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Bactenal wilt, caused by Pseudomonas solanacearum, 1s a widespread and
destructive disease of such economically important crops as banana, egg-
plant, groundnut, pepper, potato, tobacco, and tomato, in the tropics, sub-
tropics, and warm temperate regions. The pathogen has a wide host range
and an exceptional ability to survive in the roots of nonhost plants and in the
soil.

This manual presents techniques for detection, isolation, and identification
of all variants of the wilt pathogen. The use of enzyme-linked immunosor-
bent assay (ELISA) to detect the bacterium in plant tissues, seed, and soi! is
emphasized. DNA-based diagnostics for P. solanacearum are desgribed, as
are an infectivity titration technique to determine the virulence of the wilt
pathogen, and several inoculation techniques used in evaluating host-plant
resistance to groundnut bactenal wilt.
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Techniques de diagnostic de Pseudomonas solanacearum, et de criblage
pour la résistance contre le flétrissement bactérien de l'arachide. e
flétrissement bactérien de larachide, causé par Pseudomonas sola-
nacearum, est une maladie trés répandue des cultures de valeur économi-
que telles le banane, 'aubergine, 'arachide, le poivre, a pomme de terre, le
tabac et la tomate, dans les tropiques, les sous-tropiques et dans les régions
chaudes tempérées. L'agent pathogéne se trouve sur plusieurs hbtes et
posséde uine capacité exceptionnelle & survivre dans les racines des plantes
non-hdtes et dans le sol.

Ce manuel présente les techniques permettant la détection, I'isolement et
I'identification de toutes les variantes de I'agent pathogéne du flétrisse-
ment. Une attention particuliére est portée a I'emploi du test immuno-
enzymatique ELISA pour 1a détection de la bactérie dans les tissus végétaux,
fes graines et le sol. Le diagnostic & base de I'ADN pour P. sofanacearum est
exposée, ainsi qu‘une technique de titration pour déterminer la virulence de
'agent pathogene du fiétrissement et plusieurs techniques d'inoculation
utilisées dans I'évaluation de la résistance au flétrissement bactérien de
I'arachide.
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Foreword

>

Bacterial wilt is a serious constraint to groundnut production in East and
Southeast Asian countries, and in response to the perceived need for
international cooperation to address this probiem, a Groundnut Bacterial
Wilt Working Group was formed in 1990 to coordinate research efforts
by various international and national research institutions. At the second
meeting of the Working Group in Taiwan in 1992, it was recommended
that in-country training courses should be organized to facilitate technol-
ogy exchange. Accordingly, a training course on ‘Techniques for diag-
nosis of Pseudomonas solanacearum, and for resistance screening
against groundnut bacterial wilt’ was held in Wuhan, China, in july 1994.
The Faculty for this course included experts drawn from Australia, China,
Malaysia, and UK, and from ICRISAT. Their lecture notes, and additional
information provided by them, formed the basis of this manual.

| compliment the editors and authors for their efforts in bringing out this
manual and hope it wilt be useful to researchers and students working on
the bacterial wilt pathogen and will facilitate research efforts towards
solving the bacterial wilt problems of groundnut and the many other
crops affected by Pseudomonas solanacearum.

J G Ryan
Director General
ICRISAT



Introduction

Bacterial wilt, caused by Pseudomonas solanacearum, one of the most
important plant diseases of bacterial origin, is widespread and destruc-
tive in the tropics, subtropics, and warm temperate regions of the world.
The disease limits production of such economically important crops as
banana, eggplant, groundnut, pepper, potato, tobacco, and tomato.

The pathogen comprises different strains/races, has a wide host range,
and has exceptional ability ta survive in the roots of nonhost plants and
in the soil. Five races have been described, which differ in host ranges,
geographic distribution, and ability to survive under different environ-
mental conditions. The bacterium is also divided into five biovars based
on their ability to oxidize/utiize carbohydrates. Pathotypes of the
groundnut bacterial wilt pathogen have also been reported.

in this manual, techmiques for detection, isolation, and identification of
all variants of the wilt pathogen are presented, and their underlying
principles explained. While several of these techniques have been in use
for some time without major modifications, others are of relatively recent
origin. Emphasis has been placed on the use of enzyme-linked immu-
nosorbent assay (ELISA) to detect the bacterium in plant tissues, in seed,
and in soil. The principles underlying the major forms of ELISA are out-
lined, as also are the protocols for the production of polycionat anti-
bodies, and for ELISA. DNA-based diagnostics for P. solanacearum are also
described. An infectivity titration technique to determine the virutence of
the wilt pathogen is included, and several inoculation techniques used in
evaluating host-plant resistance to groundnut bacterial wilt are
discussed.

115 hoped that this manual will be useful to researchers in the detection
of P. solanacearum and its biovars and pathotypes, and in screening
germplasm of groundnut and other plant species for resistance to bacte-
riaf wilt,

V K Mehan and D McDonald






An Integrated System for
the Identification of Bacteria

R Black and A Sweetmore

The BACTID System: Introduction and Background .

Bradbury (1970) commented on the general neglect of bacteriology in
plant pathology laboratories. This applies especially to laboratories func-
tioning as diagnostic and advisory services {‘plant clinics’) in developing
countries. According to Bradbury, the major problem is lack of knowi-
edge rather than practical difficulties encountered. He proposes a key to
simplifying the isofation and prelimtnary study of bacteria from plants.
Certainly, lack of training in plant bacteriology results in a large number
of submissions to identification services of saprophytes and other non-
pathogens. Another difficulty is the wide range of media and reagents
required for definitive identification of species of plant pathogens, in
spite of the small number of species commonly encountered. This is a
consequence of the need to define bacterial taxa on the basis of bio-
chemical properties. With limited budgets and scarce foreign exchange,
the necessary chemicals could be hard to procure. Some reagents have to
be procured in quantities far in excess of what is used, so that most may
sit around on the shelf, often unopened, beyond their expiry date,

The publication of Methods for the Diagnosis of Bacterial Diseases of
Plants by Lelliott and Stead (1987) was a considerable achievement, and
provided a definitive treatment of bacterial plant pathogens from a prac-
tical standpoint. The book stresses the importance of good isolation
technigues and of symptomology, with the need to avoid spending time
on saprophytes incorrectly assumed to be significant. It presents the
concepts of presumptive and confirmed diagnosis as full identification is
not always necessary.

However, Lelliott and Stead (1987) emphasize that diagnosis and identi-
fication of plant diseases in temperate regions is resource-intensive. The
BACTIO system presented here is essentially designed for diagnosis of
plant diseases of the tropics and subtropics, typically in plant clinics,
bearing in mind the resources likely to be available; the level of identifica-
tion required for pest management decisions; and the need to eliminate
saprophytes while ending with isolates for reliable and significant identi-
fication of pathogens.

BACTID aims to provide enough initial information to permit decisions in
routine pest management advisory work. Further identification work
could be done, if necessary. In the methods presented here, the BACTID
systems for preliminary identification are combined with metabolic pro-
filing for more detailed identification and characterization.

BACTID takes a standardized approach with a set of media and reagents
for routine use. Kits can be used rather than conventionally prepared
media. For more thorough identification, other tests can be included for
specific organisms which are prevalent, or are the target of specific re-
search projects (e.g., biovar tests for Pseudomonas solanacearum).

7



Level of
identification
required for
diagnosis

Lelliott and Stead (1987) use the concept of presumptive diagnosis to
determine the identification requirements; diagnosis should be suffi-
ciently rigorous to enable good advice after a few days. However, the
requirements for presumptive diagnosis vary greatly from species to spe-
cies; depending on location, crops grown, and prevalent diseases, it may
never be necessary to use some of these tests.

Full identification—This is done either by completing the classical array
of tests, by modern methods of profiling (fatty acids, proteins, metabol-
ism of many substrates), serological or molecular methods [restriction
fragment length polymorphism (RFLP) probes, polymerase chain reaction
(Pcm)).

Confirmed diagnosis-—These include host tests to establish patho-
genicity, and are obviously time consuming.

The BACTID Scheme

Starting point

Principles of
differentiation and
tests employed

x|

The BACTID scheme for prelminary identification of plant pathogenic
bacteria provides rapid processing to a level indicating tikely significance,
and eliminates saprophytes/nonpathogens along the way. Onginally in-
spired by Bradbury’s (1970) scheme, it is reoriented to suit the main
spectes encountered in the tropics, with some additianal tests for further
differentiation. The ariginal scheme was developed as a flow chart
(Fig. 1) rather than as a key

In the BACTID scheme, a standardized approach to preliminary identifica-
tion 1s used. Some of the tests (or combinations of tests) could be consid-
ered as identifying certain genera. Other tests are used to approach
presumptive diagnosis.

It 15 essential to start with a pure culture of an isolate showing uniform
and, preferably, recognizable charactenstics of an organism (e.g., yellow,
domed, mucoid colonies for Xanthomonas).

Colony color - Xanthomonas spp are mostly yetlow, but so is frwinia
herbicola, a common saprophyte. Pathogenic fluorescent and non-
fluorescent pseudomonads are not yeliow.

Gram reaction and microscopic examination--This is fundamental to
the identification of bacteria. Most Gram-positive isolates are likely to be
nonpathogemic unless there are very specific host indications (e.g., Clavi-
bacter). Microscopic examination reveals morphelogical characteristics
for further identification.

Oxidase, nitrate, and tetrazolium chiloride (TTC) tests—Results can be
used later for differentiation, but these tests should be done routinely in
the beginning, 1o save time, and using fresh cultures.

Blue-green fluorescence for Gram-negative isolates—Fluorescent
pseudomonads. LOPAT tests to differentiate pathogenic and non-
pathogenic species.

Nonfluorescent Gram-negative—Differentiate by oxidation/fermenta-
tion (O/F) test, then soft rot (potato rot test) as appropriate. Alcaligenes
and some other nonpathogens (including Pseudomonas) may be non-
acid-producing aerobically {in O/F test).

Additional tests—Additional tests could be done to confirm Xan-
thomonas and nonfluorescent white pseudomonads. Agrobacterium can



(amnsus ex50/03Ap euoneusau] jo DSMOXION [ pue toyine towuas Aq pasiasp Ajeutbis) “susbopeduou

20 voneuLn Kpes Buzrseyduss IO M) Ul eURIeq HUdboyed Jued 10 vonedyuap! Areunuifaid 105 MUSYIS JO LIEYD MOIH—| unbiq
]
Bartiat L05-uou) MOCUINQOIR
Py UGG § bR EIUON
i 3 20 Sudboyled J2yoIds 04
SA— A+ L anOpad PIEGLO0 g TORCRT ¢ SUCQEIMDus 150k SINUN PADSKT (HEaM)
i INE) PN TRLCWOOIIEY MO AIES Oy 7 1GNP JA- MSFPO
AR50 mm-() T NEGOARY: T FRRITIED (CRLWUY MONSA
: B0 3on +— u * —t
[ R Y aenty sanboyies
S0 O P FEVOUIOYRMNR JC SAS Y B A T
L D A A3+ e e
UCORMIIE Sy
204 1B 2O PILEFIC $Q POV 3¢ 10 —_ qosdy/aiqoiseuy Saogrw ad B2
OIS A% Wi unspa e o Ern . H{uoneIUBULIBA/UOREPIXO) o 10U T A0 g ¥ B N LIPAOI
: 1531 104 ¥er0d 2S03NMB Wy POy o] 4 S it o) iwde e
San0dhsks prure 100 PIO [ T e T e e FOETELEY APIM FPPIUQ  FELOURRY HEN
(-~ 40) +~ ++ 3+ dU an-
(N e ‘ajqeiea ajesyn pYTRESUTITTY]
l e e e e e
! J1qosay/iqosseuy | o
: i
i uoRePIND MOt Oy 2t .
! (UOREBILIULIS4/UOL; Q) Wi NG aveot SAXI0IOPOYY WALIIIQALIND
| 005 woy pidy esombrire g mveony eniN Dtuowbpnatd  REFARD MO0 Buwmaib mor
i iveat . IRdEA0NY ropur Annaboyied j0 sOGEIIpUE
A BOY SIMHUN RIS AYSIIRG AB0Y
JA+ DA~ QA+ WYY AT I IR0 IYDOWONE ¥
i Qe
- S e s e 016300 553U PIEIHP “SHRMAWOUL
— ,»‘#ﬂi‘ﬁ‘« pIera I e, Y AL U R WA, E
! i neEds £ | i PIDP $120000/RAS N30T
#dFUIDSIIONYY ! MM) =qos0es 7 Qi gy Suey 10 SNOUB w30 ¢
i H Ny TN UGS 21005 S2UIDISIION|Y iyl Gy sesnt
P e CPUT (SOER) SaMasC) A0OS L P 13 13040 ur 13303 5p0s Bunpueiy |
aanebau-wesn qenea 1o aajisod-weln aanebau-wesn ajqeuea 10 aagisod-wess

S10{0D djed 230 10 'Ae)ﬁ ‘abiaq ‘weas ‘aPYMm

P 1O 'YSIMO[IDL "MOYIdA

1531 (D11) 3PLIOIYD WINIOZRIIB) %4 T0°0 PUR |'0 pue *}s3) ajesliN
’$3153} ISEPIXO PUe 10j03 AUojod)




Using the BACTIO

Scheme

be distinguished in the first instance from potentially pathogenic non-
fluorescent Pseudomonas by symptoms, but further biochemical tests
can be done for confirmation.

Caution—The results must be related back to the host/symptom data
and isolation plates. If a bacterium has been consistently isolated and
comes out as ‘saprophyte’, but there are no other likely candidates, it
should be investigated further: there 15 always the possibility of rare,
obscure or new diseases caused by Gram-positive bacteria or by species
of Enterobacteriaceae.

Using conventional media and commercial kits—These tests can be
set up using conventional media and the scheme iltustrated in the flow
chart. Commerciatly availabie kits such as the APl 20NE™ strip (Bio Meér-
ieux) or the Roche Enterotube® (Becton Dickinson), which provide some
of the important tests in a convenient ready-made format, can also be
used. These are expensive, hence the BACTID kits described below.

BACTID kits— These have been designed as do-it-yourself kits of all neces-
sary tests for prebminary dentification. Besides the tests for using the
BACTID scheme itself (colony color, Gram reaction, tetrazolium chloride,
oxidase, fluorescence, nitrate, oxidation/fermentation, and potato rot
tests) there are some additional tests to confirm the identification (cata-
lase, gelatin hydrolysis, starch hydrolysis). The BACTID Training Kit, based
on a 96-well microtiter plate, allows up to twelve isolates to be tested at
one time. In the BACTID Tube Kit, each test is provided conveniently in an
Eppendorf tube (or equivalent); there are also more tests for Pseudomonas
spp, especially P. solanacearum. The above tests are described in Tables 1
{preliminary identification) and 2 (additional tests for Pseudomonas).

BACTID software— The BACTID Scheme has been developed into a com-
puter program (of the type calied an expert system). After entering the
test results, preliminary identification of the isolate is made according to
the scheme. The BACTID program also incorporates information on the
bacteria (such as confirmatory tests), full details of the media and reag-
ents used, and instructions to prepare the BACTID Training Kit. Further
details are given under the heading ‘BACTID Software’ in this chapter.

BACTID Training Kit

10

The BACTID Training Kit consists of a 96-well microtiter plate containing
the media for eight tests arranged in rows. The wells then act as minute
petri dishes which can mostly be inoculated and read in the normal way.
By preparing in advance, the kit will be ready for use as soon as bacteria
need to be identified. The plate can be stored in a refrigerator for at least
6 months if properly sealed, and each plate allows 12 cultures to be
inoculated {as columns). This overcomes one of the main problems of
bacteriology in small plant clinics which do not deal with bacteriology
regularly.

Gram reaction, catalase, and oxidase tests are done with loopfuls of
cultures grown on a nutrient agar (NA) slope in Eppendorf tubes. The
oxidation/fermentation (O/F) test is included as paired tubes of the usual
medium, one for aerobic and the other for anaerabic conditions. At least
one column should be reserved as noninoculated control. The layout of
the kit is shown in Figures 2 and 3.



Table 1—BACTID kits (1raining Kit and rube Kit): media and tests for preliminary identit)-
cation.

Tratning Tube

Medium/Test Observation Kit! Kit
Nutrient agar (NA) Add a drop of 3% hydrogen welit Slope
{catalase test) peroxide. Bubbiing indicates

positive reacthion.
Tetrazolum chionde Bright red smear indicates Weill Stope
(T7C) {tolerance test; 0.1, tolevance to 11¢
0.02%)
King's medium B (KMB) Blue-green fluorescence under Woell Slope
{fiuorescence test) ultra wiolet (UV) hight, or in bright

sunhght 1s positive.
Sucrose nutrient agar Thick, creamy. mucilaginous Well Slope
(SNA) growth indicates levan-positive
{ievan test) strain.
Soluble starch agar ($54) Add 1odine. Clear zones in the Well Stope
(starch hydrolysis test) blue 1adine reaction indicate

starch hydrolysis.
Nitrate reduction test One drop of each of the nitrate Well {stab) Siope

test reagents should be added in

the usual way. Alternatively,

nitrate/nitrite test strips

(Merckoquant 10 020 or

10 050) coutd be used.
Potato rot test Positive strains will break down Well (stab) Stab

the plug of freeze-dried potato.
Nutrient agar (NA) Observe color on the NA siope. Slope? Slope
(color, Gram reaction) Use a loop 10 remove culture

from the siope for the Gram

reaction. (The 3% potassium

hydraxide solubility test 1s

recormmended).
NA for oxidase test Use oxidase touch sticks on NA Slope Slope

slope. A deep purple coloration
within 30 seconds indicates a
posiive result.

Gelatin hydrolysis test Gelatin-positive strains witl Tube/stab Stab
iquefy the medium. Compare
with noninoculated control
and/or a known positive.

Oxidation/fermenta- After stab inoculation, the Tube/stab Stab
tion test anaerobic tube 1s ciosed tight.

Change from blue to yellow

indicates acid production. Some

bacteria may not metabolize

glucose (aerobic tube positive).

1 At least one column shouid be a noninoculated control. If all 12 columns of the plate are seldom used, use of
the Tube Kit 15 preferable.

2 Smear the surface of the medium in well or tube, uniess otherwise indicated.

11



Teble 2—Additionsl media and tests for identification of Preudomonas 5pp (especially
P. solanacesrumy: BACTID Tube Kit only.

Medium/Test Observation

Sucrose nutrient agar/Nile blue Production of polyhydroxybutyric acid {and therefore RNA
Group 1l pseudomonads) is indicated by strong
fluorescence under UV ight,

2% sodium chioride/salt tolerance Look for growth. Pseudomonas solanacearum does not
tolerate 2% sodm chloride (NaCl).

Biovar substrates (plus glucose as Dbserve acid production on matose, lactose, cellobiose,

control} mannitol, sorbitol, and dulcitol. The differential patterns
of substrate use indicate the biovar.

Nitrate medium in sealed Biovars 3, 4, 5 usually produce (nitrogen) gas profusely

tube/Gas from nitrate

from nitrate. Biovar 1 reduces nitrate to nitrite but not to
gas. Most biovar 2 isolates do not reduce nitrate.

Nutrient agar (NA}
{catalase test)

Tetrazolium chlonde (TT¢)
(tolerance test; 0.1%)

[

Tetrazohum chionde (TT0)
{tolerance test; 0.02%)

King's medium B (KMB)
(fluorescence test)

Sucrase nutrient agar
(SNA) (fevan test}

Soluble starch agar (ssA)
(starch hydrolysis test)

Nitrate reduction test

Potato rot test

Separate tubes

Nutnent agar siope
(color and Gram
reaction}

Gelatin
hydrolysis
test

Figure 2-~BACTID Training Kit for preliminary identification.

12
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BACTID Training Kit
Template for Bacteriological Identification

Date inoculated - Dates read
Main plate 1 2 3 4 5 6
Th———v‘———Ar—‘——-‘p———ﬂF
Isolate details
A Nutrient agar {NA) Smear
{catalase}
B Tetrazolium chioride (17C) Smear
(tolerance; 0.1%)
C Tetrazolium chioride {TTC) Smear
{tolerance; 0.02%)
D King’s medium B (KMB) Smear
(fluorescence)
E Sucrose nutnent agar Smear
{5NA) (levan)
F Soluble starch agar (55A) Smear
{starch hydrolysis)
G Nitrate reduction Stab
H Potato rot Stab 5
—_
Nutrient agar {NA) ;
2 slope for:
£ Color and Gram reaction Streak | ;
2 i
& Oxidase 7{
8 (touch sticks) :
§' Gelatin hydrolysis Stab
Oxidatiorvfermentation Streak
igure

Fit 3—Proforma for the BACTID Training Kit.



Preparing and
inoculating the
BACTID plate

Options for
portability and
convenience

BACTID Tube Kit .

14

Use sterile microtiter plates. Most of the media are prepared in the usual
way. Molten media are poured into the well so that a 2-mm space is left
at the top. This works out to approximately 200 pl well'1. After prepara-
tion, the plates are sealed (using a bag sealer if available) and stored in a
refrigerator. Slopes of nutrient agar (NA) prepared in plastic tubes are
inoculated for observation of color and Gram reaction, catalase, and
oxidase tests.

Inoculation—The wells for mitrate and potato rot tests, and the gelatin
and oxidation/fermentation tubes are stab inoculated. The NA slope is
streaked. The remaining wells are inoculated by smearing the surface
(see Fig, 3).

Tetrazolium chloride (TTC) salt tolerance tests—Use a clean loop to
avoid carrying the TTC reagent on to other media.

Oxidation/fermentation (O/F) test—This test is used to indicate
whether a particular carbohydrate (usually glucose) is utilized oxidatively
or fermentatively by the test bactenum. Carbobydrate utilization
resulting in acid formation is determined under aerobic and anaerobic
conditions,

Pairs of plastic tubes of nutrient agar are used since the wells are too
small to avoid diffusion of oxygen. For the anaerobic test, the tube is
filled right to the top, and the cap sealed. For the aerobic test, the tube
should be three-quarters full. After stab inoculation, the tube for the
anaerobic test should again be sealed.

Potato rot test—Cores of potato tissue (5 mm diameter) are cut
aseptically with a cork borer, and 8-mm-thick disks are cut out. The disks
can be kept at -10°C in bulk {in a deep freeze, preferably after freeze
drying) and added to the plates when they are prepared. Immediately
before inoculation, 150 ul of sterile water is added to each well. The
potato disks are then stab inoculated. (The disks may discolor during
storage or after adding water; this does not matter).

Freeze-dried potato disks will keep indefinitely when the prepared piates
are stored in a refrigerator. if a freeze drier is not available, store potato
cores in a freezer until the plates are used. Otherwise, prepare potato
cores aseptically immediately before use.

Reagents—Oxidase touch strips (Unipath); nitrate/nitrite test strips
{Merck/BDH).

Equipment—Disposable sterile plastic loops (suitable for the catalase
test and to use Kavacs' reagent in conventional form).

In the BACTID Tube Kit, each test is provided conveniently in an Eppendorf

tube (or equivalent). This has advantages when it is not necessary to use

a whole plate:

¢ when not all the tests need to be done to confirm a particular group
of bacteria. For example, with Xanthomonas it would not be neces-
sary to do the O/F and XMB tests for confirmation;

« when less than 12 isolates, replicates, and controls require testing;

« Eppendorf tubes could be re-autoclaved and used again.



Preparing the Tube
Kit for pretiminary
identification

Additional tests for
Pseudomonas

BACTID software

In addition, some tests have been added for further identification of
nonfluorescent Pseudomonas spp classified in RNA homology group I
(Palleroni et al. 1973), called the genus Burkhokderia by some authors.
Production of polyhydroxybutyric acid (PHB), which distinguishes this
group from other nonfluorescent Pseudomonas spp is tested for in BAC
TID by an SNA Nile blue medium; PHB is visualized by UV fight. One mem-
ber of this group which 1s of particular importance, P. solanacearum, can
be distinguished from the other by the absence of growth in 2% sodium
chioride (NaCl). The format of the kit is shown in Figures 4 and 5.

All the media are prepared in 1.5-mL microcentrifuge tubes (Eppendorf
type). The media for preliminary identification (following the BACTID
Scheme, Tabie 1) are mostly prepared, with about 0.75 mL medium in
each tube. The exception is the anaerobic tube of the O/F pair, which is
filled up to the top. The tubes are inoculated, and then used in the same
way as wells or tubes in the BACTID Training Kit.

SNA-Nile blue medium—Nile blue staining is the most reliable test for
the presence of PHB granules. This can be used as a test for P. sola-
nacearum and similar species. Normally, bacterial cultures are grown on
a medium promoting PHB production {e.g., SNA or medium containing
-hydroxybutyric acid), from which a smear is prepared, stained with Nile
biue and then examined under the microscope with green fluorescence
for orange PHB granules. However, PHB can also be tested for in BACTID
using a one-step test without microscopy: bacteria are inoculated onto
slopes of SNA medium supplemented with 0.001% Nile blue in micro-
centrifuge tubes. After incubation, the tubes are examined under UV
light {e.g.. bacteriological UV light) with a gel-scanner, or in a thin-layer
chromatography plate visualizer. PHB-positive isolates fluoresce brightly;
there may be very weak fluorescence in non-PHB isolates and controls.
This medium was developed by Quiroz Salazar (1994); it is similar to that
of Pierce and Schroth (1994).

Growth in 2% sodium chloride—Sodium chloride (NaCl) is added to
nutrient broth at the required concentration before autoclaving in micro-
centrifuge tubes for the BACTID Tube Kit. Cloudiness after several days
incubation indicates tolerance of NaCi. Ordinary nutrient broth shoutd be
used as a control for each culture.

Distinguishing biovars of P. solanacearum—The media and tests de-
scribed by Hayward (1964) and by Hayward et al. (1990) can be used in
this format. They include tests for utdization of disaccharides and sugar
alcohols to distinguish the five biovars, and the gas from the nitrate test
to distinguish biovars 3, 4, and 5 from biovars 1 and 2. The media are also
described by Hayward in this publication.

The BACTID program will be published in 1995/96 by the Natural Re-
sources Institute (NRI), UK, as part of a package of integrated systems for
bacterial identification. An interim version is available from the senior
author for evaluation. BACTID is an expert system: information on the
bacterial groups and test methods is incorporated in it as hypertext.
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Figure 4—BACTID Tube Kit: media for the basic scheme and further identification.
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Figure 5-—Proforma for the BACTID Tube Kit.

BACTID can be used in several ways tor bacterial identification:

» following the flow chart for the sequence of tests. This is particularly
useful when no particular bactenal group 1s suspected (using tests in
a conventional format).

* performing selected tests in any desired sequence. This is useful when
a particular group is suspected {e.g., Xanthomonas).

o performing all necessary tests at one time. The BACTID program
should be used this way with the BACTID Training Kit, which provides
tests in a convenient, portable format.

Where data are missing, more than one bacterial group may be possible.
Throughout the program, hypertext screens can be viewed to obtain
more information about the diagnostic tests and the characteristics of
the different bacterial groups {e.g., pressing the F4 key displays the flow
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Biolog

Recipes for media and reagents, and practical details of the text are read
from an external ASCHi file (METHODS.TXT). This file can be edited by a DOS
text editor if variations need to be inserted. Howeves, the ‘Warning’
should be read carefully before attempting to edit this file.

BACTID was written with the Knowledge Pro* expert system shell (Knowl-
edge Garden Inc., 473a Malden Bridge Road, Nassau, Ny 12123, UsA). The
interim release in use is a runhime version in the public domain which
cannot be edited.

Patterns of substrate use (metabolic profiles) are characteristic of species
and some subspecific taxa. The Biolog* system (Biolog Inc., 3938 Trust
Way, Hayward, CA 94545, USA) presents 95 substrates (and a blank con-
trol) separately in the wells of a microtiter plate. If a given substrate is
used, this is indicated by a color reaction since each well also includes a
tetrazotium redox dye. The pattern of substrate use {the metabolic profile
or fingerprint) is matched with profiles of known taxa in a database using
identification software.

Plates can be read by eye or by a microtiter plate reader. There can be
manual data entry, entry of data files from the plate reader, or the
identification software can control a plate reader for direct entry of data.
The Biolog system now has different databases (and different plates) for
Gram-negative bactena, Gram-positive bacteria, yeasts, and other
groups of organisms.

Biolog was evaluated for plant pathogens and other bacteria associated
with plants, particularly for the tropics, concentrating on its suitability for
small plant pathology labaratories (Black and Sweetmore 1994). For fur-
ther discussion of adapting Biclog for use in these situations and suijt-
abilty of databases, see Black and Sweetmore (1993, 1994).

Inoculation of plates —

s Active cultures. Incubate pure cultures overnight in nutrient agarona
shaking incubator; 50-100 ml depending on size of flask and holder
available: 10-12 tsolates in one batch is convenient.

s Preparation of inoculum. Washing off exogenous nutrients: Use 25-
mL disposable sterile Universal bottles (graduated). Aiternatively, au-
toclavable or disposable centrifuge tubes of the same capacity are
suitable. Centrifuge at 4000 rpm (2800 g) for 30 min at 15°C, Pour off
supernatant (to be autoclaved before disposal), resuspend with 20 mt
sterile distilled water, homogenize in a vortex mixer, and centrifuge
again. Repeat this procedure so that the cultures are washed twice in
water, and finally resuspend in 20 mL water. If the suspension looks
too thin, resuspend in about 16 mL water.

¢ Initial optical density (OD) (turbidity). Suspensions should have 0Dy,
0.4-0.6. The requirement is 15 mL of final suspension (96 x 150 uL).
Determine the OD, and dilute accordingly using a turbidimeter, spec-
trophotometer, or determine the OD by eye with turbidity standards
provided by Biolog.

s Inoculation. Bring plates to room temperature. Inoculate each well
with 150 ul of suspension; use either an 8-channe! pipette or a repeat-
ing pipette, and sterile pipette tips.
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o incubstion times. Incubate at 28°C. Biolog Inc. advises reading after 4
h and 24 h. The Biolog GN database includes profiles for these times.
However, 4 h is not commonly used with plant pathogens, but cul-
tures could grow very rapidly and produce too many positives by 24 h.
A flexible approach is suggested: check after 4 h and read. Check
again from 18 h and use all 18 h+ readings as 24 h. Some bacteria
could be slow growing and require longer incubation times. Use the
24 h database.

Reading piates—There are three general difficulties:
* Borderline results;

* High background (including colored control well) makes positives dif-
ficult to read;

o Spurious readings of pale, milky suspension rather than intense
opaque violet.

Visual reading—
¢ Fully positive: medium in the well is deep violet.

* Borderline: wells incompletely filled, but medium is deep violet.
« Fully negative (and control): medium clear, coloriess.
» Other readings: if necessary, record with a special code.

Using a plate reader—In the majority of cases, results as good as or
better than visual reading can be obtained with a plate reader. A 590-nm
filter is recommended, but one close to this wavelength will give satisfac-
tory results. Only with very poor plates thigh background), or overgrowth
of a rapidly growing species, is it possible to extract some results by eye
where a plate reader fails. Integral or PC-mounted sohtware will have
data reduction facilities to convert absorbance readings to well reactions.
The Biclog system uses standard thresholds to convert 0D, readings to
positive, negative, and borderline:

Threshold borderline A1 x 1.4
Threshold positive At x 2.1

These are set as defaults in Microlog software versions supplied by Bio-
log which accept data files or direct plate readings. High background
readings can cause problems if absorbance readings in the plate reader
are converted to substrate reactions by internal or external software with
the standard Biolog thresholds. The solution recommended originally
was to use fixed thresholds of 1.3 for borderline, and 2.1 for positive
(Black and Sweetmore 1993). However, recent versions of Microlog
which accept absorbance data files, or can read the plate reader directly,
will interpret poor plates satisfactorily in most cases,

MicroLog programs and databases—Microlog 1 is the basic version of
Biolog software, enabling data to be entered manually and profiles
matched against the MicroLog GN Database. This database cannot be
edited. Using the more advanced versions of Microlog (2/2N, 3/3N},
databases can be edited and compiled from the user's own profiles. A
further advantage of these versions is the facility to accept data in the
form of absorbance data files from the plate reader and/or direct plate -
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Bacterial identifier
program

Cluster analysis of
metabolic data
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Blackweil's Bacterial identifier program (Blackwell Scientific Publications
Ltd) has been adapted for use with Biolog metabolic profiling (Black and
Sweetmaore 1993, 1994). User-defined databases can be used for a much
lower purchase price than the equivalent Microlog programs, and the
program is statistically supenor. However, only manual data entry is pos-
sible. it is convenient to use Microlog 1o compile databases; the Micro-
Log database files cannot be edited or used in other programs but the
reaction file (*.RCT) can be treated as an ASCI file and edited into the
format for a matrix tile (*.MAT) in Bacterial Identifier. The options for
bacterial identification software and databases in an integrated system
are given in Figure 6.

Metabolic profiling lends itseif to analysis of relationships among isolates
for taxonomy, identification or ecological studies. Substrate utilization
data can be used on their own or with other characteristics. Advanced
versions of MicroLog software have a cluster analysis facility, but this only
compares a test isolate with taxa in a database and the number of strains
or species compared is limited. It is preferable to use an independent
multivanate statistical package (e.g., NTSYS-pc. MVSP-Plus) 10 analyze
substrate-use data. Most programs have data entry facilities but experi-
ence has shown that an independent spreadsheet {e.g., Excel* or Lotus*)
is the best means of prepanng primary data. This could then be input
directly into the program or first converted into an AsCii file. Cluster
analysis is done in two stages: generation of a matrix of coefficients, and
actual cluster analysis. There are many different coefficients and methods
of clustering available. One factor in the choice is whether borderline
values will be entered as missing values or treated as half-way values
between negative and positive. This depends on the statistical program
available. The authors use simple matching coefficients in the former
case, and Euclidean distance coefficients in the latter with the Un-
grouped Pair Method of Analysis (UGPMA).

Most programs will produce a dendrogram on screen which can be
dumped to a printer. However, it is preferable to produce a special out-
put for a graphics program so that the chart can be edited for labeling,
title, etc., for a better presentation.
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Isolation and Identification of
Pseudomonas solanacearum m

V K Mehan

Collection of Samples of Wilt-Affected Plants.

Diseased plants with early but well-established symptoms should be se-
lected. Infection should be at an early stage, before secondary invaders
colonize the decaying plant tissue. It is advisable to collect diseased
plants from several sites within the field. Samples are packed in paper
bags and labeled with the place and date of collection, and other useful
information such as host variety, growth stage, etc. The time between
sampling and processing should be as short as possible. Therefore, it is
important that preparations in the laboratory are done before sampling.

isolation of Pseudomonas solanacearum .

Pseudomonas solanacearum can be isolated from the infected stem/root
of a wilt-affected plant by the following procedure:

1 Cut the infected stem/root into 3—4 cm long pieces.

2 Wash these thoroughly in sterile water, and then dry them on sterile
blotting paper.

3 Place the individual stem/root pieces in test tubes containing 5 mL
sterile distilled water. Within a short time, bacteria can usually be
seen to ooze from the cut ends.

4 After 3-5 min, take a loopful of the bacterial suspension and streak it
onto an appropriate agar medium [e.g., sucrose peptone agar (SPA),
tetrazolium chloride agar (TZCA) in petri dishes, and incubate the
dishes at 28-30°C.

5 Ohserve the colonies of the bacterium after 48-72 h of incubation.

Note—Single colonies are most easily obtained by the 3-streak method:
a small drop of bacterial suspension is placed on the petri dish, the loop is
resterilized, cooled down by touching the medium, and three lines drawn
across the surface of the medium away from the original inoculum. This
sequence~—sterilization, cooling, streaking of previous inoculum—is re-
peated to achieve serial dilution of the original inoculum.

On the T2CA medium, the virulent isolates of the bacterium form irregu-
larly round, fluidal, creamy white colonies with light pink centers. Avi-
rulent colonies are round, butyrous, and uniformly deep red on this
medium (Fig. 1).

Detection of Pseudomonas solanacearum

Detection methods have concentrated on detection in soil, using semi-
selective media. Several conventional methods are suitable for the detec-
tion of P. solanacearum from soil samples; they help enumerate either
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Figure 1—Pseudomonas solanacearum colonies on tetrazolium chloride
agar medium: virulent (fluidal, white colonies with pink centers; petri dish
at right) and avirulent (deep red colonies; petri dish at left).

the culturable population or the total population. A count of the cultur-
able population is obtained after growth on a suitable medium. These
procedures use serial dilutions of the sample in appropriate media. Sam-
pling plans are very important for the efficency of these procedures.

Several nonselective media are suitable for isolation and growth of
P. solanacearum—sucrose peptone agar (Hayward 1960), King's medium
B (King et al. 1954), tetrazolium chloride agar (Kelman 1954). The compo-
sition of these media, and colony characteristics (Table 1) are given
below.

Table 1—Appearance of colonies of Pseudomonas solanacearum on three
nonselective agar media (incubated for 48-72 h at 30°C).

Medium Cultural characteristics

Sucrose peptone agar (SPA) Cream-colored, round colonies

King's medium B {(KMB) White, fluidal, nonfluorescent colonies
Tetrazolium chionde agars (TZCA) Fluidal, white colonies with pink centers

Composition (g L'1)—

Sucrose 20
Peptone 5
Potassium hydrogen phosphate (K,HPQ,) 05
Magnesium sulfate heptahydrate (Mg$0,.7 H,0) 0.25
Agar 15

pH is adjusted to 7.2-7.4 using 40% sodium hydroxide (NaOH).



ning's medium 8
(xm8)

Tetrazolium
chloride agar (T2CA)

Selective Media

wompe: fon gl Y)—

Proteose peptone (Difco no. 3} 20
Potassium hydrogen phosphate (K,HPO,) 1.5
Magnesium sulfate heptahydrate (Mg50,.7 H,0) 1.5
Glycerol 10
Agar 15
pH is adjusted to 7.2 using 40% NaOH.

Composition (g L ") —

Peptone 10
Casein hydrolysate 1
Glucose 5
Agar 15
2,3,5-triphenyl tetrazolium chioride 0.05

Note—Tetrazolum chloride (T2C) is added as 1 mlL of a filter-sterilized
0.5% solution per 100 mL of molten sterilized medium (60°C) before
pouring into petri dishes.

TZCA is used as a general growth and isolation medium for P. sola-
nacearum. It is suitable to differentiate wild colony types (white with
pink centers) from low-virulence mutants or avirulent mutants that could
occur on subculturing. Mutant colonies usually take up the formazen
produced on reduction of tetrazolium chioride to form deep red colonies.

Several selective media for the isolation of P. sofanacearum have been
developed (Nesmith and Jenkins 1979, Kargamilla and Buddenhagen
1972, Granada and Sequeira 1983). These media can detect 104 cells g
soil; some are suitable only for certain strains. In general, these media are
useful for ecological and epidemiological studies of the wiit pathogen.
They increase plating efficiency and reduce interference from saprophytic
soil microorganisms. For diagnosis, these media should be used in con-
junction with nonselective isolation media.

Other Detection Tests .

Serological tests based on specific antigen-antibody reactions can also be
used to detect the bacterium in infected plant tissues and seeds. Among
the various serological tests, dot immunaobinding assay (DIBA), enzyme-
linked immunosorbent assay (ELISA), and immunosorbent electron micro-
scopy (ISEM) are most suited for this purpose, ELISA being the most pre-
ferred. ISEM requires access to an electron microscope, and large
numbers of samples cannot be easily handled. in developing countries,
DIBA is more difficult to adopt than ELISA, because the materials and
reagents required for the test are not easily available. DNA-based diag-
nostics can also be used to detect the wilt pathogen in plant tissues, but
their use in developing countries is very limited at present.

in recent years, several simple, sensitive, and highly specific ELISAs of.
P. solanacearum have been developed. These detection methods do not
require purification or culture of the bacterium. They are more rapid and
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sensitive, and simpler to use than conventional detection methods. Sev-
eral polycional and monocional antibodies against P. solanacearum have
been produced in taboratories at the University of Hawaii, USA, the
Rothamsted Experimental Station, UK, the Institute of Plant Protection,
Beijing, China, and the international Potato Center, Peru. Most of these
antibodies show cross-reactions with several dosely related bacterial spe-
cies (e.g., Pseudomonas syzygii, P. pickettii, P. cepacia). Some highly
specific monocdional antibodies produced at the University of Hawaii, and
at the Rothamsted Experimental Station do not show any cross-reactivity
with these bacterial species (Robinson 1993, Alvarez et al. 1993).

ELISA is now being adopted for the detection of P. solanacearum because
of its simplicity, sensitivity, speed, and the ability to quantity pathogen
biomass in plant tissues and other matrices. It is different from the classi-
cal serological tests {e.g., Ouchterfony double diffusion test) in which
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through the action of the associated enzyme label with a suitable subs-
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Supplementary Observations amssss——

Introduction .

A C Hayward

The bacterial wilt pathogen, Pseudomonas solanacearum (Smith) Smith,
is variable in some phenotypic properties such as utilization of carbon
sources, nitrate metabolism, and pectolytic activity. Some of the key
properties for the identification of P. solanacearum are described below,
with emphasis on the utilization and/or oxidation of hexose alcohols and
disaccharides which enables separation of isolates into five biovars (Hay-
ward 1964, Hayward et al. 1990, He et al, 1983).

Biovar Differentiation

Basal medium
for oxidation/
fermentation tests

Preparation of
carbohydrate
solutions

Addition of
carbohydrates to
basal medium

For determination of biovars in P. solanacearum, the medium of Ayers et
al. (1919) is modified as follows:

Peptone (Difco Bacto)

Ammonium dihydrogen phosphate (NH H,PO,)
Potassium chioride (KCl)

Magnesium sulfate heptahydrate (MgS0,.7H,0)
Agar (Difco Bacto)

Bromothymol blue

Distilled water

9
)
29
29
9

[=1
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The pH is adjusted to 7.0-7.1 (an olivaceous green color) by dropwise
addition of 40% sodium hydroxide {NaOH) solution. The medium is
steamed to melt the agar and dispensed as 90 mL or 18 mL per bottle. it
is then sterilized by autoclaving at 121°C for 30 min.

This medium is used for distinguishing the biovars of P. solanacearum,
based on utilization of various carbohydrates (Table 1),

* Prepare 10% aqueous solutions af the test carbohydrates. (Duicitol is
poorly soluble at 20-30°C; dissolve it by heating in a water bath
followed by cooling).

s For D-glucose, mannitol, sorbitol, and dulcitol, sterilize in an auto-
clave at 110" C for 20 min as 10-mL quantities.

* For lactose, maltose, and D (+) cellobiose, sterilize by membrane
filtration and dispense in 10-mL quantities into presterilized
containers,

Sufficient carbohydrate solution is added to the basal medium (at 60°C)

to give a final concentration of 1% in the medium (i.e., 10 mL of 10%

solution to 90 mL basal medium or 2 mL to 18-mL quantities of the basal

medium). After mixing, the still molten medium is dispensed as 3-mt’
quantities to sterilized test tubes {150 mm x 10 mm internal diameter).
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Table 1—Ditferentiation of Preudomonas solanacearum blovars.

Biovars
Test 1 2 3 4 5
Oxidation/utilization of
Mannitol - - 4 + +
Sorbito! - , + . M
Dulcitol - - + + -
Oxidation of
Lactose' - + + - +
Maltose! - + + - 4+
Cellobiose’ - + + - +
Nitrite from nitrate 42 + + + +
Gas from nitrate -1 -3 + + +

1 Disacchrides are oxschized to bonic acids, but are not utiized a3 a source of carbon and energy
2 There are rare exceptions which fad to reduce aitrate to mitrite.
3 There are rare exceptions which produce gas from nitrate

inoculum
preparation

Oxidative versus
fermentative
metabolism

¢ Add several loopfuls of 24-48 h culture from agar medium to 3-5mL
sterile distilled water to make a suspension of light milky opacity.

s Add 0.02 mL of the bacterial suspension to each tube using a
micropipette,
¢ Incubate the inoculated tubes at 28-32°C.

o Examine the tubes at 3, 7, 14, and 28 days after inoculation for
change in pH (examine from the top of the medium downward).

Note—A tube containing only the basal medium should also be inocu-
lated to serve as control.

With the glucose and hexose alcohols, a change to yellow (acid pH, <6)
indicating oxidation of the carbohydrate occurs within 3-5 days; those
biovars capable of oxidizing the disaccharides could take a few days
longer to give a clear positive result. The tubes should be compared with
the control tube to observe pH changes (in some cases there could be a
slight change to alkaline pH in some of the tubes containing carbohy-
drates that are not oxidized).

To confirm oxidative or fermentative metabolism of carbohydrates:

s Stab inoculate duplicate tubes of glucase medium (to the base of the
tube) with a straight wire loaded with inoculum.

+ Seal one tube with molten vaspar (a 50:50 mixture of vaseline and
paraffin wax) or 3% agar (to a depth of 2 cm).

¢ Examine the tubes after 3-4 days for yellow (pH <6) or green (pH 7.1).

A fermentative reaction is shown by members of the Enterobacteriaceae
such as Escherichia coli and Erwinia carotovora. This reaction could occur
with or without gas production. Any gas produced will be trapped as
bubbles in the semisolid agar or displace the seal on the top of the tube.



Suppiementary
tests with
additional sugars

Nitrate metabolism

Medium of Van den
Mooter et al.

Organisms with a fermentative metabolism of glucose are invariably
strict or facultative anaerobes; acid is produced throughout the depth of
the medium in both open and sealed tubes. Organisms with an oxidative
{respiratory) metabolism of glucose produce acid only at the surface of
the open tube where conditions are aerobic. An oxidative reaction is
given by Pseudomonas, Xanthomonas, Agrobacterium, and Rhizobium.

Further differentiation of isolates of biovar 2 could be achieved by adding
the sugars D-ribose, trehalose, and meso-inositol. Bacterial wilt of potato
in temperate and subtropical regions and at high altitudes in the tropics
worldwide is caused by biovar 2 (race 3) with the phenotype D-ribose-,
trehalose-, and meso-inositol+. A distinct phenotype of biovar 2 occur-
ring in parts of Chile and Colombia, South America, has the phenotype
D-ribose-, trehalose+, and meso-inositol- (Hayward et al. 1990). Most of
these isolates do not produce nitrite from nitrate, which is a property
universal among isclates of biovar 2 from potato of the alternate and
more widely distributed phenotype. There is a third distinct phenotype of
biovar 2 occurring in Peru and Brazil which has the phenotype D-ribose +,
trehalose+, and meso-inositol+.

Production of gas from nitrate is found in more than 90% of the isolates
of biovars 1, 4, and 5, whereas this property is rarely found in biovars 1
and 2. Inability to grow anaerobically in the presence of nitrate, or pro-
duce nitrite from nitrate, is rare and almost entirely limited to biovar 2
(Hayward et al. 1990). The choice of medium is critical. In certain media,
the production of gas trom nitrate is erratic or absent. Reliable results can
be obtained using the medium of Van den Mooter et al. (1987):

Composition (g L-1)—
Potassium dihydrogen phosphate (KH,P0,, anhydrous) 05
Dipotassium hydrogen phasphate (K,HPO,, anhydrous) 0.5

Magnesium sulfate heptahydrate (Mg50,.7H,0) 0.2
Sodium succinate (or glycerol) 2
Potassium nitrate (KNO,) 3
Yeast extract (Difco) 5
Agar (Difco Bacto) 3

pH is 6.8-7.0 without addition of acid or alkali.

Procedure —

o Heat at 100°C to melt the agar and dispense quantities of 3-4 mL
into test tubes (150 mm x 10 mm internal diameter either capped or
plugged).

o Sterilize the prepared tubes in an autoclave at 121" C for 30 min,

s Store the medium at room temperature (if stored at 4°C for long
periods the medium should be remelted and reset immediately before
use),

o Stab inoculate duplicate tubes of the semisolid medium (to the base
of the tube) two or three times using a straight wire loaded at the
point with inoculum from an agar plate. '

s Seal one of the tubes with 2-3 mL of 3% water agar or vaspar.
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Starch iodide spot
test for nitrite

o Incubate the tubes at 28-32°C.

o After 3-7 days, test the unsealed tube for the presence of nitrite by
adding starch iodide reagents prepared according to Skerman (1967)
a3 described below.

Reagents —

o Starch iodide solution
Starch 04g
Zinc chloride (ZnCl,) 2 g
Distilled water 100 mL

Dissolve ZnCl, in 10 mL water. Boil and add starch. Dilute to 100 mL,
allow to stand for 1 week, and filtes. Add an equal volume of 3 0.2%
solution of potassium iodide (Ki).

o Hydrochloric acid
Concentrated hydrochloric acid (HC) 16 mL
Distilled water 84 mL

Procedure—Using clean, glass dropping pipettes, place 1 drop of each
reagent in the depression of a white spot test plate. Add 1 drop of the
culture, A blue color indicates the presence of nitrite.

The test depends on the formation of nitrous acid and its subsequent
reaction with potassium iodide with the liberation of iodine, which tums
the starch blue. The test is not entirely specific. Control tests should be
made on a noninoculated medium. Several other reagents are available
to test for production of nitrite from nitrate (Lelliott and Stead 1987).

A negative reaction for nitrite could indicate either that the nitrate has
nat been reduced, ar that the nitrate has been reduced beyond nitrite. To
differentiate between these possibilities, a speck of zinc dust is added to
the tubes in which no reaction for nitrite, or a weak reaction, has ot-
curred. If the nitrate has not been reduced by the bacterium, there is a
reaction after addition of the zinc dust; if there has been a weak reaction
which does not intensify even after addition of zinc dust, then most of
the nitrate has been reduced beyond nitrite. A weak reaction that inten-
sifies after the addition of zinc dust indicates that a littie of the nitrate
has been reduced to nitrite.

The tube sealed with agar or vaspar should be examined each day for 7
days, for the presence of gas bubbles trapped in the medium or beneath
the seal. The reaction is sometimes weak and slow to appear. A stronger
reaction could be obtained if the isolates are subcultured several times
through a medium containing nitrate in order to enhance the activity of
the enzyme nitrate reductase (Stanier et al. 1966). False positives can
sometimes be obtained if the medium is stab inoculated when solid.
Bubbles of ‘gas’ can appear on the stab marks in the agar, which in fact
are caused by the method of inoculation. A more subtle cause of error
could arise when the medium has been prepared and dispensed long
before use and stored at 4°C. Gas is released into the medium when it is
subsequently incubated at 28-32°C. This effect can be avoided if the
medium is remelted before use. The effect could be due to the greater
solubility of certain gases at 4°C than at higher temperatures, the gases
being released into the medium on subsequent incubation.



Poly-f-hydroxy-
butyrate
{sudanophilic)
inclusions

Pseudombnas solanacesrum in culture, or in ooze from affected plants,
exhibits Bipolar staining when the bacterial cells are treated with a dilute
solution of safranine. The lack of affinity for basic dyes which results in
bipolar staining is caused by the presence in the cells of massive inclu-
sions of poly-§-hydroxybutyrate (PH8). There are three complementary
observations that indicate the presence of this substance: a) bipolar
staining of bacteriat cells when heat-fixed smears of bacteria are stained
with a dilute solution of safranine; b) the appearance of refractile, phase-
bright inclusions, under a phase-contrast microscope; and ¢) staining of
the inclusions by a solution of Sudan black B according to the method of
Burdon (1846).

Safranine stock solution—
Safranine 0.25¢9
Ethanol (95%) 100 mi

For use, dilute 10 mL of stock solution with 90 mL of distilled water. The
stock solution is stable and can be stored for months.

The following procedure for Sudan staining could be applied to heat-
fixed smears of bacterial ocoze expressed from the host plant or smears
prepared from cultures on an agar medium.

Sudan black B stain—
Sudan black 8 powder 039
Ethanol (70%) 100 mi

Shake thoroughly at intervals and stand overnight before use. Keep in a
well-stoppered bottle.

Procedure —

1 Make a film of bacteria on a microscope slide, dry in air, and fix by
flaming.

2 Cover the entire slide with Sudan black B stain and leave at room
temperature for 15 min,

Drain off excess stain, blot, and dry in air.
Rinse thoroughly with water under the tap and again blot dry.

S Counterstain lightly by covering with 0.5% aqueous safranine or di-
lute carbol fuchsine for 5-10 sec; rinse with tap water, blot and dry.
Lipid inciusion granules are stained blue-black or blue-grey, while the
bacteriat cytoplasm is stained light pink.

The method given above is that of Burdon (1946), except that in Step 4,
rinsing is done with tap water instead of xylol. Maximum inclusions of
PHB are formed on media of high carbon-nitrogen ratio. The following
notes on methods are taken from Lelliott and Stead (1987).

Grow cultures on 5% sucrose nutrient agar or sucrose peptone agar, or
preferably in shake-culture in the basal medium of Ayers et al. (1919)
containing 0.5% B-hydroxybutyrate (sodium salt). Production of PHB is
more certain in the latter medium.

When good growth has been obtained (after about 2 days), examine
smears or wet preparations under a phase-contrast microscope, and look
for granules which are hyaline, circular, one or more to a celf and occupy-
ing much of the cell volume. PHB granules also show up weli in the’
electron microscope as electron-dense bodies. Cells which have accumu-
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Kovacs' oxidase test

lated PHB granules do not usually Gram stain well. Since spores cannot be

easily differentiated from polymer granules by this method, it should

only be used when it is known from other evidence that the culture being
observed is of a non-spore-forming bacterial species.

Alternatively, flood a heat-fixed smear with Nile blue A (1% aqueous

solution) for 10 min at 55° C. Wash briefly with tap water. Fiood with 8%

aqueous acetic acid for 1 min to remove excess stain. Wash again in tap

water and biot dry. Moisten again with a drop of water and cover with a

cover slip. Examine under oil immersion with epifiuorescence at 450 nm.

PHB granules fluoresce bright orange (Ostle and Holt 1982).

Experience has shown that the Nile blue A staining method combined

with epifluorescence microscopy is superior to staining with Sudan black

B, which does not always differentiate PH8 granules satisfactorily (Lelliott

and Stead 1987). The latter method shouid be used when only light

microscopy is available. PHB granules are found widely among aerobic,

Gram-negative bacteria; however, there are a few other bacteria causing

wilt in plants in which this property is found e.g., P. caryophylli which

causes a vascular wilt of carnation.

Various methods can be used to carry out this test. Oxidase strips avail-

able commercially should be used according to the manufacturer’s in-

structions. The method detailed below closely follows the ane originally

described by Kovacs (1956).

Procedure —

» Place a Whatman no. 1 filter paper in a petri dish and add 3-4 drops
of freshly prepared 1% aqueous solution of tetramethyl para-
phenylenediamine dihydrochloride on the center of the paper.

o Using a platinum loop heavily charged with growth from a 24-48 h
culture of P. sofanacearum on Kelman's medium (Kelman 1954) or on
nutrient agar, rub a band about 1 cm long across the reagent-imprag-
nated paper.

With P. solanacearum, the change to a purple color within 10 sec of

application of the culture could be regarded as a positive result. The

reagent solution should be made up weekly or every 2 weeks and stored
in a stoppered dark glass bottle at 4°C.

Caution—The reagent is an aromatic amine and a highly toxic sub-

stance; skin contact with the powder or solution should be avoided.

The choice of medium can be important for proper execution of this test.

False positive reactions could occur where nitrite present in the medium

reacts at once with the reagent to give a purple color. If, therefore, it

contains nitrite, or, more probably, if the medium contains nitrate and
the species in question (e.g., P. solanacearum) is able to reduce it to
nitrite, an apparently ‘positive’ reaction is likely to occur.

The N,N-dimethyl-p-phenyienediamine reagent is to be preferred to the

tetramethyl form as it is less sensitive to nitrites that could form in the

culture medium (Hildebrand and Schroth 1972).

There is evidence that the presence of cytochrome C is correlated with a

positive reaction. Examination of the absorption spectrum of several oxi-

dase-negative bacteria has shown that they possess cytochromes of the
type B, and not cytochrome C which is invariably present in oxidase-

positive bacteria (Sands et al. 1967).
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Serological Techniques for the Detection of
Pseudomonas solanacearum asssssssswsss

Background

A Robinson-Smith

Antibodies are protein molecules produced naturally by biological organ-
isms against external ‘nonself’ molecules. These ‘nonself’ molecules are
called antigens, and can take different forms—-components of bacteria,
viruses, plant pollens or foreign red blood cells. Antibodies to specific
antigens may be produced by immunizing with an antigen, a warm-
blooded animal, usually a mouse, rat or rabbit, and occasionally, a larger
animal, e.g., horses. Antibodies are then produced by the animal and
released into its bloodstream, from which they could be harvested.

Polyclonal and Monoclonal Antibodies .

Antibodies are produced in B- and T-lymphocytes which comprise ap-
proximately 30% of the white blood cell count in the peripheral circula-
tion of mammals. These B-lymphocytes are derived directly from the
bone marrow precursors and have antibody receptors on their surface,
usually of one specificity. When the B-lymphocyte encounters the anti-
gen against which its antibody is directed, it ditferentiates into a plasma
cell, which then produces large amounts of the antibody. Antigens are
complex molecules or organisms (bacteria and viruses) and could have
several distinct sites or epitopes against which antibodies could be spe-
cifically directed. As a result, a number of antibodies of different specific-
ities will be produced, even though overall, they are directed against the
same antigen. The antibodies produced will also have different affinities
for a given antigen. So, when a vertebrate organism produces antibodies
against a given antigen, the antibodies have different specificities and
affinities, and the resulting blood would contain a mix of antibodies to
the antigen. These antibodies are referred to as polyclonal antibodies.

Monoclonal antibody technology was developed by Kohier and Milstein
in 1975, and enables the polyclonal antibody to be dissected into the sum
of its monocionat parts. The principle of monoclonal antibody production
is remarkably simple, and is based on the production and selection of
immortal antibody-producing hybrid cell lines, derived from the fusion of
antibody-producing lymphocytes with an immortal myeloma cell line.

In all mammals, the main source of antibody-producing cells is the
spleen, which can be removed and its cells fused with a myeloma line.
This fusion is mediated by polyethylene glycol and dimethyl sulfoxide,
and is followed by incubation in a selective medium, to destroy the
unfused cells. The resulting hybridomas can then be ‘cloned-out’ into
individual antibody-producing lines of one spexificity and one affinity.
These cefl lines are immortal in cell culture and can therefore be grown
indefinitely, producing large amounts of a given antibody. Some impor-
tant features of polyclonal and monoclonal antibodies are given in Table 1.
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Table 1—Some important features of polycional and monocionsl sntibodies.

Feature Polycional antibodies Monoclonal antibodies

Cost of production Low initially high

Specificity Variable with animal and breed.  Standard. Unexpected cross-
Partial cross reactions with reactions can occur,
common determinants. Seldom  May be t00 spexific.
too specific.

Determinants Many Single

recognized

Yield of antibody Uptol mgmlL. Up to 100 ug mi ! in culture

and 20 mg mL'! in ascites.

Contaminating High None in culture, 10% in

immunoglobuling ascitic fluid.

Antigen purity Either pure antigen or Purity desirable but not

required serum absorption. essential.

Preparation of Bacterial Antigens for Antibody Production

Whole cells

Crude antigen

36

extracts

Bacterial antigens can be extracellular, intracellular or structural; their
biochemicai nature can be protein, glycopratein, polysaccharide, lipo-
polysaccharide, or lipid. Immunogen preparations can therefore consist
of whole cells, crude cell extracts or purified bacterial components.

Untreated—Bacterial cells grown on solid or in broth media can be used
directly as antigens. The bacteria are grown for 24-48 h, then washed
two to three times in 0.01M phosphate-buffered saline (PBS) by centrifu-
gation and resuspension, before inoculating.

Heat-treated—Heat treatment destroys most proteins, thus permitting
some degree of selection for carbohydrate antigens. This can be dane
either by placing the washed cells in a boiling water bath for 2 h, or by
autoclaving for 2 h.

Formalin-fixed—Bacterial cells are suspended in 0.85% saline and
mixed with an equal volume of 0.6% formalin. The cells are then left at
room temperature for 1-2 days before being collected by centrifugation.
The cells are finally resuspended in 0.3% formalized saline.

Glutaraldehyde-fixed—This is perhaps the most useful and most fre-
quently used antigen, for not only does it stabilize the cell wall, but also
decreases toxicity of some bacterial species to the host animal. Bacterial
cells are washed three times in PBS and dialyzed against PBS containing
2% glutaraldehyde for 3 h at room temperature. The cells are then dia-
lyzed against PBS for 24 h, with several changes of buffer to remove
residuat glutaraldehyde.

Glycoprotein—Bacterial cultures (48-h-old) are shaken in sterile distilled
water for 30 min and the cells removed by centrifuging. The supernatant,
which contains a mixture of proteins and polysaccharides from the cell
surface, is then adjusted to pH 7, mixed with an equal volume of satu-
rated ammonium sulphate, and kept overnight at 4°C. A precipitate is
formed, that can be collected by centrifuging at 20 000 g for 15 min. The
pellet is then dissolved in sterile distilled water and dialyzed to remove
ammonium sulphate.



components

Purification of many antigens such as lipopolysaccharides, ribosomes,
secreted enzymes, membrane proteins, flagells, etc, is possible, but only
limited use has been made of these immunogens for serology in plant
pathoiogy.

Production of Polyclonal Antibodies .

Storage of
antiserums

Purification of
antiserums

Most polyclonal antibodies are produced in rabbits. Their production is

relatively simple as long as the antigen is immunogenic. Bacteria are

highly immunogenic, and a simple immunization program such as that
detailed below can help produce polyclonal serums of a very high titer.

1 immunize female inbred rabbits by injecting intramuscularly § x 108
cells in 0.5 mL antigen emulsified in 0.5 mL Freund’s complete adju-
vant (Difco Labs) at two sites in the inner thigh muscle.

2 Wait for 4 weeks and immunize as above, but with the antigen emul-
sified in Freund's incomplete adjuvant.

3 After a 2-week rest, bleed the rabbit (via the lateral ear vein), and
collect the bload (up to 30 mL) in a centrifuge tube.

4 Allow the blood to clot at room temperature (could take about 10 h)
and then spin at 2000 g for 15 min.

S Carefully decant the supernatant (the serum fraction) from the tube.

6 Test the antibody titer of the serum by enzyme-linked immunosor-
bent assay (ELISA), If the titer is sufficiently high (1:2000), continue
bleeding at 3-week intervals; otherwise repeat Step 2.

7 Continye bleeding up to 10 bleeds, or until the titer drops below
1:2000.

Antibodies are resistant to a broad range of mildly denaturing condi-
tions, making long-term storage relatively easy. The only problem com-
monly encountered is contamination with bacteria or fungi, which can
be overcome by:

» freezing in aliquots at -20°C; or

¢ adding sodium azide to 0.02% and storing at 4°C; or

* adding glycero! to 50% and storing at 4" C.

Note—Antibody solutions should not be frozen and thawed repeatedy,
as this can lead to loss of activity, because the antibody aggregates and
therefore blocks the antigen-binding sites.

Several techniques require purification of the antibody. Many methods
could be used, the most conventional being precipitation followed by
column chromatography. Neither of these, when used alone, will com-

pletely purify the antibody, but if used together, a relatively pure anti-
body will result.

Ammeonium sulphate precipitation—
1 To1mt of antiserum, add 9 mi of distilled water in a 50-mL centri-
fuge tube and mix.

2 Add 10 mlL of saturated ammonium sulphate solution, and leave at

room temperature for 3060 min.

3 Spin at 10 000 g for 10 min.



4 Discard the supernatant, and drain the tube by holding it upside
down on a tissue.

S Dissolve the pellet in approximately 2 mL of PBS.

€ Dialyze overnight against several changes of PBS to completely re-
move the ammonium sulphate.

immunoglobulins prepared by this procedure often require further puri-
fication by ion-exchange chromatography.

DEAE-matrix chromatography—

1 Wash the DEAE-matrix with 0.5M hydrochloric acid (HCl) and then
0.5M sodium hydroxide (NaOH), followed by 20 volumes of 10 mM
Tris (pH 8.5). Check the pH and repeat the washes until the pH is 8.5.
Transfer the matrix 10 a column, using approximately 2 mlL of wet
matrix for each mL of serum.

2 Dialyze the serum (or ammonium sulphate purified antibodies)
against three changes of 10 mM Tris (pH 8.5).

3 Pass the antibody solution down the column. Wash the column with
10 bed volumes of 10 mM Tris (pH 8.5).

4 Sequentially elute the column with increasing sodium chioride (NaCl)
concentrations in the original 10 mM Tris (pH 8.5) buffer. This can be
done with a gradient maker or by step buffers. Most antibodies will
elute with salt concentrations below 500 mM.

Determine the fractions containing the antibody and pool together.

Regenerate the matrix by washing with 0.5 M HCl and 0.5 M NaQH.

Serological Assays

There are several different serological assays, all with their own advan-
tages and disadvantages. The choice depends on what one requires from
the assay: speed, sensitivity, specificity, etc.

Precipitin methods—In general, soluble antibodies and/or antigens dif-
fuse independently through a gel, usually of agar (Ouchterlony double
diffusion). Where the homologous antibodies and antigens meet in
equivalent proportions, a precipitin reaction occurs, which can be seen as
the formation of a white precipitate. Such tests can also be done in a
liquid medium (ring precipitin test), but they tend to use large volumes of
antibody and are often difficult to observe at high dilutions.

Agglutination methods—These can be the simplest of diagnostic
methods. Basically, a drop of antigen is placed on a slide and a drop of
specific antibody is added. The clumping together of antigen and anti-
body indicates a positive reaction. Unfortunately, a high concentration of
antigen is required for a reaction to take place. Sensitivity can be im-
proved, however, if the antigen or antibody is first absorbed onto a
larger particle {e.g., blood cells, chloroplasts, latex particles, and bacte-
ria). The large cells of the bacterium Staphylocaccus aureus are especially
suitable, as they are coated with a protein (protein A) which binds specif-
ically the IgG molecules of the serum. Such particles act by amplifying the
antigen-antibody reaction, as they also clump together.



Enzyme-linked
immunosorbent
assays (ELISA)

Dot
immunobinding
assay (DIBA)

immuno-
fluorescence

Immunosorbent
electron
microscopy (ISEM)

Polyacrylamide gel
electraphoresis/
Waestern blotting

ELISA assalys take a variety of forms. All of them invoive a plastic muitiwell
plate {mitroplate) specially treated so that the surface of the wells will
bind protein at high pH. Infected plant sampies should be ground di-
rectly in a high pH buffer, pipetted into the wells and incubated. The
antigen will then bind to the plastic. More commonly, wells are first
treated with specific antiserum (mixed in high pH coating buffer), which
is then used to trap the antigen when the samples are placed in the wells.
Samples are mixed in a buffer at pH 6-7 to inhibit binding to the plastic.
The antigen is then detected by a second antibody linked to an enzyme
(alkaline phosphatase, horseradish peroxidase, penicillinase) which
changes color when a suitable chemical substrate 1s added. So, a color
change occurs in those wells where the antigen is present,

The dot immunobinding assay is similar to ELISA, but sap samples are
spotted directly onto a membrane, usually of nitroceitulose or nylon,
which binds all proteins including the antigen as the sap samples dry. The
presence of the antigen is again detected using an antiserum linked to an
enzyme.

Immunofiuorescence is used mainly to locate antigens in tissues and
cells. Instead of using an enzyme linked to an antibody to detect the
antigen, it uses a fluorochrome such as fluorescein isothiocyanate linked
to an antibody.

An antigen-containing drop of water is added to an appropriately diluted
antibody on an electron microscope grid, The antigen clumps together
with the antibody molecules and can be examined by transmission elec-
tron microscopy.

Plant and antigen proteins are separated on a slab of polyacrylamide and
then transferred to a sheet of nitrocellulose. The presence of the antigen
is again detected using an antiserum linked to an enzyme as in the case
of DIBA. The prime advantage of Western blotting over Dot blotting is
that antibody reactivity can be correlated with proteins/peptides of par-
ticular molecular weights.

Enzyme-Linked Immunosorbent Assays (ELISA)

Types of ELISA

In most cases, ELISA is the assay of choice for screening of infected plant
samples for Pseudomonas solanacearum, as it is relatively rapid and sen-
sitive, and requires only a small amount of unpurified antibody. Alsa, as it
is carried out in a micratiter plate, a large number of samples can be
screened at one time.

There are a variety of ELISAs available which ditfer in their layout; some
rely on the binding of antigen to the plate, others on the binding of
antibody.

Direct £11SA~The antigen is coated onto the plate and the enzyme used
is directly conjugated to the specific antibody. This could be less sensitive
than the indirect ELISA,

Indirect ELISA—The antigen is coated onto the plate and the enzyme
used is conjugated to an antispecies antibody. This increases the sensi-
tivity of the test,

Double antibody sandwich (DAS) ELSA—The plate is first coated with a
specific antibody to capture the antigen. This increases the sensitivity and -

specificity of the test. 1t can be direct or indirect.
12 3



Protocol for indirect
ELISA

Materials for
indirect ELISA
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F(ab?), ELSA—As in DAS ELISA, the plate is first coated with the antibody,
but instead of using the whole antibody, only the F(ab’), portion of IgG is
used. The second antibody used is, however, whole. Unlike the other
ELISAs, the enzyme used in this case is coupled to the protein A or the Fc
portion of 19G. This binds to the F¢ portion of the immunoglobulin mole-
cule and thus overcomes the problem of cross-reaction with the first
antibody.

Competitive ELISA—Similar in method to the above ELISAs, but an inhib-
itor antigen is included so that the amount of antigen present can be
determined.

1
2

Macerate a known amount of infected plant tissue 1:1 in PBS.

Allow to settle, and remove supernatant. Dilute 1:10-1:20 in a coat-
ing buffer.

Coat the wells of a suitable microtiter plate with this supernatant,
using 100 pL well-'. Include positive and negative controls (healthy
plant extracts).

Incubate in a moist chamber or in a plastic box lined with moistened
filter paper at 37" C for 1 h, or overnight at 4°C.

Wash the microtiter plate three times in a washing buffer, leaving it
in the last change for 5 min.

Add 100 ul of a polyclonal antibody, diluted to working concentra-
tion (1:5000) in a blocking buffer, to each well. Alternatively, use a
monoclonal antibody and continue as above, but with an antimause
conjugate. .

Incubate and wash as in Steps 4 and 5.

8 Add 100 pL of the second antibody [peroxidase conjugated antirab-

10

13

bit, antimouse (Sigma Chemical Co.), diluted to 1:5000 in a blocking
buffer (optimum dilution to be determined), to each well.

Incubate and wash as in Steps 4 and 5.

Add 100 pt of peroxidase substrate (3,3, 5,5'-tetramethyl-ben-
zidine) per well. Leave at room temperature until a color change
(from colorless to blue) is observed (5-10 min).

Stop the reaction by adding 25 pl of 3 M sulfuric acid (H,50,) to
each well. A blue color develops indicating the termination of the
reaction.

Assess results visually, or measure the absorbance on a spec-
trophotometer at 450 nm.

A positive result is taken as three times the mean of the negative
control.

This ELISA can detect 1 x 104 ¢fu mL* bacterial cells in either plant or soil

samples.

Carbonate coating buffer (pH 9.6)—

Sodium carbonate (Na,CO,) 6.36 g
Sodium bicarbonate (NaHCO,) 1.72g

Make up to 1 L with distilled water.



Reference

Phosphatte-buffered saline (PBS) (concentrated stock solution)—
sodium chloride (NaCl) 80 g
Potassium dihydrogen phosphate (KH,PO,) 9
Sodium phosphate dibasic (Na;HPO,.12H,0) 1429
Patassium chloride (KCl) 2g

Make up to 1 L with distilled water.

Washing butfer: PBS plus Tween (PBS-T)—

P8S stock solution 100 mL

10% Tween 20 S mi

Make up to 1 L with distilled water (buffer must be made up when
required).

Blocking buffer—

10 x PBS 10 mL
Polyvinyl pyrrolidine {(mw 44000) 29
10% Tween 20 0.5mL
Full cream milk powder (e.g., NIDO®, Nestlé*) 05¢

Make up to 100 mL with distilled water (buffer must be made up when
required).

Peroxidase substrate—
3,3', 5,5 -tetramethyl-benzidine (Sigma)

@ 10 mg mL ! in dimethyl sulfoxide (DMSO) 100 ut
30% hydrogen peroxide (H,0,) 2 ul
1 M sodium acetate (pH 5.8) 1 mL

Make up to 10 mt with distilled water {buffer must be made up when
required).

Kéhler, G., and Milstein, C. 1975. Continuous cultures of fused cells
secreting antibody of predefined specificity. Nature 256:495-497.
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Monoclonal Anti -Based Sandwich ELISA
for the Detection of Latent
Bacterial Wilt Infection in Groundnut ssssssssssssemeE———"

LYHeand YL Xie

Antibody Preparation

Preparation of
samples

Preparation of
buffers

An igG preparation from the polycional antiserum against Pseudomonas
solanacearum is lyophilized in vials, and preserved at 4° C. The monoclo-
nal antibodies (McAb) specific to P. solanacearumn were produced from
ascitic fluids of mice using standard procedures. The McAb is preserved in
vials, each containing 0.1 mL of conjugated antibody.

Samples can be collected from diseased or artificially inoculated seed-
hings or seeds. Healthy seedlings and seeds should be used as controls.
Seeds or stems of seedlings are cut into small pieces, placed in small
plastic bags, placed in a PBS buffer (1:1 w/v), pressed, and allowed to
soak. The sample is centrifuged at 1000 rpm for 5 min to remove the
pellet, and then at 10 000 rpm for 10 min to remove the supernatant. The
pellet is dissolved in an extraction buffer (1:10 w/v). The resulting solution
can be used for the detection of bacterial infection, or stored at -20°C
for later use.

Phosphate-buffered saline (PBS) (pH 7.4)—

Sodium chloride {NaCl) 8g
Potassium dihydrogen phosphate (KH,PO,) 02¢
Sodium phosphate dibasic (Na,HPO,. 12H,0) 29¢
Potassium chloride (KCl) 02¢
Sodium nitrate (NaNO;) 02¢
Dissolve these chemicals in distilied water to make up 1 L.
Coating buffer (pH 9.6)—

Sodium carbonate (Na,C0,) 15¢
Sodium bicarbonate (NaHCO,) 293¢
Sodium nitrate (NaNO;) 02¢
Dissolve these chemicals in distilled water to make up 1L.
Extraction buffer (pH 7.4)—

Polyvinyl pyrrolidine K-25 20 g
Tween 20 0.5mL
1% egg albumin 109
Dissolve these chemicals in 1 L PBS buffer.

Washing buffer (pH 7.4)—

PBS containing 0.05% Tween 20

{1 L P8BS + 0.5 mi Tween 20)

43



ELISA Protocol .
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Enzyma conjugation buffer—

Ovalbumin 29
Tween 20 0.5 mlL
Polyviny! pyrrolidine K-25 20 g

Dissolve these chemicals in 1 L PBS buffer.

Substrate buffer (pH 9.8)—Dissolve diethanolamine (97 ml) in about
0.8 L distilled water, add 0.2 g NaNO,, and adjust the pH to 9.8 with
concentrated hydrochloric acid (HC!). Adjust the volume to 1 L with dis-
tifled water.

10

"
12
13

Coating of the plate well:
Dilute each vial of IgG from polycional antiserum with 10 mL of
coating buffer.

Add 100 pl of the mixture to each well and cover the plates tightly.
Incubate the plates at 37°C for 2 h.
Washing after incubation:

Remove the solution from wells and wash the plate 3 times with
washing buffer. Careful washing is extremely important.

Addition of the sap diluted in extraction buffer:

Add 100 pL of diluted sap to each well, and add the positive and
negative control samples. Cover the plates tightly.

Incubate the plates at 4° C for 18 h {overnight).
Wash the plates as described above in Step 3.
Addition of conjugated monocional antibody:

Dilute one vial of 0.1 mL of conjugated monoclonal antibody with 10
mL of conjugation buffer.

Add 100 L of mixture solution to each well, and cover plates tightly.
Incubate the plates at 37°Cfor 1 h.

Wash the plates as described above in Step 3.

Addition of enzyme substrate:

Dissolve 7.5 mg of p-nitrophenyt-phosphate in 10 mL of substrate
buffer.

Add 100 ul of the enzyme substrate to each well.
Incubate for 60 min at room temperature in the dark.
Stop the reaction with 50 ul of 3 M NaOH.

Measure the absorbance by an ELISA reader at 405 nm, or evaluate
visually.

The reaction is positive if the absorbance value of the tested sample is
twice as high as the negative control, or if color appears in the well.



Detection and |dentification of
Pseudomonas solanacearum using a
Polymerase Chain Reaction Technique sassessess——

S Seal

Background

The test described in this chapter is based on the detection of Pseu-
domonas solanacearum by amplification and visualization of part of the
bacterium’s genetic information. The latter is encoded for by a double-
stranded DNA circular bacterial chromosome, and often, one or more
bacterial plasmids.

The nucleic acid strand has a direction defined by the orientation of its
deoxyribose-phosphate backbone. One end is termed the ' end and the
other the 3' end, and copying of DNA is carried out by enzymes (e.g.,
polymerases) which copy in the 5' to 3’ direction. Because of specific
base pairing, if the sequence of one strand is known, then the sequence
of the opposite strand can be deduced, and will be generated by copying
enzymes known as DNA polymerases.

When double-stranded DNA is exposed to near-boiling temperatures, the
hydrogen bonds between the two strands are broken, resulting in the
DNA separating into its two complementary single strands. This is called
denaturation. At temperatures <70°C, the strands start recombining,
positioning themselves such that they form a perfect match with their
complementary strand. This is cailed renaturation or re-annealing.

The Polymerase Chain Reaction (PCR)

The PCR reaction was devised to take advantage of certain features that
occur naturally during DNA replication. DNA polymerases copy ONA from a
point where double-stranded DNA becomes single-stranded DNA. The
enzymes need a small section of double-stranded DNA to initiate syn-
thesis of a complementary new strand from the 3’ end of this double-
stranded section.

Thus, when the DNA of interest is heated to separate the strands, and a
short piece of another DNA (termed an oligonucleotide or PCR primer)
that is known 10 be a perfect match to the former, is added, the poly-
merase starts copying from the 3° end of the PCR primer. Both strands can
be copied if a primer to each strand is supplied. However, to achieve the
desired exponential PCR amplification, the primers on the opposite
strands should be close enough to each other [ideally within 2 000 base
pairs (bp) of each other), so that the synthesized DNA from one strand
extends at least as far as the corresponding position of the primer for the
opposite strand.

The starting materials for a PCR reaction are the sample or extract to be’
tested, two (or more) PCR primers, ONA polymerase (e.g., Taq poly-
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PCR cycling
procedure

Preparation of

samples to be
tested by PCR

46

merase), and a mixture of all four deoxynucleotides (dNTPs, i.e., JATP,
dCTP, dGTP, and dTTP) in the correct concentration in a reaction buffer
optimized for the DNA polymerase activity.

Heat the reaction mixture to 96°C for 2-3 min to separate the double-
stranded DNA molecules.

Lower the temperature to one suitable to the PCR primers to anneal to
the single-stranded DNA, thus giving rise to suitable templates for the
DNA polymerase,

Increase the temperature to the optimum level for the activity of the DNA
polymerase (for Taq polymerase, this is 72°C).

Incubate the reaction for sufficient time to allow synthesis of the DNA
that lies between the two primers on opposite strands. For short prod-
ucts, i.e., <500 bp, 20-30 sec at 72°C are sufficient.

The above three steps together form what is termed the first PCR cycle.
Subsequent denaturation, annealing, and extension cycles are performed
with the same parameters, except that the denaturation temperature
and duration can be reduced, as the time required to separate the short
synthesized ONA strands from their template is less than that needed to
separate the two strands of the entire bacterial chromosome. Copied
DNA will act as a template in subsequent cycles, resulting in exponentiat
amplification of the sequence that lies between the primers. Under opti-
mum conditions, this will lead to the target sequence being amplified a
mitlion-fold, after 22 cycles of amplification (e.g., with 24 cycles, the
number of double-stranded DNA that will be amplified is 4 194 304).

A typical PCR is carried out for 30-50 cycles, depending on the sensitivity
required.

The development of this PCR detection test for P. solanacearum has been
published {Seal et al. 1993). The test can detect the DNA from one bacte-
rial cell. For the protocol described below, the maximum volume that can
be tested is 31.3 pL, and therefore, the sensitivity of the test is approx-
imately 30 cfu mL-1 for bacterial suspensions. Sensitivities for plant ex-
tracts will not be as high, due to the presence of compounds which
inhibit the polymerase enzyme used for PCR. Sensitivities of 100 cfu mL:!
patato tuber extract can generally be achieved. The corresponding sensi-
tivity for groundnut extracts has not yet been determined.

Materials required—

1 small (50 mL) beaker containing domestic bleach (5-10% sodium
hypochlorite)

3 large (250 miL) beakers, each containing at least 100 mL distilled water
1 beaker containing 95-100% ethanol

Two or more scalpels

Bunsen burner

Microcentnfuge

Micropipetters and sterile tips

Sterile Eppendorf tubes (preferably screw-capped type)

Sterile distilled water

Selective media plates (optional).



Sturilization and
removal of DNA
from scalpels
between samples

Sampling plant
tissue (e.g., potato
tubers)

Sampling stems

Testing cultures

TYGB broth

1
2

Leaveiscaipel for at least S min in bleach solution to degrade DNAs.

Rinse two 10 three times in successive distiled water in large beakers
to remove traces of bleach, then dip in alcohol in a beaker, and flame.

i two scalpels are available, one can be left in the bieach solution while
the other is being used to cut a sample.

Note — Wear sterile gloves while processing samples and carrying out the
assays.

1
2

3

Wash soil off the surface of the tuber.

Cut a cone-shaped plug from the stolon end (i.e., the end ariginally
dosest to the plant) using a sterile, bleach-treated blade.

Flood the resulting hole with 200-500 ul sterile distilled water, de-
pending on the size of the hole cut.

Remove water from the hole after 1 min, and concentrate bacteria by
centrifugation for 5 min at 12 000 g.

Carefully remove water from the sample, leaving 50-100 ul in the
tube.

if a culture of the bacterium is required, resuspend the pellet, and
streak out one loopful onto a selective agar medium.

Boil the sample as soon as possible to reduce production of phenolics
in the sample (method for boiling is given befow).

Wash the surface of the stem to remove soil.

Cut stem close to the bottom of the plant with a bleach-treated
scalpel, and place the stem in sterile distilled water. Use the minimum
volume of water necessary to cover the cut end of the stem.

Leave for 10 min for bacteria to ooze out, remove stem, and concen-
trate the suspension by centrifuging as described earlier.

If the total volume of water is more than 1 mL, repeat centrifugation,
carefully removing and discarding the supernatant after each spin,
and leaving 50-100 L to avoid disruption of the pellet.

Finally, resuspend the pellet by vortexing in the 50-100 ul of water
left after removing the supernatant with a micropipette. Boil the
sample as described below.

Pour about 1 mt of 12 to 36-h-old tryptone yeast glycerol broth (TYGB)
culture into a screw-capped Eppendorf tube, and spin at full speed
(12 000 g} in a microcentrifuge for 5 min, A bacterial pellet should
form after centrifugation. if it does not form, add another 1 mL of
culture 1o the tube (after decanting the supernatant), and repeat
centrifugation,

Wash bacterial cells three to four times with 1 mi sterile distilled
water, spinning and decanting the supernatant each time.

Resuspend cells in 50-100 ut water, and boil.

Note—Minimal media broth cultures can be tested directly without

washing cells.

This broth, or a P. solanacearum minimal media broth, should be used to

grow bacterial cells to be tested by polymerase chain reaction (PCR). Cells”
grown in some other media, may not be lysed adequately by boiling.
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Sofl samples

Boiling the samples

Tryptone Sg
Yeast extract 3g
Glycerol 20 mi

Make up to 1 L with distilled water.

Divide this broth into 5-50 mL volumes, and autoclave at 121°C for
15 min.

The PCR test is not suitable for soil samples, due to the presence of PCR-
inhibitory substances. Soil extracts can be piated on selective media, and
then the PCR test done on the colonies of P. solanacearum isolated.

1 Use boiling water, rather than a dry heating block, to provide good
heat transfer.

2 Before boiling, concentrate samples, if necessary, by centrifugation
(12 000 g, 5 min), and removing some of the upper liquid using a
pipette. Do this carefully, and resuspend the pellet by vortexing.

3 Boil samples for 10 min as soon as possible after preparation.

4 Allow samples to return to room temperature before testing. Do not
freeze or put on ice. Once the samples have cooled to room tempera-
ture, spin the tubes for a few seconds to remove condensation on the
tube lid.

5 Proceed with PCR testing, or freeze samples till required.

Pseudomonas solanacearum PCR Protocol .

Solutions required

48

dNTP mix (1.25 mM each dNTP)—
dATP (100 mM) 12.5 ut
dcTe (100 mM) 12.5 ul
dGTP (100 mM} 12.5 uL
dTTe (100 mM) 12.5 pt
Sterile distilled water 950 ut
Total volume T ml
10x Tris-borate-EDTA (TBE) buffer—
Dissolve in 500 ml distilled water
Tris-base 108 g
Boric acid S5 9
Add 0.5 M sodium EDTA 40 mt
Adjust to pH 8.3 with NaOH, and make up to 1 L with water.
1.5% Agarose gel in 1x TBE buffer—

1 For each 100 mL 1x TBE buffer, dissolve 1.5 g of 1.5% agarose gel by
boiling over a flame or for 2 min in a microwave oven. Take extra care
if a microwave oven is used, as the gel solution can get very hot, and
can boil over causing severe burns. Make sure the agarose has dis-
solved totally, then cool to 50-60° C. Pour into a level tray, and place
the comb in position ensuring that there is about 1 mm gap between
the gel tray and the bottom of the comb.

2 Allow gel to set for 30~60 min. Remove the comb from the gel when
it is properly set, and submerge the gel in a tank containing 1x TBE
buffer.



Sx Orange G loading dye (for S mU)—

FICOLL® 400 0725¢
Onange G 00125¢g
0.5M EDTA (pH 8.0) 400 pt
Sterile distilled water 45 ml
100 bp ladder (1 ug 10 ul-)—

Sterile distilied water 150 ul

Sx Orange G loading dye 40 pb
100 bp ladder stock (1 pg pl-!; Pharmacia) 10 ut

Ethidium bromide stock (10 mg mL-')—Dissolve ane 100-mg ethidium
bromide tablet (Sigma) in 10 mL sterile water. This product is carcino-
genic; handle it with maximum care.

Setting up the PCR reactions .

Making a mix for
more than one
sample

Always wear clean gloves that fit well when handling PCR reagents and
tubes. This avoids contaminating the tubes with microorganisms and
DNA-degrading enzymes present on the skin. The PCR reactions are car-
ried out in 50-ul volumes, each reaction consisting of:

dNTP mix (1.25 mM each dNTP) 8 pul
10x PCR buffer S uL
25 mM magnesium chloride (MgCl,) 3 ul
Primer OLI1 {20 pM) 1.25ul
Primer Y2 {20 uM) 1.25 ut
Taq polymerase (SU uL ') 0.2 ut
DNA sample (equivalent 25 ng DNA) 1-31.3 ud

Sterile distilled water (0-30.3 ut) to make a total volume of 50 ul.

The above reagents are generally supplied commercially at the correct
concentrations, with the exception of the primer stocks, which should be
diluted to 20 uM, and the dNTP mix.

It is advisable to include two positive and two negative controls in each
PCR run, Hence, a minimum of five PCR tubes should be set up. it is more
convenient and accurate to make a mix of all ingredients (except for the
sample), and subsequently place the desired aliquot of the mix in each of
the PCR tubes.

For example, if you have 2 plant samples, make a mix for 2 + 4 controls +
1 extra = 7 samples. Test 5 ul of the sample, and add 26.3 pL sterile
distilled water for each sample. A mix for 7 would therefore be:

Sterile distilled water 184.1 L
dNTP mix 56 ut
10x PCR buffer 35 uh
25 mM Mgdl, 2y pt
Primer OLI1 (20 uM) (5'GGGGGTAGCTTGCTACCTGCC3') 8.75 pL
Primer Y2 (20 uM) (5'CCCACTGCTGCCTCCCGTAGGAGT3) 875 ul
Taq polymerase (SU pL 1) 1.4 ut”
Total volume 315 b (= 7 x 45 pl)
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Procedure  Mix all the ingredients well together using ‘PCR-only’ micropipetters, and

place 45 pl of the mix at the bottom of each of the six tubes. Then add 5
L of the sample to each tube. For pipetting the samples, use another
{(non-PCR) P20 Gilson® micropipetter. This is necessary to eliminate the
possibility of cross-contaminating the barrel of the micropipetter used
for the PCR set up.

Add S pL of each sample {clear liguid, not plant material) to the mix at
the bottom of each tube. Add one drop of mineral oil to each tube, and
close the tubes before finally setting up the positive controls (5 uL diluted
P. s0lanacearum DNA or boiled cells).

Always add 5 ul water to the negative controls first. Cover both with one
drop of mineral oil, and then close the tubes before moving onto the
sampies. Once the oil has been added to the positive controls and the
tubes have been closed, they are transferred to a Programmabie Thermal
Controller, with the following heating profile setting:

Initial denaturation 96°C, 2 min 30 sec x 1 cycle
Denaturation 94°C, 15-30 sec
Annealing 67-68°C, 15-30 sec {depending on machine) x 50 cydes
Extension 72°C, 20 sec
final extension 72°C, 5 min x 1 cycle

After the cycle is completed, switch off the machine when convenient.
Add 10 p of Sx Orange G loading dye to each sample, and mix well with
the bottom phase.

Take 10-15 ulL of the mixture, wipe mineral oil off the pipette tip, and
load into a well of the 1.5 % agarose gel in 1x TBE.

Include 10 pl of the 100 bp ladder (Pharmacia). Run the gel at 100-120V
for about 1 h (till the Orange dye has run about 5 cm or more down the
gel), and then stain in 0.5 pg mL* ethidium bromide solution (150~200
mL).

Any sample with a band at 300 base pairs (3rd band from bottom of 100
bp ladder), contains DNA of P. solanacearum.

Precautions During PCR Assay .

A corollary of the tremendous amplification power of PCR is that minute
amounts of contamination of the samples can lead to false positive re-
sults. The most common vehicles for cross-contamination are gloves and
micropipetters. Ensure that clean gloves are used to set up PCR, and that
care is taken to avaid contact of the glove finger tips with the samples to
be tested. Micropipetters are commonly contaminated by aerosols,
which are generated during pipetting of positive samples. These end up
in other tubes, on gloves, and in the barrel of the pipetter, from where
they can be released into subsequent PCR tubes. Without adequate pre-
cautions, this will become a frequent occurrence due to the fact that a
single 50-ul amplified PCR reaction mixture contains billions of copies of
the target DNA, of which only one in a subsequent PCR reaction is enough
to generate a false positive result. Suitable precautions to limit such false
positives (in addition to careful working) are either to use filtered micro-
pipette tips that prevent contamination of the barrel or to use one set of
micropipetters solely to pipette PCR reagents (and not the samples to be



Reference

tested). Moreover, it is advisable to use a separate work area for setting
up PCR, @ind never use it for gel electrophoresis of PCR products or prepe-
ration of samples to be tested. The inclusion of multiple negative controls
is essentidl in order to monitor and reveal cross-contamination.

Seal, $.E., Jackson, LA, Young, J.P.W., and Daniels, M.J, 1993, Differ-
entiation of Pseudomonas solanacesrum, Pseudomonas syIygii, Pseudo-
monas pickettii and the blood disease bacterium by partial 165 rRNA
sequencing: construction of oligonucleotide primers for sensitive detec-
tion by polymerase chain reaction. Journal of Genersl Microbiology
139:1587-1594,
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Infectivity Titrations for Plant Disease Evaluation:

Principles .

Essential steps

KYLlum

Infectivity titration is a technique that gives a measure of the relative
capacity of an organism to infect its host. The basic principles of infec-
tivity titration have been derived from earlier work in the field of medical
bacteriology. but have evolved with time to be applicable to aimost any
infective system (Meynell and Meynell 1979), including bacteria-plant
systems (Boelema 1973, 1977, Ercolant 1973, 1976, Goto 1978, Hartman
and Kelman 1973, Lum and Kelman 1981, Perombelon 1972, Victoria and
Kelman 1977). The essential steps in an infectivity assay are given beiow.

1 Preparation of senal didutions of known concentrations of the bacte-
nal pathogen.

2 Inoculation of each senal dilution into a separate group of the host.

3 Recording the response of each individual host after a specific incuba-
tion period.

4 Expression of the recorded data as an estimate of the magnitude of
the response.

Infectivity titrations can be used to estimate the relative resistance of two
or more cultivars to a given bacterial species or strain, or the relative
virulence of two or more bactenal strains on a specific host, Such esti-
mates could be expressed either in terms of differences in the doses
required to elicit the same level of response from the host, or differences
in the response of the hast to the same dose of the bacterial strain.

Any indicating effect can be used, as long as 1t is related to disease
severity (wilting, death, etc.). Both host and pathogen effects can be
taken as quantal or quantitative responses. Aithough infectivity titrations
with quantitative responses can offer greater precision than with quantal
responses (Meynell 1957, Meynell and Meynell 1979), they have limited
applications, especially with plant pathogenic bacteria. Quantal effects
are all-or-none responses (alive or dead, healthy or diseased, turgid or
wilted).

The frequency of response in infectivity titrations with microorganisms in
living hosts is often related to the logarithm of the inoculum dose in the
form of an integrated log-normal distribution (Meynell and Meynelf
1979, Finney 1971). Linearity of the log-normal dose-response curve can
be obtained by transtorming the proportion of the response values into
probits, and plotting the probit values against the logarithm of the inoc-
ulum dose. Responses outside the 0.05-0.95 levels are disregarded, since
these values correspond to very extreme points which carry little weight

{Finney 1971).



Methodology .

Cultures

Preparation of

inoculum

Propagation of test
plants

Inoculation
procedures

In infectivity titrations based on quantal responses that are transformed
into probits, the parameters of the log-dose/probit-response curves are:

.

the median effective dose (ED,o)—the dose that causes a response in
50% of the inoculated plants;

the slope (B) of the probit regression line.

These parameters describe the relationship between dosg and response
for any host-pathogen combination, and are derived directly from the
linear equation y = a + Bx, following probit analysis.

Maintain cultures as suspensions in 5 mL sterile distilled water in
plastic-capped glass culture tubes stored at approximately 20°C.
Before using for inoculations, streak cultures onto tripheny! tetraz-
olium chioride (12C) agar plates (Kelman 1954) to check for purity and
virulent colony type.

Pick up typical fluidal colonies, and streak onto CPG (basal TZC me-
dium) agar plates. Incubate the plates for 48 h at 30°C before use in
the preparation of inoculum.

Suspend the bacterial growth on the CPG plates in 10 mL of sterile
distilled water.

Mix the suspension thoroughly, and adjust to a concentration of ap-
proximately 5 x 10% cfu mL, using a spectrophotometer and previ-
ously constructed calibration curve. :
Prepare appropriate serial (10-fold) dilutions, Concentrations of viable
cells in these dilutions can be verified by plating them out on tetraz-
olium chloride agar (TzCA) medium.

Procedures for the propagation of test plants must be standardized as far
as possible.

1

Raise plants in a sterile soil mix in individual pots or bags, and main-
tain them under standardized growth conditions.

Use 3- to 4-week-old plants. It is important to select plants which are
homogenous in size and age for an experiment.

Use the stem inoculation procedure of Winstead and Kelman (1952),
modified to deliver a predetermined (fixed) number of bacterial cells
10 each test plant.

This can be achieved by using either a sterile, calibrated glass micro-
pipette or a disposable micropipette tip.

G_engvally, about 50 pt of bacterial suspension of known concentra-
tion is taken up by the plant within 2-3 h, when inoculated into the
stem at the third leaf axil.

The micropipette should be left in place until the bacterial suspension
has been completely taken up by the plant,

A minimum of 20 plants is recommended for each treatment dose,
with at least 6-8 serial dilutions per experiment. Generally, the range
of concentrations should result in 108-101 cfu of the pathogen being
delivered to the plant.



Evaluation of

Data collection and
analysis

Vo détermine and compare the virulence of different isolates of the
pathagen, infectivity titrations must be carried out with each isolate
using the same host cultivar, and preferably in a single experiment.
Similgrly, to compare the resistance of different host cultivars, titra-
tions must be carried out with the same isolate on different cultivars
in a single experiment.

Data on host response for each group of host plants are recorded as
‘percentage quantal response’, i.e., the percentages of the inoculated
plants that wilted permanently or did not wilt permanently. These
figures can then be converted into probit units from probit tables.
Inoculum doses are similary converted to log-dose for use in plotting
the probit response curve.

From the probit response curve and the regression line equation gen-
erated, obtain the EDy, value for each pathogen/host combination,

7
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y = 3.02 + 0.40x

£
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Figure 1-—Log-dose/probit resp relationship for cultivar
‘Bonny Best’ and Pseud I strain 338.
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Interpretation of Results.

Figure 1 shows a typical probit regression line describing the dose-
response relationship between tomato cultivar 'Bonny Best' and
P. solanacearum strain 338. The fitted regression line is described by the
equation y = 3.02 + 0.4x. The ED,, value derived from the regression
equation is 8.28 x 104 cfu mL*. EDy, values can be directly compared to
give an indication of the relative resistance of a number of cultivars to a
particular isolate of the pathogen (Table 1). On the other hand, a compar-
ison of the ED,, values for different isolates on a single cultivar gives a
relative measure of their virulence (Table 2).

Table 1-—Probit analyses of the quantal responses of five tomato cultivars to graded inoc-
ulum doses of Pseudomonas solanacearum strain 341 from Florida, USA.

Probit analysis'

Cultivar Slope (B)? log,oEDsy EDs, value
Bonny Best 0.205 £ 0.061 2.185 4 0.745 1.53 x 102
Saturn 0.208 1 0.061 3.077£0.752 1.19x 103
72-TR12-2 0.226 £ 0.052 3.456 £ 0.543 2.86 x 10°
72-TR12-3 0.22110.054 3.765 1 0.586 5.82 x 1)?
Venus 0.212 1 0.06% 3.88210.619 7.62 x W3

1 rvalues for the probit regression hines ranged from 0.94 1o 0.99.
2 Slope (B) judged equal to p = 0.86.

Table 2—Probit analyses of quantal responses of tomato cultivar Bonny Best to graded
inoculum doses of eight strains of Pseudomonas solanacearum.

Probit analysis’

Gaographic Virulence
Strain origin Slope (B)? L0gEDsq EDgq value rank
143 Australia 0.493 1+ 0.088 344010272 2.76x 103 5
196 Philippines 0.5101 0.079 4.269 £ 0.264 1.86 x 10¢ 8
21 Kenya 0.562 £ 0.100 4.032 1 0.261 1.08 x 10¢ 7
234 Brazil 0.55510.116 31461 0.273 1.40 x 102 3
270 Yaiwan 0.439 £ 0.085 2.868 1 0.309 7.38x 103 6
338 Malaysia 0.506 + 0.090 333410273 2.16x 103 4
L)) Florida (UsA) 0.625 £ 0.160 1.906 + 0.290 8.00x 10 1
342 North Carelina (USA)  0.514:0.119 1.946 £ 0.340 8.80 x 10" 2

1 rvalues for the probit regression lines ranged from 0.87 10 0.99.
2 Slope (B} for all eight regression lines judged equal to p = 0.80.
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Inoculation Techniques to Evaluate
Resistance of Groundnut to Bacterial Wilt sessssssssssm——

Background

VK Mehan, Y JTan, and 8 S Liao

Several inoculation techniques are used to evaluate resistance of ground-
nut to bactenal wilt caused by Pseudomonas solanacearum (Winstead
and Kelman 1952, Keiman 1953, Li and Tan 1984, Tan et al. 1994).

When virulent cultures and succulent host plants are used, successtul
inoculations with pure cultures of Pseudomonas solanacearum can be
made by several techniques. These include stem inoculation (stem punc-
ture), hypodermic injection, and root inoculation {Kelman 1953). Soaking
seed in bactenial suspension (6 x 108 cfu mL") for 30 min is also a useful
inoculation techmigue (Li and Tan 1984). Infested soil placed in pots or
other containers can also be used as a source of inoculum.

The root inoculation technigue, however, seems to be the best procedure
1o evaluate plants for resistance to P. solanacearum. Marked differences
between resistant and susceptible genotypes can be identified by this
technique. Inoculation by stem puncture usually produces higher wilt
levels in resistant groundnut plants than does root inoculation. However,
stem inoculation has an advantage in the differentiation of lines with
very high levels of resistance.

Preparation of Inoculum

1 For inoculum preparation, use a highly virulent culture of P. sola-
nacearum, maintained in sterile distilied water at room temperature.

2 Culture the bacterium on tetrazolum chioride agar (T2CA) to identify
the virulent colonies (pink in the center and white on the edges).

3 Select the virulent colonies to multiply inoculum on sucrose peptone
agar (SPA) or other suitable agar medium.

Inoculation Techniques .

Stem inoculation

1 Prepare bacterial inoculum from 2- to 3-day-old cultures of highly
virylent isolates grown on sucrose peptone agar (SPA) slants.

2 Wash the growth on a slant in 5 mL sterile distilled water, mix well,
and dilute in sterile distilled water to obtain a bacterial population of
1 x 108 cfu mL",

3 Inoculate 2-week-old plants by forcing a sharp needle into the stem
through a droplet of bacterial suspension placed in the axil of the
third fully expanded leaf below the stem apex. Alternatively, inject
100 ul of the suspension into the leaf axil with 3 hypodermic syringe,
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Root inoculation

Infested soil

Seed inoculation

A0

4 Cover the inoculated plants with polythene for 24 h to prevent the
droplet of suspension from drying out.

5 Incubate the plants in a greenhouse or growth chamber under ttve
following conditions: femperature 30-32°C during the day a.M.i 25°C
at night, RH > 85%, with 12 h light and 12 h dark periods. It is impor-
tant to grow inoculated plants in high soil moisture conditions to
ensure disease development.

6 Observe the wilt symptoms developing from S to 21 days after
inoculation.

7 Record disease ratings using the following scale:

no symptoms

one leaf wilted at the inoculation point

two to three leaves wilted

four or more leaves wilted

whole plant wilted (dead plant).

8 Calculate the wilt intensity 21 days after inoculation, using the fallow-
ing formula (Winstead and Kelman 1952).

Tt W N e

: I(n,xv)
VxN

where | = wilt intensity (%); n, = number of plants with respective
disease rating; v, = disease rating (1, 2, 3, 4 or 5); V = the highest disease
rating (5); and N = the number of plants observed.

Prepare bacterial inoculum as described above.

1 Uproot 2-week-old plants (grown in sterilized soif) from pots and
wash off the soil from the root systems.

2 Trim the roots with scissors or a scalpel along one side of the plant,
and pour 10 mL of bacterial suspension (1 x 108 cfu mL'7) over the
injured roots. Plant the inoculated plants in sterilized soil in suitable
containers.

3 Grow the plants in a greenhouse or growth chamber as in Step 5 of
the stem inoculation technique (see above).

4 Observe wilt symptoms from 5 to 21 days after inoculation. Calculate
the wilt intensity as described above for the stem inoculation
technique.

Susceptible hosts can be planted in soil to which diseased plant debris
has been added. Naturally infested soil placed in containers or in pots can
also be used as a source of inoculum. However, results with these tech-
niques are often erratic.

Seed inoculation is a uniform and simple artificial inoculation technique
suitable to screen large numbers of genotypes for wilt resistance.

1 Prepare bacterial inoculum from 2- to 3-day-old cultures of highly

virulent isolates grown on SPA slants.

2 Wash the growth on a slant in 5 mL sterile distilled water, mix well,
and dilute in sterile distilled water to obtain a bacterial population of
6 x 108 cfu mLY.

x 100



Field screening

References

3 Soak seeds in the bacterial suspension for 25-30 min,

4 Sow the inoculated seeds in sterile soll in pots in the greenhouse or
in the field. It is important to keep the soil wet to ensure disease
development.

S incubate the pots with inoculated seed in a greenhouse or growth
chamber under the following conditions: temperature 30-32"C dur-
ing the day and 25°C at night, RH > 85%, with 12 h light and 12 h
dark periods.

6 Observe wilt symptoms from 20 days after sowing. Calculate the wilt
intensity as described above, for the stem inoculation technique. (Dis-
ease incidence in the field should be recorded).

Note—For successful resistance screening, it is important to maintain
high temperature and high soil moisture levels after inoculation.

Field screening under uniform, high disease pressure is useful to identify
sources of resistance. It is desirable to use the same field each year to
encourage buildup of the bacterial inoculum in the soil. Heavy clay or
sandy soil fields are suitable for resistance screening. Genotypes to be
screened are sown in replicated plots, with rows of a highly susceptible
cultivar (Chico or ) 11} arranged systematically throughout the trial. Good
disease development is ensured by providing high soil moisture for up to
50 days after sowing.

Avisual estimate of the percentage of wilted plants is an efficient evalua-
tion method when large numbers of genotypes are to be tested.
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Identification of Pathbtypes of
Pseudomonas solanatearum ssssssssssmsssmassnnsssan

Introduction

YiTan, 8 S Liso, and V K Mehan

The term pathotype is used for strains of Pseudomonas solanacearum
{Smith) Smith, specialized in pathogenicity/virulence on specific host cul-
tivars. Strains of the wilt pathogen differ greatly in their virulence on
groundnut. Pathotypes can be identified, based on their patho-
genicity/vitulence to indicator-cultivars with different levels of wilt resis-
tance (Table %).

Tabie 1—Indicator host cultivars that can be used to identify pathotypes of
the wilt pathogen, Pseudomonas solanacearum,

Resistance/ Wilt incidence

Indicator-cultivar susceptibiity level (range)
hankang mmghly remml:m <10%
Taishan Sanlirou Highly resistant <10%
Xiekangking Highly resistant «10%
Goulagzhong Moderately resistant 20-30%
Huangchuan Zhigan Moderately resistant 20-30%
Zhonghua 117 Moderately susceptible 35-50%
EHual Susceptible »50%
Zhao 18 Highly susceptible 290%

Pathotype identification

1 Select several naturally infested bacterial wilt hot-spot locations, pref-
erably with high populations of P. solanacearum.

2 Grow the indicator-cuitivars in naturally infested fields in disease hot-
spot locations, using randomized block designs. Each indicator-culti-
var shouid be grown in replicated plots of B rows, 30 cm apart and
5 m long, with the seeds sown singly at 10-cm spacing; use of a seed
protectant is recommended.

3 From 30 days after sowing, record the bacterial wilt incidence in
replicated plots of each cultivar at 2-week intervals, up to 70 days
after sowing.

4 Obtain isolates of the wilt pathogen from wilt-affected plants from
each plot, and check for their identity on tetrazolium (T2C) agar
medium.

S Determine the biovars of the isolates of P. solanacearum obtained
from wilt-affected plants from different focations. Biovars can be de-
termined using the procedures described by Hayward (1964} and He
et al. (1983).

S —
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6 inoculate the indicator-cultivars with various isolates of P. sola-
nacearum, collected from different locations, using a standard inoc-
ulation technique. The seed inoculation technique is useful for
artificial inoculations; inoculated seeds should be sown in sterile soil
in pots in the greenhouse at 30-32 "C during the day and 25°C at
night, RH > 85%, with 12 h light and 12 h dark periods. It is important
to keep the soil wet to ensure disease development.

7 Observe the reactions of the indicator-cultivars to different isolates of
the wilt pathogen; record the wilt incidence and severity. Wilt symp-
toms can be observed 20 days after sowing.

Based on the reaction types of the indicator-cultivars, the isolates of P.

solanacearum can be divided into different pathotypes. The reactions of

the indicator-cultivars in naturally infested field plots can reveal the pre-
dominant pathotype in a location.

Table 2 shows how isolates of P. solanacearum can be identified as

pathotypes using diagnostic cultivars.

Table 2—-identification of pathotypes of Pseudomonas solanacearum (isolated in China)

using indicator-cultivars.

Groundnut SRR A

cultivars! 1 2 3 4 5 6 ?
Xiekangking R R R M M M S
Taishan Sanlirou R R M R M M B
Huangchuan Zhigan R M M M M M S
Lukangqing R M M M M M S
Fuhuasheng S S s 5 S M S
Ehua 1 S S S N S M S

1R = tughly resistant; M = modeva{dy resistant; and § = susceptible.
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Glossary

Adjuvant

Affinity

Antibody

Antigen

Antiserum

B cells or T cells
(lymphocytes)

BACTID
program

BACTID
scheme

BACTID
sy}tem

BACTID
Training Kit

BACTID
Tube Kit

BIOLOG*

Substance injected with an antigen that nonspecifically enhances or
modifies the immune response to that antigen. Antibody production or
the reactions of well-mediated immunity are more vigorous than would
be the case if the antigen had been injected alone.

Strength of the antigen-antibody interaction. The strength of bonds for-
med by this reversible interaction determines the rate of association
between antibody and antigen versus the rate of dissociation. High-
affinity antibodies have a higher rate of association with an antigen, and
bind more antigen than fow-affinity antibodies.

Immunoglobulin molecule produced by an animal's 8 or T lymphocytes in
response to an antigenic stimulus and capable of binding to an antigen.

Substance, usually protein or polysaccharide, capable of eliciting produc-
tion of specific antibodies and capable of specifically binding to antigen-
binding sites of antibody molecules. All immunogens are antigenic, but
not all antigens are immunogenic.

Serum from any animal containing antibodies to a specified antigen,

Antibody-producing cells, found mainly in the blood, lymph nodes and
spleen.

Expert system {computer software) written around the BACTID system.
Enables bacteria to be identified from test results while praviding expla-
nation (via hypertext) of the system, component tests (with ingredients
and recipes for media and reagents), and the different bacterial groups.

Scheme for identification of plant pathogenic bacteria based on elimina-
tion of saprophytes and nonpathogens at an early stage, and identifica-
tion of pathogens to sufficient depth for pest-management decision-
making purposes.

System for identification of plant pathogenic bacteria appropriate to
small, poorly equipped laboratories where full identification is not possi-
ble or cost-effective. Comprises BACTID scheme, BACTID kit, BACTID pro-
gram. BACTID can be integrated with the BIOLOG™ system.

Kit for convenient demonstration of the tests included in the BACTID
scheme. (Formerly BACTID plate kit). Eight media (for most of the tests)
are arranged in rows of a 96-well microtiter plate; up to twelve isolates
and controls can be run at one time.

All the tests in the BACTID scheme {and some additional tests for Pseu-
domonas) are done in microcentrifuge tubes; this gives more flexibility
for routine identification.

System for identification of bacteria by matching the metabolic profile of

an unknown isolate with standard profiles of known taxa,



Siovar

Cross-reacting
antigen

ELISA
(enzyme-linked
immunosorbent
assay)

Epitope

Expert system
Freund's adjuvant

GN database

Hapten

Hybridoma
Hypertext

Immunogen

Immuno-
globulin (ig)

immunoglobulin
classes

Immunoglobulin
subclasses

————tmaaras

H6

Infrasubspecific term for strains of a species with distinctive biochemical
or physiological properties. Pseudomonas solanacearum is divided into
five biovars based on their ability to oxidize/utilize three disaccharides
{cellobiose, lactose, and maitose) and three hexose alcohols {dulcitol,
mannitol, and sorbitol).

Antigen capable of combining with antibody produced in response to a
different antigen. Can cross-react due to sharing of determinants by the
two antigens or because the antigenic determinants of each, although
not identical, are closely related stereochemically to combine with anti-
body against one of them,

Immunoassay system employing an enzyme bound to an antibody, as the
immunologic probe determining the extent of antigen-antibody
reaction.

Antigenic determinant of defined structure, e.g., an identified oligosac-
charide, or a chemical hapten.

Computer program that assists with identification and analysis of prob-
lems and decision-making by processing a series of rules; it attempts to
represent the knowledge and experience gained by an 'expert’ in the
field.

Mixture of mineral oil and lanolin that enhances immune responses when
emulsified with antigen for immunization. Freund’s complete adjuvant
includes killed mycobacteria, while Freund's incomplete adjuvant does
not.

Database of metabolic profiles of Gram-negative bacteria that can be
used in the BIOLOG system.

Substance that can combine with antibody, but cannot initiate an im-
mune response unless it is bound to a carrier before introduction into the
body of an animal. Mast haptens are small molecules and carry only one
or two antigenic determinants, but some macromolecules are haptenic.

Cell or cell tine formed from the fusion of a lymphocyte with a tumor cell.

Explanatory text that can be called up onscreen in an expert system to
assist decision making and interpretation of results.

Substance that elicits an immune response when introduced into the
tissues of an animal. To stimulate a response, immunogens must nor-
mally be foreign to the animal to which they are administered, of a
molecular weight greater than 1000, and of protein or polysaccharide
nature.

Serum globular glycoprotein. There are five classes of immunoglobulin:
IgA, IgD, 1gE, 1gG, and IgM. IgG is the major immunoglobulin class in the
serum of human beings and in most species from amphibians upward.

Subfamily of immunoglobulins, based on large differences in H-chain
amino acid sequence: IgA, 19D, IgE, 19G, IgM.

Subpopulations of an Ig class based on more subtle differences in the H
chains than are class differences. The H chain is a pair of identical poly-
peptide chains, of the four-chain immunoglobulin molecules.



L chain
{light chain)
Metabolic
profile

Microlog®
software

Monoclonal
antibody
Myeloma

Paratope

Pathotype
Pathovar

Polycional
antibody
Race

Serum

Strains
Titer

Vaspar

tigle chain present in all immunoglobulin molecules in two forms,
x or A. Each four-chain ig molecule has either two x or two 2 light chains,
The usually unique metabolic characteristics (or fingerprint) of an organ-
ism determined by its ability to metabolize ditferent substrates (usually
recorded as positive or negative). in the BIOLOG system, 95 different
substrates are presented to a bacterium in individual wells of a 96-well
microtiter plate. (The remaining well is a substrate-free control).
Software for making identifications with the BIOLOG system. It matches
profiles from unknown isolates with standard profiles in a database.
Microlog software can be used with the GN database or with databases
constructed by the user.
Homogenous antibody population produced by a clone of antibody-
forming cells.
Neoplastic B-lymphocyte cell line (from mice) which is immortal in cell
cufture.
Antigen-combining site in an antibody.
Strain specialized in pathogenicity/virulence on specific host cultivars.
Strain or set of strains with the same or similar characteristics, differenti-
ated at infrasubspecific level from other strains of the same species or
subspecies on the basis of distinctive pathogenicity to one or most hosts.

Heterologous antibody population derived from many clones.

Comprises isolates of P. solanacearum of a particular origin and host
range. Pseudomonas solanacearum is divided into five races:

Race 1—affecting solanacecus and other plants including leguminous
plants mainly in the lowlands of the tropics and subtropics; it includes
biovars 1, 3, and 4.

Race 2—affecting banana, Heliconia spp, and plantain; it is indigenous
to Central and South America; it includes biovar 1.

Race 3—mainly affecting potato and tomato in the higher latitudes
worldwide and in the higher altitudes of the tropics; it includes biovar 2.

Race 4—mainly affecting ginger; it includes biovars 3 and 4.
Race S—mainly affecting mulberry in China; it includes biovar 5.

Blood plasma which does not contain fibrinogen. Serum is more com-
monly used than plasma in immunological procedures, because there is
no danger of a clot forming when other materials are added to it.

Isolates of the wilt pathogen that differ greatly in their virulence.

In serological reactions, a relative measure of the amount of antibody in
an antiserum per unit volume of original serum. The antibody is serially
diluted and optimum concentration of antigen is added. Serum titer is
indicated as the reciprocal of the highest serum dilution, producing a
discernible antigen-antibody reaction.

Mixture of white petroleum jelly (e.g., Vaseline® and liquid paraffin).

67



Notes

68



About ICRISAT .

The semi-and tropics (SAT) encompasses parts of 48 developing countries
including most of India, parts of southeast Asia, a swathe across sub-
Saharan Africa, much of sauthern and eastern Africa, and parts of Latin
America. Many of these countries are among the poorest in the world.
Approximately one-sixth of the world's population lives in the SAT, which
is typified by unpredictable weather, limited and erratic rainfall, and
nutnent-poor soils.

ICRISAT's mandate crops are sorghum, pear millet, finger millet, chick-
pea, pigeonpea. and groundnut; these six crops are vital to life for the
ever-increasing populations of the semr-arid tropics. ICRISAT's mission is
to conduct research which can lead to enhanced sustainable production
of these crops and to improved management of the limited natural re-
sources of the SAT. ICRISAT communicates information on technologies as
they are developed through workshops, networks, training, library ser-
vices, and publishing.

ICRISAT was established in 1972. it 1s one of 16 nonprofit, research and
training centers funded through the Consultative Group on International
Agricultural Research (CGIAR). The CGIAR is an informal association of
approximately 50 public and private sector donors; it is co-sponsored by
the Food and Agriculture Organization of the United Nations (FAQ), the
United Nations Development Programme (UNDP), the United Nations En-
vironment Programme (UNEP), and the World Bank.
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