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6.1 Introduction
There are many ways in which organisms can be classified. The most common
major division is into plants and animals. However, even with this simple and
apparently obvious division, there are many organisms that cannot be assigned
to either kingdom and a third kingdom, the Protoctista or Protista, has been
created to accommodate them. Within the Protoctista, however, there is great
variation and it is not a satisfactory natural group. The most fundamental and
natural division of organisms is into eukaryotes and prokaryotes. The eukaryotes
have a well-defined nucleus with a nuclear membrane and the process of cell
division involves the separation of the nucleus into chromosomes. Heredity
follows classical Mendelian principles. The prokaryotes on the other hand, have
an ill-defined nucleus with no nuclear membrane and the processes of transfer of
genetic information are quite different from that in the eukaryotes. Bacteria form
the most important group of prokaryotes. They cause many important plant
diseases although they are not as important in this regard as fungi, viruses or
nematodes. An important feature of bacteria is that they frequently have extra
chromosomal elements called plasmids which consist of DNA and carry genetic
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information. Many plasmids are conjugative, which means that they can be
transferred from one bacterial cell to another by a conjugative process. Plasmids
enable bacteria to react very rapidly to environmental change. The most dramatic
example of this is in the development of resistance of bacteria to antibiotics.
Resistance acquired by one cell can spread rapidly through a population, like an
infection. In fact, it is sometimes difficult to distinguish a plasmid from a
bacterial virus (bacteriophage) lacking a protein coat. Many plasmids play
important roles in causing disease of both plants and animals.

This chapter will deal mainly with the isolation and identification of bacterial
plant pathogens. Phytoplasmas are also prokaryotes, closely related to bacteria,
and their importance in plant pathology will be briefly discussed.

6.2 lsolation of bacteria

The most important bacterial plant pathogens are very small, single-celled
organisms, about 0.7-3.0 x 0.4-1.5 pm. They can be readily seen with a light
microscope using an oil-immersion objective. For preliminary observations, a
high power or even a low power objective can be used. Small pieces of diseased
tissue should be removed, mounted in a drop of sterile water on a slide and
gently teased out. In nearly all cases where disease is caused by bacteria, masses
of bacteria will ooze from the infected tissue into the water which usually
becomes milky in appearance. Add a No.l coverslip to the drop of water and
examine with a light microscope, first using low power, then high power and
finally oil immersion objectives. If present, bacteria will be seen as innumerable
rod-shaped cells, frequently motile especially towards the edge of the coverslip
where oxygen is abundant. Motility should not be confused with Brownian
movement. In the former, bacteria move over relatively large distances, whereas
in the latter, movement is restricted to a small part of the field of vision.

Once bacteria have been shown to be present in abundance, they should then
be isolated and grown in pure culture. The main problem is that there are usually
too many bacteria. If a bacterial suspension in water looks millry, there are about
loe cells per ml. As the object is to obtain a bacterial colony growing from a single
cell, extensive dilution is required. This is achieved by 'streaking' a loopful of
bacterial suspension over the surface of a dry agar plate, as illustrated in Figure
6.1. The isolated colonies are likely to have arisen from a single cell but, to be
sure, it is advisable to suspend the bacteria in sterile water aid re-streak. This
procedure can be repeated three or four times, if thought necessary.

Choice of media is important. In most cases, a general purpose medium should
be used. The most widely used is Nutrient Agar containing yeast extract but there
are several alternatives. Some plant pathogenic bacteria are difficult to grow in
culture and special media must be used for them. After streaking, agar plates
should be incubated at 25-27"C. Depending on the organism, colonies will
appear after two to seven days, or, in some cases, even later. Colonies that
appear after one day are unlikely to consist of pathogens.

Following isolation and purification, pathogenicity should be determined. The
method of testing varies with the kind of pathogen but there are two common
methods. The first is used for leaf-infecting bacteria. A bacterial suspension is
sprayed over a susceptible plant which is then covered with a polythene bag for
24 hours to maintain free moisture. Symptoms usually appear after one to two
weeks. The second method is used for vascular pathogens. Here a small drop of
bacterial suspension is placed on the stem or in the leaf axil of a susceptible
plant and a sterile needle jabbed through it into the plant, making sure not to
cause excessive tissue damage. Again, symptoms normally appear after one to
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two weeks. However, it must be realised that other, less common methods of
inoculation might have to be used. For example, some bacteria are spread by
insects or nematodes. In all cases, adequate control treatments must be included
for comparison. Once pathogenicity has been established, identification should be
attempted. It is much easier to identiff a pathogen than a saprophyle because
there are fewer of them.

7 A

D ^"''

Figure 6.1 Streaking of a plate to isolate a pure culture of bacteria. (A) A
bacteriological loop is dipped into a bacterial suspension and drawn across
one section of a dry agar plate three or four times. (B) The loop is sterilised
(but not recharged with bacteria) and then drawn across the first streaks at
an angle of about 120". (C and D) The process is repeated twice and
colonies derived from a single cell should develop on streaks C and D.

6.3 ldentification of plant pathogenic bacteria
Several genera of bacteria have been shown to cause plant disease. To distinguish
them, the first step is to determine if they are Gram-positive or Gram-negative by
using the Gram stain technique developed by Christian Gram in 1884. This
indicates a major difference in cell wall structure. Gram-negative bacteria have
two cell membranes, an inner plasma membrane and an outer membrane. Their
cell walls contain small amounts (usually less than IO%) of the structural
polymer, peptidoglycan (Fig. 6.2). In contrast, Gram-positive bacteria have only
one membrane, the plasma membrane and peptidoglycan is a major component
of the cell walls, usually more than 3O%.

G ram-ne g ative b acte ria
There are four common and important Gram-negative genera of bacterial plant
pathogens. They are Agrobacterhnt, Enuinia, Pseudomonas and Xanthomonas. A11
are single-celled, non-sporing rods with the approximate dimensions of 2.O pm x
O.7 pm. Consequently, it is very difficult to distinguish them morphologically. The
only useful morphological criterion in the identification of plant pathogenic
bacteria is flagellation. Many bacteria have one or more flagella which are thread-
Iike structures with a helical form and which rotate like a propeller. This enables
bacteria to move through a liquid medium. In plant pathogens, flagella may be
attached at the cell ends (polar), over the whole cell surface (peritrichous) or as a
ring around the centre of the cell (circumtrechital) (Fig. 6.3). Flagella are not
normally visible under a light microscope because they are less than 0.2 pm in

{
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diameter, the wavelength of visible light. However, they can be made visible by a
process similar to tanning which increases the diameter of the flagella.
Alternatively, flagellation can be determined by electron microscopy. Flagellation
is useful in distinguishing genera of Gram-negative plant pathogenic bacteria
(Table 6.1).

Figure 6.2 Diagrammatic representation of peptidoglycan in bacterial cell walls,
showing cross linkages between the individual strands through the
tetrapeptide chains. (A) general structure and (B) detail of cross linkage.
Note: G = .lV-acetylglucosamine residues; M = N-acetyl muramic acid
residues; DAP= Diaminopimelic acid. (Based on J.M. Ghuysen, 1968.)

As morphological characters are of little value in the identification of bacteria,
they are identified by what they do, rather than by what they look like. Can a
particular isolate use this sugar or that sugar? Does it require oxygen for the
breakdown of glucose (oxidative) or does it not (fermentative)? Can it break down
starch? Over the years, many accurate diagnostic tests have been developed to
distinguish the genera and species of bacteria. Some of those useful in
distinguishing plant pathogenic bacteria are given in Table 6.1. They are largely
arbitrary tests which have been found to work and do not imply any phylogenetic
relationships. Only recently, have reasonable phylogenetic relationships been
indicated by sequencing 165 rRNA genes but the topic is beyond the scope of this
chapter. A useful diagnostic key can be constructed to distinguish the most
important genera of Gram-negative bacteria (Table 6.2). It must be realised
however, that there are exceptions to nearly all tests. It is much safer to identi$
bacteria by considering several characters together, rather than one by one as in
a key. Recently, standard commercial kits, such as the Biolog Identification
System (BIS), have become available for the identification of bacteria. Although
costly, they can give a rapid and accurate identification of many plant pathogenic
bacteria. Another useful character that can be used in the identification of
bacteria, both Gram-positive and Gram-negative, is the fatty acid composition of
cells.

In addition to bacteria in the common genera of Gram-negative plant
pathogens, there are some less common bacteria, usually with fastidious
nutritional requirements, that have been allocated to other genera. These include
Xglophilus and Xllell,a, both single-species genera. Xglophilus ampelina causes
bacterial canker and necrosis of grapevine and XgLellaJasttdiosa causes Pierce's
disease of grapevine as well as many other diseases. Both organisms cause
serious economic damage but forlunately, neither has been recorded in Australia.
Two other single-species genera have been established as plant pathogens.
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Rhizobacter (daucus) and Rhizomonas (suberif,aciens) are the causes of bacterial
gall of carrot and corlqy root of lettuce respectively. The latter has recently been
recorded in Australia. It is of considerable interest that both R. daucus and R.
subertJaciens are oligotrophs which means that they require dilute media for
cultivation.

Figure 6.3 Examples of bacterial flagellation. (A) Circumtrechital (Agrobactertum).
(B) Peri t r ichous (Ertuinin).  (C) Polar (Xanthomonas).  (D) polar
(Psettdomonas).

Taxonomic rearrangements continue to increase the number of plant
pathogenic bacterial genera. BurkhoLdena, Acidouorax and Ralstonia have recently
been proposed for plant pathogens, previously designated as Pseudomonas.

Table 6.1 lmpofiant propefiies of some Gram-negative plant pathogenic bacteria.

ProperLy Agrobacterium Enuinin Pseudomonas Xanthomonas

Flagellation Circumtrechital Peritrichous

Oxidative or Oxidative Fermentative
fermentative

Colour of colony White White (some
yellow)

Starch
utilisation

Polar

Oxidative

White or
fluorescent

Polar

Oxidative

Yellow (rarely
white)

Usually +*

Finally, there are some pathogenic Gram-negative bacteria that have not been
sufficiently characterised to allow allocation to a genus. The cause of greening
disease of citrus cannot be grown in culture but is known to be a member of the
Proteobacteria. No genus has been designated although the trivial name
Liberobacter has been suggested.

G ra m- positive bacte ri a
Until relatively recently, all Gram-positive single-celled plant pathogenic bacteria
were placed in one genus, Corgnebacterium. Recent taxonomic studies have
shown that this is not satisfactory and plant pathogenic corynebacteria have
been allocated to four genera, Arthrobacter, CLauiba-cter, Curtobacterium and
Rttodococcus. A fifth genus Rathayibacter, has been proposed for those species of
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Ctauibacter transmitted by nematode vectors. All are aerobic but some grow very
slowly. Many are bright orange or yellow when grown on rich media and the cells
are often pleiomorphic. The main basis for distinguishing these genera is the
composition of the cell wall, particularly the peptidoglycan component which is
very variable in Gram-positive bacteria (Table 6.3). Peptidoglycan is a
heteropolymer consisting of cross-linked glycan strands. A glycan strand consists
of alternating p-1, 4-linked residues of lV-acetylglucosamine and lV-acetylmuramic
acid, a unique constituent of peptidoglycan. A tetrapeptide chain consisting of
both L- and D-amino acids is attached to each /V-acetylmuramic acid sub-unit.
The parallel polysaccharide chains are cross-linked through the tetrapeptide
chains (Fig. 6.2). The composition of the tetrapeptide and the method of cross-
linking varies between Gram-positive genera and are useful characteristics in
identification. TWo main methods of cross-linkage, A and B can be distinguished.
In A, linkage is from position 3 on one tetrapeptide chain to position 4 on an
adjacent tetrapeptide on a neighbouring glycan strand. In B, the linkage is
between positions 2 and 4. Other components of the cell wall are also useful in
distinguishing Gram-positive genera.

Table 6.2 Key for the identification of Gram-negative plant pathogenic bacteria.

9 1

2.

3.

4.

5.

l . Oddat ive  . . . . . . . .2
F ermentative .............. Eru:inta
Produces fluorescein on Medium B of King et aI.......... ...Psettdomonas
No f luorescent pigment produced . . . . . . . . . . . . .  . . . , . .3
Produces 3-ketolactose on lactose agar ........ Agrobacterium
N o  3 - k e t o l a c t o s e  p r o d u c e d  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 4
Ox idase pos i t i ve  . . . . . . . . . . . . . . .5
Oxidase negat ive . . . . . . . . . . . . .  6
Marked accumulation of poly- p-hydroxybutyrate ;

growth factors not required . . . . . . . . . . . . . .  . . . . . .Psettdomonas
No or slight accumulation of poly-p-hydroxybutyrate;

biotin required ........Agrobactertum
Colonies yellow Xanttrcmonas
Colonies not yellow atypical strains of Xanthomonas and Pseudomonas

In addition to the single-celled Gram-positive pathogens, there is one
important group of pathogens that produces mycelium. Members of the group
belong to the genus Streptomgces of which several species cause scabs mostly on
potato tubers. Originally, they were considered to be fungi but they have all the
characteristics of prokaryotic organisms and should be classified in the
prokaryotic family Streptomycetaceae. As StreptomAces is the only genus of
mycelial, prokaryotic plant pathogens, it is easy to identiff.

In most situations that plant pathologists have to deal with, a definitive
identification is not necessary. It will generally be adequate to establish
pathogenicity and Gram reaction and then consult a book on plant pathogenic
bacteria for a presumptive identification of the genus, or even the species.

6.
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Table 6.3
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Characterist ics of the cell  wall  peptidoglycan and cell  membrane useful
dist inguishing genera of Gram-posit ive plant pathogenic bacteria.

t n

Characteristics Arthrobacter Clauibacter Curtobactertum Rhodococcus

Tetrapeptide
linkage

Diamino acid in
peptidoglycan

Position 3 of
tetrapeptide

Peptidoglycan
type I

Major mena-
quinone type2

2 a n d 4

diaminobutyric
acid

L-diamino-
butyric acid

82g

9 and 10

2 a n d 4

D-ornithine

L-homoserine

B2b

I

3 a n d 4

diamino pimelic
acid

m-diamino-
pimelic acid

A lg

3 a n d 4

L-lysine

L-Iysine

A3a

I

1 The various peptidoglycan types are defined by Schleifer and Kandler (1972).
2 Menaquinones are respiratory quinones; the number of isoprene units is shown.

6.4 ldentification of species

Agrobacterium

The genus Agrobacterium is a member of the family Rhizobiaceae along with
Rhtzobium, Bradgrhizobtum and Phgltobacterium. It comprises single-celled,
Gram-negative, non-sporing rods (1.5-3.0x O.6-l.O pm)with a few circum-
trechital flagella. Most strains are strictly aerobic but some can use nitrate as a
terminal electron acceptor in the absence of oxygen.

There are four species of Agrobacterium, A. tumeJacrens (the type species), A.
rhizogenes, A. rubi and A. uitis. The first two have a wide host range while the last
two are restricted in the field to plants in the genera Rubus and Vitis respectively,
although artificial inoculation reveals a much wider potential host range for most
strains of A. uitis. Originally it was considered that A. tumefaciens strains induced
gall formation on plants while A. rhizogenes strains induced root proliferation.
However, these two characters are plasmid-encoded and are no longer considered
of taxonomic importance because they can be transferred from one bacterial cell
to another. The four species can be readily distinguished (Table 6.4).

Erwinia
The genus Erwinta is a member of the family Enterobacteriaceae. It comprises
single-celled, Gram-negative, non-sporing, facultatively anaerobic, peritrichously
flagellated rods, 1.0-3.O x O.5-1.0 pm. Normally, Ertuinra species are classified
into three groups, the Amylovora, Carotovora and Herbicola groups on the basis
of biochemical reactions and pathogenicity. In general, members of the Amylovora
group induce necrotic wilts, utilise a restricted range of carbon compounds and
require organic nitrogen compounds for growth. Members of the Carotovora
group are biochemically more active and induce soft rots while members of the
Herbicola group have a yellow pigment and are mostly saprophytes. However,
there are exceptions to all of these characters and it is not possible to present a
simple table for the identification of the t5 species currently recognised in
Ertuinia". The type species, E. amgLouora, causes fireblight disease of apple and
pear.
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Tabfe 6.4 Diagnostic characters used for the identification of Agrobacterium species.

93

Character A. tumeJaciens A. rhizogenes A. ntbi A. uitus

Natural Host Rangel

Growth factor
requirement

3-ketolactose
production

Growlh on 2olo NaCl
Growth at 37'C
Acid from:

Erythritol
Dulcitol
Melezitose
Ethanol
Arabitol

Alkali from L-tartrate

Wide

None

+

+
+

Wide

Biotin

Rubus spp. Vitrs spp.

Biotin, calcium Biotin (some
pantothenate, strains only)
nicotinic acid

T

+
T

+

-r

T

+

+
+
+
+
d2

I With the possible exception of A. ntbi. all species contain non-pathogenic, as well as
pathogenic strains.

2 d some strains give a positive reaction, others a negative reaction.

Pseudomonas

The genus Pseudomonas belongs to the family Pseudomonadaceae. Members of
the genus are single-celled, Gram-negative, oddative, non-sporing rods with one
or more polar flagella. It is a very variable genus and contains soil-inhabiting
saprophytes, animal and human opportunistic pathogens, an important animal
pathogen (P. maLtei causes a disease known as glanders in horses), as well as
plant pathogens. P. aeruginosq, an opportunistic human pathogen, is the type
species. The plant pathogens should probably be separated into at least two
genera. The taxonomy of the family Pseudomonadaceae is still confused but the
many species and genera have been divided into five main groups, based on
rRNA-DNA homologr and confirmed by rRNA sequencing. Most plant pathogens
in the genus Pseudomonas fall into groups I and II, corresponding closely with
fluorescent and non-fluorescent strains. However, the ability to accumulate poly-
B-hydro>rybutyrate is a more reliable taxonomic character than fluorescence
(Tabte 6.5).

The key is of only limited use because P. sgrtngae contains 4l previously
described species. Many of these have been subjected to hundreds of tests in the
hope that some could be used to distinguish the species. Although diagnostic
tables have been constructed, none is entirely satisfactory. So all the nomen
species (i.e. they have been described and given a name) are norrnally included in
P. sgringae. From the point of view of the plant pathologist, this is not satisfactory
because most of the nomen species have a characteristic and restricted host
range. The term'pathovar' is now used to differentiate strains within P. sgringae.
This will be discussed in the next section on infra-subspecific classification.
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Tab le  6 .5
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Tests used to d is t inguish some impor tant  p lant  pathogenic  species o l
Pseudomonas.

Group I. Poly-p-hydroxybutyrate not accumulated, arginine dihydrolase negative
1. Oxidase negative P. sgringae
2. Oxidase positive P. cictrcrti

Group II. Poly- B-hydroxybutyrate accumulated
l. Arginine dihydrolase positive P. caryophglli
2. Arginine dihydrolase negative

i. No denitrification . P. cePacta
P. gladioli

P. solanacearttm*
(some strains)

ii. Denitrification ...... P. solanaceantm*
(most strains)

* Name has been changed to Ralstonia solanacearum

Strains of P. syrrngae usually produce a green fluorescent pigment and are
frequently confused with the saprophytic species P. Jluorescens which produces
the same pigment. The two can be distinguished from each other and from closely
related species by five simple tests (Table 6.6) known as LOPAT.

Tab le  6 .6 LOPAT tes ts  to  d is t ingu ish  pa thogen ic  and non-pathogen ic  f luorescent
oseudomonads.

Species Levan Oxidase Potato Rot Arginine Tobacco
dihydrolase hypersensitivity

P. sgringae +
P. fluorescens
P. utrtdiflaua

* Consistent positive results obtained only when bacterial suspensions of lOe cells per
ml are used.

Xanthomonas
The genus Xanthomonas is closely related to Pseudomonas and belongs to the
family Pseudomonadaceae (Group V). The characteristics of the genus are single-
celled, Gram-negative, aerobic, non-sporing rods O.7-1.8 x O.4-O.7 pm, with one
polar flagellum. An important feature of the genus is the production of
'xanthomonadins'which are yellow, water-insoluble brominated aryl polyenes. In
Xanthomonas, starch hydrolysis is usually strong. In contrast to Pseudomonas,
growth factors are required. Many strains produce an extracellular
polysaccharide called xanthan gum which gives colonies a mucoid appearance.
Xanthan gum is widely used as a thickener in the food industry. The type species
is X. campestris.

Exactly the same situation has developed with Xanthomonas as with
Pseudomonas. Approximately l2O species of Xanthomonas have been described,
based largely on host of origin but only six are currently recognised. One hundred
and seventeen nomen species have been placed in one of these six species, X.
campestris. Tests used to differentiate the species are given in Table 6.7.

-r

+r(
+

I

+
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Table 6.7 Tests to distinguish species of Xanthomonas.

Character X. X. X. X. X. X.
campestris Jragartae albilinearts axonopodis popult'L oryzae

Mucoid
growth

Hydrolysis of:

Gelatin

Esculin

Starch

Proteolysis of
milk

H2S from
peptone

Growth on 2o/o
NaCl

Acid from:

Arabinose

Trehalose

Fructose

I The name is not yet valid.
2 d Some strains give a positive reaction, others a negative reaction.

Arthrobacter
The genus Arthrobacter contains Gram-positive, strictly aerobic rods. On complex
media there is a cycle of development which involves a change, with age, from
rods to cocci. Only one species, A. itlbis, is a plant pathogen. It causes a blight on
foliage and twigs of American holly (ILex opaca). As the disease has not been
recorded in Australia and does not constitute a serious threat to plants growing
in Australia, no further details are given.

Clavibacter
The cells of Clauibacter are Gram-positive, non-motile, non-sporing irregular rods.
The colonies are white or yellow to orange, occasionally pink, depending on
species, strain and medium, and usually smooth, entire and slow growing. The
genus contains six species: C. tranicus, C. mtchiganensts (including five
subspecies), C. rathag| C. toxicus (now named Rathagibacter toxtctrs), C. tritiri and
C. xgli (including two subspecies). All species are obligately aerobic and all are
plant pathogens with marked host specificity. One group requires nematodes of
the genus Anguina as vectors. The type species is C. michiganensis.

In most cases, species of CLauibacter can by identified by knowing the host
plant and by establishing pathogenicity. However, this is not always easy,
especially if a nematode vector is required. In fact, it could be argued that the
species transmitted by nematodes are not really plant pathogens but merely
opportunistic colonisers of nematode-damaged tissues. Without the nematode,
Iittle or no plant colonisation occurs. Some characteristics used to distinguish
species and subspecies of CLautbacter are given in Table 6.8.

95

d

-r

+

+

+
T

T

d

Slow

+
T

+
T

-r

d

+
T

T

+

d2

+
d

-r

+
+
T



L

Ii

'3

+ i ( / )

(i u)
\ E
c o Q
= F {r - =
P^' : '* + . *
o . : = .

o h r h* * *
! ! X a
9 J ! X r :
F E E S
, E i R "
o  j i *  o
t r e \ J z
. E i l i l t l
> -<  t r  ) . ^
f . i H

Z O Q z ,
- C.l cO rtr

fr
-

-

-

-

5 ; ' i  -
( h -  E

v)

G h i

2 a  c
t r o i F

iJ (J

B =

a f i
V A

a - y
Y F F

( g  r v | .

:  = 9
*  > f

. P

- -  h i

. .  F t r  C
K  - . c d *  F ,' =  . ' t - T  I t .  I

>  F E r >  = '
\ =  I

H ^ a

w
^  h ^  ,  -

Y W L T

i  L -  v

H  E E T  E
A  s c ;  =
a F i i c

tsn
or rn b0 l*
! - t s ! -

D  r = ! : ;
, _ E !

< 5 E o' a >
a

s siH Fgi ,
e  t r L - a J  :
c d  ' =  c :  . b ' i i
!  F = b  = =  |
F  E i f i  i ' h

o e -  \

s  H i g  t
f  E = E E *  '
C I  8 E U  E

w l

+  t r L ! ?  :
c d  ' =  o :  . b ' l i
P  E = b  = =  |
E  E ; =  B  i ' 5
-  t = ; t  4

( ) u -  \

= ; ( F

. : *  o  c ,  I- * Y  F o = ( !
i . \  x  P : . = t r

^ - $ o' . . - *  * /  -  -
A - H t s

F r  a

t ? =
A = 9y u * -
H . -  . .  r -  H
^ *  -  -  . i

V ! L E

v ) Y v -

( r  9 E  V J

9 >
F -

V E

g \ !

t A ' r :

c i - -
'1- r'A tA

r l
T I

+ l .l- w)

+ l

t +

t r l
- l

I
I

a =
(-

X R
U X

. ,  A . 3
r )  = . :
,"- d't

^ : X  Q
\  o . F
o n h

i
r S  o a
E H =

r i  X  Q" s'-
q

U

. r  3 . 9
t r P o
o s  h

e J  Y . 3
t r . : r o
" . !  0

\ i i
\ J ' ;
N - /

q

v ' t i

€

. -

L

\ r t s

q:
r i . 9

F
v

l-

(! '-

= a

r )

\j
q)

N-::
a \

.;I

o-

:l

E
c

U)

a

d \

-c

E

:=
o

0q
(o
-9
.ct
(E



6. Bacterta and phgtoplasmas as pLant parasites

Curtobacterium
The characteristics of the genus are irregular, non-sporing, strictly aerobic,
Gram-positive rods which are usually motile. The genus contains six species but
only one, Cu. Jlaccun{aciens, is a plant pathogen. It consists of four pathovars
(see next section), pv. flaccumfaciens on beans, pv. poinsettiae on poinsettia,
pv. oortii on tulip and pv. betae on beet. All are able to infect their hosts
systemically and all are transmitted in or on seed. Presumptive identification is
based on pathogenicity and host.

Rhodococcus

The characteristics of the genus are irregular, single-celled, aerobic, non-motile,
non-sporing, Gram-positive rods. The genus contains l3 species but only one, R.
Jasctans, is a plant pathogen. It is essentially an epiphyte growing abundantly on
the apical meristems of the shoots of many plants. It causes fasciation of both the
floral and vegetative parts, probably due to its ability to produce cytokinins. The
genes for synthesising cytokinins are located on a plasmid. Infection leads to loss
of apical dominance which results in the formation of multiple malformed shoots.
Pathogenicity and symptom expression can be used for presumptive
identification.

6.5 Infra-subspecific categories
The nomenclature of bacterial species and subspecies is rigidly controlled by
rules and regulations. If a new species is described or the narne of an old one
changed, these rules and regulations have to be observed. However, infra-
subspecific categories do not have to comply. Instead of rules and regulations,
there are only recommendations and these allow much more flexibility. These
categories can be particularly useful when a difficult taxonomic situation arises
such as with P. sgringae and X. campestns where each species contains dozens of
different pathological entities. By allocating these entities to the infra-subspecific
category'patho'urar', the taxonomic problem is more or less solved. Also, it is
sometimes necessar5r to define a strain by various characters, not generally used
for species identification. These characters include serological reactions,
susceptibility to bacteriophages etc. The basis for these infra-subspecific
categories will be briefly described.

Pathovar (pv.)

The term is used to designate organisms solely on the basis of their pathogenic
characteristics. For example if a bacterial pathogen isolated from tobacco had the
general characteristics of P. sgringae but could only infect plants in the genus
Nicotiana. it could be called P. sgringae pv. tabaci. This would correspond with
the organism originally described as P. ta,baciwhich is no longer a valid species
because it cannot be distinguished from P. sgrtngae by standard laboratory tests.
Similarly, P. sgrtngae pv. pisi would correspond with the old P. prsi which attacks
peas.

Race

The term race is used to distinguish strains by their pathogenic characteristics
based on their ability to attack cultivars rather than species or genera. A
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Pseudomonas sgringae pv. pisi may have several races which
susceptibility reactions on a standard set of cultivars.

Biovar (bv.)

If a species occurs in two or more forms which can be distinguished by
biochemical tests they can be designated biovars. The difference between a biovar
and a species or subspecies is a matter of judgment. Pseudomonas soLanacearum
occurs as five distinct biovars which can be distinguished by the tests listed in
Table 6.9. This grouping has been largely confirmed by molecular techniques.

Table 6.9 Differentiation of Pseudomonas solanacearum into biovars.

Characteristic Biovar I Biovar 2 Biovar 3 Biovar 4 Biovar 5

Acid production
from

Glucose

Sucrose

Lactose

Maltose

Cellobiose

Mannitol

Sorbitol

Dulcitol

Gas from Nitrate

I Rare exceptions are positive.

Serovar (sv.)

Here the strains are distinguished by their serological reactions (see also Chapter
1l). Bacterial antisera can be easily prepared by injecting a washed bacterial
suspension into a mammal, usually a rabbit, three or four times at intervals,
after which the animal is bled and the serum extracted and stored. It is called
antiserum and will react with the bacterial strain used for injection (homologous
reaction) and with closely related strains (heterologous reactions). This is because
mammals produce antibodies which bind to antigens on the bacteria. A simple
model of antibody-antigen reaction is shown in Figure 6.4. Serological reactions
are often done on agar plates (ouchterlony plates). If antibody and antigen react,
precipitation lines are formed as shown in Figure 6.5. There are many possible
modifications of the basic procedure. For example, the bacteria may be killed by
heat before injection or 'fixed' with O.25o/o gluteraldehyde which preserves the
structure of the surface antigens. The latter seems to be particularly useful for
bacterial plant pathogens.

A useful modification of the classical serological reaction is the ELISA (en4rme-
linked immunosorbent assay) technique. As the name implies, an en4rme is
linked to an antibody and its presence can be detected by adding a reactive
substrate. Quantitative measurements can be obtained if one of the breakdown
products of the substrate is coloured.

A new development in serology is the use of monoclonal antibodies. In the
procedure described above, many antigens are present and many antibodies are
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6. Bacteia and phgtoplasmas as plant parasttes

produced. According to the clonal theory of immune reaction, each antibody is
produced by a different kind of cell. The basis of monoclonal antibodies is that
the different types of antibody-producing cells (B-11'rnphocytes) are propagated in
culture by fusion with immortal myeloma cancer cells. In this way, only one
antibody is produced in each culture. Monoclonal antibodies have not yet been
widely used in the study of bacterial plant pathogens. They seem to be too
specific for most requirements such as determining if a batch of seed is infected,
but their use is likelv to increase.

--> RABBIT _-+

COMBINED ANTIGENS AT\D ANTIBODIES

Figure 6.4 Diagrammatic representation of antibody-antigen reactions. The antigens
consist of bacterial cells with two different antigenic determinants. When
inoculated into a rabbit, two separate antibodies are produced,
corresponding to the two antigens. When antigens and antibodies are
mixed. thev combine as illustrated.
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Figure 6.5 Ouchterlony plate showing antigen-antibody reaction following double
diffusion in gel. The antiserum containing the antibodies is in the centre
well and the antigens are in the outer wells. (A) Homologous reaction.
(B) Heterologous reaction with a closely related strain. (C) and (D) No
reaction.

Phagovar (phv.)

Strains of bacterial species can often be distinguished by their sensitivity
bacteriophages (or phages) which are bacterial viruses. There are two kinds
phages, virulent and temperate. A typical infectious cycle of a virulent phage
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shown in Figure 6.6. Following infection, bacterial cells are rapidly killed. If a
virulent phage is sufficiently diluted and added to a developing 'lawn' of bacteria
on a plate, clear plaques, usually about 2 mm in diameter, will appear where the
bacterial cells have been killed. 
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Figure 6.6 Life-cycle of a virulent bacteriophage. (A) Bacteriophage showing protein
coat and DNA. (B) Infection during which phage DNA is injected into a
bacterial cell-the circular bacteriai chromosome is shown. (C) Phage DNA
replicates. (D) Protein coats are synthesised. (E) DNA is packaged into
protein coats. (F) Cells lyse and phage particles are released.

A temperate phage has two different states, a vegetative state which is the
same as that of the virulent phage and a lysogenic state where the phage DNA
becomes incorporated into the bacteriai chromosome. The bacterial cell is not
killed but when the chromosome replicates at cell division, the phage DNA also
replicates and the daughter cells contain phage DNA as well as chromosomal
DNA. The lysogenic state may continue indefinitely but occasionally it reverts to
the vegetative state, when virus particles are formed and the bacterial cell is
killed. The two states are shown in Figure 6.7.

Molecular groupings

Molecular techniques have recently been used to distinguish groups of bacteria
(see also Chapter I l). One of the most widely used methods is Restriction
Fragment Length Polyrnorphisms (RFLP). Restriction enzymes cut DNA at precise
positions determined by the sequence of bases on the DNA. For example, the
restriction enzyme EcoRI cuts only at the sequence GAATIC. The more closely
two bacterial sirains are related, the more likely it is that they will have the same
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6. Bacteria and phgtoplasmas as plant parasites

base sequence. Therefore, their DNA will be cut in the same places and the
resultant DNA fragments will have the same length. However, the converse also
applies. If two bacterial strains are only distantly related, it is likely that
restriction en4rmes will produce DNA fragments of different lengths. This can be
used to group strains.

1 0 1

%#-4:
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Figure 6.7 Life-cycle of a temperate bacteriophage. (A) Vegetative phase which is the
same as the life-cycle of a virulent phage shown in Figure 6.6. tB) Lysogenic
phase where the phage DNA becomes integrated into the bacterial
chromosome. (With some temperate phages, the DNA does not integrate
into the chromosome but remains independent like a plasmid.)

Another molecular technique that is becoming widely used in the identification
and grouping of bacteria is Random Amplified Polymorphic DNA (RAPD). It is
based on the Polymerase Chain Reaction (PCR). Normally, in PCR, two short
lengths of single-stranded DNA called primers with specific sequences, are used
to ampliff defined fragments of DNA located between the two primers. In RAPD, a
primer of about lO bases chosen at random is used. If the primer hybridises to
sites that are close to each other and convergent, fragments of DNA will be
amplified and can be separated by gel electrophoresis. In contrast to PCR, RAPD
results in a variety of unpredicted, yet entirely characteristic amplification
products. If two bacteria are closely related, RAPD will produce the same DNA
fragments. In contrast, distantly related bacteria will give rise to different
fragments of different lengths.

6.6 Phytoplasmas as plant pathogens

Until L967, there'were many diseases that were thought to be caused by viruses
but virus particles could not be detected in diseased plants or extracted from
them. These diseases were certainly infectious and the infectious agents could
pass through bacterial filters. Moreover, insect transmission was usual and
nearly a1l could be transmitted by grafting or by dodder (Cuscuta spp.). All these
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characteristics indicated that viruses were the cause of disease. However. in
L967, Japanese workers published electron microscope photographs of sections
of plants affected by mulberry dwarf disease. In the phloem cells were numerous
structures, without cell walls but bounded by a unit membrane, showing a
striking resemblance to a group of prokaryotic organisms found in animals
known as mycoplasmas. In the phloem cells these so-called mycoplasma-like
organisms or MLOs vary in cell density and shape (O.3-0.8 pm in diameter).
Because they lack a cell wall, MLOs are separated from other bacteria and placed
in the c lass Mol l icutes a long wi th  mycoplasmas,  sp i rop lasmas and
acholeplasmas. MLOs have recently been renamed 'phytoplasmas' and they share
ecological similarities with plant-pathogenic spiroplasmas. Both plant pathogens
multiply in the phloem sieve tube elements and are transmitted by phloem-
feeding insect vectors such as leafhoppers. Phytoplasmas differ from
spiroplasmas in that they have a pleomorphic rather than helical or spiral
morphology, and unlike spiroplasmas, phytoplasmas cannot be cultured.
Sequence analysis of 165 ribosomal DNA and ribosomal protein genes of several
phytoplasmas and other Mollicutes indicates that phytoplasmas are in fact more
closely related to the non-sterol-requiring acholeplasmas than they are to the
sterol-requiring mycoplasmas or spiroplasmas.

Because spiroplasmas can be cultured, more progress has been made in
establishing the pathogenicity of diseases associated with these Mollicutes, than
has been possible with phytoplasmas. Stubborn disease of citrus, caused by
SpiropLasma cttrt was the first plant disease from which a Mollicute was isolated,
cultivated, well-characterised and pathogenicity formally established. Two other
plant diseases, corn stunt and periwinkte disease, have since been shown to be
caused by different species of SpiropLasma.

Identi$ring a phy'toplasma as a causal agent of a plant disease is much more
difficult and circumstantial evidence is usually used to determine whether a
particular disease is caused by a phytoplasma. Evidence for a phytoplasma
etiologr used to rely on techniques such as visualisation of pleomorphic bodies by
electron microscopy, and symptom regression following tetracycline therapy. In
the last ten years procedures to obtain phytoplasma-enriched preparations from
infected plants and insects, has permitted the production of specific antisera, and
the preparation of chromosomal and extrachromosomal DNA probes. These
phytoplasma-specific serological and genetic markers have allowed the detection
of phytoplasmas in infected plant and insect tissue and have facilitated genetic
relatedness studies. Using oligonucleotide primers synthesised on the basis of
partial sequences of cloned phytoplasmas DNA fragments, researchers have used
the polymerase chain reaction (PCR) to ampliff phytoplasma-specific DNA from
infected plant tissue.

The application of these sensitive diagnostic methods has meant that diseases
with a suspected phytoplasma etiologr such as aster yellows, elm yellows, tomato
big bud, clover phyllody and lucerne witches' broom have in fact been shown to
be consistently associated with a phytoplasma.
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