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Objectives of the Training Course

The Groundau Bacterial Wilt Workang Group was extaiblished in 1990, 10 condimate teseanch on haciertal walt of

groundnuat, and to easure untfurmaty i some enteal areas of detection, diagnasin, and reasance 8 roeaing so that
the benetus of research can readily be exchanged among Group members

Drawing upon the eapert knowledge of the Working Group memibers, we urganized this Traning Course

update rexcarehers on the methods for the detection snd weatfication of P seudomonas slanac ear um

and ats bovars, .
consider vanous methods for the dugnoms of groundnut bacteraal wall;
guve comprehenuve descapliogs of resstauwe screeniy echmgues,

demonsirate integrited Jisciase management practices n the ficld, ad

provide in opportunity foF i reaeed professional imeradction amony Groop members.






Introduction

in this manual, we present & comprey ¢ range of methods for solation. wWenbficaton, and detection of the
groundnut tactenial wilt pathogen, Pseudcmmmas solunde eurum. Emphasiy has been placed on the use of enzyme-
finked immunosarbent assay (ELISA) o desect the hacterium i plant tissnes, seed, and sodd, Some of the tochniques
demzided have been in use foe some time wihout undergoing any maje amprovements, while athers are uf relatively
recert onigin, The prnciples underiying the magor forms  of ELISA are outlined, as alwo the padiwuts for the
peoduction of polycional antibodies, and for ELISA. Some DNA-hased duagnostics fur I solundcearum are also
dosctibed. Infectivity titmtion sechnigue 1 dewermine virulenge of P solamucearum, wid sewerd noculation
techniques 10 evaluate rexistance to groundmst bactenaal wilt are also desenibed. The principles: underlying cach
technique. and the wehmcalities are cxplsined i detail o enable te nonspecialist 1o undemstand them.

Feed hack from the users of this I is most vaduasble, and sugg fi improvement in the clanty of

presentation, for addition of new 'echnigues, efc, tre mast welcame. Suggestions and comments can he semt W Dr
VK. Mehian, Coordinator. Groundnut — Bactenal Wilt Working Group, ICRISAT Asu Center, Putancheny, 502 124,
Andhra Pradesh. India.

V.K Mehan



An Integrated System for the Identification of Bacteria

Robert Black and Anne Sweetmore

Natwral Resowrcrs Inavtuie. Chiiham Mariime, Kent ME4 JTB. Umied Kingdion

The BACTID System: Introduction and Background

Genersl

Brudhury (1970) commented on the general neglect of hacteriology i plant pathology hortonies. Thus applics,
expectnlly o Inhocdones tunctiomng as part of Plant Clings in less-developed countries. According to Bradbury.
the mupwr problem o lack of knowkedge rther than practucal difficulues encountered. He proposes a key w
simphfying the tsolntion and preliminary study of bactena from plants. Certmnly, Iack of raining 0 plast
hacteriology results in 2 large number of submissions W sdentificaion services of saprophytes and other
nonpathogens. Another difficulty o the wide range of medin and ired for definitive identification of
species of plant pathogens, in spitc of there heing a small number of species commonly encountered, This is a
consequence of the need to define hacterial txa on the basis of biochemical properties. With limited hudgets and

2 b

warve foreign exchange, the necessary chemicals may be hivd to procure. Some reagents have 1o bg bought in
yuantities far in excess of what s used. o that most may sitaround on the shett, ofien unopened. heyond their expiry
dae,

The publiction of Meshads for the Diagnoses of Bacterial Diseases of Plants by Lelliott and Stead {(1987) was
a conyiderable achicvement. and provided o detinitive trvaunent of bactenal plam pathogens from » practicd
standpoint, The importance of good isoliion techniques and of symptimolugy are stressed, with the noed 1o avoid

spending time on supraphytes incormectly assumied 1o be significant. The concepts of presumptive and confirmed
dingnusia gre presentod, it not always being fecessiry to proceed o Tull identificution.

However, Lelliott and Shesd emph that plant d m emy regions require full resources. The

BACTID system preseted here i essentially designed for diagnosis of plant di of the tropics and subtropics.
ypically in Plant Clinics, bearing in mind:

® resourves likely o be available,

® level of identification required for pest Ag! decisions, and

(%)



@ the need o clunmaie saprophyss whike ending with isolaies nolable and significant sdentification of
pathogens.

BACTID ams i provide endugh il miormation Lo perinat dex tsons an routioe pest management advisory
work. Further ideaification work may be dome, of necessary In the methods presented here, the BACTLD vystoms
for preliminary idestification are combued with metabol proliling o6 more detalod  wentifiaion and
choractenzation

BACTID takes a standardized appriach with 1 set of media and reagents for noutine use Kits can be used rather
than convenbonally prepared media, For more thorough identstiation, other lests can be included tor spewific
organssms which are prevalent, of are the target of peciti rescarch peugects (o g, bwwvar tests (e Pseudomonas

slungc earum)
Level of identification required for diagnusis

Lelbiont and Sicad (1987) use the Loncept of presumptive dlagnoshy W detenmine the identiBealon requirements,
diagnosis should be sufficiently ngorous b enable good advice after a few days However, the requirements for
presumptive diagnosss vary greatly from speoies © species, and depending on location, crops gmwn and prevalent

diseases, f may ncver be necessary (o use wwne of these Lot

Full dentffication: This s done aither by completing the classe . array of tests, by modomn methods of profiling
(fauty acuds, protemns, metshalivn of manty substrates), serobogy of moles ulir methods (RFLP, probes, polymerase

chan rea ion)
Confirmed diagnosis: These include host testy to extablish pathogeniusty, and are ohviously time consuming

BACTID Scheme for Preliminary Identification of Plant Pathogenic Bacteria

The scheame provides ramd  procesmng 1o a level andicating  hikely  sgmificance, and  eliminates
saprophytes/nonpathogens along the way. Onginally inspired by Bradbury's (1970) suheme, 1t s rmncmcd 1 suit
the main species encountered 1n the tropics, with some additional tests for further differentiation: The onginal scheme
was developed as a flow charet (Fig 1) rather than as a key



In the BACTID sch » vandardised approach w preliminary idestificstion 1s used Some of O tests (or
combinations of tests) may he booked upon as Mentdying cortwn gencra. Other tosts are used 10 approach

presumptive Jiagmonts,
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Starting point

Hoas exentid i stan wath a pure cultare of an iolate showiny srform and. preferably. recognizable chasacteristics
of an oegansm by ts symptinns (c.g.. yellow domed. mocnd colmes for Xanthomonas). Sympsoms should
deflnidely indicate bacterial dinense

Principles of differentiation and tests employed

Cotory color: Nunthomonus spp. arv mosly yellow, bul so s Erwinig ferbyoofu a cominon saprophyte. Pathogensc

taorescent and noaflucrescent preudomonads are mor yeHow,

Gram reaction and microscopic exominadion: Thix s fund. {10 the adentificabon of hacwens, Most Gram-

posttive asolates e likely to he nonprthogensc umless there are very speitic bost indications (e.g.. Clavibai er).

Microseopie exmmnation reveids morphological charin tenstics for fusther identificanon.

Oxidase, mitrate, TTC: Resuln can be used Tater tor ditiereauatson, but these tests should be done routinely i the

beginmng, lo sive e, und sing inesh cultures,

Blue-green fluorescence for Gram-neganve isolates: Fluorescent psewdomonads. LOPAT temts 10 ditierentinte

pthwigenic and nonpathogenic species.

Nowfluorescent (rammegative; Ditferentie by O/FF 1eat, then solt-na (potio) as appropeate. Al aligenes and some

uther noapithugens (ncluding Pserdomonus) may be nonacid-prodocing swrobically (in O/F test).

Additional teses: Additioiad tests could be done to contirm Xaarhomonas and nonflaorescent white pscudomonads.
Agrobucteriwm can be distsnguished in the first mstnce from potentidly pathogenic nonfluorescent Preudomonas

by aympioms, but turther biochemical tests can be done for contirmation.

Caution: The results must e relited hack 1o the hostsympiont data and solation plates. I a huctenum has been
consistently isolied and comes out “saprophyte”. but there are 8o other likely candidates, it should be nvestigated

further; thore is atways the possibility of rare, obecure of rew cases, i 2 Grun positive or Enerobacieniacene.



Using the BACTID scheme
Using canveational medis aad commercint kits

These wests can he set up on conventonal modia andg the scheme on the flow chant (ollowed through. Commercially
avadable Kits such as the AP XINE stnp (Baoe Ménwas ) or the Roche Enterotube (Becton Divkinson ), which provide
sowe of the Wmportant lesis w3 convenient ready-made format, can aiws be used. However, thowe are cxpensive,
hence the kit described below.

BACTID plate kit

A do-n-yourselt kit. incomorating all the BACTID iests, has been deviied. Mout of the tests we done tn the wells
of & 90-well microtitre plate. Some media are prepared in dispostibie 7 ml. culture tubes, The advantages of the kit
are that () media can be prepared 10 advance and stored ity refnigenuor ready for immediate use and (b the kit
15 vonvement for travebing  Further details are piven under the heading BACTID Plaie Kit bolow

BACTID software

The BACTID scheme has been developed into i compuier program (of the type called an Expent System). After
cnicring the test resulis, prelimsnary identification of the isolate is made acconding to the cheme. The BACTID
program aso incosporsies information on the hac Lerid (such as confirmaory 1ests), tull dewils of medin v reagents
used and instructions to pepire the BACTID plate kat. Further detashs are given under the heading BACTID Software
1n this pager,

BACTID Plate Kit

Introduction

The BACTID plate kit has heen dosigned as a do-si-yourself ki, containing all necessiry tests for preliminary
identificanon. These are tests for using the program wself (Colony codor, Gram, TTC, Oxiduse, Fluorescence, Nitrute,
O/F and Potato ron), and in addition, there are tests (Citalase, Gelatn, Starch) to belp confirm the identification,

The kit consists of a %6-well microtitte plate containing the media for etght of these tests arranged in rows, The
wells then uct as minute pewri 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 bicteria need W be identified. The plate may be stored in the fridge
for & Jeast 6 months of properly scaled. and cach plate allows 12 cultures 10 be inocutated (as colunms), This
overcomes one of the main problems of bacteriology in small plant clinics which do not deal with bactericlogy
regularly.

Gram, catakuse and oxidase tests ase done with Joopfuls of cultures grown on & nutrient agar (NA) slope. The



OFF 1em 15 included as paiced tubes of the usual medwm, obe for acrobic and the othet fur anacrobwe conditions.
ELISA stripn o1 12 wolls with a singie row may ab be wned of single-nolate kits are prefamed. As least one cokana
should be reserved as aoninoculsied control.

Layout of BACTID tests on 96-well microtitre piste and separate tubes {See also Test
Proforma, Vig. 2);
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Microtitre piste

NA CATALASE test: Add  drop of 3% hvdrogen penmide Bubhling indx ates a reaction

AR 80 s AT S PR e P,

TTC (0.3, 0.2% ) Baght red smear indicates kelerance w TIC

KMB: There wil he blue-green floorewence under UV hght for in bright sunbight) With 2 UV siewer, 01 s ot

nesexngy W remove the bid from ploate mcnstiee piates

- L p—
SNA: Thick, creamy, muclaginous growth mdicates kevan-postive stran (Practice is requined 10 recogmze positive

st )

PR AT AR L) S

NITRATE: One dnp of cach of the antrate fest reagents should be added i the osual way  Alermatively

nitrate/minte sl sivpy (Merchoquant 10020 or 10 050) coatd he ued

SSA: Add idine 1or sharch hydrolysss tess Clear zones in the blue sodine reaction indicate st h hvdiodysis

R ISV NS W P ool et o8 % T 7K BT e € RO e R

POTATO ROT: Poutve stzuns will brek down the dic

B ek L T T a1 MG o b T ke LA L STUT

Separate Tubes

Nutrient agur slope for Color/(ram: Obserse color on the NA skpe Use 2 Juop 1o remove cditure trom

the slope fir the Grum reaction (The 3% KOH solubabity tewt o rew Jed

e s .

Oxidase: tUse oxuding touch sicks on NA slope A deep pumple cokor within 30 seconds indicates a posiive result

Gelatin: Gelaun-pasttve struns wall hquety the medium Compare with nominoculated control anddor a known

positive

O/F: Aher stab inoculation, saueobic tabe s closed tght, Cunge from hlue 1o yellow ndicates aowd production,

Some bacteni may produce pas ruther than aced i acrobie tube

1t



Preparing and inoculating BACTID plate.

Lise stenle microtre plates. Most of the modia are prepared in the usual way. Molten media are pouted into the well
st that a space of 2 mm s left o the top when set. After preparsinon, the pltes ure sealed (using 2 bag scaler if
availablet and stred in the refrigeraive. Slopes of Nutrient agar (NA) prepired in disposable plastic tubes are
inoculated for observation of color and  Gram. catalase and onidase tests.

Inoculation. The wells for Nitrate, Gelatin, Potato nd and the OF tubwes ate stsb inowulated. The NA slope is
streaked, The rest of the welly are iwulated by smeanng the surtace (see Fig. 2.

TTC agar wells
Use u clean foop 10 avind carrying the TTC reagent on o other medin.

(O/F test

Pairs of disposahle plastic tubes of nutrent agar iwe bsed since the wells age too smaud! to avoid diffusion of oxygen.
The anacrobc tshe is filied right o wp. and the cap scrowod tight, These tubes can be stored indefinitely. The
acrobic twbe is filled three-quirters fufl, and screwed ught during storage. Atter stab inoculntion, the anaerohic lube

is screwed tight again

Potato rof test

Cores of potaio tissue (5 mm dusmeter) are cat aseptically with 1 cork horer, and discs 8 mm deep we cut. The discs
can be kept in bulk in the deep trecre (prefarubly afier freeze drying) wd added ) the plales when they are
prepared. immediately before ineculation, 150 gl of sterile water is added w0 the well. The potato discs we then stab
naculated. (The discs may discolor during stormge or afier adding water: this does not migtes).

Freeze-dried potato discs will keep indefinitely when the prepared plates are stored in the refrigeraw. If 4 frocse
drier i not available. store paats plugs in the freezer unil the plates are used. (therwise, prepare potato plugs
aseptically immediately hefore use.

Options for portability and convenience
Resgents: Oxidase touch strips (Unipath)
Nitrate/nitrite test strips (Merck/BDH)



Equipmeat: Duposble stenie phote loops (sutable for catidase tost and 30 use Kovac's reagest s conventions!
forin}

Using pucrotitre sinipn insieand of the full 96-well plites

BACTID Sofiware

The BACTIO program will be published soon (hy the Naturad Resources Insutote, UK), ax pan of x package of
inte gransd sysiems for hactenad wentitication. BACTID s an Expent Systemn. which means it incomponates information
oo the hactenad groups il el inctieads s HYPERTEXT.

To idemtdy hacteria, BACTID may be used in severnd ways:
i Following the flow chart oo the sequence of tests. This s partcalaty uselul when no partcular hacterial

group 1 suspectod tusing texts i3 conventumad Tormt),

[

Pertonnmyg sehected tests in any desired sequence. This ax usetul when a parteular group s suspected (e ..

Xanthemaonas),

L Pertorming all pecessary tests it one ime. The BACTID progrun should be used this way with the BACTID

phue kit which provides tests 1n 4 convenient, portable lormal.

Where ditli are missiny, oee than one bactenial group may be possible. Theoughout the programt, hypertext
wreens v be viewed (¢, Press B8 key 1o see "flow chant™) o obtain more intonmanon ahout the diggostie (ests

and the chantenstios of the different i teral groups.

Recipes tor media and reagents. and practicl details of the test are read from an extemnal ASCl fide
(METHODS. TXT). This fike muy be adited by a DOS teat editor 1f vanations nevd 1o be inserted. But read the
WARNING befiwre asamping to odit this file,

BACTID was witten with the Knowledge Pro expert system shell (Knowledge Garden Inc.'). The intenim

release i use s @ run time version in the public domain which canmot be ednted.

ldentification of Bacteria by Metabolic Profiles
Biolug identification system

' Knowledge Garden Inc., 473 Maiden Bridge Ruad, Nassau, NY 12123, USA

3



Patserns of substrate wse (metaboli: profiles) are charcienstic of specics and some subapecific i, The Biloy
system’ peesents 95 substraies (and a blunk. control) separately 1 the welis of & microtitre plate. I & given substrate
15 used, this is indicated by a color remchion gince cach well abwr inclindes » intrmroliom cedos dye. The patiem of
substrate use (the metabolic profile or fingerpnat) 15 makched with profiles of known taxa in & databese using
dentification software,

Plates can be read by eve or by a microtitre plate reader. There may be minnual dta ontry, ontry of duwa files
from the piate reader or the weptficanon software may controd o flate reader for direct entry of duts, The Bioky
sysem now has ditterent dantowes (nd diiterent plates) for Grame-negalive hactena, Gram positive hacteria, yoasts
and other groups of organisms .

Biolog was evalusted for plant puthogens and other hwcwerta aswx ited with plants, partsularly for tropivs,
concenrating on s sutability for small plant pathology laborstones (Black wnd Swoetmore, in press), For funher
discussion of adaping Biolog for use in these situ; v and bility of datudy soc Black und Sweetmore (1993
H press).

Recommended methods for using Biolog

Inacuiation of plates

Active cultures. Incubale pure cultures ovemight in putnent agar on a shuking incubator;, S0- HX0 L, depending on
size of flask and holder available; 10-12 tsoltes in one batch is comfortable,

Preparation of imoculum. Wastung off exogenous nutnients: Use 2% ml disposable senic Universal botties
(gradusted). Allernatively, autoclavable or disposable centnfuge twbes o hold the same amount ase suitable.
Centrifuge a1 4000 rpm (2800 x g) for 3 min a1 15°C. Poug off supematant (10 be autoclaved before dispoual),
resuspend with 20 mbL sterike dasulled water (wiker may be weighed in: tolemnce £ 0.5 mi.), homogenize {vostes
mixer), and centrifuge again. Repe this procedure so tha the cultures are washed twiee in water, and finally
resuspend. If the suspension louks o thin, resuspend in sbout 36 ml.

Initial OD (turbidity). Suspersions should have OD,,, 04-0.6. The requirement is 1S mL of final suspeasion (96
x 150 uL). Determine OD, and dilute accondingly using a turbidi ., spectroph Lo & ine QD by eye
with (urbidity standards provided by Biolog,

* Bsiog e, M Trat Way, Hayward, €4 W43 134



Inoculgtion. Bring plates 16 pxwn tempersture. isocule cich well with 190 pl of suspencon; use cthes R-channe]
mpette o repeating pipeile wd Monic pipetic ts).

Incubution limes

Iubate al 20C Brodor advises reding o dh and 24h The GIN dutahas i hudes profides {or thew tunes, However,
dh is ot comimonly used with plt pathogens. but cultures sy grow very rapadly and produce oo many positives
hy 24h. A Nexible approach i suggested: chook at 4h and read. Check agaim from 1Xh and use all 1K b readings
i 24N, Some i tora may he show growing and require fonger i ubiation tmes, Use the 24h datahase.

Reading plutes

Theee ase three yeneral difficutines:
1. Borderhine resuliy:
T High hickground Gneluding coloned controt well), mikes posisves difficult 10 el ind
3. Spunious readings of pake, milky suspension maiher than iiease opague vioket

Readiay by eye
{ Fulty posttive: whole well dismeter filled with deep violet
2. Borderline, incompletely filled wells with deep vioket,
L Fully negative tand control): clear. colorless,
4. Other readings: o nevessary, record with special cade s be Jeadt with ke,

Using a plate reader. [ 1 mapnity of vises, results as good as o betier than reading by eve can be obtned with
i pliute reader. A S9O nm filter ix recommiended. but one chose (o this wavelength will give satistaciory reguits. Only
with very poor plhues (high background), or overgrowth of o rpidly growing species. is 0t possible W extct some
vesults by eve whete o plate teader fails. imegrd o PComounted software will have dats seduction facilines o
vonvery absorhance readings W well reactions, The Bioloy system uses standard theesholds 10 coven 0Dy, reidings
0 posiive, negative and horderling:

Threshold borderline: Al x 1.4

Threshold positive: Al x 2.1
These are set as defaulis i Mu roLoy soltware versions supplied by Biolog which accept dita fikes o direct plate
rendings. High hackground readngs may ciuse problems it absochance readings in the plate reader ane converted

10 substrte reiacions hy t | o al software with Uwe standard Brcdoy thresholds. The solution recommended

ongindly wies 0 use fixed theesholds of 1.3 for hoederhine, and 2.0 for positive (Blak and Sweetmore, 1993),
However, recest versions of Micrelog which iccept absorhance dita files. of can read the plike reader directly. will



interpret poot plates satisfactorily s most cases.

Bacterial identification software

Micrel.og pregroms and dalabases. MicroLog | 18 the basw vermon of Riolog software, enahhing data ® be entered
manually and profikes mawhed against the Mu el og GN Dutabase. This database cannot be edited. Using the more
advanced verstons of MicroLog (Versions 22N, 1IN), databases van be adited and compiled from the user's awn
prufiles. A further advantage of these versions is the facility o wcvept data i the form of abworbance dat files trom
the plate reader andvor direct plate reading

Bacterial ldentifier program. Blackwell's Ravterial Idennfier pc'wmn has been wiapied for use with Rilog
metabolie profiling (Black and Sweetmare, 193, in press). User-delined databases can e usoed for u much lower
purchase price than the equivident Murolog progoams, and the progrun s statistically superis, Howevar, only
manual data entry 15 possable. 3 is convenient W use Microlog w comprle datahases, the Microlog databasc files
cannot be edited or used an other progrms hut the reaction file (* RCT) can be yeated as an ASCH fike and odised
it the format for n mstrix file (* MAT) in Bacterial Identifier. The options for bacterial identification software
and databases in an integrated system are given n Frg, 3.

Cluster analysis of metabolic data

Metabolic profiling keods tself w0 wnalysis of relationships among isoliates for taxonomy, identification or ecologicil
stodies. Substrate utilization daty ciey be used on their own or with other chanctenitics, Advanced versions of
Microlog sofvware have a cluster anadysis facility. but this only compares a test isolate with ta n 4 datahase and
the number of strains of species compased 1s limited. Bt is prefernble 0 use an independent multivanale statisticsl
package (e.g., NTSYS.pc. MVSP-Plus) o analyse substmale use data. Most progriams have data entry facifitics but
experience has shown that an independent spreadshect (e.g.. Excel or Lotus) o the best means of preparing primary
dati. This could then be input directy into the progrimm or find conveniod into an ASCIT file, Cluster analysis iy done
in two stages: () generation of a mainx of cocfficients, and (h) actual clusier analysix, There wre many different
coefficients and methods of clustering available. One factor in the chiice 15 whether bordertine values will be entored
as mussing values or reated as half-way values beiween negative and positive, Thiv depends on the statistical
program available. The authors usc simple matching cocfficients i the lormer cane, and Euclidean distance
cocfficients in the latier with the Ungrouped Pair Mcihod of Analysis (UGPMA),

Mont programs will produce a dendrogram on screen which can be dumped w a printer. However, it is preferblc
to produce a special output for a graphics program so that the chart can be cdited for labeling, title, ekc,, for 8 better
presentation,
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Isolation and ldentification of Psendomonas solanacearum

V.K. Mehan

Crop Protes tiom Dicon, K RISAT Asur Comter Patare heew SO0 104 AP i

Collection of Samples of Wilt-Affected Plants

Divesod plants with carly but well-ustablished symptoms should be selected  lntection should be at an early stuge.
buelore secondiry mviders volontze the devaying plant bigsoe 101 advisable W colleut diseised plants tvm weveral
wites withun the held. Samples are packed into paper hags and Labeled with the plce and daie of coblection, and other
usetul information such as host vanety, growth dage, ek The time beiween sanpling and processing sbould be as

short iy pusable Therstone, st s important ted prepsarstions in the laborkoey are done hefore sampling.

Isolation of Pseudomonas solanacearum

I'seudvmondy solame earum o be dwlated from the anfected stem/nsn of 5 wilt-attectod pliant by the following

procedure:

i Cut the infocted stenyro it 3.4 om ong preces

N Winh these thoroughly i stende water, and then dry them oa senle hlatting paper

i Place the individuil stenyroot preies 1n lest tubes contuning S mib. of senle distdied water Wilhin a shon
e, bix tenie can osually be seen o ooze trom the cut ends

4 Alter 35 inin, ke a fooplul of the bacterud suspension and streak this om0 un approprate agar medium
fe.g . sucrowe peptone agir (SPA) weimeohum chionde agar (TZCA)] in petn dishes, and incohate the plates
at M-

5 Ohgerve the colpives of the b terium after 4872 ki of incubation
N.R. : Single colores ane mest ety obtmned by the 3-streak method. A small drop of bactenal saspeaston
i phiwed on ane side of the petrs dish. The loop s re-stentlized. cooked down by touching the mediam, and
three lines are drawn across the surtice of the medium away from the onginal woculum. This sequence-
sMenluiton, cooling, strcaking of previous ioculum 1 repeated 0 achiewe senal ditution of the onginal

v ulum

On TZCA, virulent isolstes of the hoctenum tonn srregulrly oound. Dusdal, creamy white

coknies with Igght pank centen, Avirulent colomes ire mound. bty rous. and untformly deep red on dus medum.



Detection of Pseudomonas solanacearum

Several conventonal methods are sutable for the detection of £ solana rarwn trom soll samples: they are dexigned
0 cither the cultuesble popul. or the wtal population. A count of the culturable population is obtainod
aficr growth on a satable modium. These prvedures i senal diutions of the sample i appropeate media,
Samphng plans are very unportant fur the cfficiency of these poxedanes.

Detection methads have voncentrated on detection i sold, ssing semmcloctive media
Several nomsclecuve media are suitable for isolation and growth of ' solasas carum. These e SPAL King's
Medium B (KBA). and TZCA. The composition of these media is given below

1. Sucruse peptone agar (SPA) (Hayward 1960)

Coashtucats ngt"
Sterse Wil
Pepione ; 5
K,HPO, 0.8
M50, 7 HO : .28
Aagar » : 5

pH s adpusted 10 7.2-7.4 using 40% NaOH.

2. King's Medium B agar (KBA) (King et al. [954)

Constituents mylh
Proteose pepuone ¥ 1 20

K.HPO, ; is
MgS0,.7 HO : 1
Glycerol . : 1Y mi.
Agar 15

pH 15 adjusied 10 7.2 using NaOH,

3. Tetrazolium chioride agar (TZCA) (Kelman 1954)

Constituents (in gL'y
Peptone . 1]
Camein hydrolysate H 1
Glucose : 4
Agwr : 15



2.3.5awphenyl
tetrivalivm chionide: 008
Note : Tetrzolium chlorde (TZC) u added as | mL of 2 filter-stentlized 0.5% soleton per 100 mi. of

multen steribized medium (6U°C) before pouring tnto petss dishes.

Coboty vharactenstics on the three culture media are described in Tabie |

Table 1. Appearance of colonies of Pseudomanas solanocearum on three nonselective agar media (incubated
for 4%-72 b at 30 *C)

Medium Cultural characienatics

Sucrise peptone agws (SPA) Cream-cobored round colonies

King's Medivn B agar (KBA) White fludy nonfluorescent colonies
Tetrarolinm chloside agar (TZCA) Flndal white colonies with pink centers

TZCA is used a8 a generwd growth and ssolation medium for /- sofanwearum s swtable (*fmmuuc
wild colony types (while with pink centers) from low virulence mutants o avirulent mutants which mq occur on
subcultunng. Mutat colonies usually take up the formaren produced on reduction of tetrazolivm chioride to form
deep red colonws, ‘(

Selective Media

Several selective media for the 1solation of £ solanacearum have been developed (Nesmith and Jenkins 1979,
Karganitla und Buddenhagen 1972, Granada and Sequeira 1983). These media can detect 107 cells g7 soil; some are
suitable oniy for certain strains. In genend, these medin are useful fiw ecological and epidemiological studies of the
wilt pathoges; they incrense plating efficiency and reduce interfercnce from saprophytic soil microovganisms. For
diagnosis, these medin should be used in conyunction with nonselective 1solation media.

Other Detection Tests

Serolugical wsis hased on specific antigen-antibody reactions can nlso be used 0 detect the bacterium in infected
plant tissues and sceds. Among the vanous serological tests, dot immunobinding assay (DIBA), enzyme-linked
immunosorbent assay (ELISA), and immunasorbent electron microscopy (ISEM) are most suited for this purpose.
ISEM requires access to an cloctron microscope, and there are problems in handling large numbers of samples.

0



ELISA is the most pweferresd amaong the servdogical ieuts, In developing countries, adoption of DIBA is mare difficult
than ELISA, bevause materials and neagents required for the 1est wre not eastly aviilable. DNA-hiwed diagnostics
con abwy he wsed o detect the wilt pathogen i plant tissucs, but their wse 10 developing countrics 15 vory limited st
peesent.

in recem years, severul simple, sensitive, and highly spevific ELISAs of £ sofunacearum have boen develuped,
usng polyclonal and monoclmal antibudies against the hwrium. These detection mothuods do it requare
purificabon or culture of dw bactenum. They we mare mpid, more sensttive, and simpler 1o use than the
conventional detection methods, Severnd polyclonal amd monocional antibodies agianst £ soliut curum have boon
produced w laboralones at the Umversity of Hawan, USA, the Rothamsiod Brpenmenial stuton (RES), UK, the
Instauie of Plant Prowection, Beping, Chuna, and the Intemational Potago Center, Peru, Most of those itibadices show
cross-reactions with severl closely related hactenal species (g, £ osvevenr, P puckeits, PP cepaca). Some highly
specific monocional antihodies produced at the Uiniversity of Hawmi, and the RES do not show any cross-reactivity
with these bacteniad species (Robinson 1993, Alvanes of Wl 194y

ELISA 15 now beang adopted for the detection of P solunaceurum hecause of ats sumplicity, sensitivity. spoed,
and the abality W quantify mathogen Womass in plant tssues wnd other matrixes. [t s difterent from the chomical
serological tests {e.g. Ochterlony double diffusion testy 0 which immunoprecipitin reactons are used.
Immunospecificity is recognirzed throngh the action of the asacisted enzyme Lihel oo o suitable substeatc mther than

by vbserving the formation of an nsoluble antigen-mtbody complex.

References

Alvarez, AM., Berestecky, J., Stiles, L1, Ferreira, S.A., and Benedict, A.A. 1993, Serological and molocular
approaches (o ientification of Piewdomonas sulanud carum sirains from Heliconia. Pages 62-6Y9 in Bacterial will ©
proceedings of an Intemational Conference, 28-31 Oct 1992, Kaohsiung, Taiwan (Harman, G.L., and Hayward, A.C.,
eds.). ACIAR Pruceedings no. 45, Canberra, Austradia; Australian Centre for Intemational Agricultural Research.

Granada, (5.A., and Sequeirs, L. 1983, A new selective mediom for Pseudomonas solanscearum. Plant Discase
67: 1084- 108K,

Hayward, A.C. 1960. A method for charactenizing Prewdomongs sulanucearum. Nabure 186; 405-406.

Karganilia, A.D., and Buddenhagen, L.W. 1972, Development of a selective medivm for Preudomonas

2



solanaeearsm, Phywopathology 62; 13731376,

Kelman, A. {984 The rel hip of pathogenicity in 1 seud: swlanacearam 10 colony appearance on 8
fetrazolium medium, Physpathology 44: (91685

Nesmith, W.C.. and Jenkims, S.F., Jr. 1979, A schective mediom for the isolation and quantification of
Psewdumonas solanacedrum lrom sl Phytopathology 69: 182-1KS,

Robinsom, A. 11, Scrologsed detection of Pscudomonas selunac eurum by ELISA. Pages 54-61 in Backenial wilt
. proceedings of an International Conference, 28-31 Oct 1992, Kaohxiung, Tawan (H G.L., and Hayward,
A.C.. ods.). ACIAR Proceedings no. 45, Canberma, Austuha: Austmlinn Centre for International Agricultural

Resoarch.

”



Serological Techniques for the Detection of Pseudomonas

solanacearum

Andrea Robinson-Smith
TAUR, Rodmamsted Experonenial Nistion, Hurpenden, Heets ALS 210

Background

Antibodies are prowen mokecules produced nataradly by hiologs i organisms aganst extemal “wmm - soll™ molocules
These "non-self™ molecwdes wre cadled antigens, and can Like many different forms, sch ax the vomponents of
hacterna, viruses, plant pollens or taign red bhood cells  Anibodies I specitic anigens may e produced by
immunizing with an antigen, & wigm-blooded amal, usuidly a mouse, it o mbhit, and occavionadly, n lwger
ammal  Antibodies are then produced by the ammal and weleased into ity bloodsgream, trom whh they may be
harvested,

Polyclonal and Monoclonal Antibodies

Antibodies are pruduced in B-lymphocytes which comprise approximately SO% of the white blood cell count in the
penpheral circulation of masnmals. These B-lymphouytes are desived durectly froen the bone murrow precurss and
have antibody receptons on thewr surtace, usually of one specificity. When the B-lymphocyte encounters the antigen
ngainsl which its antibody w directed. it difterentiates 1o u plasmas cell. which then produces targe amounts of the
antibidy. Antigens are complex molecales or organisms (hacteria amd viruses) and may have severid distinct sites
againt which anubodics may be specifically dirccted, As a result, a number of antibodies of different specificities
will be produced, even though overdl, they are direcied agunst the same wntigen.  Antibodics produced widl also
have different affinitics for 4 given antigen. 5o, when a vertebrate organism produces antibodies against a given
antigen, the antibodies bave different specificities and affinities. 1.¢.. the immune response is polyclonal. Thus, if
an antmal was inmunized with an anigen and bled, the resultang blod woukd be polyclonal and would contain a

mix of antibodies to the anbigen.

Monaclonal antibody technalogy was developed by Kohler and Mifstean in 1975, and enables the polyclonal
antibody 10 be dissected into the sum of its monoclonad parts. The principle of monoclonal antibudy production is
remarkably simple, and is hased 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,

—
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In il mammals, the main source of sitibody-producing cells is te splecn, which can be removed and its celis
fused with 3 mycloma line. This fusion 15 mediated by polyethylene glycol and dimethyl sulfoxide, and is followed
by incubation in » selective modium, W destroy the unfused cells. The resulting hybridomas can then be “cloned-owt™
it individual ansbody.producing lines of one specificity and ome affinity. These cell lines are immontal in cedl
culture and can therefore, be grown indefintely, producing barge amounts of 4 given antibody. Some important

featires ul polyclonal and monoclonal amtibodies are given in Table 1.

Table |, Some important lestures of polycionat sad monocional aatibodies

Feature Polyclonal antibxties Monocional antibodies
Cont Low Initially high
Specificity Variable with animal nnd Standard. Unexpected
breed. Pastid cross LIOSS-Teaciions may
reactions with common [LERT
determinants. Seldom too May be o specific
specific
Determinants Many Single
recognised
Yield of antihody Upto [ mgmb' Upto 100 pg mL ' in
culure and 20 mg ml ' in
ascites
Contuninating High None in culwre, 10%

immunoglobuling

Antigen purity
required

Either purc antigen or
serum ahsorption

in ascitic fluid

Purity desirable but not
essential

Preparation of Bacterial Antigens for Antibody Production

Bicicrind antigens may be catraceliular, intracellular or structural; thewr biochemical nature may be protein,
glycoprotein. polysacchande, lipopotysacchanide of lipid. immunogen preparations may therefore consist of whole
cells, crude coll exaracts or purified hacwerial components.



Whole Cells

Untrented: Bacienal cells grown on solid o i beoth modia can be weed directly as antigens. The hactenn are grown
for 448 h. then washed twe 0 three trnes v (LM phosphaee buffered xaline (PHS) by contrifugation and
resupension. before iocalating,

Heat-reased: Heat treatment destroys most prokeins, thos pemutting some degree of scloction for carobydse
antigens. This may he donc by cither placing the washed cells in o hoshing waterhath for 2 h, or by sutoclaving tor
2h

Formalin-fixed: Bactenial cells are suspended i GRST wdine and mined with e equal volume of U.6% tormalin,
The cells are then el at room temperature foe 1.2 days before being collocted by contrifugation.  The cells are
finally resuspended o O.3% formudized e

CGlutaraidenyde-fixed: Thus 1s perhaps the most usetul and most trequently used antigen ix net only does it sibilize
the cell witll, but abso decrreases toxicy of some hacteria) species 1o the host ammal, Biuctenwd cells are washod
three imes i PRS and dudyzed against 2% glutwaddehyde foe h at aenn temperntare, The celis are then dintyzed
aganst PRS for 24 h, with several changes of buffer 1o semove residund glutaraidehyde,

Crude antigen extracts

Glycoprotein: 4X-h-oll bacteral cultures are shaken in stenke dusslled water for 30 min and twe cells removed by

centnfugation. The supernatant, which o a muxture of proteins and polysacchanides trom the cell surface, is
then adjusted W p 7, mired with an cqual volune of saturated ammomom sulphate, s beld overnight s 4°C.
A precipitate {orms, which can be collected by centrifuging al 200800 g for 15 min. The peliet is then dissolved in

stenle disulicd water and dualysed o remove traces of ammonium sulphae,

Purified bacterial components

Purification of many antigens such as hpopolysaccharide, ribosome, secreted enzymes, membrune proweins. flagetia,
ek, is possible, but only hinited use has been made of these immunogens Lor serology in plant pathology.

Production of Polyclonal Antibodies

Most polyclonal antibodies are produced in rabbits. Thewr production ix relatively sumple a8 long ax the anligen is
immunogenic. Bacteria are highly immunogenic, and a simple immunization programme siuch as that dewdled below
can help produce polyclonal sera of a very high titre,
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Immunize female inbred rbbits by injecting ntramuscularly 0.5mL antigen emolsificd in 0.5 ml
Freund's complete adpvant (Difco Labs) a1 two sites in the inner thigh muscle.

2. Wait for 4 weeks and immunire as above, but with the antigen emulsifiod in Freund's incomplete
adjuvam.

3. After a 2-week rest, biecd the mbbit (via the faseral ear vein), and collect the blood (up to 30 mL) into
 centrifuge Wb,

4. Allow the blood to clot al room tempersture and then spin at st 2000 g for 15 min,

S, Carclully decant the supernatant (the serum fracion) from the tube,

6. Test the antibody titre of the serum by the enzyme-linked immunosorbent assay (ELISA). If the ttre is
sufficiently high, continue hleeding at 3-weckly intervals, otherwise repeat step 2.

7. Continue bleeding up to 1 bloeds, or unti! the titre drps helow that requined.

Storage of antisera

Antibodies are resistant 1o a broad range of mildly denatunng conditions, making long-term storage relafively eusy.

The only prublem commonly encountered is comamination with bacterin or fungs, which can be ovcn“ome:hy either:

I. freezing an aliguots at -20°C, or
2. adding sodium azide 0 0029 and storing at 4°C; or
). ndding glycerol o SO and storing al 4°C.

N.B. © Antibody sotutions should not be frozen and thawed repeatedly, as this can lead to Joss of acuviﬁ, hecause

the antibody aggregates and therefore blocks the antigen-binding sites.

Purification of antisera

For several techniques, purification of the anibody is required and there are many methods that could be used, the
maost conventional heing precipitation followed by column chromatography. Neither of these, when used alone, will
completely purily the astibody, hut if used together, a relatively pure antibody will result.

Ammoniun siphate precipitation

[

[l

To | mL of antiserum, add 9 mb of distlled water in a S0 mL centrifuge tube. and mix.
Add 10 mL of J i Iphate solution, and leave at room temperasure for 30-60 min.

Spin 10000 g for 10 min.

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

Redissolve pellet in approximately 2 mi of PBS.

Dialyze overnight against several changes of PBS 1w completely remove the ammonium sulphate.

24



Immunoglobalins  prepared by thif  procaduse ofics regure funher  pundication by on-exchange
chromatography .

DEAE-Matrix chromatography
1. Wash DEAE-matvia with 0.5M HCl and then 0.5M NaOR, folkowed by 20 volumes of 10mM Trix (pH
8.5). Check pH and repeat the washes unnl the pH s 8.5, Transfor the matnx & » column, using
approximately 2 ml. of wet matgix for cach ml of senim.

ra

Dhnlyze the serum (o ammonium sulphate punfied antbodies) against three changes of 10 mM Tris (pH

LAY .

3. Puss the antibedy solution down the column. Wish the column with 10 bed volwmes of 10 mM Tria
(pH %.5).

4. Scquentially elute the column with increasing Nat'l concentmuons in the ongina 10 mM Tris (pH %.9)
butfes. This can be done with a gradient maket or by step buffers. Most antithodies wall cute with salt
concentrigions below S0 mM.

S Deteroune which tracuons conaun the antibody and pool together,

6. Regeneruie the matnx by washing with 08 M HCLnd 0.5 M NaOH,

Serological Assays

There are severd different serological nssays, all with ther nwn advantages and disadvantages. The cheace depends

on what one requires from the assay: speed, sensiuvity, speaificity. cu.

Frecipitin methods. In general, soluble antbodics andjor antigens diffuse sndependently through a gel, ussally of
agar (Ouchteriony double diffusum), Where the homalogous antibodies and antigens meet in equivalent roportons,
a preciputin reacton occurs, which can be sen as the formation of & white precipitste, Such tests can also be done
in liquid (nng precipitin Jest). b they £0d 1o use Luge volumes of antibody and wre often ditficult o observe at
tugh dilutions.

Agglintination methods. These can he the simplest of diagnostic methods,  Basically, a drop of antigen is placed
on a slide and a drop of specific antibody is added. A positive reaction is wen as the clumping together of mtigen
and antibody. Unfortunately, for o reaction to take place & high concentration of antigen is required. Sensitivity can
be improved, however. if the anuigen ur antibody is first absorbed ontw a larger particle (e.g., blood cells,
chioroptasts. lates paricies and hacterin). The large cells of the bacterium Staphylococeus urens wre especially
2004, 25 they are coated with a protein (proein A) which binds specificatly the 1gG molecules of the serum, Such
panticles act by amplifying the antigen-antibody reaction. as they also clump together.
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Enzyme-linked immunosorbent assays (A) ELISA.

ELISA assays take i vanety of forms. All of them involve o plasic mult-welled plate (microplate) specially treated
s that the sartace of the wells will bind protein af high pH. Infecied plant samplen should be ground directly in
it high pH buffer. pipeited 1nio the wells wnd incubiied. The antigen #all then bind  the plstic. More commondy.
wells are fimt weated with specific antiserum {mised in high pH coating bulfer), which 18 then used 1o trap the
antigen when samples are placed in the wells. Samples are mized i a buffer st pH 6-7 10 inhstwt unding 10 the
plastic. The antigen i then detected by a second amibudy [inked 10 an enzvme (alkatine phosphatase, horseradish
peroxidise, penicithinase) which, when a mutable chemical subsirate 15 added. changes colour. So there will be a
color change in those wells where the anbigen is present.

{B) DIBA or Dot Blot. The Dot ImmunoBinding Assay 15 similir to ELISA, but sap samples ane spotied duectly
onto & membrane, ssually of nitroceflulose or nylon, which hinds all proteins mcluding the antigen as the sap samples
dry. The presenice of the antigen is again detected using an antiserum finked to an enzyme.

Immunofivoresence. Principidly, immunofluoresence is used to locale antigens in tissues and cells. Instend of unng
an enzyme linked 0 an antibody W detect the antigen, it uses a flurochrome hinked to un antibody.

ISEM, An antigen-contuining drop of witer is addoed to an appropriately diluted antibody on an electron hicnuopc
grid.  The antigen clumps wgether with the antibody nolecules and can be examined by transmission electron

MiCroscopy.

Palyscrylamide gel elctrophoresiv/western blotting.  Plant and anuigen proteins are sep d o a slab of
polyscrylamide and them transferred to a sheet of nitroceliulose. The presence of the antigen is again detacted using
an antiserum linked W an enzyme. The prime advantage of Western Blotting over Dot Blotting 15 that here antibody
reactivity enn be cormelsted with proteins/peptides of particutar molecular weights.

Enzyme-Linked Immunosorbent Assays

In most cases. ELISA is the assay of choice for the screening of infected plant samples for Pseudomonas
sulundcearum, ns it is relatively mpid and sensitive, and requires only a small umount of unpurified antibody. Also,
s it is carmied oot in o microtitee plate, a large number of samples can be screened at once.

Variations
There are a variety of ELISAs available which differ in their layous; some rely on the binding of antigen 10 the plase,
others on the binding of antihody.



Direct ELISA: The antigon s coated onm e plate and the enzyme usod is direetly conjugaied w0 the spovitic
antibody. This may be less senstiive than the indwect ELISA.

Indirect ELISA: The antigen 15 cuated onto the plate and the enzyme used (s conpagated o an anki-spovies amibody.
This increases the sensitivity of the ext

DAS-or Sandwich ELISA: (Duuble Antibody Swwdwich ELISAY: The plate 15 finst cnwtes] wath 2 specdic antibody

to capture the antigen  Thas increawss the sensitivity of the test. B can he direct or indirect

F(ab"), ELISA - Asin the DAS ELISA, the plawe is lirst couted wath the untsbidy, but intead of using the whale
antbody . only the Frab's, portion 15 used. The secomd antibody used s, however. whole, Unlike the other ELISAs,
the enryme used here is coupled (0 protein A, This hinds W the Fu portion of the immunaglobyhin molocuke and

thus overcomes the problem of cross-repcting wath the first antibedy,

Competitive ELISA: Camed out 1.2 way similas o the sbove ELISAs but an inhibitor antigen i i hwdod so that

the amount of mligen present can he determned



Principles of the Indirect ELISA

For the detection of P. solanacearum in infected plant and soil samples, the indirect

ELISA bas been found 10 be the most suitable.

1

Piant extract adsorbed onto plate; incubate.

Wash plate.

Add specific antibody; incubate.

Wash plate. _AA_A_

Add enzyme conjugate.

S>—3m
$>—D-m
SS>—-m

Wash plate.

Add enzyme substrate; observe colour change; inteasity

proprtional to amount of bacteria in plant extract.




Protocol for indirect ELISA

ro

.
12,
13

Macerate 8 known amount of sdected plamt tisae 101 in PRS

Allow to sette, and remove supernatant. Dilute 110120 i conting bulfer.

Coni the wells of a suitible macrottn plue with tes supernatant, using 100 gl well ' Iiwlude positive
and negative controls.

Incubate 1 a moot chamber ot 17°C for 1 b or overmaght w 4°C,

Wash three times in washing bufter (fhok-ool, hang drv method), Jeaving i Jast change tor § mun,
Add 100 pl. of a polychomal antibesdy. diluted 10 working concentration in blocking buffer, 1o each woll,
Alernatively, use monocional antibody and continue iy above but with snti-moaser conjugate.
Incubate and wash as in sieps 4 €

Add 100 gl of second wntibody (perosidine conpugated ants-rabbit (Sigma Chemical Co.)l, diluted
1SR an hhockang butler, to cuch well,

Incuhate and wash as in steps 4 an S,

Add 100 pl of peronsdame wbstrae (L1, §3° - tetramethyl-benzydine) per wel). Lesve st room
tempetature until & colows change s observed (S-30 min, A vellow cokor develops indicating The
sermanation of the reaction,

Stop the reactin by addeng 25 ul. of 3 M HCL to cach well.

Assexs results visually, or measure the absorhance on o spectrophotometer al 450 nm,

A positive result 1s taken as three umes the mean of the neganve conrol.

This ELISA can detect | x 80 ¢fu mL* bacterid cellx in cither plant of soil samples
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Materials for indirect ELISA

Carbonate Coatiog Buffer (pH 9.6)

6.36¢ Na, (O,
11.72g NaHCOQ,
Make up W 1L with dH,0

10 x PBS

Rog NaCl

28 KHPO,

14.2y N, HPO, 12H,0
25 KC1

Mike up o 1l with distitled watcr

Washing Buffer - Phosphate Buffered Saline plus Tween (PBS.T)
100mL. 10 x PHS

SmL 10% Tween 20
Make up - tL with distilled water

Blocking Buffer'

tombL 10 x PBS

2y Polyvinyl pyrrolidine (mw 440000

0.SmbL 1% Tween 20

0.5 Full Cream milk powder (¢.g.. NIDO, Nestie)

Make up w 100 mL with distilled wawr

Peroxidase Substrate (must be made up daily, as required)

100pL 13 8.5 . Tarancthyl-benzidine (Sigma) @ 10mgimt in DMSO
2l W% 1,0,

imL IM sodium acctate, pH S8

Make up 10 10 mlL with distilicd water

! must be made up daily. as required

k la)



Appendix
Important Definitions

Adjuvant: Substance e ted with an antigen which nonsg dially enhanes or madifies the 1mmune respense
10 that antigen  Antibudy psadus 00n «f the rea tions of well medialed immuagty are more vigorous thi woukd be
the Lase 1t the antigen hid heen injouied alone

Affimty  The urength of the antigen-antibody aterscion  The streagth of bonds formed by this reversibie
nterc tion determmines the rate of association hetwoen antibody . antigen vensus the e of s aion High-
affinty antibodies have 4 ugher rate of asouaton with an antigen. and bind more antigen than low-alinsy
antitodics

Antibody: Immunogiobulin molevule produced hy an ammal’s B mphocytes 1 respofise (o nn gatigenn stimulus
and capable of tuinding o an anugen

Antigen: A substanc e, usuitly protein of polysacchande, capable of ehiciting productson of specsfic antibodies and
capable of speaifically hnding 10 antigen- bindsng sitex of antibody molecules Al immunogens are antigenic, but
not all antigens e immuniogeni

Antiserum: Scrum from any ammal comtaumng anbbodies 1 a spestfied antigen

B cells (lymphaocytes):  Antibudy producang vells. lound mainly an the blood, lymph nodes und spleen
Cross-reacting sntigen: Antigen capable of combimng with antibody prduced in sesponse 1 a differont antigen,
May cros-react due 10 shanng of determinants by the two antigens or because the antigemc determinants of each,
although nol ientical, are Ckrely related stereochermicalty % combane with antibudy sgainss one of them

ELISA (enzyme-linked Immunosorbent musayl:  An immunonssay sysiemn employing an chzyme bound 10 an

body, as the Hogie probe & g the exient of antigen-antibody reaction
Epitope: An antig d af defined structure, ¢.8 , an ulenified oligosacchande, of i chemikal hapten,
Freund's adjuvast: A mixture of mineral o} and lanolin that enhane i when emulsified with

antigen for immunisation  Freund's complete adjuvant includes killed mycobactcna, while Freund's incompletc

adpvant does not.
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Hapten: Substance that can combine with antibady, but cannol snitiuke an sRmune response unless 1t is bound X
a canier before intruduction into the dody.  Most haplens sre small molocules and cary only one o two anhigenic

deierminants, but somne lecules are hap

Hybridoma: A cell or cell bine formed from the fusion of a tymphocyte with a amour cell.

Immunogen: A substance ik eliite an Immune fesponse when introduced ko the tissoes of an animal. To
stimulate A response. wmmunogens must aomally be foregn 10 the ammal to which they are admmisiered. of a
maolecular weight greater than 100, and of prgein or pelysacchande naure,

Immunoglobulin: (Ig) Scrum globuly glycoprotein. There are five classes of immunoglobulin [gA, 1gD, IgE.
1gG. and 1gM  1gG is the magwr immunoglobulin class in the scrum of human heings and 10 most speces from
nmphshiang upwards

Immunoglobutia clases:  Subfamily of immunoglobuline, based on large differcnces in H-chaun amino acud
sequence, 1A, IgD, 1gE. 1gG. 1gM.

Immunoglobulin subctusses: Subpopulations of an Ig class hased on more subtle differences in the H ghans than
ure class differences The H chin o a par of dentifical polypeptde chans., of the four-cham immahoglobulin
molecules.

1, chain (light chain): A polypepitde chaun present in all immunoglobulin molceules i two forms, x or A, Bach

four chaun [g mokeeule has cither two x or two A ight chuns,

Monockossl sntibody: A homog anrhady popul pruduced by a clone of antibody-forming cells.
Myeloma: A neoplastic B-lymphucyte cell line which 15 immorta) in celf culture.

Paratope:  The antigencombining site in an antibody.

Polyclonal antibody: A heterologous antibody population derived from many clones.

Serum: Blood plaisma which does not contan fibrinogen.  Serum is more commonly usod than plasma in
immunological procedures, because there 1s 0o danger of a chot forming when other malerials are added o it.
Thre: In serologial neactions, u relative measure of the amount of antibody 1n an antiserum per umit volume of
ongina serum. The antibody is serally diluted and atigen is added, Scrum titre is indicated as the reciprocal of

the highest serum dilution, producing n discemible antigen-antibody reaction.
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Monocional Antibody-Based Sandwich ELISA for the Detection of

Latent Bacterial Wilt Infection in Groundnut

Liyuan He and Yuniu Xie

Iartunte of Pions Provectum, CAAS, Beying TOMOM, Pespir 3 Repubidic o [ hina

Antibody Preparation
An 1gG preparauon from the polvlonal antisenum agsnst Pseudomeonas sfanas earum s tyophilieed i vinlx, wd
preserved at 4 C. The monocional antibudies (McAD) spectfic o 2 solunac curim were produeed from ascitk fuids

" b o

of mice using standard pricedures. The Mo Ab 1« preserved in vials, cach o ) O 1 mlof conpugan Y.

Preparation of samples

Samples can be collecied from diseased or artificadly inoculated seedlings or sceds.  Healthy soedlings and soeds
should be used as controls. Seeds or stems of seeditngs are cot it small preces, placed in smadl plastic hags, put
o PBS buffer (1.1 w/v), pressed. and soaked. The sample 1y contrtfuged at 1000 mpm for § min w0 remove the
peller, and then at HROD mpm for L0 min o remove the supermaant The pellet s dassotved in extraction buffer (1:10
wiv), The resulting solution can he used for the detection of his tertad infection, oo steeed at -20°C for biter use.

Preparation of buffers

PBS buffer (pH 7.4)

NaCl wiig
KH PO, 0Zg
Na HPO4. 12H,0 29
K 02g
NaNO, 01g

Dussolve these chemicals in distilled water o make up 1000 mL.
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Coating beffer (pH 9.5)

Na.(O, 155
NaHCO, 293 g
NaND, 02y

Dissolve these chemicals in distifted water w make up 1000 mL.

Extraction buffer (pH 7.4)

Dissolve the following chemicals in 1000 mL PBS buffer:

Polyvinyl pyrolidon K-25 00y
Tween 2 1.5 mL
19 egg albumin 00 ¢

Washing bulfer (pH 7.4)

PBS contaimng 0.0%% Tween 20
(1000 mL PBS + 0§ mL Tween 20)

Entyme conjugation buffer

Dissulve the following chemicals in 1000 ml PBS buffer,

Ovalbunin 20¢
Tween ) 0.5 mL
Polyviny! pyrotidon K.25 200 g

Substrate buffer (pH 9.8)

Dissolve diethanolamine (97 mL) in about 800 ml distilied water, add 0.2 g NaNO,. and adpust pH to
9.8 with concentrated HCl Adjust the volume o 1000 mL with distilled water.



ELISA protocol

1. Coming of the plate well

Dulute cach vial of 1gG trom polvuional antiserum with 10 mb of coating butler
Add 100 ul. of the mixter o each well and coves the plates tightly

Incubate the plates at 370 for 2 h

Y Washing after incubation

Remove the solution from wells and wash the piate | times wath washing bufter. Careful washing is extremely

2

unpurtant
4 Additon of the sap diluied in extrction huffer
Add 100 ol of diluied wp o each well. and add the poative and negative vontrul samples. Cover the plates
hightly.
S Incubuie the plates a 4.6°C tor 1Rh (overmight)
6. Wash the plates as descnbed abuve,
7 Addinon of conpugated monocional antibody
Dhlute one vial of 1.1 mL. of conjogated manackonal antibody wath 1) ml. of conjugation bulfer,
Add 100 ul of mizture solution &0 cwh well, amd cover plates nghtly,
X Incubate the plates ot 377C tor LA
9. Wish the plates ay descnbed abowe
15, Addition of enryine substrar
Dhssolve 7.4 mg of p-mitrophenylphosphate i 10 ml. of substrite baffer
Add 100 ul of the enzyme substrme to each wel
11, Incubate for &) min &t room winpersture i the dirk
12, Stop the reaction with 0 ul. of 3 M NaOH
13, Measure the shsorhance hy ELISA Reader ar 405 nm, or evaluate visually
The reacoon 15 positive 1f the absortance value of the texted xample 1 twice as high as the negative control,

or if color appears in wells,
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Detection and Identification of Pseudomonas solanacearum using a
Polymerase Chain Reaction (PCR) Technique

Susan Seal

Natural Resources Instiite, { endral Avenue.  hutham Muruene, Kens MES 4T8. Unurd Kingdom.

Background

The test described i this chapter is based on the detection of Pseudomonas solanucearum by amplification and
visuduation of part of the beclerium’s genetic information. The Lutter s encuded for by a double-stranded DNA
cireular bactertad chromosome plus often, one or more bacterial plasmids.

The nuclei: acid strand has a direction defined by the urienttion of its deonyribose-phosphate backbone. One
end is termed the $* end and the other the 3 end, and copying uf DNA is camed om by eazvimes which copy 1n
the & w 3 direction, Bevause of speafc hase pairing, if te scquence of one stand is known, thea that of the
opposite strand can be deduced, and wil) he generited by copyiny ensymes known as DNA polymerages.

When dusble-stranded DNA is exposed to near- boiling lemperatures, the hydrogen bonds betwoen thetwo strands
are beoken, resulting in the DNA scparting ino its two complementary single strands. This is called &nmumnon.
When tempertures are cooled down o helow 706C, the strands stan w recombine, positioning thanscl\’es such that

they furm a perfect match with their complementary strand, This is called renaturation or re-aancaling.

The Polymerase Chain Reaction (PCR)

The PCR reiction wag devised 1o take advantage of certain {eatures thit occur naturally during DNA replication.
DNA pulymerases capy DNA from a point where double-strnded DNA bocomes single-stranded DNA. - The
enrymes need a small section of double-stranded DINA 10 initiate synthesis of a complementary new strand from the
¥ end of thes douhle giranded section.

Thug. by heating DNA of interest o separate the strands and by adding a short piece of DNA (termed an
oligoncleotide or PCR primer) that is known 1o be a perfect match w the DNA, the polymerase starts copying from
the 3" end of the PCR primer.  Both strunds can be copied if a primer to cach strand is supplied.  However, 0
achieve the desired exponential PCR amplification, the primers on the opposite strands should be close eaough 0
each other (ideally within 2000 base pairs (bp) of each other), so that the synthesized DNA from one strand extends
at leawt as far as the corresponding position of the primer for the oppuosite strand.

The starting materials for a PCR reaction are the sample or extract to be testod, two (or more) PCR primers,

38



DNA polymersse (2.8, Taq polymensc), snd 8 of all four o footides (UNTPy, 1.0, dATP, dCTP,
OGTP, and TTP) 1n the comreet concentration in & reactn butfer optimared e the DNA polymene activity,

The first step e the PCR cycling procedire o8 0 heat the reaction 1o 96°C for 23 mun 1o separate the doublo-
stranded DNA mobecales. The second step 15 10 lowee the temperature to one suitable B the PCR prumers 1o anncat
10 the single-stmndod DNA, thus giving nise to suitable termplates for the DNA polyimemse, The third siep ts
ncrease the temperature io the optimum leved for the activity of the DNA polymene (or Tag polymense, tas o
TXCH Then the reaction stuuld he incutatted for saffivient e W allow synthesss of the INA that hes betwoen the
two prumers on oppusiie strands. For short products, e, < SO0 bp, 20 30 seconds a1 72°C wosutlicient. The above

three sieps together form what ix termod the first PR cycle. Subsegoent de ", ling, and calensun
cycles are performed with the same parsmeters. exoept thit the denaturalion tempersire wnd duration can be rediced
as the tme required g separate the shart synthesized DNA strands from their iemplate 15 less than that needed
veparaie the two strands of the entre bacterial chromasome. Copied DNA will st i o template in xubsequent
cvcles, resulting W exponcential amphification «f the soquence that lies between the primers. Table | shows that,
undee optimum conditions. tis will lead to the target seqoence being amplilied a million-fold, afier 22 cycles of
amplification,

A typual PCR s cimied out for 30-50 oy les, depending on the sensitivity roguired,

The development of thes PCR detection test Lof £ solunaceurum hiss been published (Seal et al. 1993, Jounal
of General Microbiology 139 1S87-1504). The test can detect DNA of one bavienal cell. For the pritocol described
helow, the maxunum volume that can be tested 1 31,3 L, and therefore, the sensitivity of the lest 15 approximately
30 cfu mL 7 for bacterial suspensions, Senstivities for plant extracts will not be a high, due to the presence of
compuunds which inhubt the polymense cnryme used for POR. Sensitivitses of 10 cfu/m) potat tuber extract can
generadly be achieved  The corresponding sensiivily lor groundnut catracts hax nat yet been dotermined.



‘vabie 1. Gemerntion of copies of doubie-stranded DNA-spanning sequonces between two FUR primers.

Cycle number Number of double-strunded
amplified sequences
! 1]
2 i)
3 2
4 4
5 8
6 16
7 2
8§ 64
U] 128
1] 2%
1 12
12 1024
13 204K
14 46
18 K192
16 16384
17 12768
1% 65536
19 131072
W 262144
2t S2428%
22 1(M8576
0 97182
u 4194 %
25 RARROOR
W 16777216
7 11844492
28 6710884
29 1342117728
30 268415456
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Preparation of samples o be tested by PCR

Muteriah required

1 staal) beaker of Jomextin beach (contanung §-10F sodimn hypochkonte ).

3 large beakers. cach contumng at beast 10 ml distiiled water

1 beaker ¢

g 95- 1004 cthaned

Two ar more scalpels.

Bunsen humer

Microcentnfupe

Micropipenters and bps,

Sterike Eppendort tubes (preferably screw -capped type)

Stenle disulled wiser

Sckective media plawes foptionah,

Sterilization and removal of DNA from scaipels between samples:

d

..

Leave scalpet toc il least S mun an Meach solution © degriade INAs.
Rime two 1o three umes in suceessive distibied water in lwge benkers (9 remove ties of blesch,
then dip w aleohol in a beaker, and (lame

If two scalpels are dvaulable, vae can be left s the hleach solution while the other s being used 0 cut 4

sanple,

Sampling tubers or rhizomes:

%
1.

Wash soil off the surface uf wher or rhizome, Wear gloves before sarting ixolation,

Cut a cone-shaped plug from the stodon ead (1.0, the end onginally closest o the plant) using a
sicnle, bleach-wreated hiade.

Flood the resulting hule with betweens 200 and SO0 ul. stenfe distilled water, depending oo the sue
of the hole cut.

Remove water from the hole afier 1 min, and concentrde bacienia by centrifugation for 5 min at 12
000 g.

Carefully remove water from the sample, feaving $0-100 pl in the tube.
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If & culture of the bacterium is required, resuspend peliet, and streak out one foopful onto a selective
Boil the sample 18 s00n as possible 10 reduce production of phonobics 1n the sample (see below for
bailing method).

Sampling stems

2

Wash surface of gem to remove sofl. Wear gloves.

Cul stem close 1o the bottom of plant with bleach-treated scalpel. and place stem in sicnde distilled
water. Use the minimum volume of water necessary to cover the cut end of the stem,

Leave for 10 min for hacteria @ ooze out, remave stem, and concentrale suspension by centrifugation

as described above,

If the uxa) volume of waler 15 more than | mb, repeat centrifugations, carefully removing and discarding

supematat wfice cach spin, leaving $0-100 pl w avoid disruption of the pellet.

4,

Finally resuspend the pellet by vontexing in the S0-100 pl. of water left afier removing Supematant

with i micropipetter. Boil sample as described below.

Testing cultures

i

Pour abown | mi. of 12-36-h-0ld TYGB colwre inwo a screw-capped Eppendorf, and gpin a1 full
speed (12 OO0 g) in a microcentrifuge for § min. You should he able to see a hacierial pelier after
centrifagation.  1f vou can not, add another | mb of culture to the whe (after docanting the
supernalant), and repeat centrifugation.

Wish bacterind cells three to four times with | mi. sterile distilled water, cach time spinning and
decanting supematant,

Resuspead cells in S0-100 pl. water. and boil,

N.B.: Minimal media hroth cultyres can be tested directly without washing cells.

TYGB Broth
This broth, or & P. sulanacearum minimal media broth, should te used to grow bacterial cells to be tested by PCR.
Cells grown in some other media, may not be lysed adequately by boiling.

Tryptone 58
Yoast extract g
Glycerol 20mL
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Make op to 1 L with distilled water,
Devade this braah nto SO ml. wilumes, and autectave (1210 for 15 min).

Soll samples

Sotl extracts cannot he provessed by this test directly, owing te the proseoce of PCR-inluhiory subwtances. Sui)
extracts should, theretore, be plated on scloctive meden Contirmateon Wt parculis colonies are & solumicedeum
can be made by growth in TYGR and creatment s descnhed abane

Boiling samples

L Use boiling wider, rather than 1 dry heating block, w provide goud heat transder

pa Concentrate sumples, if necessary, before bohing by contriugation 112 100 g, S mn), (otlowed by
removal of some of the epper fiqued using A pipetee. Do tho carefully, and resuspend the pellet by
yoriexng,

i Bod sumples for 10 min as quickly as posiible after prepatiton.

4, Allow sunples tretum koo sempenature before tesing. Do e froeze of gt on e, Onee the
samples have conded down 0 oom iemperiure, Apin tubes foe a few secomds 10 remove
condensaion on tube hd,

5. Proceed with PCR testing, or frecee sunples il regquired.

Pseudomonas solanacearum PCR protocol

Solutions required

dNTP miux (1.25 mM sch INTP)
dATP (JOO mM) 12.5 uL
dCTP (1) mM) 12.5 pl
dGTP (100 mM) 12.5 b
JTTP (JO0 mM) 12.8 ul.

Sterile distilled. water 950.0 pL
Total volume I mL
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18x 1B Bufler

B9 mM Tris

2.5 mM NaEDTA

R mM bunc wid

Adjust 0 pH 8.3 with Na(JH.

1.5% Agarose gel in 1x TBE buffer

t. Dissolve 1.5 g for cach 100 ml. 1x TBE buffer by boling over 8 flame or for a couple of minutes
1h & mictowave. I g microwatve 18 used, take care as the gel soletion gets very hot, and can boil over
causing severe bums). Make sure the agarose has dissolved otally, then cool W SO-60°C. Pour into
level tray, and phice comb in position ensaring thi there 1s shout 1 mm gap between the gel tray
und bottom of the comb,

i Allow gel o set 30-60 min. Remove comb from gel when U is properly set, remove tpe of
applicable, and submerge gel in tank contwning 1x TBE buffer.

Sx Orange (i Loading dye
15%  FICOLL 40

4 mM EDTA pH RO
0.25% Orunge G

for -5 mlL loading dyet

075 g FICOLL 400

00125 ¢ Ornnge G

400 L. 0.SM EDTA pH 8.0

4.5 n\L Sterike distillod water

100 bp Iadder (1 pg 18 ul.Y)
Mix the following:
150 pl. serile distilled water
40 pk Sx Ormage G koading dye
10 L. 100 bp ladder stock (1 pg pl."'. supplier: Pharmacia)

Ethidium bromide stock (10 mg ml.")
Wearing gloves, dissolve one 100 mg Ethidium Bromide tablet (Sigma) in 10 mL sterile water.



Setting up the PCR reactions

Always weap cloan gloves that it sell when handling PR roagents and tubes. This avosds contianinating the tubex
with maroongamsms and DNA -degrading enzymes peesent on U skin

The PCR reactions are carmied oot in S0 pl. vlumes, each re ot cosasting of the following:

ONTP mux {1 26 mM each NTP) % ot
Hr s PCR buflers pl

24 mM MpCI2 L

Pramer OLIL (20 pMy 12801,

Primer Y2 (20 pM) 1250l

Ty podymerase (SU b Wi 2ul

DNA sample 1-10 41,

Sterile distillexd wates 0303 pl,

to make a tuta!l volume of Sidl.

The above reagents are genernily supplied commercially at the correct concentrabions, with the exception of the
primer suxks which should he diduted 10 20 tM, and the INTP mux (recipe given above).

Making a mix for more than vne sample:
Bt s advisabie 10 include two positive and two negative controls i each PCR run. Hence, the muumum number of
PCR tubes to set up will be five. §t ix more convenient and accwrate & make a mix of all ingrodients (cxcep for
the sample). and subseyuently place the desired alignt of the mix in cach of the PCR tubcs. Ax pipetting is oftcn
not 100 accurate, the mix 1s made for the total number of samples, plus two positive and two negative controls,
plus onc extra to ensure tha there iy sufficient mix,

For example. if we have 2 plant samples, we make a mis for 2 + 4 controls + | estra » 7 samples. We genorally

test § pl. of the sample, and add 263 ub. sterike distilled water for cach sample. Thus a mis for 7 would be a8
follows;
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Sterile distillod water  184.1 pl.

ANTP mux 56 pL.

10 x PCR buffer 3%l

25 mM MgCi2 21 pl

Primer OLI1 (20 pM) K78 pl.

(Y GOGGGTAGCTTGCTACCTGCCY)
Primer Y2 (20 pM) K.7%L
(§'CCCACTGCTGCCTCOCGTAGGAGTY )
Tag polymerase (SUAL) 1.4 pl.

Total volume 3150 pl. (= 7 x 4% ul)

Mix all the ingredients well together using “PCR-only”™ micropipettors, then put 45 ul of the mix into the botlom
of each of six tbes, Then add 3 pl of sample 0 each tube.

Always add & pl water to the negative controls first, Cover both with one dmp of oil, and then close the tubes

hefore moving onto the sumples.

For pipetting the sumples. find another (nun-PCR) P20 Gilson miceopipetter.  This is necessary 10 femove the
possibility of cross-conaminiting the barrel of the Gilson used for the PCR set up.

Add § pb. of each xumple e liquid--not plant makenal) into the mix at the bottom of each tube. Covot each wbe
with one drop of minetal oil, and close tubes before finally seting up the positive contols (5 pL diluted P
solandeearum DNA o boiled cells).

Once vil has heen mided to the pusitive controls wnd the wbes have been closed, they are transferred to the PCR
machine. prog, 4 with the foltowing heating profile:

Intdal denaturation:96°C, 2 min 30 sec x 1 cycle

Denaturation  34°C, 1530 sec
Annealling:  67-68°C, 1530 soc’ x 50 cycles
Extension: TIC, 20 =

¥ The exact time will depend on the PCR machine used.
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Fanal exwension: 72°C, S mon 1 cycle,

Retngerie off machine 1 swikhed off

Add 1) wd of Sx Orange G loading dye W cach samplc, and mix well with the hotm phase,

Remove 10-18 pl., wipe mincral ol off the tp, and oad 1o o welt of the 1S 4 agane an 1 8 TBE gel,

Inclade 10 ) of 100 bp ladder Gupplicd y Phirmacia). Run the gel at about 100-120 ¥ G sbout 1 h (] Orsnge
dye his run about S cm down gel or mote L, and then stan an ll.i'puml‘ Ethediutm Bromide solution,

Any sample with 2 hand at 40 e pags (3rd hand from bottom of 100 bp kadder), conine DNA of P

sudanas curum

Cross-contamination during PCR

A corollary of the wemendous amphification power of PCR 1 that minute amounts of contmmmstion of the sumples
van lesd W false positive resudts. The mest common vehickes for cross-contamination of samplex are gloves ad
micropipeticrs. 1 necessary o ensure that cean gloves are used 10 set up PCR, and that core is taken fo avold
comtact of the glove finger tips with simples o be tested. Micropapetters are commonly contaminated by serosols,
which are generited duning ppetting of positive sumples. Thise emd up 10 other whes, on gluves and in the harel
of the pipetter. from where they can be redeased into subsequent POR tubes. Without sdequnte precautions, this will
become a froquent oceurrence due to the fact thit a single SO ul. amphificd PCR reaction mixture contains billiony
uf copies of the trgel DNA. of which only one 1s needed 1 i subseguent PCR reaction (o gencrate a false posittve
result.  Switable precautions (o i such Talse posstives (n addition 1o careful working) wre either 1o use filtered
micropipette tps which prevent the hamel becoming contaminated, of W uxe one st of micropipeticrs solely ©
pipette PCR reagents (cxcluding samples # he tested). Morcover it is wise to usc a work area {or setting up PCR,
which 15 never used for gel electrophoresis of PCR products or prepaation of samples @ be tested. The inclusion

of muluple negative contnds 15 esseatial in order W monitor and reveal CRBK-CORUIMINALION.
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Infectivity Titrations for Plant Disease Evaluations

K.Y. Lum

Muiaysan Agriwliwea! Researeh and Development Instiue
(MARDIS, P () Bux 121001, 30724 Knala Lampur. Mulaysic

Principles
Infectivity titration is w wehnique which offers 3 measare of the relative capacity of an organism to infect its host.
The hasic principies of infectivity titration stem trom earhier work i the field of medical bacteriology, but have
evolved with time 0 he applicable 1o ulmost any infective system (Meynell and Meynell, 1979). including bacteria
plant xystems (Boelema 1973, 1977, Ercolani 1973, 1976, Gow 1978, Hartman and Kelman 1973, Lum and Kelman
1981, Peromnbelon 1972, Vicioria and Kelinan 19775,
The cxsentinl steps 1 infectivity tuason method are:

1. prepare seriad dilutions of known concentrations of the bacterial pathogen,

2. incalate cach sernd dikution inko a separate group of the host,

3. record the response of cach individual bust after i spocitic iubition penod, and

4 express the cecorded datis as an estimate of the magaitude of the response,

Infectivity titrations can be used W est the relative e of twir or more cultivars to a gives bactenial

SPecies of s, or the relative virulence of two or more bactenal sirains on a specific host. Such cstﬁutc.\ may
be expressad cither in s of differences an the doses roquired o clkit the swne level of response from the host,
or differences in response of the host o the same dose of the buctenal stran,

Any indicating effect can be used, as long as it is related 1o disease severity (¢.g.. wilting. death, ew.). Both
host and pathogen effoets can be taken as quantal or quantitative responses. Although infectivity titrations with
quantitative resposses can offer greater precision than with quantl responses (Meynell 1957, Meynell and Meynell
1970). they have limited applications, especially with plant pathogenic hacteria. Quantal effects are all-or-none
responses, ¢.g., alive or dead, healthy or diseased. turgid or wilted.

The frequency of responses in infectivity titrations with microorganisms in living hosts is often related to the
fogarithm of the inoculum dose in the form of an integrated log-normal distribution (Meynell and Meynell 1970,
Finney 1971). Lincarity of the Jog-nomal dose-responise curve can be obiained by transforming the proportion of
the response values into probits, and plotting the probit values against the logarithm of the inoculum dose. Responses



owtside the 0.08-0.9% levels are dureganiod, since these values corospond 10 vory exirome points which carry Lirtke
weight (Finey 19710,

In infectivity titratons hased on Quantal meuonses thit are rmnsfomied it probds, the parametens of the log-

dome/ probut-response curves are (11 the median effoctve dase (ED, ) the dose that caunes 3 respoase i WFE af the
moculated plants, and (1) the stope (B) of te prodet regression e, These parametens describe the relaionship

between dose wwd respoase (oc any host-pathogen combination, and ate denwed directly (rom e linsis equistan y

= a+ B, following probit analyws

Methodology

Cultures

=

Mantun cultures as suspensions i S ml. senke dastdied water in plastic-capped gl culture tobes stoeed

o approsinaiely 200°C

. Betore usang tor inovulatnns, streak cultures oot tnpheny] eirnsotium chloride (TZ2C) agar plates (Kefman

1954) W check for punty and virslen colony type,

- Pick up typcal Nusdal colomes, and streak ento CPG thasnd TZC medium ) ngar plates. Incuboe the plises

for 48 b at EC hefore use 1n the prepantion of inacoium,

Preparation of inoculum

L
2

Suspend the bacterial growth on the CPG plates in 10 ml. of stenle distilled water.
Mix the suspension thoroughly, snd st 1 a concentsation of approximately § » 1 CFU mL ', using a

spestroplutometer and previousty constructed callitration curve.

. Prepare appropriaie sersal (10-fold) dilutions. Concentrations of viabic celis in these dilutions can be venfied

by plating them out on TZC mediom,

Propagation of test plants

Procedures for the propagation of test planis must be
standardized as far as possihle

Raise plants in a sterile soil mix in individual pots or baga, and mantain them under stundardized growth
conditons.
Use 3- 1w 4-week-old plants. It is important to select plants which are homogenous in size and age for an
eaperiment.



Inoculation procedures

1

Use the stem inoculabion procedure of Wirstead and Keiman (1952), modified to deliver a predetermined
(fixed) number of bacterial cells to euch test plant.

. This cam be achieved by using cither a sterile, calibrated glass micropipette or a disposable micropipeas tip.
. Generally, about 30 pl. of bacienal suspention of known concentration is taken up by the plant withun 2-3

h. when inoculsted inwo the stem a1 the thind leaf axil,

. The micropipetie shoukd be Jefit in place until the bacterial suspension has been plesely taken up by the
plant.
. A minimum of 20 plants i rec ded for each dose, with a1 least sia to cight B serial dilutions

per experiment.  Generally, the range of concentrations should result between 10% and 10' CPU of the
pathogen being delivered o the plant.

Evaluation of resistance/virulence

L

To determine and compare the vimlence of difYerent isolates of the pathogen. infectivity titratons must be
cartied out with cach isolate using the same host cultivar, and preferably in a single experiment.

. Similarly, to compare the resstance to different host cullivars, titrabons must be camied out ingctively wath

the same isolage oo different caltivars in n single cxperiment.

Data collection and analysis

I8

Data on hust msponse for cach group of host plants are recorded as ‘percentage quantal respoage’, i.c.. the
percentages of the inoculated plants which wilted permaneatly or did not wilt permaneatly. These figures
can then be coaverted into probit units from probit tables.

Inocalum doses are similasly converted w log-dose for use in plotting the probit response curve.

From the probit response curve and the regression line equation generaied, obtain the EDy; value for cach
pthogen/host combination.

Interpretation of Results

Figure 1 shows  typical prohit regression line describing the dose-response relationship between tomato cultivar
‘Bunny Best' and £ solandeeurum smain 338, The fitted regression line is described by the equation y = 3.02 +
04x. The ED,, value derived from the regression equation is 8.28 x 10, CFU mL". ED,, values can be directly
compared W give an indication of the relative resistance of a number of cultivars 0 a particular isolate of the
pathogen (Table 2).
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Table 1. Probit analysis of the quants! respomses of the tomato fine 72-TRI2-) to graded inoculum doses of
P. solanacearum siruin 338,

Congrol group data  Sample stze N = 21, Responser = 0., C Held Constant

Transformed dose B0 749 h0 .00 am 2.0
Response o 14 1100 R0 60 Ao 200
Sample size 000 2000 20401 20100 2000 2000 20.00
Sample peobu S84 $.82 s.13 4.8 448 19 n
Sumple probahdlity 0N (&0 .58 04 0 0gs u10

Initiad vidues at start of interaction; a w 2960, B = 0362, C = 0.000

Final values of the parameters: For protat line A + Bx: a = 2959, B « 0,363, C = 0000

[



Toble 2. Probit anstysss of the quantal responses of five tomato cultivars to graded imocelem doves of P,
solanscreram train M1 from Florids, USA.

Protut sandyey’
Cultivar e e vt e ED,, vithwe
Stope (B)’ log LD,

Bonny Best 0.20% £ 1061 IRLIERIRZY (RN
Satum D208 £ 0061 N7 2042 LAY
72-TRY22 0.226 £ DS 1456 ¢ 11 S4Y 286 = Y
72.TR12-3 0221100 LI68 4 (.88 XD W
Venus QY s ooht TRK2 ¢ (L6 142w W

1 values for the probic segression hincs ruged from (.94 10
0.99,
2 Slope (B) judged equal w g = (1Ko,
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straips of P. selanscearum.

Promit analysia’

strain Geographic .- “oa e ED,, value Virulence
arigin Slope (Bt ey B, rank
141 Aust:alia 0.44% ¢ 0,088 1.440 ¢ 0,272 2.76 x 10 5
196 Philippines ¢.510 ¢ 0.079 4.269 t 0.264 1.86 x 1o 8
221 Fenya nN.56; ¢ 0,100 4.032 ¢ 0.26° 1.08 x 10° 7
234 Brazil G084 ¢ 00116 i.a46 2 0,273 1.4 x 10 3
270 Tajwan vodie g DLOOBS 2 Bed 2ov  30x TV x 10 &
338 Malaynia 0.F0h ¢ 0,090 3,334 & 0,273 2.16 x .1 4
341 Florida (UsA)  0.6.5 ¢ 0,160 1.906 ¢ 0,290 8.00 x 40 Tl
342 N. Carolina 0.503 &£ 0 119 1.946 ¢ 0.440 8.80 x .0 2
{USA)
1. r values tor the probit regression lines ranged from (.87 Lo 0.99.

2.

Slope (B) for all eight regression lines judged equal to p 0.8C.



On the other hand, & compprison of the B0y, values fo: different isolates
on & single cultivar gives a telative mwasure nf their vitulence Table i,
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Inoculation Techniques to Evaluate Resistance to Pseudomonas
solanacearum

V.K. Mehan', Y J. Tan’, and Liav Boshou?

ICRISAT Ass Censer. Patamchern S0 124, AP Indva, '(h] Cropa Research Institase. Wuban Hubei $10 060 hona

Background

Several inoculation techniques ane used t evaluate fesitance of groundnet W bactenal wilt caused by Perdomonas
solanacearwm (Winstead and Kelman 1952, Kelman 1953, Li and Tan 19584, Tan ct al 1994).

When virulent cultures and socculent host plants are used. successful iexubations with pure culbares of
Freudomonas sulanacearum can be made by several ichnigues. These include stom inocul (xiem p )
hypodermic injection, and roat moculation (Kelman 1953). Saaking seed in hacterial suspeasion (6 x 17 cfu ml. ')
for 30 min is also a useful inoculation ehnigue (L1 A Tan 1984}, Infested soil placed in pots of other contuiners
can alwo be used ay 8 source of inoculum,

The ronkt inoculation technigue, however, scems W be the best provedure 10 evaluate plants for rexistanie W »
sulana carum. Marked differences between resisunt amd susceptible genotypes can be identified by thus technigue.
Inoculation by  stem punciare usually prxduces highes will levels 1 resistant groundns planis than docs root
inoculstion. However, dem inoculatun has an advaninge in the difforentiation of lnes with vory high levels of
resistance.

Preparation of Inoculum

1. For the preparation of inoculum, use 2 highly vinuent culture of /' solanacearum, maintained in sterile
distilled water at 2 room empetpture.

2. Cuiltare the bacterium on wtramdium chioride agar (TZCA) 1o identfy the virulent colonics (pink in the
center and while on the odges).

3. Select the virvlent colonies w0 mubtiply inoculum on sucrose peptone agar (SPA) or other suitsble sgas
mediam.

57



Inoculation Techniques

Stem inuculation

1. Prepare bacierin) inoculum from 2- © 3-day-old culvres of highly visulent isolatcs grown on SPA slante.

2. Wash the growth on 4 stani in § mL sterile distilled water, mix well, and dilute in sterile distillod waser
1o abiain & bacterind poputation of 1 x 10* cfu mL".

3, Inoculste 2-week-old plants by forcing a sharp needle into the stom through a dropiet of bacterial
suspension placed in the axit of the third fully cxpanded leaf below the stem apex. Allernatively, inject
100 pL. of the bactenial suspension into the leaf axil with a hypodermic syringe.

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

§. Ircubase the plants in a greenhouse or growth chamber under the following conditions: emperature 30-32
“C during the day and 25 °C ot night, RH > RS, with 12 h light and 12 h dark periods. I is important
to grow inoculated plants in high soil muisture condiions to casure discase development.

6. Obscrve the wilt sympioms developing from S 10 21 days afier inoculation. ‘

7. Record discane eatings using the following scale
I = no symptoms, 2 = one leaf wilted al 1hcfr, inoculation
point, 3 = two to three leaves wilied, 4 » four or more leaves wilted. and § = whoﬁ plant wilted {dead
plant). )

B. Caleulate the wilt intensaty 21 days afier inoculation, using the following formula (thlmd and Keiman
1982):

Zn x v)
I#  nomeee X 10
VxN

where 1 = wilt intensity (%): n, = number of plants with
fespective disense rating; v, = distase rating (1.2,3.4 of Sy, V = the highest disease rating (5); and N = the
numbe 1 of plants observed.

Root inoculgtion
Propare bacterial inoculum as described above.

1. Upraot 2-week old plants (grown in sterilized soil) from puts 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 10" cfu mL"} over the injured roots. Plant the inoculated plants in sterilized soif in
suitable containers.

3. Grow the plants in o greenhouse or growth chamber as in step § of the stem inoculation technique. (see
above).

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

Infested soil

Susceptible hosts can be planied in soil W which dissased piad debeis s boon added, Naturally infosted soil placed
i containers of in pots can s be used as i source of woculum. However, results with these techaiques wre often
cmatic.

Seed inoculation

1. Prepare bacterial inoculum from 2. 10 3-day-old cultures of highly varukent ssolies gruwn on SPA stans.

2. Wash the growth on a siant in S ml stenile distiliod water, mix well, and dilote in sterile distilled water
to obtain a bacterinl popalation of 6 x 10* ¢fu ml’

3. Soak seeds in the biwterial suspension for 25 mun,

4. Sow the inoculited scods i steride soil in pots in the groeahouse of in soil an the Nicld. 1t w important
keep the sl wel 1o ensure discase development.

5. Incubate the pots with inoculated seed in 8 greonhouse or grawth chamber under the {olluwing conditions:
temperature 30-12 °C during the day and 28 “C w1 night, RH » X8%, with 12 b Light and 12 h dark
periods,

6. Obscrve will symptoms trom 20 days afier sowing. Caloulale the wilt intensity ax described sbove, for
the stem inoculation technigue, (Discase incidence in the fickd showdd be recerded).

Seed inoculation is & uniform and simple andficid inoculstion 1echnijoe sutable 10 screon Inrge numbers of
genotypes tor wilt resistance.

N.B.: For successful resistance scroeming, it 18 important 1o maintain high temperature and high sosl motsture Jevely
following inocutation.

Field screening

Field screening under uniform high discase pressure is uscful 1o dentify sources of resistance. 1t is desiruble (0 use
the same field each year 1 encourage baild up of the backrial inoculum in the s0il. Heavy clay or sandy il fields
are suitable for resistance screening. Genotypes o be screencd are sown in replicuted piots, with rows of & highly
susceptiblc cultivar {Chico of J 11) arranged systematically teoughout the riad, Good discae development is ensured
by providing high soil moisture for up 10 %0 days after sowing

A visual estimate of the percenage of wiked plams is sn efficient evaluation method when large numbers of
gonotypes are 1o be iesied.
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Identification of Pathotypes of Pseudomonas solanacearum

YJ. Tan', BS. Liso', and V.K. Mehdn!
0Nl Crops Resewrch Inststue, CAAS, Whan 410062, Chune “ICRBAT Asws Center, Poianchers $03 124 Indo

The wrn pathotype i wsed fr strains of Preadomonas solasa corwm (Ssutht Smith, specialized n
pathogenicity/virulence on specific host cultivgs. Strains of the wilt pathogen differ grealy n thelr virdence on
groundnut. Pathotypes can be sdentificd. hased on ther pathogenicity/virglence 1o indicator-cultivan with ditferen
levels of wilt resistance.

Indicator fevels can be used 10 sdenaty pathtypes of e wilt path o shown in Toble 1.

Table 1. Indicator-cultivars tha can be used o Wentity pathotypes of the wilt pathogen

Indicasor-cultivar Resustunce/susceptibulity Wil incudonce
lovel

Jiankang Highly resistam «< i
Taishan Sanlirou Highly resistant < ¥
Xickangking Highly resstant <l
Goulwozhong Moderatrly reststant Hi UM
Huangchuan Zhigan Moderaicly resstint 200 WKk
Zhonghua 117 Moderately susceptibic 18804,

E Hux 3 Susceptibic >$0%

Zhao 18 Highly susceptible w0,

Use the following procedure to identify pathotypes:

1. Sclect sevorad naturally infested bacierinl will hot-spot ocath preferably with high populations of P,
solanacearum.
2. Grow the indi L] in fly infexsed fields in di hot-spot § using randomized

block designs (Each indscator-caltivar should be grown in replicated plots of 8 rows, 30 cov apast and §
m long, with seods sown singly st [0 om spacing: use of soed prowoctant is recommended,

3. From 30 days afier sowing. recovd the bacierisl wik incidence in replicated plows of cach cultiver st
fortnighly intcrvals, up 10 70 days aier sowmng.



4. Obuwin lsolstew of the wilt pathogen (rom wili-affected plaats from each plot, and check for thelr sdentity
on wteazolium (TZC) agns teedium.
S. Deotermine the biovars of the isolates of P solanacearam obtncd e wiki-affecied plants trom different

locations. Biovars can be 4 d wang the procedures describod by Hayward (1964) and He ot al.
(1983),

6. 1 fate the snd. Juvars with various isolates of P solanacearum. cotlected from differomt locations,
using & standard oculatim technique. Secd moculati hnique is uscful for mificeal moculations:

incculatod seeds should be sown in sterile soul in pots in the greenhouse at 3-32 °C during the day and
25 °C o night, RH >KS%, with 12 b light and 12 h dack penods. 1t is important w keep the soil wet
cnsure disease development.

7. Observe the reactions of the indicmor-cultivan to different 1solates of the wilt pathogen: record the wilt
incidence and severity. Wikt symptoms can be observed 20 days after sowmng.

Based on the reaction types of the indsicator-cultivars, the wolates of £ solanacearum can be divided inso
different pathoeypes. The reactions of the indicaorcultivars in narally infested field plots can revenl the
peedominant pathatype in o locaton.

Table 2. shows how sokutes of P solanacearum can be wenufied as pathotypes using diagnostx: cultivars:

8

Table 2. 1destification of pathotypes of Prend d um using indicator-grookdnut celtivars,
Groundnut Pathotypes of P solanacearum
caltivars

l 2 3 4 N 6 7
Xiekangking R R R M M M S
Tajshun Santiron R R M R M M S
Huangchuan ZhiganR M M M M M S
Lukangqing R M M M M M s
Fuhuasheng N S b S s M s
Ehua 1 S s ) S S M S

R= Highly Tesitant. M = Modcrawly fesisant, and S = Suscepibic.
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