does not diapause
» Overwinter in all stages, mostly near graft
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Table I: Distinguishing charactecistics of gape, ebscure
ind vine mealybugs.
S .. ... JE—
Grape Obscure Vine
Pseudococous  Psendococous  Plawococcus
mantims iburmi ficus
Body shape Rctingular Roctangular — Owal

Filaments surrounding body  Thin, non-uniform  Thin, non-uniform  Thick, uniform
Filaments postcriorend ~— Thun long Thin. long Thick. short

Defeasive fuid Redcish, orange ~ Clear Clear

Diapuuse (dormant peried)  Yes No No

Cenrations 2 ol do?

Synchronized generations?  Yes Ne No

Stages overlap No Yos Yos

throughout vear?

Overwinters undder the Upper trunk, Trunk, condom, ~ Groft umion, pruning

bark primarily in condens, spurs  spurs wound on lrunk,
base of spurs. (ot
in ligh sails)

In summr loys e Under bark on okl Undor bark onold  Undue bark on old
wood bunches — wood,bunches  wood, bunchis

throughout the canopy
above the fruit 2one

Hontydew production Moderale Moderate tohigh  High
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MANAGEMENT OF VINE MEALYBUG INFESTATIONS:
Cultural control is very important in slowing the spread of vine mealy bug.

The following tactics should be used for vine mealy bug infested vineyards:
1. Crews (e.g., irrigators, pruners, pickers, etc.):

* Crews may be allowed to shower and change clothes before entering an
uninfested vineyard.

» The showering and the change in clothing are necessary because all life
stages of vine mealy bug (crawlers, in particular) can be carried on the
workers skin, clothing and hair.

» The mealy bugs can survive for eight to 24 hours (temperature dependent) on
the workers or their clothing if the cleaning protocol is not followed.

2. The prunings from an infested vineyard should be treated in one of the
following ways:

» Take the prunings out of the vineyard and burn them within a few days of
cane removal.

» Shred and mulch the prunings in the middle of the row away from the root
zone of the vine. Shredding makes very small pieces out of the prunings.

* Vine mealybug can survive on pieces of cane about one to two inches in
length.

» Allow the shreddings to decompose for two to three weeks then disk them
under. If the weather does not look like it will cooperate, disk shortly after
pruning. Remember to keep the prunings away from the root zone of the
vine.

» Bag the prunings, seal the bag and take them to a landfill very shortly after
pruning.

* Use heavy-duty construction disposal bags.

* Push the prunings out of the vineyard and let them rot or compost away from
the root zone of the vines.

» Bag the prunings, seal the bags, and allow them to rot in the bags in the
vineyard.

* Use heavy-duty construction disposal bags.

* In circumstances where the weather has warmed quickly or the winter chill
barely happened and the vines are beginning to break bud, leave the prunings
in the middle of the row and treat them with Lorsban® when the vines are
treated.

» This is an untested strategy that is not recommended at this time and should
be used when there are no other alternatives.

3. Steam clean any equipment that has contact with the infested vineyard. Be sure
to remove all plant material.
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4, Grapes from infested vineyards should be hand harvested. Mechanical
harvesters spread vine mealybug.

5. For table grapes, once grapes are bagged and boxed, the truck bed on which the
boxes are loaded should be cleaned of any plant debris before leaving the
vineyard. The truck should go directly to the storage facility to unload. The
truck should then be steam cleaned at the storage facility before returning to
any vineyard.

6. For wine grapes and other grapes transported in gondolas, the gondolas should
be covered with a plastic tarp to avoid infested plant material from being blown
out of the gondola during transport. If the grapes are for wine production, the
infested grapes should be crushed as soon as they arrive at the winery to avoid
further spread of vine mealybug. All gondolas and tarps should be steam
cleaned before picking up more grapes.

Biological Control of Mealybug:

* Best controlled in crawler stage

* Most effective between late dormancy and bud
break

Green lacewing

» Keep map of parts of vineyard with infested fruit
* (Can treat summer crawlers also

* Don’t treat postharvest

 If common, make summer application Pseudaphycus angelicus
 Can return with dormant application

» Leave a portion of vineyard unsprayed as refuge

for parasites

e Treat if 20% of spurs are infested (4% for table

grapes)
Acerophagus notativentris
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Chemical Control of mealybugs:

The following management program using insecticides has been developed:
* In spring:

prior to bud break in late March, an application of Lorsban®
(chlorpyrifos) should be applied.

Cover the vine and contact the base of the plant.

This treatment is more effective if applied on a warm day (220C).

This is a contact insecticide that targets crawlers that are actively moving
about the vine.

* During bloom (May):

[—

e At harvest:

an Admire® (imidacloprid) application should be made.

This is a systemic insecticide and works best when put through the drip
system.

The Admire® can also be applied in flood-irrigated vineyards. but it is
not nearly as effective as when applied through the drip system as the
drip system concentrates the insecticide in the root zone.

two applications can be made.

. The first application should be made during bloom, and
. the second approximately eight to 10 weeks later, depending upon the

pre-harvest interval.

if a vineyard is heavily infested, the vines should be treated with Provado®
(imidachloprid) prior to harvest.

This treatment will give short-term Kkill of the above ground life stages and
reduce the possibility of accidentally spreading vine mealybug to other areas.

Provado® will not give long term residual required to kill newly hatching eggs
later in the fall.

Integrating Chemical and Biological Control of Mealybugs
*Rely on biological control if possible
Do not apply pesticides preventatively
*Avoid pesticides toxic to natural enemies
Cultural control:
Prune to avoid clusters contacting wood; Ground cover effects? Vetch and ants

To ensure maximum protection of nursery stock,

Its recommended to implement greater isolation of registered plants from
any potential virus source plants and
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* control of mealybug populations in these plantings by combining these
practices with regular monitoring of registered vines and the new
laboratory tests,

« it will be possible to produce a high-quality grapevine stock free of
target viruses.

* ensuring that planting material is free of the mealybugs, or

* separated from adjacent sources of mealybugs and infected vines is also
important to prevent the rapid infection of new plantings.

Pred M—ithés—ilulﬁsect Preds |
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REGULATORY CONSIDERATION TO CONTROL MOVEMENT OF VINE
MEALYBUG HOST MATERIAL:

* The detection of vine mealybug in Production nurseries or producing
vineyards is complicated:

* All stages of the insect (eggs, crawlers, nymphs and adults) may
be found on various parts of the plant, including leaves, berry
clusters, canes, under the bark, as well as on roots.

* The presence of vine mealybug can escape detection during visuat
inspections when they are present in the cracks of the bark, under
the bark, or below soil surface on the roots.

* Male pheromone traps can be used to detect potential infestations in an
area; the population must be confirmed visually.

* Each individual plant cannot be inspected when pulled from the growing
grounds for shipment.

* If vine mealybug is on the roots of a few plants it will be missed.

Regulation/Certification - as free form vine mealybug:

1. Inter and Intra-county movement.

To prevent artificial movement within a governorate, the a governorate
agricultural departement may issue a hold order on an infested property and require the
owner to sign a compliance agreement to follow certain procedures to prevent/reduce
the artificial spread of vine mealybug.

An un-infested governorate may protect its growers from vine mealybug by:

* Inspection of arriving shipments from infested a governorate. Rejection is
possible only if the insect is found.

* Adoption of regulations requiring certain procedures or treatments be made to

the
commodity at origin and certified by the county.
* These regulations are possible only after confirming that the insect is not
present, and how vine mealybug will be eradicated if found, etc.
* If approved, the regulations have legal authority. then shipments from
vine mealybug infested a governorate can be made to the un-infested a
governorate using a Certificate of Quarantine Compliance.

2. Chemical Treatment —
* the county (governorate) agricultural commissioner in an infested county

(governorate) could certify that an approved commodity treatment has
been performed.

* Foliar applications can be effective if properly applied.
* Systemic applications may prove to be effective against vine mealybug.
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At this point in time there are no reliable techniques or technology available to
a governorate agricultural commissioner to certify a commodity as being free from
vine mealybug.

PHYTOSANITARY MEASURES to control Grapevine flavescence dorée MLO

1. Grapevine nurseries should be established in, and propagating material
should be collected from, areas where flavescence dorée does not occur.

2. Alternatively, mother plants should be inspected during the growing season
and be particularly well protected against the vector (Leaf hoppers, Scaphoides
titanus).

3. Control of the vector is achieved by:
(i) eliminating eggs through burning pruning wood and treating
before bud burst with parathion-activated oils;
(11) one or two chemical applications against instars 30 and 45 days after first
hatching,
(iii) followed by another treatment against adults.

4. Phytoplasmas may be eliminated from infected wood by treating dormant
canes with hot water treatment at 45°C for 3 h or 50°C for 40-60 min.

APPENDIX : Guidelines on sanitation procedures:

Heat treatment:

* All known graft-transmissible infectious agents of grapevine, except
viroids, can be eliminated from parts of infected plants with varying
levels of efficiency by heat therapy.

» Heat treatment can be performed in several ways but, regardless of the
procedure used, testing of the treated material for assessment of its
health status should follow.

A sufficient interval between sanitation of the material and the
conclusion of virus testing is necessary in order to avoid false negatives.

 Hot-water treatment:

« Hot water is used for eliminating intracellular prokaryotes like the MLO
agent of flavescence dorée,
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« From infected grapevine cuttings, collect dormant cuttings and immerse
in water according to the method of Caudwell ez al. (1991).

Advances in Hot Water Treatment for Rootstocks, Rootlings and Grafted
Vines:

« Short duration hot water treatment of vine cuttings at 540C for 5 minutes
and
« Long duration hot water treatment at 500C for 30 minutes (HWT) are
widely used by Australian vine nurseries to satisfy Phylloxera quarantine
regulations for the movement of vine cultings or rootlings between
regions.
« Long duration HWT is routinely used as a disinfestation treatment for
the control of;
e crown gall (Agrobacterium vitis),
»  Phomopsis,
»  Phytophthora,
« nematodes and
« arange of other fungal pathogens.
« Hot water treatment in California is used principally for the
disinfestation of mealy bug

« Hot-air treatment:

(a) Place pot-grown vegetative vines (e.g. rooted cuttings 2-year-old or older)
of each variety or rootstock type to be taken into the scheme into a heat cabinet and
hold at constant temperature of 38+1°C and 16-18 h artificial illumination.

« Collect tips 0.5-1 cm long from vegetative shoots after 4 weeks or more (up 1o
300 days if the vines survive) from the beginning of the treatment. and root in a
heated (25°C) sand bench under mist or, after surface sterilization. in agarized
nutrient medium under sterile conditions.

« Pot rooted explants and let them grow in a glasshouse until ready for testing.

(b) Graft a bud from the candidate vine to be heat-treated into the main shoot of
a pot-grown. 2-year-old healthy LN 33 indicator.

« Transfer budded LN 33 to the heat cabinet 12-15 days after grafting and expose
for 60 days to 37+1°C.

« Move treated vines out of the cabinet.

e
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* Cut LN 33 shoot above grafted bud, allow the bud to develop into a shoot and
check for health status.

APPENDIX : Shoot (meristem) tip culture in vitro:

« Collect shoot tips or axillary buds from vines grown at 36-38°C. surface-
sterilize by dipping explants for 20 min in a 5% solution of commercial sodium
hypochlorite and 0.1% Tween 20.

 Rinse thoroughly with 2-3 changes (10 min each) of sterile distilled water.

* Dissect 0.4-0.6 mm-long explants comprising the meristematic dome and the
first pair of leaf primordia and transfer to sterile test tubes in agarized
Murashige and Skoog medium supplemented with 0.5 ppm benzylaminopurine.
Allow explants to grow for 45 days at 25°C in a cabinet with 16 h artificial

illumination (about 4000 lux).

* Separate actively growing shoots and transfer individually to a medium
containing 1 ppm benzylaminopurine for 45-50 days for elongation.

Transfer elongated shoots (3 nodes long or more) individually to a medium
containing 0.5-1 ppm indolbutyric acid for root production.

+ Transfer rooted explants to small pots containing vermiculite under saturated
humidity conditions, then to pots with soil compost and protect plantlets with a
polyethylene bag for as long as necessary (usually 2-3 weeks).

* Grow plantlets in a glasshouse until ready for testing.

* References:

1. CURRENT STATUS OF THE VINE MEALYBUG, PLANOCOCCUS
FICUS, IN CALIFORNIA. A Report from the Division of Plant Health and Pest
Prevention Services, March 25, 2003.

2. . Djerbi M. Control of virus and virus-like diseases of fruit crops UNDP-
FAO-RAB/88/025: Present situation and future prospects of the grapevine. citrus and
stonefruit networks

3. Grapevine flavescence dorée phytoplasma. Data Sheets on Quarantinc Pests.
CABI and EPPO for the EU under Contract 90/399003

3. Petersen C.L. and J.C. Charles , 1997. Transmission of grapevine leafroll-

associated closteroviruses by Pseudococcus longispinus and P. calceolariac . Plant
Pathology 46, 509-515
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Immunosorbent electron microscopy (ISEM)

The principle of immunosorbent electron microscopy (ISEM)
is the selective trapping of plant viruses on to electron
microscope grids precoated with a specific antiserum. ISEM
may be combined with antibody coating (often referred to as
"decoration"), a procedure whereby virus particles trapped on
the microscope grid are exposed to the homologous
antiserum, thus becoming visibly covered with antibody
molecules.

The consensus is that ISEM is highly reliable (there are
virtually no false positives), as sensitive as ELISA, fast
(results can often be obtained within one or two hours) and
operationally simple (it requires tools and reagents readily
available in most laboratories).

Unfortunately, ISEM requires an electron microscope and
accordingly is not suitable for large-scale routine testing.
Specimens for ISEM, however, can readily be prepared in
laboratories with no electron microscope facilities and can
then be shipped for observation (even over long distances) to
properly equipped institutions.

Basic TOOLS AND REAGENTS

the followings are required:
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porcelain mortars 6 cm in diameter or smaller, or glass
microscope slides and glass rods

» carborundum powder (600 mesh) or quartz sand.

= bench centrifuge with appropriate glass or plastic
conical tubes.

= fine straight-point tweezers

= Petri dishes 9 cm in diameter

= bars of dental wax, silicone-treated paper, or parafiim
= Pasteur pipettes

= e¢lectron microscope grids (400 mesh) covered with
carbon film

= protestants:
2.5 to 5 percent aqueous solution of nicotine
2 percent aqueous polyvinylpyrrolidone (PVP)

1 percent aqueous polyethylene glycol (PEG), MW 6 000 to
7 500

= phosphate buffer 0. 1 M, pH 7.0, made from the
following stock solution (1 M):

136.09 g of KH2PO4 in distilled water to 1 litre (solution A)
268.077 g of Na2HPO4 in distilled water to 1 litre (solution
B)

Mix 3.86 ml of solution A with 6.14 ml of solution B and
dilute tenfold

s distilled water
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» staining solutions:

1 to 2 percent uranyl acetate in distilled water, pHnot
adjusted

2 percent sodium or potassium phosphotungstate in distilled
water, adjusted to pH 7 with NaOH or KOH

= appropriate antiserum
" PREPARATION OF TISSUE EXTRACTS

Extracts may be prepared from tissues of different organs of
field- or greenhousegrown plants (leaves, roots, bark,
dormant or breaking buds) or vectors (insects, nematodes).
Plant tissues (usually 100 to 200 ma) are ground in a mortar
in the presence of carborundum powder or quartz sand and
0.3 to 0.5 ml of phosphate buffer or, especially with
grapevine and stone fruits, one of the above protectants
(nicotine, PVP, PEG). When a smooth paste is obtained, 0.3
to 0.5 ml of buffer are added and the sample is ground again.
The slurry is transferred to a centrifuge tube and centrifuged
at 1 500 to 2 000 g. The supernatant fluid is collected and
used If a centrifuge is not available, tissue extracts can be
further diluted with phosphate buffer to 1:15 to 1:20 with
respect to tissue weight, and used as such.

Insect and nematode vectors are crushed with a glass rod on a
glass slide in a droplet of buffer or protectant. A droplet of
buffer is then added and the extract is ready to be used.

ANTISERUM DILUTIONS

The purpose of using an antiserum is twofold: to coat EM
grids for trapping virus particles and to "decorate" virus
particles by attachment of antibody molecules to the
antigenic sites of the particles. Crude antisera are perfectly
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suitable for both uses, provided that they are properly diluted.
For coating of grids, dilute antiserum to near or above its end
point (usually 1:1000 to 1:5 000) with buffer. For decorating
virus, dilute antiserum to 1:10 to 1:100 with buffer. Use of
freshly diluted antisera is advisable.

PRECOATING OF EM GRIDS

In certain cases, precoating of EM grids with protein A, a
bacterial wall protein that binds specifically to the basal part
(Fc portion) of antibody molecules, can be advantageous. For
instance, protein A allows trapping of more virus particles
because of the richer antibody layer on the grid. It also allows
the use of undiluted,

low titre (1:8 to 1:16) antisera which would not be suitable
after high dilution as required by ordinary ISEM.

Protein A is diluted in phosphate buffer at a final
concentration of 10 to 100 ?g per ml, a drop is placed on the
grid for five minutes at room temperature and the excess is
rinsed off before exposure to antiserum.

ANTISERUM COATING OF EM GRIDS

Drops of diluted antiserum (1:1 000 to 1 :5 000) are placed
on dental wax or other hydrophobic supports (parafilm strips,
silicone-treated paper) in a plastic Petri dish containing moist
filter paper (moist chamber). A freshly prepared carbon-
coated grid is gently placed, film-down, on top of each
antiserum drop and floated for 5 to 10 minutes at room
temperature. Grids are then removed with tweezers and
rinsed.

RINSING THE EM GRIDS

Throughout the ISEM procedure, grids must be carefully

o)) kel Tty pad | Al s
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rinsed to obtain clean preparations. Buffer rinse (Figure 286)
is used after protein A precoating, antiserum coating and
incubation of the grid with tissue extract. Distilled water
rinse is used after second antibody coating (decoration of
virus particles), before negative staining for uranyl acetate

precipitates in the presence of phosphate ions, or at neutral
pH.

Two rinsing procedures can be utilized:

Grids are floated on drops of buffer or distilled water, as
appropriate for 5 to 10 minutes.

Grids are retained in tweezers, held vertically and rinsed with
25 to 30 drops of buffer or water from a Pasteur pipette held
close to the grid.

NEGATIVE STAINING

Negative stain can be applied with either system used for
rinsing, i.e. floating grids on small drops of the staining
solution for 30 seconds to one minute, or applying the stain
dropwise (five drops) with a Pasteur pipette.

SUMMARY OF THE PROCEDURE

Prepare tissue extracts; place drops of extract in a moist
chamberon a hydrophobic support .

Float antiserum-coated grids film-down, one on each drop of
extract

Incubate at room temperature or in the cold (4°C) for 6 to 8
hours.

Rinse with 25 to 30 drops of phosphate buffer from a Pasteur
pipette

MWIM@).JIMI EEe—
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Drain with filter paper.

Place drops of antiserum at dilution of 1: 10 to 1: 100 in the
moist chamber on a hydrophobic support .

Float grids on antiserum drops for 10 to 15 minutes at room
temperature

Rinse with 25 to 30 drops of distilled water from a Pasteur
pipette

Apply negative stain dropwise (five drops) from a Pasteur
Remove excess with filter paper.
Grids are ready for observation.

Observe with the electron microscope and read the results.
Adavanteges:

 Highly reliable (there are virtually no false positives)

« As sensitive as ELISA

« Fast (results can often be obtained within one or two hours)

« Simple (it requires tools and reagents readily available in most
laboratories).

Disadvantages:

« ISEM requires an electron microscope and accordingly is not
suitable for large-scale routine testing.

« Specimens for ISEM, can readily be prepared in laboratories
with no electron microscope facilities and can then be shipped
for observation (even over long distances) to properly equipped
institutions.

« Observe with the electron microscope and read the results.
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Molecular hybridization
PRINCIPLE

A viral particle is composed of nucleic acids [ribonucleic acid (RNA)
or deoxyribonucleic acid (DNA)] and a capsid made up of several
dozen to a thousand copies of coat protein subunit. In some cases, the
virus possesses an envelope composed of viral proteins integrated in
membranes deriving from the host cell. Serological techniques detect
the virus by specific recognition of the coat protein by specific
antibodies developed in animals against this protein. Molecular
hybridization techniques detect viral nucleic acids by specific
recognition of their nucleotide sequence.

Nucleic acids are long, linear polymers of nucleotide molecules. Each
nucleotide is in turn composed of several elements: a
nitrogencontaining base linked to a phosphate group and a sugar
molecule (ribose for RNA and deoxyribose for DNA). DNA contains
four different bases: adenine (A), guanine (G), cytosine (C) and
thymine (T). In the case of RNA, thymine is replaced by uracil (U),
the three other bases being the same.

DNA is usually found in a double-stranded configuration, i.e. two
chains of DNA associate through specific base pairing (A pairs with T
and C pairs with G). Base pairing is extremely specific and creates
non-covalent hydrogen bonds that unite the molecules associated in
this way. RNA is most commonly found in a single stranded
configuration but, like DNA, it possesses the capacity to form double-
stranded structures through A-U and G-C pairing.

The specific pairing of the bases composing nucleic acids constitutes
the basis for the formation of hybrids (double-stranded structure)
between complementary molecules and thus for the use of molecular
hybridization as a diagnostic technique.

Nucleic acid molecules differ from one another in the order and
sequence of alignment of their nucleotides (= nucleotide sequence).
Two molecules of complementary sequences will form double-
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stranded hybrids wunder suitable conditions. For example,
TCGGCGTAT will pair with AGCCGCATA to make a DNA-DNA
hybrid.

A probe used for virus detection in molecular hybridization
experiments is a singlestranded nucleic acid molecule prepared from a
viral nucleic acid, with a nucleotide sequence complementary to that
of the target viral RNA molecule.

Thus a DNA probe with the sequence TCGGCGTAT will specifically
detect RNA and DAN molecules with the respective sequence
AGCCGCAUA and AGCCGCATA. An RNA probe with the same
specificity would be UCGGCGUAU.

The molecular hybridization detection system presented here is based
on a solid support hybridization, the sample being permanently
immobilized on a nitrocellulose membrane. We describe the technique
using the two most frequently used types of probe:

Complementary DNA probes cloned in plasmid vector; invetro
transcribed  complementary nRNA  probes prepared from
complementary DNA cloned into special purpose transcription
plasmid vectors.

The probes can be labelled either radioactively or by incorporation of
a non radioactive marker such as biotin. The techniques for the
determination of probe specific activity are described following the
experimental protocol.

BUFFERS

See Table 9 for commercial sources of chemicals.

Grinding buffer for viroids (GPS): 200 mN glycine 100 mM Na2HP04
600 mM NaCl 1 percent SDS (sodium dodecyl sulphate)

Adjust pH to 9.5, autoclave 20 minutes at 120°C, then add:
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0.1 percent DIECA (sodium diethyldithiocarbamate) 0.1 mM DTT
(dithiothreitol)

Grinding buffer for viruses: 50 mM sodium citrate, pH X.3 2 percent
PVP (polyvinylpyrrolidone) Autoclave 20 minutes at 120°C, then add:

1 mM EDTA 20 mM DIECA

Phenol/chloroform mixture: 1 volume water-saturated phenol
1 volume chloroform/pentanol (24 /1)

20X SSC buffer: 3 M NaCl

0.3 M sodium citrate Adjust pH to 7.0.

Formaldehyde denaturation buffer: 5X SSC

25 mN Na2HP04

5X Denhart [0.1 percent each of bovine serurn albumin (BSA),
Ficolland PVP

360] 50 percent deionized formamide 200 mg per ml of denatured calf
thymus DNA

DNA probes hybridization buffer:

4 volumes DNA probes prehybridization buffer 1 volume 50 percent
dextran
sulphate

RNA probes pre-hybridization and hybridization buffer: 50 percent
formamide

50 mM phosphate buffer pH 6.5
5X SSC
0.1 percent SDS

1 mM EDTA
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0.05 percent Ficoll

0.05 percent PVP 360

200 mg per ml of denatured salmon

sperm DNA

Washing buffers: Washing buffes A: 2X SSC 0.1 percent SDS
Washing buffer B.: 0.2X SSC 0.1 percent SDS Washing buffer C: 0.1
X SSC 0.1 percent SDS

Development buffers for biotinylated probes: Buffer 1:
100 mM Tris-HCI pH 7.5 100 mM NaCl

2 mM MgClI

0.05 percent Triton X 100 Buffer 2:

Buffer 1 plus 3 percent BSA Buffer 3:

100 mM Tris-HCI pH 9.5 100 mM NaClI
EXPERIMENTAL SET-UP

Schematically the technique can be divided into five steps:

Probe labelling. This is achieved by incorporation of a Ilabelled
(radioactive or biotinylated) nucleotide triphosphate precursor during
in vitro reactions (nick translation for DNA probes or transcription for
RNA probes). Sample preparation. The nucleic acids present in the
plant extract are immobilized on a nitrocellulose membrane by baking
it for two hours at 80°C under vacuum.

Hybridization. The labelled probe will form double-stranded
structures under suitable conditions with the target nucleic acid
immobilized on the membrane. Washing(s). Non-hybridized probe
molecules are removed by successive washings of the membrane
under stringent conditions. Hybrid detection. For radioactive probes,
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this is achieved by contact of an Xray film with the membrane
(autoradiography), usually for 24 hours. In the case of biotinylated
probes, three additional steps are required:

1. incubation in the presence of streptavidin, which reacts specifically
with the biotin molecules fixed on the probe;

2. incubation in the presence of a biotinylated enzyme, which will be
trapped by the streptavidin already retained on the membrane;

3. an enzymatic reaction that results in the formation of a coloured
product at the fixing point of the complex probe biotin-streptavidin-
biotinylated enzyme.

EXPERIMENTAL PROTOCOL
Probe labeling

DNA probes. Purified recombinant plasmid DNA is labelled (by
incorporation of either 32p sCTP, biotinylated dUTP or dCTP) by the

technique of nick translation, using one of the several commercially
available kits (e.g. BRL, Amersham).

RNA probes. After linearization of the purified recombinant plasmid
downstream of the viral c¢cDNA with a suitable restriction
endonuclease, labelled RNA is produced by in vitro transcription
using one of several commercially available kits (e.g. Promega,
Biotec, Boehringer). Either 32p or biotin-labelled CTP is usually
incorporated.

Sample preparation

Many different plant samples can be used, consisting of leaves, stems,
tubers, barks or fruits . There is no standard protocol; each protocol
should be optimized for a given host/virus combination. We present
here a technique for the detection of plum pox virus, with additional
advice on detection of other pathogens when appropriate.
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Sample grinding

One gram of plant sample is ground in 4 ml of grinding buffer using a
pestle and mortar (or other apparatus such as an electric press or
Polytron homogenizer when available). It is extremely important to
use a buffer that will optimize the signal-tonoise ratio. The extract is
then clarified by centrifugation for 10 minutes at 10 000 rpm . The
samples can, if necessary, be deproteinized by including one volume
of a 1:1 mixture of water-saturated phenol and chloroform during the
grinding. This step is optional for the use of radioactive probes but
necessary when using biotinylated probes.

Sample denaturation.

The nucleic acids contained in the supernatant are then denatured if
necessary, to ensure good binding of the nitrocellulose and availability
of the sequences for hybridization . This step is important for the
detection of viroids but of no utility for most viruses. In a small
microcentrifuge tube, 50 pl of sample are added to 50 pl of
formaldehyde denaturation buffer. The mixture is then incubated for
60 minutes at 60°C (the length of this incubation should be reduced
for viruses). At this point, samples are ready for spotting on the
membrane. They can also be stored for up to several months at -20°C.
We have found that concentration of the nucleic acids present in the
extract by ethanol precipitation is detrimental since it usually
increases the non-specific background reactions; it is therefore not
recommended.

Nitrocellulose membrane preparation.

Soaking of the membrane in a high-salt solution is required for proper
binding of nucleic acids in the samples. The membrane is first soaked
for 2 minutes in pure distilled water and then equilibrated for 10
minutes in 20X SSC buffer.

Sample application and fixation. Next, 20 pl of sample are applied
to the

nitrocellulose membrane using a BRL "Hybri-dot" apparatus .
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Alternatively, 3 to 5 pl of sample can be applied directly (using a
micropipette) to nitrocellulose that has been airdried after soaking in
20X SSC. The membrane is then dried at room temperature (Figure
331) and baked for a further 2 hours at 80°C under vacuum to ensure
stable binding of the nucleic acids to the nitrocellulose membrane
(Figures 332 and 333). This can conveniently be achieved by using an
electrophoresis slab gel drier or a vacuum oven. At this point, the
membranes can be directly processed or sealed in a plastic bag and
stored (at 4°C or 20°C) for up to several months.

Hybridization reaction

Pre-hybridization. In order to prevent nonspecific binding of the
probe to the membranes, they are pre-incubated in the hybridization
mixture (pre-hybridization). The membranes are sealed in a plastic
bag in the presence of 1 ml of hybridization buffer for each 10 cm2 of
membrane, taking care to avoid trapping any air bubbles . The bag is
then incubated for 2 to 4 hours in a water bath at 42°C .

Probe denaturation. This step is included to remove any secondary
structure of the probe and is especially important for DNA probes
which are essentially doublestranded after the labelling reaction. A
suitable quantity of probe is placed in a small disposable tube and
incubated for 10 minutes (DNA probe) or 3 minutes (RNA probe) at
100°C in a bath of boiling water and then quickly chilled by placing
the tube in an ice-bucket.

Hybridization. The pre-hybridization buffer is discarded and replaced
by the hybridization buffer to which the denatured probe has been
added. Use approximately 1 ml of buffer containing radioactive probe
of 1 to 2 x 106 cpm per ml or 200 mg per ml of biotinylated probe per
15 cm2 of membrane (See techniques for determination of probe-
specific activity, below). The plastic bag is then resealed and
incubated in a water-bath overnight at 50°C .

Washing. After hybridization is completed, the membrane is removed
from the plastic bag and washed in a small plastic tray (Figure 341).
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After washing, the nitrocellulose membranes should be airdried at
room temperature.

DNA probes. Wash at room temperature for 5 minutes in three
changes of washing buffer A, then proceed with two 15-minutes
washes at 50°C in washing buffer B.

RNA probes. Carry out four 20-minute washes at 60°C in washing
buffer C. Hybrid detection

Radioactive probes. An X-ray film (Kodak XAR or equivalent) is
exposed to the membrane for 24 hours at -70°C using intensifying
screens . After autoradiography, the film is developed using Kodak
LX 24 developer and Ilford Hypam fixer . Within the limits of
linearity of the response of the film, the intensity of the spots is
proportional to the concentration of viral RNA present on the
membrane. No nonspecific signal should be obtained with healthy
plant controls.

Biotinylated probes. Several commercially available kits can be used
for the detection of biotinylated probes (e.g. BRL). The composition
of the buffers is given above.

The membranes are first soaked for 1 minute at room temperature in
buffer 1, then for 20 minutes at 42°C in buffer 2 to saturate the
protein-fixing sites on the membrane. They are then dried and baked
for 10 to 20 minutes at 80°C under vacuum.

Following the treatment, the membranes are rehydrated for 10 minutes
in buffer 2 and then incubated on a Petri dish in the streptavidin
solution: 6 ?I of a 1-mg per ml streptavidin solution diluted in 3 ml of
buffer 1. Incubate for 10 minutes at room temperature, shaking
occasionally.

The membranes are then washed well with at least three changes of
buffer for 3 minutes each time. Incubate on a Petri dish with 3 ml of
buffer 1 containing a solution of biotinylated polymers of alkaline
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phosphatase (polyAP) at 1 mg per ml. Incubate for 10 minutes at room
temperature with occasional shaking.

Wash abundantly with two changes of buffer 1 and then with two
changes of buffer 3. The developing solution should be prepared at the
last moment in the following way: add 33 ?I of the nitro-blue
tetrazolium solution to 7.5 ml of buffer 3. Mix thoroughly, then add
25 7?1 of the 5-bromo-4-chloro-3-indolyl phosphate (BCIP) solution
mix. Incubate the membrane in this solution in a sealed plastic bag
protected from light.

Maximum colour development is usually achieved within 4 hours. To
stop the development, simply wash the membrane in 20 mM Tris-HCI
pH 7.5, 5 mM EDTA. The dried membranes can then be stored for
several months in the dark to preserve the colour.

DETERMINATION OF THE PROBESPECIFIC ACTIVITY

Following the labelling reaction, the radioactive DNA probe (1 pl is
precipitated with ethanol, freed from the unincorporated labelled
nucleotides by several 70 percent ethanol washes, dried and finally
taken up in 100 ml of sterilized distilled water. Then 2 pg. of the probe
are mixed with 3 ml of a 10 percent trichloroacetic acid (TCA)
solution along with 10 ml of 3 mg per ml calf thymus DNA used as a
carrier. The mixture is left for 30 minutes at 0°C and then filtered
through a Whatman GF/C fibreglass filter. The filter is rinsed with 20
ml of a 5 percent TCA solution and then with 5 ml of ethanol before
being dried. The radioactivity retained on the filter is then determined
by liquid scintillation counting. The specific activity, in cpm per pg, is
given by cpm x 100/2.

Besides determining the specific activity of the probe, this technique
can also help to calculate how much of the probe should be added to
the hybridization reaction. Radioactive RNA probes can be counted in
the same way.

For biotinylated probes, the result of the labelling reaction can be
estimated by spotting dilutions of the probe on a membrane and
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comparing with a standard of known activity provided in the labelling
kit.

GEL ELECTROPHORESIS
POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)

Optimum resolution of viroid RNA is obtained by a sequential gel
electrophoresis procedure (Figure 302) involving migration of the
sample into a standard gel (5 percent PAGE) (Figure 304), followed
by excision of a piece of the gel, which is then placed in contact with a
second, denaturing gel (dAPAGE) containing 8 M urea (Figure 305).
This procedure exploits the unique properties of the single-stranded
closed circular structure of the viroid for the separation of a distinct
band. Placement of the excised gel piece in contact with the top
(Semancik and Harper, 1984) or the bottom (Schumacher, Randles
and Riesner, 1983) of the denaturing gel with migration to the anode
will produce similar results.

The discontinuous pH dPAGE (Rivera-Bustamante, Gin and
Semancik, 1986) with the gel cast at pH 6.5 (TAE buffer) but
migrated in a pH 8.3 running buffer (TBE buffer) enhances the
separation between the circular and linear molecular forms of the
viroid. In addition, the background of host nucleic acids is reduced,
which aids in the recovery of pure viroid preparations for physical
characterization and hybridization analysis.

Verification of a suspected viroid can be made by a PAGE analysis
sequence involving:

non-denaturing 5 percent PAGE, with excision of a strip of the gel in
the

« "viroid zone" as defined by citrus exocortis

+ viroid (CEV) and avocado sun blotch viroid (ASV, ASBV);

« dPAGE (pH 6.5), with excision of any slowly migrating band
suspected of being a viroid circular form;
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« dPAGE (pH 8.3), with resolution of two distinct bands
containing the viroid circular form and the linear molecular
form' generated from circles during electrophoresis.

Staining with ethidium bromide to visualize nucleic acid bands is
necessary when gels are to be subjected to a second electrophoresis
and/or when biologically active viroid is to be recovered. Sensitivity
of detection can be increased with silver nitrate staining. However,
this procedure renders the viroid inactivated and immobilized in the
gel.

Materials

* Electrophoresis chamber and casting apparatus: glass plates,
spacers, clamps, sample-well comb (apparatus of various sizes
are available through commercial sources or can easily be
custom fabricated).

* Powersupply (100mA, 1 000 volt or greater capacity)

» Ultraviolet transilluminator

* Polaroid camera

* Stock solutions for 5 percent gels:

Stock A:

Acrylamide, 30 g

Bisacrylamide, 0.75 g

Dissolve in distilled water, bring to 100 ml and filter.
Stock B:

Bring 2 ml tetramethylethylenediamine (TEMED) to 100 ml with
distilled water.

Stock C:
Tris 120 mM
Sodium acetate 3H20, 60mM

{7% L!gw|wly)‘:’M| ——



- ol s Al gl a1 e Bl il S £ D SOES Jlowe B dregdd! Ayl 5ygult =
SodiumEDTA,3m

Dissolved in distilled water, adjust to pH 7.2 with glacial acetic acid.

Note: this solution is equal to 0.3X stock d, therefore it can also be
made by diluting 30 ml of stock D to 100 ml with distilled water.

Stock D:

TAE buffer, pH 7.2, 10X

Tris, 400mM

Sodium acetate 3H20, 200m

Sodium EDTA, 10 mM

Dissolve in distilled water, adjust to pH 7.2 with glacial acetic acid.

Note: Since Stock D is a 10X concentration, it should be diluted
before use as

a running buffer.
Stock E:

Dissolve 2.5 g ammonium persulphate (10 percent) in 25 ml H20.
Prepare

fresh weekly.

Stock F.:

TAE buffer, pH 6.5 Tris, 120mM

Sodium acetate 3H20, 60 mM Sodium EDTA, 3 mM

Dissolve in distilled water, adjust to pH 6.5 with glacial acetic acid.
Stock G.

Denaturing gel buffer (TBE, pH 8.3, 10X) Tris, 225 mM
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Boric acid, 225 mM
Sodium EDTA, 5 mM

Dissolve in distilled water. No adjustment of pH should be necessary.
Dilute

tenfold for use as a running buffer (TBE, pH 8.3, IX).

e Urea

* Glycerol (60 percent)

» Migration tracking dyes:

» Bromophenol blue, 0.3 percent in 60 percent glycerol

» Xylene cyanol, 0.3 percent in 60 percent glycerol

» Ethidium bromide stock staining solution (5 mg per ml) (30pul
per 200 ml H2O for staining gels)

 Silver staining solutions: Ethanol (50 percent) + acetic acid (10
percent) Ethanol (10 percent) + acetic acid ( 1 percent) Silver
nitrate (12 mM) Potassium hydroxide (0.75 M) + formaldehyde
(0.28 percent) Sodium carbonate (0.07 M)

Native S percent PAGE
1. Assemble glass form to receive polymerization solution.

2. Mix contents of two beakers containing the following solutions in
the indicated amounts or similar proportions:

Beaker 1

120 ml distilled water
10 ml stock ¢

2.4 ml stock B
Beaker 2

0.5 ml stock A
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0.48 ml ammonium persulphate
3. fill form, place sample-well comb and let stand for 30 minutes.

4. Withdraw sample-well comp and lower spacer. Attach to chamber
and fill electrode reservoirs with 1/10 dilution of stock D.

5. Mix samples with about 1/4 volume of glycerol and load into wells
with fine-tip Pasteur pipettes. Load outermost wells with mixture of
tracking dyes.

6. Apply constant current, 54 mA, at 4°C for 2.5 to 3 hours or until
bromophenol blue dye has migrated about 8§ cm and xylene cyanol has
reached about 4 cm.

7. Remove gel from the chamber and form. Soak with gentle agitation
in the ethidium bromide staining solution for 10 minutes.

8. View the gel directly over a UV transillumination source. Cut
horizontal strip as defined by "viroid zone" (CEV-ASV) or smaller,
depending upon viroid, and transfer to denaturing gel.

Denaturing PAGE (pH 6.5)

1. Assemble glass form for polymerization solution.
2. Prepare two beakers with the following contents:
Beaker 1

14.4 g urea

7.0 ml H20

3.0 ml Stock F (TAE, pH 6.5) 5.0 ml Stock A
Beaker 2

2.5 ml Stock B
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0.5 ml ammonium persulphate

Dissolve the contents of Beaker 1 over low heat. After the urea is
dissolved, rapidly mix the contents of the two beakers.

3. Immediately fill form, leaving a flat surface with sufficient space
for the excised native gel piece. Allow to stand for a minimum of |
hour.

4. Remove lower spacer and attach to chamber. Do not add buffer or
any liquid to the gel surface until immediately prior to use.

5. After section has been removed from native gel, fill electrode
reservoirs and cover

6. after section has been removed from native gel, fill electrode

reservoir and cover top surface of gel with stock G diluted 10 folds
(TBE buffer, pH 8.3, 1X).

7. add a few drops of xylem cyanol-glycerol mix next to the outer
edges of the gel strip.

8. apply constant current. 15 mA at 24C for about 4 hours until the

xylene cyanol tracking has migrated to within 0.5 cm of the bottom of
the gel.

9. remove from form and stain either with ethedium bromide fro
additional dPAGE (pH 8.3 gel) to confirm circular or linear forms or
for elusion of viroid bands for infectivity or for use as templates for
cDNA probes; or with silver nitrate for maximum sensitivity of
detection.

Denaturing PAGE (pH 8.3)
1. Follow the same set-up and running procedure as presented above.
2. Mix rapidly the contents of two beakers containing:

Beaker 1
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14.4 g urea

7.0 ml H20

3.0 ml Stock G (TBE buffer, pH 8.3, 10X)
5.0 ml Stock A

dissolved on low heat

Beaker 2

2.5 ml Stock B

0.5 ml ammonium persulphate

3. Stain completed gel as before with either ethidium bromide or silver
nitrate.

Silver staining

1. Gel can be stained with silver directly or following ethidium
bromide staining without additional treatment.

2. Soak gel at room temperature in solution of 50 percent ethanol + 10
percent acetic acid for at least 1 hour with gentle shaking. Overnight
soaking can sometimes improve the background.

3. Soak gel at room temperature in solution of 10 percent ethanol + 1
percent acetic acid for 1 hour with gentle shaking.

4. Soak in solution of 12 mM AgNO3 for 1 hour with gentle shaking.
5. Rinse thoroughly (three times) with distilled water.

6. Rinse rapidly with small volume of developer solution (0.75 M
KOH + 0.28 percent HCHO) and discard solution.

7. Add fresh developer solution (100 to 200 ml) and observe until
bands appear, usually within 20 minutes.

8. Add excess distilled water and allow gel to expand. This process
reduces the background and improves the quality of photographs.

9. Developing reaction can be stopped with 0.07 M Na2C03.
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10. Photograph gel over a light-box using Polaroid film.

INFECTIVITY OF NUCLEIC ACID FRACTIONS AND
VIROID MOLECULES

The infectivity of a viroid-containing sample can be influenced by the
quality of the preparation. In many cases, viroid transmission by
highly purified preparations can be more difficult than by a more
complex, less purified preparation, perhaps in part because the
presence of host nucleic acids may protect the viroid molecule from
inactivation. Therefore, a sample such as a 2 M LiCI-soluble fraction
may be valuable to demonstrate the transmission properties and host
range of suspected viroidcontaining preparations.

Nevertheless, an essential proof for the detection of a viroid is the
transmissibility of the putative viroid-like molecule. This can be
provided by the recovery of the unique, transmissible viroid structure,
the single stranded circular RNA molecule, in highly purified form
followed by transmission to a host plant.

Electro-elution of the circular forms of viroids, as detected in
denaturing PAGE by ethidium bromide staining, has proved to be a
highly efficient procedure for the recovery of biologically active, pure
viroid.

Materials
PAGE gel piece containing the viroid

Electro-elution buffer (EB) (1/50 dilution of Stock D in PAGE
procedure):

8.0 mM Tris
4.0 mM sodium acetate

0.2 mM EDTA

adjusted to pH 7.2 with acetic acid
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Electro-elution apparatus: A chamber can be constructed to
accommodate a piece of dialysis tubing filled with EB into which the
gel piece has been introduced. When placed in an electrical field the
viroid will migrate from the gel but be retained in the liquid phase
inside the tubing. Alternatively, a commercial apparatus
(Unidirectional Electroelutor Model UEA) that does not Power supply
(25 mA, 250 V)

3 M sodium acetate, pH 5.5
Ethanol

Electro-elution

1. prepare gel piece to be eluted within dialysis tubing or according to
1B1 instructions.

2. apply about 125V constant voltage for 30 minute at room
temperature.

3. withdraw buffer sample containing eluted viroid, add 1/10 of 3M
sodium acetate, pH 5.5, plus at least three volume of ethanol and
holed at -20C for 30 minute or longer.

Note: the gel piece can be checked for incomplete elusion of viroid by
restaining with ethidium bromide and viewing over a UV
transilluminator. If viroid still remains in the gel piece, the elusion
procedure can be repeated.

4. Centrifuge sample at 12 OOOg for 20 minutes. Pellets may be
extremely small or invisible. Nevertheless, sufficient viroid to be
detected by PAGE and silver staining or infectivity can be recovered
many times.

5. Dry decanted centrifuge tubes in vacuo and resuspend pellets in
appropriate volume of TKM buffer (RM) or desired medium.
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Graft-transmissible diseases of grapevines: Handbook for detection and diagnosis, S.M.
Gamsey and M. Cambra, 1993, FAO.

Enzyme-linked immunosorbent assay (ELISA)

The enzyme label may be attached directly to the antibody used to detect the antigen in
question (the detecting antibody). This is called a direct assay, of which the highly popular
double antibody sandwich technique illustrated in Figure la is a good example. The label
may also be used indirectly. In this case, the label is attached not to the detecting antibody,
but rather to a second antibody specific to the detecting antibody. Antibodies of one species
are antigenic when injected into an animal of a second species. For example, rabbit
immunoglobulins can be injected into another animal such as a goat to create a goat anti-rabbit
antiserum. These goat anti-rabbit antibodies are useful to detect antibodies from rabbits that
were originally prepared to detect another antigen.

Indirect assays are more sensitive and also avoid the need to prepare a conjugate to each
antibody used. Several forms of indirect assay are described in the following section and are also

illustrated in Figure 1 (b and d). The relative advantages of direct and indirect systems are
discussed in the following section.

Several other molecular interactions are frequently used in conjunction with ELISA, either to
purify immunoglobulins or to amplify reactions and increase sensitivity. Protein A is a cell wall
component of the bacterium Staphylococcus aureus and has the unique characteristic of binding
to the immunoglobulin protein of many mammalian species. The binding site is on the Fc region of
the immunoglobulin and not on the antigen binding site. Protein A is frequently used to purify
antibodies by affinity chromatography. It can also be conjugated with enzymes and used in assays
to detect immunoglobulins.

A second important system is the biotin/avidin system. Biotin, a small vitamin, has a very high
affinity for avidin, a 68 000 molecular weight glycoprotein. Antibodies and enzymes can be
conjugated with several molecules of biotin to form a "bictinylated" molecule. Each avidin
molecule has four binding sites for bictin. This multiplying interaction has been exploited in
several ways to amplify the number of enzyme molecules associated with each antigen-bound
antibody and thereby increase sensitivity. One example is illustrated in Figure 1c.
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Figurel:

a) Double antibody sandwich ELISA (DAS). The most widely used form of ELISA for
plant pathogens. The wells of the ELISA plate (the solid phase or immunosorbent
surface) are coated with an unlabelled antibody specific to the pathogen, which
becomes the trapping antibody (TA). The antigen (V) is captured by the trapping
antibody and detected by the enzyme-labeled antibodies (LA), which are normally from
the same polyclonal antiserum used for trapping and detection;

b) Double antibody sandwich indirect ELISA (DAS-T). The intermediate antibody (IA) is
unlabeiled and must be from a different animal species than the coating antibody.
The LA is an antibody specific for the IA. It the F(ab')2 antibody component is used
for coating, the whole unlabelled antibody from the same animal can be used as the
IA and is detected with protein A conjugated to an enzyme;

¢) Enhanced DAS-I. This is similar to DAS-I, but the enzyme concentration on the LA is
amplified by an additional treatment to increase sensitivity. Frequently, the LA is
biotinylated to react to avidin enzyme conjugates; d) Plate-trapped antigen indirect
ELISA. The antigen (V) is trapped directly on the plate surface and detected by using
an unlabelled antibody specific to the antigen (IA) plus an enzyme-labeled antibody
(LA) specific to the IA. Enhancement as shown for DAS-I is also possible.
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ELISA PROCEDURES

Numerous variations of the ELISA procedure can be devised (Clark, Lister and Bar-Joseph,
1988; Engvall and Pesce, 1978; Jones and Torrance, 1986; Koenigand Paul, 1982; Maggio, 1980).
The selection depends on the sensitivity, specificity and convenience required; the presence of
interfering factors; and the type and activities of the antisera available. The basic steps for four
commonly used variations of ELISA are outlined here and illustrated in Figure 1. In three of the
variations, a, b and c, the solid-phase (ELISA plate) is coated with antibody to the antigen to be
detected. This antibody, identified as trapping antibody (TA in the figure), then traps its
corresponding antigen (identified as V) from suspension or solution. In the fourth variation (Figure
1d), the antigen (V) is trapped directly on the solid phase and detected with its specific antibody.

Double antibody sandwich

The inexperienced user should start with the double antibody sandwich (DAS) where possible. This
has been the most commonly used form of ELISA for plant virus detection since its description
by Clark and Adams (1977). The immunosorbent surface is a plastic microtitre plate with wells
designed for ELISA. A dilute solution of unlabelled antibody is added to the wells of the plate,
and the antibody adsorbed on the plastic becomes the trapping antibody (TA). After washing to
remove any excess antibody, the sample (antigen) is added. Antigens (V) in Figure 1 specific to
the bound trapping antibody attach themselves to it, but other proteins remain in solution and
are removed by washing. The antigen attached to the trapping antibody is detected by adding a
labeled antibody (LA in Figure 1a) specific to the antigen. The label is the enzyme (E) previously
conjugated to the antibody. When substrate specific to the enzyme is added in the final step, a
color develops as a result of enzyme action. The amount of color and its rate of development
are correlated to the amount of labeled antibody bound to the antigen which had been trapped
by the antibody attached to the plate.

DAS can be done with a single good quality polyclonal antiserum. The immunoglobulins
present are partially purified, and one portion is saved for use as trapping antibody while another
is conjugated to an enzyme. Alkaline phosphatase is commonly used as the enzyme and the
conjugation can be done in the presence of dilute glutaraldehyde (Clark, Lister and Bar-Joseph,
1988). The antibodies for coating and detection do not have to come from the same source, e.g.
monoclonal antibodies could be used for coating and a polyclonal antiserum could be used to
prepare the enzyme-labeled antibody.

Double antibody sandwich indirect

DAS can be converted to an indirect procedure (DAS-I), which is illustrated in Figure 1b. The
first two steps are the same as in DAS. However, the antigen bound to the trapping antibody is
detected by an unlabelled intermediate antibody (IA) which is specific to the same antigen but is
from an animal species different from the one used to prepare the trapping antibody. For
example, if the trapping antibody was prepared in rabbits, the detecting or intermediate antibody
could be from a mouse or a chicken. The unlabelled IA which attaches to the antigen is detected
by an enzyme-labeled antibody (LA) specific to the IA. Because the IA is from a different species
than the TA, the LA binds only to the IA and no non-specific binding of the LA to the TA occurs.
The amount of LA is measured by adding substrate and measuring color change as in DAS.

DAS-I ELISA involves an additional step (Figure 1b) but is more sensitive and also allows use of
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a commercially prepared enzymelabeled antibody to the IA. A single LA can also be used for
multiple virus detection systems. In addition, the intermediate antibody does not have to be
purified and is needed in only a limited quantity. If the intermediate antibody is highly specific,
e.g. most monoclonals, then a highly specific antiserum is not required for coating. The major
problem is that antibodies to the same antigen must be prepared in two different animals. If the
trapping and the intermediate antibodies are from the same species, the labeled antibody used to
detect the intermediate antibody will also bind to the trapping antibody and result in a nonspecific
response.

A system has been devised to carry out DAS-I using a single antiserum (Adams and Barbara,
1982; Clark, Lister and Bar-Joseph, 1988). To do this, the antibodies are treated with the enzyme
pepsin to remove the Fe portion of the molecule. The remaining F(ab'), fragment still has the
antigen binding sites and will bind to the immunosorbent, but will not bind to protein A. The
F(ab'), fragments are used as trapping "antibody" and the whole antibody is used as the
intermediate antibody. Enzyme-conjugated protein A is then used instead of a labeled antibody to
detect the intermediate antibody. It does not react to the trapping "antibody" because the Fe
region has been removed.

The DAS-I procedure can be further modified to amplify the reaction achieved. This is
commonly done using a biotin-avidin interaction in which the labelled antibody is biotinylated to
react with avidin molecules conjugated to multiple enzyme molecules, as illustrated in Figure 1c.
Different types of amplification are possible and special kits may be purchased to perform them.
Users should be aware of the possibility of employing amplification when additional sensitivity is
needed, but regular procedures should be tested before amplification is attempted.

Plate-tra ntigen

Another basic approach to ELISA is the platetrapped antigen procedure (Figure 1d). The
approach is to trap the antigen (V) on the plastic surface, then react the trapped antigen with an
unlabelled intermediate antibody (IA) specific to it. The IA is then detected as in DAS-I using an
enzyme-labelled antibody (LA) specific to the IA. This procedure, called plate-trapped antigen
indirect (PTA-I) ELISA, is relatively simple and involves no advance purification of antisera or
conjugate preparation if a commercially prepared enzyme-labelled antibody to the unlabelled IA is
used. The PTA-I procedure is usually less sensitive than DAS or DAS-I for use with crude plant
extracts and may not be effective when antigen concentration in the sample is low. Since binding
to the plate is non-specific, the target antigen and other proteins present in the extract compete
for the available binding sites on the plate. Platetrapped antigen tests can be conducted as a
direct assay using an enzymelabelled antibody to the antigen, but sensitivity is even lower than
for the indirect method, and the conjugate must still be prepared. Amplification procedures as
described for DAS-I can also be used for the PTA-I procedure to increase sensitivity.

The specific steps and schedules for these types of ELISA are described in Schedules 1 to 3.

SAMPLING

Selection of appropriate samples for testing is critical. Although ELISA is a sensitive procedure,
reliable results may not be obtained if poor samples are tested. Virus titre in grapevine tissue
often varies markedly, and thousandfold difference in antigen concentration can occur over a
relatively short period. Virus concentrations are generally highest in young, expanding flush
tissues. They decrease rapidly as tissues mature under hot-weather conditions and more slowly
under cool conditions. Avoid sampling old, mature tissue during the summer months in hot
climates unless preliminary testing indicates that reliable samples can be taken. If the virus or
pathogen is phloem-limited (e.g. the grapevine pathogens leafroll, rugose woodassociated
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closteroviruses and fleckassociated isometric virus), then the tissue sample collected must contain
phloem tissue. Older bark tissue can be sampled if the cambium is active, but generally it is less

reliable than young shoot flush, bark or young leaf midribs. Young root tips may be useful under
some conditions.

A composite sample from several sites on the vine should be collected; normally three to five

locations per vine are sampled. Increase sampling if the pathogen is irregularly distributed or
when trying to monitor a recent infection.

Fresh tissue can normally be stored for at least seven to ten days at 4°C when kept in a plastic
bag or sealed container.

Samples can also be stored frozen at -20°C or below for extended periods. Unprocessed fresh
tissue should be used; or tissue can be diced, placed in extraction buffer and frozen in the
grinding tube (Figure 273). The sample should not be ground prior to freezing because fresh
extracts often lose much activity when frozen. Frozen samples should not be stored in an
automatically defrosting freezer. Extracts can be stored for long periods when freeze-dried; this is
a good way to store a source of consistent reference (control) samples. Always test a storage
method with the specific pathogen under study in order to prove its effectiveness.

EXTRACTION

Numerous buffers and different additives have been used for extraction of tissue samples with
different virus-host systems (Bar-Joseph and Garnsey,1981; Clark, 1981; Clark and Bar-Joseph,
1984; Clark, Lister and Bar-Joseph, 1988; McLaughlin et al., 1981). Phosphatebuffered saline
(PBS) or 0.05 M Tris, pH 7.5 to 8.0, without any additives usually give good results for sandwich
assays. Additives such as polyvinylpyrrolidone (PVP), EDTA and DIECA are generally unnecessary
for citrus, but with grapevine tissues 2.5 percent nicotine or 2 percent PVP may be useful (see
chapter on grapevine degeneration - fanleaf). Test the effect of additives before using them
routinely. For plate-trapped antigen procedures, try extraction of the sample in carbonate coating
buffer, pH 9.6, or in 0.05 M Tris, pH 8.0. Do nor use Tween 20 in the extraction buffer for
samples to be plate-trapped.

Normally, the ratio of buffer to sample tissue should be at least 1: 10. Higher concentrations of
tissue may actually reduce reaction rates and make sample preparation more difficult.

There are many ways to grind samples. Pestle and mortar are fine for small numbers of tender
samples. Addition of an abrasive, such as fine sand or carborundum, to the sample or powdering
the tissue in liquid nitrogen makes grinding easier. A dispersion homogenizer equipped with a 10
to 25 mm diameter shaft is a good choice when large numbers of samples are to be processed. A
2 to 10 ml sample can be rapidly ground in a test-tube or centrifuge tube of suitable diameter and
length with this type of homogenizer. Fibrous tissue, such as bark and leaf midribs, should be cut
into short pieces (2 to 5 mm) prior to grinding or the shaft will become clogged with fiber and
need to be cleaned between samples. Two rinses of the grinder shaft in 500 to 1 000 ml clean
water are usually adequate. Run the homogenizer briefly in each rinse solution.

Chill samples prior to grinding to offset heating during the grinding process. It is normally not
necessary to keep the sample on ice during grinding, unless unusually long grinding is required
and the sample becomes warm to the touch. Frequent users of dispersion homogenizers should
wear earplugs to protect their hearing, and homogenizers should be isolated.

If necessary, samples can be prepared with very minimal equipment. When virus concentration
is high, extensive disruption of the sample tissue is usually unnecessary. One method is simply to
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place a small piece of tender tissue directly in buffer in the well of an ELISA plate with forceps and
then squeeze it to release the cell contents. Tissue can also be crushed in a small plastic bag
using a mallet or smooth stone and the extract moved by pipette into the test plate.

Samples containing a lot of debris after extraction can be difficult to pipette. Remedies include
centrifugation of the sample to pellet the debris or filtering the sample through a coarse filter such
as cheesecloth or glass wool (Figure 276). Cutting off a portion of the tapered tip of a plastic
pipette creates a wider orifice and is often quick and effective. It is frequently quicker to rinse a
repeating pipette between samples than to change tips, so only a limited number of tips need be
modified.

WASHING

Proper washing of the plates between steps is important. The standard procedure is to wash
the plate three times between each step with phosphatebuffered saline (PBS) containing 0.5
percent Tween 20 (PBST). Sodium azide is frequently included in PBST solutions as a
preservative. However, it is highly poisonous and may form an explosive complex with some
metals. Sodium azide is unnecessary in ELISA wash solutions and should be omitted. The two
most critical wash steps are after sample incubation when cross-contamination must be avoided
between wells containing different samples (omit the first wash immediately if carryover between
wells occurs) and after the conjugate incubation step. If even a minor residue of unattached
conjugate remains, high background readings may occur. (Add another wash at this point when in
doubt.) Various plate washers are available which can promote consistent washing operations, but
a plastic squeeze bottle will work well for small volumes of plates. Solutions in the plate wells can
be removed by aspiration to avoid contamination, but usually the plate is inverted rapidly W|th a
quick shake of the hand and tapped firmly on clean blotting paper or paper towels.

TEST CONDITIONS

A wide variety of reactant concentrations and incubation times and conditions have been
reported for ELISA (Clark and Bar-Joseph, 1984; Clark, Lister and Barloseph, 1988; McLaughlin et
al., 1981). The choice of conditions depends to some extent on the basic goals. With high
concentrations of reactants, short incubation times can be used, and if necessary the entire ELISA
procedure can be completed within two hours. Increasing the incubation time while decreasing
concentration (especially of the conjugate) will conserve reactants. Reactions occur most rapidly
at 30 to 37°C, but room temperature (20 to 28°C) will give satisfactory results. Gentle shaking
during incubation may improve efficiency. Many workers find it convenient to do the sample
incubation step overnight and often do this at 4 to 6°C.

Some experimentation will be necessary to determine optimum conditions for each situation.
Schedules 1 to 3 give examples which should provide a good starting point. Moderate changes in
times and conditions are unlikely to cause a test failure, and changes can often be made to render
the schedule more convenient for the user with no loss of information. New users should certainly
experiment with different schedules to find the optimum for their purpose.

One of the major variables in ELISA to be evaluated is the concentration of conjugate to use.
Commercially prepared enzyme-labelled antibodies normally have a recommended working
dilution (frequently between 1/1 000 and 1/2 000). Conjugates that are prepared experimentally
may differ markedly, and published values for other systems are of little help. Optimum dilutions
of 1/100 to 1/20 000 of the stock preparation (approximately 1 mg per ml) have been reported.
The effective dilution will depend on the basic affinity of the antibody, the titer of specific and
nonspecific (host) antibodies, the source and activity of the enzyme used and the effectiveness of
the conjugation procedure. When starting with a new or unknown batch of conjugate, test three
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tenfold dilutions starting at a 1/100 dilution to determine the approximate activity. Using these
results, make a second test in the appropriate dilution range indicated. Normally, the objective is
to obtain a strong positive reaction to a good positive sample within 20 to 60 minutes and little or
no reaction to healthy extracts. If the conjugate concentration is so high that a reaction is
instantly visible, a background reaction is often also observed with healthy extracts (and even with
buffer controls). Reduce conjugate concentration and, if a nonspecific reaction persists, adsorb the
antiserum against a concentrated extract of healthy plant tissue to remove antibodies against
healthy antigens.

If possible, do this before purifying the IgG. Adding healthy tissue extract to the buffer used to
dilute the conjugate may also reduce nonspecific reactions (Clark, Lister and Bar-Joseph, 1988).

The use of appropriate controls is essential. Each plate should have at least one healthy and
one known positive sample as controls. A buffer control is also useful to determine the level of
background reaction to healthy extracts. Frequently, a slightly higher reading will be observed for
the buffer control than for the healthy extract because proteins in the extract block exposed
protein binding sites on the plastic, which may later non-specifically bind conjugate molecules.
Each sample should be tested in at least two wells. A random loading pattern can be used, but
paired wells are normally used for routine work. Special applications may require additional
replication and randomization.

Edge effects in the plates were frequently noted when ELISA first became popular and
outer wells were avoided. Plates have steadily improved and normally all wells can be used.
Uniformity in new lots of plates can be checked by loading a uniform sample in all wells.
RECORDS

One of the major tasks of any indexing procedure is to identify samples properly during the
testing process and to record results in a usable format.

The identity of the sample must be maintained through the muitiple steps of collection,
processing, extraction and testing. It is usually convenient to give each sample a code
number at the time of collection and to use this code during the test process. If samples are
collected directly in the grinding vessel (usually a glass or plastic tube), labeling steps can be
reduced. If the sample is collected in a container other than the grinding vessel, a
transferable label is often convenient. Many ELISA plates have a coding system on the
plate margins to identify individual wells, but there is no space to mark individual wells on
the plate. Most workers develop a data sheet similar to the one shown as Figure 2, which
is used to record the loading sequence of test samples and other pertinent data such as
reactant concentration and incubation conditions. Each plate and data sheet should have a
corresponding number recorded in a logbook to facilitate retrieval of information.

It is important to mark the loading pattern for each plate prior to loading samples and
to arrange the samples to be loaded in the appropriate sequence. Note changes or errors
that may occur during loading, and store tubes and samples under refrigeration until the
testing process is complete.

Visual readings of the plate can be recorded directly on the plate data sheet. Printouts
from a plate reader can also be attached to the original data form. Use of computers to
store and analyze data is increasing rapidly. Computers are convenient for long-term
storage of large amounts of data. Data from the reader may also be converted into another
format for further analysis and spreadsheet presentation on the computer. Permanent
visual records of important tests can also be obtained by photographing individual plates
on a light box or over a white background. A 35-mm transparency film is economical, and
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a standard exposure can be obtained if a constant light source is used.

Conjugates are stable for long periods at 4°C. Freezing or freeze-drying are not
recommended unless preliminary testing indicates it is possible. If freezing is necessary,
add 50 percent glycerol.

Plate No.

Date / L

Expt. Mo
Plate No. . Conc._____ Tine Temo . ____
Coating Ab___ . Conc.____ T:ine Temd . . _
antigen Canc.___.__ Tire Temp. ____
Second AL Canc. Tioe Jemp .
Cony : oo™ CONE, = |'TINE Temp .
Subat .. Corc. ______ Time Temc .
NOTES. —

i 2 3 4 5 [ 7 8 7 L6 [ 13

T oOMmMMAOO®>

Figure2 Data sheet for recording ELISA resuits
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ELISA BUFFERS AND SOLUTIONS
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A limited number of chemicals are required to make the buffers and solutions needed for
ELISA, and these are shown in Table 1. Many of these should be readily available in most

biological laboratories.

TABLE 1 List of chemicals for ELISA

|1. Alkaline phosphatase type
2. Bovine serum albumen

3. Diethanolamine

. Hydrochloric acid

. Ovalbumen

] P-Nitropﬁenyl phosph;féw
. Polyvinyl pyrrolidone MW 40 000
. Potassium chloride

. Potassium phosphate
10. Sodium azide

1. Sodium bicarbonate
12. Sodium carbonate
13. Sodium chloride
14, Sodium hydroxide

115. Sodlum phosphate (dibasic)

Al s

'16. T'rts(hydroxymethyl.)g:;lnomethé(rié Ha

|17. Tween 20

O o N O A

BSA
INH (CH,CHOH),
%HCI

Kal
|KH,PO,
NaN;
INaHCO,

INa,CO,

_Ineat

INaOH

1§

_ INatPO,

[Tris-HCI

Larger quantities of the wash buffer (PBST) than of other solutions are used. The dry saits
needed for PBS can be weighed in advance in units to make a convenient volume, mixed dry and
stored in sealed plastic bags until needed. A new supply of PBS can be obtained rapidly, as
needed, by adding the required volume of distilled wafer to the weighed salts.

Use standard buffer solutions with pH values near 7.0 and 10.0 to calibrate pH meters. Store

buffers (except PBST) at 4°C if possible.
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TABLE 2 ELISA buffers and solutions

1. Coating butter
1.59 g N82CO3
2.93 g NaHC03
0.2 g NaN3
(pH should be 9.6)"

2. Phosphate buffered saline (PBS) 8 g
NaCl

0.2 g KH2PO4

2.9 g Na2HP0412 H20

(1.15 g anhydrous) 0.2 g KCI

(pH should be 7.2 to 7.4)'

3. Washing buffer (PEIST) 1,0 1.0 liter PBS
0.5 ml Tween 20

4. Extraction buffer

1.0 liter PBST

20 9 polyvinyl pyrrolidone, MW 40 0002

(Option: 15.7 9 Tris-HCI, adjusted to pH 7.8 with NaOH)

5. Conjugate buffer

1.0 liter PBST

20 g polyvinyl pyrrolidone, MW 40 0002 2.0 g ovalbumen
0.2 g NaN3

6. Substrate buffer
97 ml diethanolamine 0.2 g NaN3
(adjust pH to 9.8 by adding HCI)

7. Reaction stopping solution 120 g
NaOH

!pH should be close to value, adjust slightly if necessary.
2poly vinyl pyrrolidone is not essential for extraction or conjugate buffers.

Normally, 200 pl of solution are added per well, but smaller volumes can be used. If NaOH is used
to stop the reaction, 50 ml are added to the wells already containing substrate.

Schedule 1
Double antibody sandwich ELISA

1. Coat ELISA plates with antibodies (IgG) diluted to 1 to 2 mg per ml in carbonate coating
buffer. Incubate for 1 to 4 hours at 25 to 30°C and wash three times with PBST.

2. Add sample extracts prepared at a 1/10 to 1/20 dilution in extraction buffer in duplicate or
triplicate wells. Incubate for 2 to 4 hours at 30 to 37°C or overnight at 4 to 6°C. Wash
thoroughly three times with PBST. Avoid cross-contamination of samples when washing.
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3. Add enzyme-antibody conjugate diluted in conjugate buffer to an optimum concentration
(normally between 1/500 and 1/5 000). Incubate 2 to 4 hours at 37°C. Wash at least
three times with PBST to remove unbound conjugate from the wells.

4. Add substrate freshly prepared at a concentration of 0.6 to 1 mg per ml in substrate
buffer (10 percent diethanolamine, pH 9.8). Incubate until strong color change develops
in positive controls (normally 30 to 60 minutes) and read plates. Plates may be read at
several intervals without stopping the reaction, to calculate reaction rate, or the reaction
can be stopped at an appropriate time by addition of 3 M NaOH and a single reading can
be made. If plates are read visually, score the estimated relative strength of reaction. If
read on a spectrophotometer or with a plate reader, record the OD 405 values.

Schedule 2
Double antibody sandwich indirect ELISA

1. Coat ELISA plates with antibodies (IgG) specific to the antigen to be tested. The IgG
concentration should be 1 to 2 mg per ml in carbonate coating buffer. Incubate for 1 to 4
hours at 25 to 30°C and wash three times with PBST.

2. Add sample extracts prepared at a 1 /10 to 1 /20 dilution in extraction buffer. Load
duplicate or triplicate wells with each sample. Incubate for 2 to 4 hours at 30 to 37°C or
overnight at 4 to 6°C. Wash thoroughly three times with PBST, avoiding cross-
contamination of samples.

3. Add unlabelled intermediate antibody at an appropriate dilution, normally 0.25 mg per ml
or less. Incubate for 30 to 60 minutes at 30 to 37°C, and wash plate three times with
PBST.

4. Add enzyme-labeled antibody specific to the intermediate antibody, diluted according to
the instructions supplied. Incubate 1 to 2 hours at 30 to 37°C and wash plate carefully at
least three times with PBST.

5. Add substrate freshly prepared at 0.6 to 1 mg per ml concentration in substrate buffer (10
percent diethanolamine, pH 9.8). Incubate until strong color change develops in positive
controls (normally 30 to 60 minutes) and read plates. Plates may be read at several
intervals without stopping the reaction so rate of reaction can be calculated, or the
reaction can be stopped at an appropriate time by addition of 3 M NaOH and a single
reading can be made. If plates are read visually, score estimated relative strength of
reaction. If read on a spectrophotometer or plate reader, record the OD 405 values.

Schedule 3
Plate-trapped indirect ELISA

1. Add antigen extracts to uncoated ELISA plates and incubate 1 to 4 hours at 25 to 30°C or
overnight at 4 to 6°C. (Note that samples prepared for PTA should not have Tween 20 in
the extraction buffer.) Wash plates three times with PBST and avoid contamination while
washing.

2. Add unlabelled antibody specific to the antigen at an appropriate dilution (normally 1 g

per mi or less). Unpurified polyclonal antisera or ascites fluid can be used. Incubate 1 to 2
hours at 30 to 37°C and wash three times with PBST.
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3. Add enzyme-labeled antibody specific to the unlabelled antibody, at the specified dilution
(normally about 1/1 000), and incubate 1 to 2 hours at 30 to 37°C. Wash carefully at
least three times with PBST.

4. Add substrate prepared at a concentration of 0.6 to 1 mg per ml in substrate buffer (10
percent diethanolamine, pH 9.8). Incubate until a strong colour change develops in
positive controls (normally 30 to 60 minutes) and read plates. Plates may be read at
several intervals without stopping the reaction so rate of reaction can be calculated, or
the reaction can be stopped at an appropriate time by addition of 3 M NaOH and a single
reading can be made. If plates are read visually, score estimated relative strength of
reaction. If read on a spectrophotometer or plate reader, record the OD405 values.
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PRODUCTION OF CERTIFIED MATERIAL OF
GRAPEVINE VARIETIES AND ROOTSTOCKS

By:
Dr. Abdul-Jalil Hamdan
Assistant Professor, Entomology
Hebron University, Palestine

Background:

Fruit crop sanitation programs have been established during the last few
decades in developed countries and have provided the basis for flourishing
fruit crop industries.

The need for fruit crop sanitation and improvement was lately recognized by
various governments in Mediterranean and Near East countries with initiatives
taken in some Institutions and Universities.

In response to the request of FAO expert consultation (September 1985) and
to the 18th FAO Regional Conference for the Near East (Istanbul, March
1986), UNDP and FAO accepted the respective roles in funding and
technically supporting a Regional Project on the control of virus and virus-like
diseases.

It was also agreed by the Project member countries to fund their national
program on sanitation of fruit crops of particular interest and to assign basic
staff and requirement for starting national activities.

The project major objective is institution building through networking in order to
develop national capabilities for production, maintenance, and distribution of
virus-free planting materials of vegetatively propagated crops.

The short-term objectives of the project can therefore be summarized as
follows:
- development of a regional system of networks on fruit crop
improvement through the control of virus and virus-like diseases;
- strengthening capabilities of participating countries in undertaking
programs of production and maintenance of healthy (virus-free)
planting material;
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+ e transfer of technology to participating countries;

« creation of awareness about the threat of devastating fruit crop
virus and virus-like diseases currently of limited distribution in the
region.

Establishment and activities of the network:

« A regional network has been set up for each group (the grapevine
network based in Tunis, the citrus network in Cairo and the stone
fruit network in Rabat).

« The grapevine network was set up and based in Tunis and
coordination is already well established among the member
countries’ institutions and the specialized institutions of the
developed countries in the Mediterranean region.

The grapevine network including Algeria, Morocco, Syria and Tunisia, has laid
the bases for cooperation among its member countries as well as with
specialized institutions of developed countries in the Mediterranean basin.

The network activities focus on:
» clonal and sanitary selection with two phases;
» the first concerns a pomological and sanitary selection of
wine grape varieties.
- The second phase consists of specific clonal and sanitary
selection.
The scheme of certification was adopted by all member countries;
- establishment of mother vine stands of American rootstocks
'selected in Tunisia;
- improvement of Tunisian varieties through the varietal and
sanitary control of wine and table varieties;
- standardization of selection and indexing methods.

European and Mediterranean Plant Protection Organization (EPPO) had
approved several standard certification schemes for production of various
crops including :

1. PM 4/7(2) Nursery requirements - recommended requirements for
establishments participating in certification of fruit or ornamental crops

2. PM 4/8(1) Pathogen-tested material of grapevine varieties and
rootstocks
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Scientific institutions in the region for the study of Viruses and Virus Diseases
of the Mediterranean Crops, and the Mediterranean Agronomic Institutes have
undertaken an extensive program for the pomological and sanitary
improvement of the regional fruit tree industry.

Only registered selections free from the infectious agents included in national
protocols are eligible for certification.

Thus, when required, selected stocks undergo sanitation treatments which,
according to the plant species, consist of heat therapy, meristem tip culture, or
micrografting.

Controls for the assessment of the sanitary status, either before or after
sanitation treatments, are based on different types of assays:

(i) biological (indexing on woody indicators for all species except for olive,
and mechanical transmission

to herbaceous hosts); -

(i) serological (ELISA, using polyclonal antisera and/or monoclonal
antibodies);

(iii) molecular (radioactive or cold probes, PCR);

(iv) electrophoretic (for viroids and dsRNAs).

EPPO Standards: PM 4/7(2):

Nursery requirements - recommended requirements for establishments
participating in certification of fruit or ornamental crops

The following general conditions are recommended as requirements for
establishments (including micropropagation establishments) intending to
propagate fruit or ornamental crops for certification:

1. Establishments participating in certification schemes should be officially
registered (this will normally be with the official authority of the country where
the nursery is situated, but may be with the official authority of another
country) as capable of satisfying the technical and isolation requirements for
the category of stock concerned and, as appropriate, of respecting the hygiene
guidelines for certification schemes.

2. Establishments applying for registration should supply the following
information:

. name under which trade is conducted,

. postal address,
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. telephone and fax numbers,
. e-mail address,
. address(es) of premises on which propagation is to be done

(if different from above).

3. Establishments should declare each year in advance the species and
the type of plants to be entered for certification.

4, Establishments should designate one member of staff to have overali
responsibility for certification and to be the first point of contact on all
certification matters.

This person's name should be stated and any subsequent changes
notified to the certifying authority.

5. Establishments should conform with the certification regulations in force,

permit official access to all types of crops on the premises and facilitate
inspections and sampling at any reasonable time.

6. Establishments should keep records for the crops covered by
certification schemes, which should include:

- an up-to-date inventory of the fruit or ornamental crops, as
appropriate, on the premises.

- details of plants brought onto the premises and their origin.

- details of all sales or disposals, including quantity and destination
of the material.

- information on all tests and inspections performed as required by
the certification scheme, including, for example, date and method of
sampling, date of test, test method, result.

This concerns any tests performed by the nursery staff and those
performed by specialized laboratories on their behalf.

- details of applications of plant protection products.

- occurrence of pests and diseases and any action taken.
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7. Establishments should either be capable of carrying out prescribed tests
on plant material or should subcontract the tests to a competent laboratory.

— In either case, the certification authority should approve the
testing facilities

— Records of tests and inspections performed by the official
authority are normally held by the authority.

— Nurseries may sometimes require this information, for example to
be provided to authorities of other countries to which they export.

EPPO Standards: PM 4/8(1)
Pathogen-tested material of grapevine varieties and rootstocks

Definition of propagation categories:

1. Propagative material: includes cuttings of both rootstock and scion wood.
2. Bundle: a lot of either root stock, scion wood or grafted plants.

3. Source Block: the block containing Mother Plants.

4. Mother plants: the plants from which rootstock and scion wood cuttings are
taken.

5. Propagation stock.

-+ Propagating materials or plants (for grapevine, commonly known
as plants of basic category) directly derived from nuclear stock
plants and grown in propagation blocks.

+ They have the same health status as the original source and can
only be delivered to nurseries that have the necessary
qualifications.

6. Nursery Block: the field nursery site in which newly grafted grapevines are
grown in the nursery prior to sale.

7. Block: For virus testing purposes a “block” is a discrete, continuous, and
clearly defined area within a vineyard from which ampelographically checked
rootstock or scion wood material is being collected for grafting. While it may
contain different varieties, it does not include untested rows or untested
material.
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8. Certified stock.

- Propagating materials or plants derived from mother vines
established in commercial nurseries from propagation stock and
delivered to the growers.

« The production of new mother vines from certified mother vines is
forbidden.

« To do so, the nurseryman must obtain new propagation stock.

. Trueness to type should be monitored . and maintained for all
categories. Propagation stock and certified stock categories
assure, in addition, health status, as declared for individual scion
variety, clone or rootstock type.

9. Acceptable Quality Level:

. Because it is not possible to absolutely guarantee that no
virus infected plants are present, the Acceptable Quality
Level (AQL) is the largest percentage of defectives in a
certain sample size that can make the lot  definitely acceptable.

. In this Standard the AQL for “virus testing” is 0.1% (i.e. 1
on 1,000 grafted grapevines) and for “end of process testing” the
AQL is 1.0%.

Outline of the grapevine certification schemes in EPPO :

For the production of certified grapevine varieties and rootstocks, the following
successive steps should be taken:

1. Selection for pomological and health quality of individual plants of each
scion variety or rootstock type to be taken into the scheme.

2. Assessment of health status of visually selected plants by testing, or
production of healthy plants (nuclear stock) by heat treatment and/or
meristem-tip (shoot-tip) culture followed by testing.

3. Maintenance of the nuclear stock (including the plants resulting from
selective testing) under conditions ensuring freedom from re-infection by aerial
or soil vectors, with retesting as appropriate.

4. Multiplication of the nuclear stock in one phase (propagation stock), under
conditions ensuring freedom from re-infection, with retesting as appropriate.

5. Distribution of propagation stock to nurseries.
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6. Production of certified (virus-tested) stock by nurseries under strict official
control, with random tests on virus status by the official organization as
appropriate.

Certified grapevine material for export should in any case satisfy the
phytosanitary regulations of importing countries, especially with respect to any
of the pathogens covered by the scheme which are also quarantine pests.

1st Step: Selection for pomological and health quality:

» Select vines of each variety or rootstock according to procedures
which ensure trueness to type and high pomological quality.

« An effort should be made to select vines with no apparent

- symptoms of, or the least affected by, infectious graft-

transmissible diseases.

* However, according to world experience, freedom from viruses,
virus-like agents and viroids is a very rare condition.

« Thus, selection for health status should generally be
complemented by procedures for eliminating disease.

2nd Step: Maintenance of the candidate material:

« Collect cuttings from the selected vines and cold-store (e.g. at 2-
4°C) until use.

» If conditions are favorable (e.g. sandy soils, with AQL), force
cuttings of scion varieties or rootstocks to root in a glasshouse
and transplant rooted cuttings as such in the field.

+ Alternatively, for scion varieties, graft buds or bud sticks from
selected vines onto vegetatively propagated certified rootstocks or
seedling rootstocks.

« Prior to use, rootstocks should be tested for freedom from the
harmful diseases and pathogens specified in Tables 12.

+ However, seedlings are considered to be free from all viruses
occurring in EPPO countries, virus-like agents, viroids and
prokaryotes.

« The soil should be free from nematode vectors (Table 3) and
vines should be carefully protected from aerial vectors (the
mealybugs and leafhoppers listed in Table 3) in areas where
these may occur.

« For the repository, a safety distance from commercial vineyards or
mother-vine plots is not strictly necessary. Contiguity between
repository and other grapevine stands should, however, be
avoided.

@W'MQ”‘M' —



e Aaarg it ol a8 o Q! ol Ul 04 UGS Jlowo (B Aol A 1 3y9d)

Table 1. Virus and virus-like diseases of grapevine occurring in the EPPO
region and covered by the scheme

A. Grapevine degeneration complex, caused by grapevine fanleaf nepovirus and
other European nepoviruses

B. Grapevine leafroll complex

C. Grapevine rugose wood complex (corky bark, rupestris stem pitting, Kober stem
grooving, LN 33 stem grooving)

D. Grapevine fleck disease

E. Grapevine enation disease

F. Grapevine diseases caused by MLOs (visual inspection only - material visibly
affected by MLOs is not admitted for certification) -
G. Grapevine diseases associated with closteroviruses (material found to contain |
closteroviruses is not admitted for certification) '

Other graft-transmissible diseases known to occur in the EPPO region are tolerated |
for the moment, but every effort should be made to eliminate them, especially |
grapevine vein mosaic disease and grapevine vein necrosis disease. J

Table 2. Pathogens, transmissibility, geographical distribution and vectors for
the diseases cited in Table 1

Virus | Geographical distribution | Vector |
A. Grapevine degeneration complex (all mechanically transmissibie):
1. JArtichoke Italian latent  |Bulgaria Longidorus apulus
nepovirus (AlLV) Longidorus fasciatus
2. |Arabis mosaic nepovirus |Europe (Switzerland, Xiphinema
(ArMV) Germany, Hungary, diversicaudatum
Yugoslavia, Bulgaria,
|[France, ltaly), Japan
3. |Grapevine Bulgarian Buigaria, Hungary, Unknown
latent nepovirus (GBLV) [Portugal, Yugoslavia
4. |Grapevine chrome [Hungary, Yugoslavia Unknown
imosaic nepovirus
(GCMV)
5. |Grapevine fanleaf \Worldwide Xiphinema index
nepovirus (GFLV) Xiphinema italiae
6. |Grapevine Tunisian Tunisia [Unknown
ringspot nepovirus
(GTRV)
7. |Raspberry ringspot Germany |_ongidorus macrosoma
nepovirus (RRV) Longidorus elongatus
8. [Strawberry latent ringspot|Germany, ltaly, Turkey  |Xiphinema
nepovirus (SLRV) diversicaudatum
9. [Tomato black ring Germany, Israel, Canada |Longidorus attenuatus
nepovirus (TBRV) (Ontario), Hungary tongidorus elongatus
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B. Grapevine leafroll complex (only grapevine closterovirus A mechanically
transmissible)

10. [Grapevine closterovirus A Europe, Planococcus ficus
Mediterranean |Planococcus citri
Pseudococcus longispinus

11. |[Grapevine leafroll- associated
iclosterovirus |

Europe, USA  |Unknown
Mediterranean

12.|Grapevine leafroll- associated
iclosterovirus |l

Europe, Unknown
Mediterranean

13.|Grapevine leafroll- associated|Europe, USA  |Planococcus ficus

iclosterovirus I Mediterranean |Pseudococcus longispinus
14. |Grapevine leafroll- associated|Mediterranean, |Unknown

iclosterovirus 1V USA
15.|Grapevine leafroll- associated|France |lUnknown

closterovirus V

C. Grapevine rugose wood complex (not mechanically transmissible)

Occurs worldwide, with no known vector. The diseases known as corky bark,
rupestris stem pitting, Kober stem grooving and LN 33 stem grooving belong
to this complex. No pathogen associated with this virus-like disease has yet
been characterized, but a closterovirus serologically unrelated to the leafroll-
associated closterovirus has been reported to be associated with corky bark.

D. Grapevine fleck disease (not mechanically transmissible)
16. lGrapevine phloem-limited furope. Unknown
i

iIsometric virus (GPLIV) Mediterranean

E. Grapevine enation disease (not mechanically transmissible)

Occurs in Europe, North America (USA), South America (Venezuela), South
Africa, New Zealand, Australia, with no known vector. No pathogen
associated with this virus-like disease has not yet been identified.

F. Grapevine diseases caused by MLOs

17. |Grapevine flavescence [France, Italy Scaphoideus titanus
doréee MLO
18. |Grapevine bois noir and |[Europe (France, Unknown (probably
other yellows MLOs Germany, ltaly, leafhoppers)
Switzerland,
Greece, Romania,

Bulgaria), Chile,
Israel, New Zealand
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Table 3. Soil-borne (nematode) and aerial vectors of grapevine diseases
recorded in EPPO countries1

Vector Pathogen Geographical distribution
Xiphinema index Grapevine fanleaf Worldwide associated with
nepovirus grapevine

Xiphinema italiae

?1

Mediterranean region

Xiphinema Arabis mosaic Throughout Europe and the Middle
diversicaudatum nepovirus Strawberry |East
latent ringspot
nepovirus
Longidorus Tomato black ring Patchy distribution throughout
attenuatus nepovirus Europe, but more concentrated in
north-central, i.e. PL, DE, NL, BE,
GB (England)
Longidorus Mainly northern Europe but also
elongatus rarely in ES, IT, BG and south FR
Longidorus Raspberry ringspot Western Europe
macrosoma nepovirus
Xiphinema ?2 Mainly central and southern Europe
vuittenezi

Planococcus ficus

Grapevine closterovirus
A Grapevine leafroll-
associated closterovirus
i

Mediterranean region

Planococcus citri

Grapevine closterovirus
A

Mediterranean region

Pseudococcus
longispinus

Grapevine closterovirus
A Grapevine leafroll-
associated closterovirus
i

Mediterranean region

Scaphoides titanus

Grapevine flavescence
dorée MLO

Introduced to SW Europe from N.
America. Spreading eastwards

1 Xiphinema italiae, although reported in the literature as a vector of
grapevine fanleaf nepovirus, does not seem to have any vectoring
efficiency in the field.

2 Xiphinema vuittenezi has not been proved experimentally to transmit
any virus. However, it has been found associated with the spread of
certain nepoviruses (e.g. grapevine chrome mosaic nepovirus) in the
field. For this reason, it should be regarded as a potentially dangerous
nematode.
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3rd Step: Production of nuclear stock plants:

To become nuclear stock plants:

» Selected vines should undergo testing for the harmful diseases
and pathogens occurring in the EPPO region specified in Tables
1-2 and/or
Sanitation according to the procedures of Appendices.

Material imported from outside the EPPO region should also be
tested by EPPO-recommended methods for all other viruses or
virus-like pathogens occurring naturally in Vitis in the region of
origin.
~+ Testing on the woody indicators is essential for material to be
classified as nuclear stock, but

» The other procedures given in the disease-detection summaries
of Appendix may be useful for preliminary screening or for
retesting.

» Regardless of the type of treatment used, sanitized vines should
be retested.

* Plant rooted explants from heat chamber or tissue culture into
separate pots, and grow them in a glasshouse or screen house to
ensure freedom from aerial vectors.

- If vigorous growth is obtained, serological tests and testing on
woody indicators can be performed within a year after
transplanting.

» If candidate nuclear stock plants of a given variety or rootstock
give negative results in all tests, it can be promoted to a nuclear
stock plant and moved to the nuclear stock repository.

« If, for a given variety or rootstock, 100% virus infection can be
expected, it is advisable not to waste time with the first testing, but
to proceed directly with sanitation.

Mother vine plots should meet as many of the following criteria as possible:

« be located on grounds reasonably close to the research unit in
charge of indexing;

- be established on good quality, well-drained and clean soil,
preferably with no grapevine history or at least free of grapevines
for at least |5 years;

» be separated by at least 20 m from other vineyards to minimize
contaminations from adjacent plots by irrigation water, flooding
and cultivation;

* be large enough to accommodate other optional indicators in
addition to those used routinely.
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+ Before planting, the land must be carefully surveyed for the
presence of nematodes, paying attention to virus vector species.
Soils infested with virus vectors, especially Xiphinema index, are
unsuitable for growing indicator vines even after nematicide
treatment.

+ Chemical control with any suitable nematicide product is
recommended before planting and before each replanting.

4th Step: Maintenance of nuclear stock;

Pot individually a limited nhumber (2-5) of stock plants of each source (clone) of
each variety or rootstock type taken into the scheme, and grow them under
conditions ensuring freedom from re-infection by aerial or soil vectors.

For this purpose;
« double-door entry,
- insect-proof screenhouses
+ with gravel floor,
- heavy plastic or tarpaulin or any other material preventing contact
of the roots with soil are suitable.

Nuclear stock plants;
- should be kept under continuous surveillance and
- be sprayed regularly with appropriate pesticides,
« to control the normal quality pests of grapevine.

In vitro storage of a duplicate set of each nuclear stock plant can be envisaged
when reliable procedures for in vitro maintenance of Vitis germplasm become
available.

Vines in the repository should be checked each year for virus symptoms and
other pathogenic disorders.

Retesting is advisable if new and better detection techniques, antisera or
indicators become available, or whenever visual inspections suggest tests
should be carried out.

5th Step: Propagation stock:

« Propagation blocks are outdoor plantings that constitute the source of
propagation stock.
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- Propagation blocks are established with material propagated directly
from nuclear stock.
« These blocks should be established, preferably,

 in soils with no grapevine history, or

» soils that have not hosted grapevines for at least 6 years
and,

« in any case, are found free from virus-transmitting
nematodes (Table 3).

« The blocks should have a safety distance of 15-20 m from any
vineyard made up of material of lower category (certified), but

- this may be reduced if the soil in the adjacent fields (vineyards or
orchards) has been found to be free from virus-transmitting
nematodes.

* (@) Rootstocks.

« Place cuttings from each rootstock type in the nuclear block in a
glasshouse for rooting, and

« plant rooted cuttings directly in the field,

« each source in a separate plot, or row, and labeled so as to be
readily distinguished from one another.

» (b) Varieties.
» Graft each variety taken into the scheme onto rootstocks of the
same certification level or
» onto seedling rootstocks, and
» transplant the grafted vines into the field.

» Check stocks visually each year for symptoms of graft-transmissible
diseases and
» retest vines if suggested by visual inspections.
6th Step: Distribution of propagation stock and production of certified stock:

(a) Varieties:

+ For the production of mother-vine plants from which certified
propagative material is to be derived,
« propagation stock scion material should be grafted by the
nurseries onto rootstocks of the propagation stock category only.
* Nurseries should declare their production of certified stock every
year to the official organization concerned,
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Recording the number of plants for each variety/rootstock

combination and

- Substantiating the origin of certified scions and rootstocks by
certificates, bills or delivery notes with appropriate remarks.

« Distribute scion material from propagation blocks to nurseries
under strict official control.

- If possible, an official or officially authorized organization should

perform the distribution.

6th Step:

(b) Rootstocks:

« Mother vines for the production of certified stock bud sticks of

scion varieties, rooted cuttings of rootstocks, grafted vines, should

be established in plots at a minimum distance of 8-10 m from

other vineyards or orchards and in soils free from virus-
transmitting nematodes.

« To this effect, the nurseries should produce a certificate of
nematological analysis issued by an official, or officially
authorized, organization.

« The production of certified rootstocks should be announced by
the nurseries to the official organization concerned.

» Nurseries should record the number of mother plants and
substantiate the origin of certified material by official certificates or
delivery notes with appropriate remarks.

- Distribute rooted cuttings destined for the establishment of
mother-vine plants for the production of certified cuttings or rooted
cuttings to nurseries under strict official control.

« If possible, an official or officially authorized organization should
perform the distribution.

7th Step: Control on the use and status of certified material :

« The use of propagation material in nurseries to produce certified
stock should be checked by an official, or officially authorized,
organization which controls the health,

« Origin and amount of certified plants on the basis of field
inspections and of the records and documents presented by the
nursery.

« During production of certified stock in nurseries, some random
tests on virus status should also be performed using available
short-time testing methods (e.g. ELISA test, green grafting).
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8th Step: Certification and labeling:
- The certifying authority issues nurseries with certificates on the
basis of points 4, 5 and 6 and supplies the appropriate labels in

the required numbers.

» Grafted rooted cuttings and rootstock rooted cuttings are graded
by the nursery and labeled in bundles.

« The authority inspects and checks on correct labeling before
delivery.

APPENDIX 1: Guidelines on testing procedures:

1. Testing on Vitis indicators

« The use of Vitis indicators is still a compulsory step in any
grapevine certification program.

« It cannot be excluded because there are several diseases, some
of major importance, which cannot be identified except on woody
differential hosts.

« Testing is performed by grafting on the indicators listed in Table 4.

« Since at least three replicates of any variety or rootstock type
taken into the scheme are grafted on each indicator,

- atotal of 12-18 grafts is required for each candidate vine.

Various grafting techniques can be used:

(a) Whip or cleft grafting in the field

(b) Chip-bud grafting. This technique is recommended for detection of
rupestris stem pitting because the pits induced by the disease develop on
the indicator stem below the grafted chip and extend basipetally in a band
or stripe.

(c) Machine grafting

(d) Green grafting

It is recognized that green grafting has distinct advantages over other
techniques. Therefore, an effort should be made to encourage its use.

Table 4. Main indicators for virus and virus-like diseases of grapevine1
Indicator Disease identified

1. Vitis rupestris St George Degeneration2, fleck, rupestris stem
pitting

2. Vitis vinifera Cabernet franc, Pinot Leafroll3

noir and other red-berried cultivars

3. Kober 5BB (Vitis berlandieri x Vitis Kober stem grooving

riparia)
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4. LN 33 (Couderc 1613 x Vitis Corky bark, enation, LN33 stem grooving
berlandieri)
5. Vitis riparia Gloire de Montpellier Vein mosaic4

6.110 R (Vitis rupestris x V. berlandieriy Vein necrosis4

1 Appendix | provides full details of the conditions for the tests and suggests
some alternative indicators.

2 In countries where degeneration is also caused by nepoviruses other than
grapevine fanleaf nepovirus, Siegfriedrebe (FS4 201/39) may be used as an
indicator.

3 The choice of the most suitable indicator for leafroll depends on climatic
conditions of the region where the testing is done.

4 As noted in Table 1, these are optional for the moment but strongly
recommended.

2. Inoculation to herbaceous hosts

« The use of herbaceous indicators allows detection of mechanically
transmissible viruses (Table 2), including some which are of minor
or negligible importance.

« Whereas an effort should be made to obtain nuclear and
propagation stock free from all these viruses, inoculation to
herbaceous hosts is regarded as a complement to, but not as a
substitute for, other diagnostic procedures.

« It may be useful, for example, for preliminary screening or for
random testing.

3. ELISA testing

- The use of ELISA is recommended for grapevine fanleaf
nepovirus and other European nepoviruses where they occur, and
for closteroviruses for which antisera are available.

+ It can also be applied to detection of grapevine phloem-limited
isometric virus.

» Sources of antigens for ELISA tests can be grapevine buds, roots,
leaves and wood shavings.

Wood shavings, however, are advantageous because:

(i) they can be used throughout the year without apparent loss of
efficiency due to the seasonable variation of antigen titre in
vegetative organs;

(i) give low and consistent background readings;
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(i) are much more reliable for identification of closteroviruses in
American rootstocks, especially Vitis rupestris and its hybrids.
Use of ELISA testing is regarded as a complement to, but not as a substitute
for, other diagnostic procedures. It may be useful, for example, for preliminary
screening or for random testing.

4. Detection of individual diseases

Virus Testing required in 1st, 2nd. and subsequent years:

Year 1: In the first year of drawing propagative materials from a new site, or in

the first year in which certification of product is sought by the nursery,

100 percent of all mother vines for both rootstock and scion shall be Elisa

" tested for GLRaV-3 and any testing positive for GLRaV-3 excluded from

the harvest population. Samples may be composited up to a maximum of 6
vines per test.

Year 2: Blocks with a testing history from the previous year that recorded

positive virus scores that were at or below the agreed AQL for source

blocks of  0.1%, will require testing in the second year at 20% or 200 vines,
whichever is the larger number.

Samples taken for testing that are less than 100% must be randomly
selected from within each variety present in the designated block.

Subsequent Years: If a block that is tested at less than 100% in any year

shows any new infections in the subsequent year, the block must be
re-tested at 100% before use.

APPENDIX 2: Guidelines on sanitation procedures:

Heat treatment:

« All known graft-transmissible infectious agents of grapevine,
except viroids, can be eliminated from parts of infected plants with
varying levels of efficiency by heat therapy.

* Heat treatment can be performed in several ways but, regardless
of the procedure used, testing of the treated material for
assessment of its health status should follow.

« A sufficient interval between sanitation of the material and the

conclusion of virus testing is necessary in order to avoid false
negatives.
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» Hot-water treatment:
« Hot water is used for eliminating intracellular prokaryotes like the
MLO agent of flavescence dorée,

« From infected grapevine cuttings, collect dormant cuttings and
immerse in water according to the method of Caudwell et al.
(1991).

Advances in Hot Water Treatment for Rootstocks, Rootlings and Grafted
Vines:
- Short duration hot water treatment of vine cuttings at 540C for 5
minutes and
« Long duration hot water treatment at 500C for 30 minutes (HWT)
are widely used by Australian vine nurseries to satisfy Phylloxera
quarantine regulations for the movement of vine cuttings or
rootlings between regions.
+ Long duration HWT is routinely used as a disinfestation treatment
for the control of;
« crown gall (Agrobacterium vitis),
« Phomopsis,
Phytophthora,
nematodes and
a range of other fungal pathogens.
« Hot water treatment in California is used principally for the
disinfestation of mealy bug

« Hot-air treatment:

(a) Place pot-grown vegetative vines (e.g. rooted cuttings 2-year-old or older)
of each variety or rootstock type to be taken into the scheme into a heat
cabinet and hold at constant temperature of 38+1°C and 16-18 h artificial
illumination.

« Collect tips 0.5-1 cm long from vegetative shoots after 4 weeks or more
(up to 300 days if the vines survive) from the beginning of the treatment,
and root in a heated (25°C) sand bench under mist or, after surface
sterilization, in agarized nutrient medium under sterile conditions.

« Pot rooted explants and let them grow in a glasshouse until ready for
testing.

(b) Graft a bud from the candidate vine to be heat-treated into the main shoot
of a pot-grown, 2-year-old healthy LN 33 indicator.
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« Transfer budded LN 33 to the heat cabinet 12-15 days after grafting and
expose for 60 days to 37+1°C.

 Move treated vines out of the cabinet,

« Cut LN 33 shoot above grafted bud, allow the bud to develop into a
shoot and check for health status.

Shoot (meristem) tip culture in vitro:

» Collect shoot tips or axillary buds from vines grown at 36-38°C, surface-
sterilize by dipping explants for 20 min in a 5% solution of commercial
sodium hypochlorite and 0.1% Tween 20.

« Rinse thoroughly with 2-3 changes (10 min each) of sterile distilled
water.

» Dissect 0.4-0.6 mm-long explants comprising the meristematic dome
and the first pair of leaf primordia and transfer to sterile test tubes in
agarized Murashige and Skoog medium supplemented with 0.5 ppm
benzylaminopurine.

« Allow explants to grow for 45 days at 25°C in a cabinet with 16 h
artificial illumination (about 4000 lux).

» Separate actively growing shoots and transfer individually to a medium
containing 1 ppm benzylaminopurine for 45-50 days for elongation.

« Transfer elongated shoots (3 nodes long or more) individually to a
medium containing 0.5-1 ppm indolbutyric acid for root production.

- Transfer rooted explants to small pots containing vermiculite under
saturated humidity conditions, then to pots with soil compost and protect

plantlets with a polyethylene bag for as long as necessary (usually 2-3
weeks).

« Grow plantlets in a glasshouse until ready for testing.
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EPPOQO Standards on phytosanitary measures:

1. PM 4/7(2): Nursery requirements - recommended requirements for establishments
participating in certification of fruit or ornamental crops

2. PM 4/8(1): Pathogen-tested material of grapevine varieties and rootstocks

3. SavinoV., B. Di Terlizzi, A.M. D'Onghia Terlizzi, A.M. D'Onghia, M. Digiaro, O. Murolo, L.
Catalano4 and G.P. Martelli. (1998). PRODUCTION OF SANITARILY IMPROVED
MATERIAL AND IMPLEMENTATION OF CERTIFICATION PROGRAMMES IN APULIA
(SOUTHERN ITALY). World Conference on Horticultural Researche, 17-20 June, 1998.
Rome, ltaly

Outline of the EEC grapevine certification scheme:

In order to certify grapevine varieties and rootstocks the actions below have to

befollowed:

1. Identification of candidate clones through selection for authentity and health quality
of individual grapes.

2. Establishment of candidate clone repositories in soil without nematode vectors.

Grape selections can either be grown on their own-roots or can be grafted on

virus-free rootstocks.

Re-testing for health assessment of visually selected candidate clones.

Establishment of performance plots in which virus-tested candidate clones are

evaluated for ultimate selection and identification of clones.

5. Application to governmental authorities for official recognition and registration of
clones.

6. Maintenance of registered clones (nuclear stock, pre-basic genebank) under
conditions ensuring freedom from re-infection by soil or aerial vectors (e.g. in vitro
cultivation and acclimatization in insect- proof screen or greenhouse). The nuclear
(pre-basic I) genebank had to be re-tested for virus diseases each year.

7. Multiplication of nuclear (pre-basic 1) stock in outdoor plantings (propagation
blocks) under conditions which minimize the possibilities for re-infection (such as
nematode-free sandy soils, safety distance from vineyards planted with “certified
material ” etc.).

Propagation blocks are the source of “basic material”. The propagation blocks should
be both checked visually every year for virus symptoms and re-tested by ELISA
every 3 to 5 years period.

. Distribution of basic material to qualified nurseries under official control.
Establishment of commercial stands for production of “certified material” for

delivery to growers (certified blocks). These are planted with budwood coming

directly from propagation blocks in soils in which virus-transmitting nematodes are
not detected.

10. Certification and identification labelling. Labels: pre-basic material-white with a

purple band, basic-white, certifiedblue. Labels have to be supplied by the certifying
authority (government institution or officially recognised private organisation).
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Production of Virus Free
Plants by Plant Tissue
Culture
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Production of Virus Free Plants
by Plant Tissue Culture

Rida A. Shibli

Department of Plant Production
Faculty of Agriculture
Jordan University of Science and Technology
Irbid - Jordan

In Vitro Cultures

mTissue cultures are started from pieces of whole plants; called explants.
m Such plants and explants are growing in the external environment are
contaminated with microorganisms.

Production of disease-free Plants
m To survive and grow properly, in vitro plant cultures need to be free of
fungal and most bacterial infections.

m Explants contaminated with some bacteria, viruses, viroids, and certain
mycoplasmas and rickettsias organisms, if grown in vitro, may transfer
such diseases to their progeny.

m Surface contaminations can be easily discarded or eliminated by surface
sterilization:
O0Removes soil residuals and other macro-particles.
OEliminates superficial fungal contamination with regular fungicides.

Virus Diseases Elimination
m Virus-free is used to mean free from those viruses which have been
identified and whose presence is discernable with a virus assay.

m Viruses can result in the loss of plant production, and also be the cause of
a poor quality product;

W so it is extremely important to use virus-free starting material when
propagating vegetatively.
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If it is suspected that a plant may be virus infected:
1. The virus or viruses must be identified.
2. An attempt should be made to eliminate (all) virus(es).
3. The plants obtained should be assayed to see if they are virus-free.
4. Lastly any further re-infection should be prevented.

Re-infection

Plants should be grown in free of infection and vectors greenhouses.
Carriers of diseases should be controlled.

Strict hygiene is necessary.

Germ free pots and substrates.

It is recommended that disease-free plant material is maintained in
vitro.

6. To carry out continuous selection, visually and by assays.

OhwN=

Methods of eliminating viruses

1. Heat treatment;
2. Meristem culture;
3. Heat treatment followed by meristem culture;
4. Adventitious shoot formation followed by meristem culture;
5. Virus-free plants produced from callus and protoplasts;
6. Micro-grafting: grafting of meristems on virus-free (seedling) root
stocks.
Heat treatment

1. Only effective against isometric viruses and against diseases resulting
from mycoplasmas.

2. A temperature and treatment time should be chosen which allow the
plant (shoot, branch) to just survive, while the virus is inactivated.

Meristem culture

m In early work on virus multiplication in vitro, it was discovered that virus
infection was not always maintained when the root tip of an infected
tomato root was subcultured;

m This was the first work to establish the theory of using meristem culture to
eliminate virus pathogens.

m Meristem culture is a technique in which a dome-shaped portion of the
meristematic region of the shoot tip is dissected and inoculated on
nutrient medium in vitro.

m In meristem culture the apical dome and a few leaf primordia located in
the subapical region is included.
m The chance of a meristem surviving without leaf primordia is very small.
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m |solation of larger meristems makes the chance of obtaining virus-free
plants very small.

m Number of theories explain the virus-free phenomenon of meristem
culture:

1. High concentrations of auxin and cytokinin in dividing meristematic
cells would hinder the penetration of virus particles or that the virus
particles would be inactivated by them.

2. Enzymes needed for virus multiplication were absent in meristematic
tissue.

3. Presence of naturally occurring inhibitors; this explains why sexually
produced seeds are virus-free.

m Non of the theories above is proven 100%. Thus the definite explanation
of the production of virus-free plants by meristem culture is therefore still
not yet possible.

m Meristems are usually grown in fluorescent light:
ODay length of 14-16 h
Oirradiance about 8-12 W m™

m Sometimes fluorescent light is supplemented with a little red light.

m Sometimes a lower irradiance has to be used for the first few days after
isolation.
mSometimes a meristem produces a nice shoot which will not root.

Heat treatment & meristem culture

m To increase the chances of obtaining virus-free plants in difficult cases;
especially when more than one virus is present, heat treatment is often
given at the beginning of the meristem culture.

m By this means the virus concentration is lowered and/or the virus —free
zone enlarged.

mThe length of the heat treatment (35-38°C) varies from 5-10 weeks.

Adventitious shoot formation & meristem culture

m This method is used in different ways to obtain virus-free plants.

m In some plants it appears that particular areas of the leaf are virus-free,
while the plant as a whole is infected with the virus.

m If the adventitious shoot method is used for chimeric plants such as
variegated Pelargonium, then the variegated form is lost, as adventitious
shoot formation usually takes place from one cell (layer) only.
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Virus-free & Callus & Protoplasts

m Apparently callus tissues can escape virus infection after a few
subcultures.

m Mori et al. (1982) isolated protoplasts from tobacco leaves which were
infected with TMV: from these protoplasts they regenerated virus-free
plants.

m It is however not realistic to assume that the production of virus-free
plants via callus and protoplasts will have practical importance, since with
this type of culture mutations are very common.

Micro-grafting

m If it is possible to induce a meristem to grow, or a shoot obtained from
meristem culture will not form roots, then it is possible to graft the
meristem onto virus-free (seedling) root stock, which is grown or
propagated in vitro.

m Micro-grafting is extremely important with woody species since with this
group meristem culture is often impossible.

Production of virus-free plants

Virus-infected plants Further propagation of
1 virus-free plants
Heat treatment T
Elite mother plants
(Virus-free)
l | Virus testing T
Virus testing
Shoot formation
1 Shoot multiplication I
Rooting of shoots ‘—]
Transfer of plants
I > to sail
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Virus identification

m There are many latent virus infections making it difficult to visually
determine if a plant is virus-free.

m The potential virus-free plant must therefore be assayed, which can be
carried out as follows:

1. Test plants:

The sap from one of the plants to be assayed is smeared onto the leaf of
a test plant, which has already been treated with carborundum powder;
if virus is present in the sap then after a few days the test plant begins to
show characteristics symptoms. Disadvantage of this type of assay are
the length of time needed and the requirement for extensive growth
facilities.

2. Electron microscopy:

Little use is made of this expensive method in practice, since few
laboratories possess the specialized equipment and trained personnel to
carry out procedures.

3. Serology:

If a rabbit is inoculated with proteinaceious receptors, such as a plant virus,
then specific antibodies are formed. If a drop of centrifuged plant sap is
added to a drop of anti-serum from the blood of rabbit, then if the virus is
present precipitation occurs. One of these is the ELISA Enzyme-linked
immunosorbent assay) test.

4. Molecular biology.
Bacteria- and fungal-free plants & meristem culture

m Bacteria- and fungal-free plants are also obtained by the use of meristem
culture.

m The most important genera of bacteria to be eliminated are:

O Erwinia
O Pseudomonas
O Xanthomonas
O Bacillus
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B The most important
genera of Fungi to
be eliminated are:
O Fusarium
0O Verticillium
O Phialophora
O Rhizoctonia

B A rich nutrient medium, in which peptone, tryptone or yeast extract are
added, is sometimes used to quickly determine wither a plant is bacteria-
or fungal-free.
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Molecular Markers
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Molecular Markers

By
Dr.HUSSEIN MIGDADI
Hussmigd@yahoo.com
National Center for Agricultural

Research and Extension
(NCARE)

Molecular Markers for genetic variability Studies

Polymorphism in the marker can be detected at three levels: phenotype
(morphological), differences in proteins (biochemical), or differences in the
nucleotide sequence of DNA (molecular).

Morphological Markers

Morphological markers generally correspond to the qualitative traits that
can be scored visually.

They have been found in nature or as the result of mutagenesis
experiments. Morphological markers are usually dominant or recessive.

They are  highly influenced by the environment. The

morphology/phenotype is the result of genetic constitution and its interaction with
environment.

Biochemical Markers

Biochemical markers are proteins produced by gene expression.

These proteins can be isolated and identified by electrophoresis and
staining.

Polymorphisms in proteins:

Seed storage proteins and Isozymes and allozymes

Isozymes and allozymes are different molecular forms of an enzyme
sharing a catalytic activity.

Allozymes are coded by different alleles at one gene locus. Isozymes are
coded by more than one gene locus.

Molecular Markers
A molecular marker is a DNA sequence that is readily detected and whose
inheritance can easily be monitored.
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A molecular marker should have some desirable properties.

1. It must be polymorphic as it is the polymorphism that is measured for
genetic diversity studies.

2. Co-dominant inheritance: The different forms of a marker should be
detectable in diploid organisms to allow discrimination of homo and
heterozygotes.

3. A marker should be evenly and frequently distributed throughout the

genome.

It should be easy, fast, and cheap to detect.

It should be reproducible.

6. High exchange of data between laboratories.

o =

Unfortunately, no single molecular marker meets all these requirements.

Molecular techniques have been grouped into the following categories
based on basic strategy,
* Non-PCR-based approaches: Restriction fragment length polymorphism

(RFLP).
* PCR-based techniques: Random Amplified Polymorphic DNA  (RAPD),
microsatellite or Simple Sequence Repeat Polymorphism (SSRP),

Amplified Fragment Length Polymorphism (AFLP), Arbitrarily
Primed PCR (AP-PCR).
* Targeted PCR and sequencing: Sequence Tagged Sites (STS),
Sequence Characterized Amplified Region (SCARs), Sequence
Tagged Microsatellites (STMs), Cleaved Polymorphic Sequences
(CAPS), etc.

NON-PCR-BASED APPROACHES
Restriction Fragment Length Polymorphism (RFLP)

RFLP variability in plants can be caused by

1. Base sequence changes which add or eliminate restriction sites.

2. Rearrangements such as insertions or deletions.

3. Unequal crossing over or replication slippage which creates variation in
the number of tandem DNA sequence repeats at a minisatellite or
microsatellite locus

This will result in loss or gain of a recognition site and in turn lead to restriction
fragments of different lengths.
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Flow chart of RFLP analysis
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Polymorphisms detected by RFLP analysis

Track 1 - “wild type”. -

Track 2 - A mutation creating a ‘E'

new restriction site occurs i.,a&‘é:r T
|

within the target region. Two AP WD

smaller bands are therefore
detected on autoradiography.
Track 3 - A mutation creating a
new restriction site occurs
between the flanking
restriction sites, creating a

smaller restriction fragment.

Track 4 - An insertion of a
DNA sequence ocecurs
between the flanking
restriction sites, creating a

larger restriction fragment.

Track 5 - An deletion of a
DNA sequence occurs
between the flanking "Jﬁ 00
restriction sites, creating a |

..... T et e
% Restonsle
V et

smaller restriction fragment.
Track 6 - One of the flanking
restriction sites is lost through i
mutation or deletion. 13.5“.;: 0
Consequently, the restriction ™ .

I | G

fragment is lost
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Interpretation of results
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Uses of RFLP
1. It permits direct identification of a genotype or cultivar in any tissue at any
developmental stage in an environment independent manner.
2. RFLPs are co-dominant markers, enabling heterozygotes to be distinguished
from homozygotes.
3. The method is simple as no sequence-specific information is required.
4. Highly Reproducible
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Problems

1. RFLP analysis requires relatively large amount of highly pure DNA.

2. A constant good supply of probes that can reliably detect variation are
needed.

3. It is laborious and expensive to identify suitable marker/ restriction
enzyme combinations from genomic or ¢cDNA libraries where no suitable
single-locus probes are known to exist.

4. RFLPs are time consuming as they are not amenable to automation.

5. RFLP work is carried out using radioactively labeled probes and therefore
requires expertise in autoradiography.

PCR-BASED TECHNIQUES

A single short oligonucleotide primers are arbitrarily selected to amplify a set of
DNA segments distributed randomly throughout the genome.

A closely related techniques based on this principle are:

RAPD Randomly Amplified Polymorphic DNA

DAF DNA Amplifying Fingerprinting

AP-PCR Arbitrarily Primed Polymerase Chain Reaction

All these techniques refer to DNA amplification using single random primers
DNA isolation

Taq DNA polynierase,
l Primers, dNTPs and buffer

Keep the tubes in PCR thermocycler
1 Denature DNA (940C, 1 min)

DNA strands separated
l Annealing of primers 360C, I min

Primers annealed to template DNA strands
DNA synthesis (720C, 2 min.)

Complementary strand synthesis

1 35 to 45 cycles

Amplified products Separated by gel electrophoresis

.- mlt&neaf APD analysis

e
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The following characteristics of RAPD markers( Advantages)

1.

Need for a small amount of DNA (15-25 ng) makes it possible to work with
populations.

2. Itinvolves nonradioactive assays.

3. It needs a simple experimental set-up requiring only a thermocycler and an
agarose assembly.

4. It does not require species-specific probe libraries; thus, work can be
conducted on a large variety of species where such probe libraries are not
available.

5. It provides a quick and efficient screening for DNA sequence- based
polymorphism at many loci.

6. It does not involve blotting or hybridization steps.

Application

RAPD markers have been successfully used for the following applications:

1. Construction of genetic maps: maps have been developed in Arabidopsis,
pine, Helianthus, etc.

2. Mapping of traits: RAPD markers may also be used for indirect selection in
segregating populations during plant breeding programs. This technique has
been employed for tagging genes of economic value.

3. Analysis of the genetic structure of populations.

4. Fingerprinting of individuals.

5. Targeting markers to specific regions of the genome.

6. Useful system for evaluation and characterization of genetic resources.

Limitations

1. RAPD polymorphisms are inherited as dominant-recessive characters. This
causes a loss of information relative to markers which show codominance.

2. RAPD primers are relatively short, a mismatch of even a single nucleotide
can often prevent the primer from annealing; hence, there is loss of band.

3. The production of nonparental bands in the offspring of known pedigrees
warrants its use with caution and extreme care.

4. Reproducibility problems: RAPD is sensitive to changes in PCR conditions,
resulting in changes to some of the amplified fragments.

5. Co-migration problems

Same Band, Same Fragment?
The presence of a band of identical molecular weight in different individuals is not
evidence, per Se, that the individuals share the same (homologous) DNA fragment.
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One Band, One Fragment?

A single band on a gel can be comprised of different amplification products. Gel
electrophoresis used separate DNA quantitatively (i.e. according to size), cannot
separate equal sized fragments qualitatively (i.e. according to base sequence).

Amplified Fragment Length Polymorphism AFLP

It is a combination of RFLP and RAPD methods,

it is applicable universally and is highly reproducible.
AFLP involves the following steps:

1. DNA is cut with restriction enzymes (generally by two enzymes), and
double-stranded oligonucleotide adapters are ligated to the ends of the DNA
fragments.

2. Selective amplification of sets of restriction fragments is usually carried out
with 32P-labeled primers designed according to the sequence ot adaptors plus
1-3 additional nucleotides. Only fragments containing the restriction site
sequence plus the additional nucleotides will, be amplified.

3.Gel analysis of the amplified fragments.

The amplification products are separated on highly resolving sequencing gels and
visualized using autoradiography. Fluorescent or silver staining techniques can be
used to visualize the products in cases where radiolabeled nucleotides are not used
in PCR.

Advantages
1. This technique is extremely sensitive.
2. It has high reproducibility.
3. It has wide scale applicability, proving extremely proficient in revealing
diversity.
4. It discriminates heterozygotes from homozygotes when a gel scanner is used.
5. Ttis not only a simple fingerprinting technique, but can also be used for

mapping.

Disadvantages
1. Itis highly expensive and requires more DNA than is needed in RAPD (1 mg
per reaction).
2. Itis technically more demanding than RAPDs, as it requires experience of
sequencing gels.
3. AFLPs are expensive to generate as silver staining, fluorescent dye, or
radioactivity detect the bands.
Simple sequence repeats (microsatellites)
1. SSRs, also known as microsatellites, are present in the genomes of all
eukaryotes.
2. These are ideal DNA markers for genetic mapping and population studies
because of their abundance.
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3.

5.

6.

These are tandemly arranged repeats of mono-, di-, tri-, tetra- and penta-
nucleotides with different lengths of repeat motifs (e.g. A, T, AT, GA, AGG,
AAAC, etc.).

These repeats are widely distributed throughout plant and animal genomes
that display high levels of genetic variation based on differences in the
number of tandemly repeating units at a locus.

These SSR length polymorphisms at individual Ioci are detected by PCR,
using locus-specific flanking region primers where the sequence is known.
Since the repeat length is highly variable, this is an effective way of detecting

polymorphisms.
*Usually single locus, multi-allelic
*Co-dominant
*Highly reproducible
7. Requires sequence information for DNA flanking the repeat itself
DNA databases or produce genomic libraries enriched in microsatellites, cloning
and sequencing the DNA in order to define suitable primers
Advantages

1.
2.

(9,

This technique is very simple and easy to use.

Assay is PCR-based. It is sufficient to merely separate the amplification
products by electrophoresis to observe the results. This reduces the time
required considerably to obtain a result comparable to the methods that are
based on Southern blotting.

. The use of radioisotops can be avoided because the size polymorphism

between alleles is frequently large enough to be seen in agarose gels.
Microsatellites segregate as codominant markers.

Polymorphism generated is highly reproducible.

They are perfectly suited for use in map-based cloning because identification
of marker anchored clones is conveniently carried out by PCR.

Disadvantages
The major disadvantage of microsatellites is the cost of establishing polymorphic
primer sites and the investment in synthesizing the oligonucleotides.
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A comparison of properties of restriction fragment length polymorphisms and
randomly amplified polymorphic DNAs

Characteristic

Principle

Detection
DNA required-
quantaty

DNA requred-
quantity

Prmmer requirement

Probe requiremment
Use of
radwosotopes

Part of genome
surveyed
Dommantco-
dommat
Polymorphism
Automation
Reliabihty
Recurrmg cost

RAPD

DNA
amplificati
on

DNA

stamng
Crude

Low
Yes(rando
m primer)

Whole
genome
Co-
dominant
Medum
Yes

RFLP

Restriction
digestion
Southern
blottmg

Relatwely pure

High

None

Set of specific
probes

Yes
Generally
low copy
coding
region
Co-
dominant
Medum

No

Intermediate  High

Low

High

AFLP

DNA
amplfication

DNA stamung
Relatrvely pure

Medum

Yes

Nong

Yes-no

Whole
genome
Dominant(co-

dominant)
Medum

Yes
High

Medum

Sequence -
fagged
microsate Hit
e

DNA
amplfic ation

DNA stammng
Crude
Low

Yes (selectne
pruner)

Whole
genome
Co-
dominant
High

Yes

High

Low
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Clustering of 8 wheat genotypes based on SSRs markers obtained with 13 primer-
paris. The numbers shown at different nodded represent the bootstrap values
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Clustering of 13 barley genotypes based on AFLP markers obtained with eight

selective primer-paris. The numbers shown at different nodded represent the
bootstrap values
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Considerations when choosing a technique

What information is required?

*At which level is discrimination sought?
*How many loci are required?
*Reproducibility of results

*Cost

* Speed

« Is the right expertise available?

*How much good quality DNA is available?

oIs the mode of marker inheritance important?
sNumber of alleles required at individual loci

Getting started — practical Considerations

* Resources
* well equipped laboratory
* money to purchase equipment and consumables
* Jaboratory skills

 Importance of PCR-based techniques

« RAPD and microsatellites

* AFLP
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Molecular Markers as Tool for
Studying the Characters
Differences among Organisms

Based on Polymerase
Chain Reaction (PCR) Machine
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Molecular Markers as Tool for Studying the Characters
Differences among Organisms Based on Polymerase
Chain Reaction (PCR) Machine

By:
Dr. Ibrahim M. Rawashdeh
Head of Biotechnology Unit NCARE

Introduction:

DNA markers are important tools in such endeavor because they can be made to
measure constitution, diversity and evolution of genetic material, serving as suitable
indicators of wealth, health and future of life. DNA marker applications from the
simple basis of the two major ways in which they are used: 1) as genetic markers for
mapping and tagging traits on interest and 2) as indicators of genetic diversity.
Character differences revealed as DNA polymorphism can be used for investigating
the organization on genomes and for construction of dense genetic maps. These in
tern provide detailed blue-prints for strategies of gene isolation by map-based
cloning, marker-assisted selection and introgression and the dissection of complex
trait and population using new molecular marker technologies provides a powerful
approach to understanding the organization and distribution of genetic resources in
managed and natural populations.

In recent years, however, attention increasingly focused on the DNA molecule as a
source of information polymorphism, because each individual DNA sequence is
unique, this sequence information can be exploited for any study of genetic diversity
and relatedness between organisms.

Molecular Techniques
1. Randomly amplified polymorphic DNA (RAPD)
1. Amplified fragment length polymorphism (AFLP)
1. Simple sequence repeats (SSR)
1. Inter simple sequence repeats (ISSR)

Importance of Molecular Techniques
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1. Studying the genetic diversity of artificial and cultivated populations, It can help
in how many different genetic classes are present and genetic similarities
among them.
Ex situ and in situ conservation of plant species, through studying the genetic
relatedness among species, accessions and breeding lines.
Genes transfer.
Detecting the criminals in the forensic labs.
. Identification of human diseases.
Molecular Markers

1. Protein marker.

2. DNA sequencing.

3. Restriction fragment length polymorphisms.

4. DNA fingerprinting

)
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Properties of Molecular Markers

1. Highly polymorphic behavior.
2. Co-dominant in heritance (allow us to discriminate home-and heterozygotic
states in diploid organisms).
3. Frequent occurrence in the genome.
4. Easy access (e. g. By purchasing or fast procedures).
5. Easy and fast assay.
6. High reproducibility.
7. Easy exchange of data between labs
DNA:

What is the DNA?

DNA (deoxyribonucleic acid) is a store house, or cellular library that contains the
information required to build a cell or organism. DNA consists of two associated
polynucleotide strands that wind together through space in a helical fashion which is
often described as a double helix.

Nucleotide has 3 parts:
« Phosphate group.
- Pentose (Five-carbon sugar molecule).
» Organic base.
DNA and RNA each consist of four different nucleotides. DNA has A, T,G,C.
-A,G Purines (two rings)
-T,C Pyrimidines (one ring)

What is DNA Fingerprinting?:
DNA fingerprinting is a technique which has only recently been applied to analyzing
differences between populations.

« DNA Fingerprinting is Mainly Obtained by Either of Two Strategies:
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1. Hybridization-based fingerprinting. Involves cutting of genomic DNA with a
restriction enzyme.

2. PCR-based fingerprinting (Polymerase Chain Reaction). Invclves the in vitro

amplification of particular DNA sequences with help of primers and a thermo
stable DNA polymerase.

Detection of DNA Polymorphism by PCR-Based Fingerprinting
Principle of the PCR:

The PCR is a versatile technique that was invented in the mid-1980s. Since the
introduction of thermo stable DNA polymerases in 1988. PCR was used and still in
research and clinical laboratories. The method is based on the enzymatic in vitro
amplification of DNA. Starting from a very low amount of template DNA (mostly in the
nanogram) millions of copies of one or more particular target DNA fragments are
produced which can be electrophoresed and visualized by staining.

Characters of PCR:
1. High speed.
2. Selectivity.
3. Sensitivity.

PCR Reaction Mix:
A reaction mix consists of:
1. A buffer, usually containing Tris-HCI, KCI and MgCI2.
2. A thermo stable DNA polymerase which adds nucleotides to the 3’ of a
primers annealed to single-stranded DNA, Taq polymerase.
Four deoxynucleotides (ANTPs, dATP, dCTP, dGTP, dTTP), DNTPS.
Primer.
Template DNA.
Distilled water.

oA W

The Principle of the Cycling Reaction:

In atypical PCR, three temperature-controlled steps which are repeated in a series of
25 to 50 cycles. These are :

« Denaturation (94°C)

* Annealing (65-33°C)

» Extension (72°C)

DNA Isolation Protocols:

CTAB (Cetyl trimethyl ammonium bromide) procedure.
DNA mini preparation.

Potassium Acetate procedure.

DNA preparation via nuclei.

Wizard genomic DNA isolation
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DNA Isolation Procedure:

1. Plant tissue (50 mg) should be ground with liquid nitrogen in 2ml tube.

2. Warm (65°C) CTAB buffer should be added, and incubate in water bath for 30
minute.

Chlorophorm/ isomaly alcohol should be added then centrifuge for 15 min.
Isoprobanol placed in anew tube then the upper phase then add to tube and
shaking directly at this moment you see the white thread or clotting of nucleic
acids, pour the liquid and dried.

Cold ethanol adds to wash the pellet, then pour and dried.

TE buffer adds and left at 65 °C for half hour.

RNase adds to digest the RNA, at 38 °C for one hour

Hw
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Detecting DNA:
1. Agarose Gel Electrophoresis
Agarose is a linear polymer which extracted from seaweed.
» Characters of Agarose
Lower resolving power.
Greater range of separation.
Separated DNA with molecular weight 200bp-50 kb.
It runs in a horizontal configuration in an electric field of constant strength and
direction.

Bopb=

Amount of agarose in gel (% [w/v]), there are two a mounts:

1. Agarose (0.7%) which separated a linear DNA molecules with molecular
weight 800bp-10kb. This amount used to detect the DNA.

2. Agarose (1.4%) which used to separated PCR product (amplified fragment
DNA = bands) with molecular weights 200 bp-3kb.

2. Poly acrylamide:

Polyacrylamide gel is composed of chains of acrylamide monomers cross-linked with
methylenebisacrylamide units. The pore size of the gel is dependent on the total
concentration of the monomers and the cross-links

Polyacrylamide gel electrophoresis is used for the separation of single-stranded DNA
molecule that differ in length by just one nucleotide. Agarose gels cannot be used for
this purpose. This is because polyacrylamide gels have smaller sizes than agarose
gels and allow precise separation of DNA molecules from 10-1500bp.

Polyacrylamide gel electrophoresis is a wonderful technique for the fine separation of
DNA molecules that differ from each other even by 1-3 nucleotides. PAGE is used in
DNA sequencing, and for the identification of amplified products of DNA by
polymerase chain reaction (PCR).
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