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and conserve

Main picture: Soybean (Glyeine
max) infected with the
damaging rust Phokopsora
pachyrhizi.

Left: Identifying genes for
resistance to soybean leaf rust
in Glycine canescens, an
Australian endemic relative of
soybean. The two leaves on

the left were taken from a

susceptible plant; those on the

right from a resistant one.
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he Australian bush is so peaceful art
sunrise that the bushwalker is

oblivious to the silent battles going

on all around. It's plant versus pathogen,
genes ar dawn. Gene wars, says Dr Jeremy
}rrlll'.il\ll r]1,|_\' Acoount |r'|[ l'l\' i1.||'c E!HH'\\ ||!
natural plant communitics, and the
vlnerability of monoculoure cereal crops 1o
destructive outbreaks of fungus diseases
Burdon, is an evolutionary biologist
with the Centre for Plant Biodiversiny

Research, a joint venture between CSIRO)

Plant Induscry and the Australian National
Botanic Gardens. He has spent much of his
research carcer delving into the netherworld
of plant-pathogen interactions. This vear
(1996), his peers recognised Burdon's work
by elecring him 1o the Australian Academy
ol ";Lil'“'.(.

While most researchers ar CSIRO Plang

Induscry work with crop |=|,III1‘-. Burdon

tends to work with wild relatives of crop
species, such as Australian narive soybeans
Cr;'.f_']r,'n;;' sp.l. ‘Some of my wiotk has been
on the genetics of rust resistance in
Australian Glycine species, because there is a
grave lack of rust resistance in commercial
sovbeans,” Burdon says,

Originally domesticated in China, the
anmual soybean has only rwo or three wild

relatives in Asia. In contrast, Australia has
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Fh-||l|r\ native Gilycine w.|n.x'i:'~' that are a
treasure trove of genes for discase resistance
and other valuable rans. Soybean breeders

at the University of Hlinois in the Unired

States have been working with scientists ar
CSIRO Plant Industry using advanced
hybridisation rechniques to transter rust
resistance genes into soybeans.

Finding discase-resistance genes for use
in agricultural species is the most obvious
reason for studying wild species,” Burdon
says. ‘Moreover, it is becoming much casier
to imporr wild genes with recombinant
DNA technology.

But studying host-pathogen inter
actions in wild species is also important
because Crops often have \'-;.'L'\L) or native

relatives growing in close proximity. There

is a risk that pathogens such as fungus
diseases will cross over and infect the crop.

I*oan m.]mpir. wild pats often are found

-_:rm-\.-in!_r NEAr 0ar crops, and we hnd that
rust “:[IHH‘- strains on wild oats have fap
more genetc variability than do straimns

found on culrivared oars.”

Two types of resistance

There are two basic systems whereby plants
can resist discase pathogens genetically. The
first, called ‘gene-for-gene’ resistance,
invelves individual contests between a
plant’s resistance genes and the
corresponding genes for virulence in the

pathogen. This is virtually an all-or-none

Where are the gene-for gene
interactions likely to evolve!?
Dr Jeremy Burdon believes that even
within the one host species, different
pathogens attacking different tissues
may induce different types of resistance.
For example, the interaction occurring
between a rust attacking the leaves of a
deciduous tree such as birch (above)
may be based on a gene-for-gene
interaction, while that involving a stem
canker (left) may involve the action of

many genes.

atbair in which a ill.il‘rl thar is resistant to
one pathogen race may be totally
\L:-.u-imhlr.- to a difterent race. The second

svitem of resistance s more of a \htl[s,',lil[i

approach, in which the planr deploys many
genes in its defence, each having only a
small effect on the pathogen. While such
resistance usually sull allows some disease 1o
develop, it tends to be elfective against all
races of a pathogen

Burdon says the gene-for-gene resis-
[@NCe system occurs in many crops such as
maize, sunflower, cars and whear and is
used widely ro combar disease in many
agricultural situations, “In most agricultural
crops, especially our major grain crops,
discase resistance is largely based on the use
ol just a few major J'_L'IH.'\.I he says, "This is

because in a breedin

WORTAm, it s Casier
manipulate single genes which have a large
elfect, 1

wan o move many genes which,
individually, have lintle effect.’
At its most basic level, the pene-for

pene conrest III.I_',' l'i_'iEl-ILl' Ty JLIST Wi !_:s'lh.'\':

a virulence gene wielded by some
anonymous strain of the rust, versus a
particular resistance gene in the crop plants,
While most rust strains are successfully
repulsed by the crop's resistance genes, the
resistance genes in turn .||..4||:-|1:_'f the
|'.|I|HI‘t',l'rl 10 generare new strams that can
overcome them.

Fhis may lead o a much more complex

system, such as that occurring in gene-for-
gene interactions involving the cereal stem
rust Puccinta graminis, a serious pathogen
of wheat crops. In the northern hemisphere,
the rust copes with the seasonal absence of
its cercal host by spending part of is lite
cycle on another plant species, the barberry
Many rusts have two hosts, Burdon
says, " They cvele asexually on one host, and
sexually recombine on the other. Stem rust
has its asexual cycle on wheat. It can go for
hundreds of generations withour sexual
recombination, as it does in Australia,
Luckily, barberry is extremely rure in

this country, and there is no evidence that it

has playedd any role in creanng new serains

al the ;ulimy‘:'n But there have been rare
episodes of asexual recombination berween
different races of stem rust, and they can be
quite tl-.'\'.ht.:lin};.'

Despite this understanding of plant-
pathogen interactions, surprisingly lLictle is
known abour how MEjor resistance genes
L'\'i'll\'['ll_ ll"l{l |'|I|\\' |J'|.C'I\ interact '\.\"i[h
pathogen genes in a gene-for-gene system.
Agriculrure has been around for only abour
10 000 years, and extensive monocultures
for less than one hundred

Researchers have tried to simulate crop-

I‘.l1]1ll1,'_:'FI '.'.l.':1‘.'1i-, inicracrions '\\I[[I



Wild strategies

1

1 |'-l-;||i|..l n could not

© |"|-'I|' Frniny '-II'II'I'. |I ive
| |5l

W JUSE a8 susCeplibic

Linum marginale infected with the rust
fungus Mel ora lini. This is one of the
interactions that Dr Jeremy Burdon is using
to ||'|¥'l_-‘t|}:ﬂ‘l' ( e-lor gone systems in
natural systems Plants to the left cArry a
_l.in:_rllc- gene that make them resistant to the

rust attacking the plant on the right

: .
P Et;! 90 Suw-rar.l 1.986/97 29

- ey
". '\_‘ T



'Y
While we must be concerned
about the possibility of exotic
diseases entering Australia,
some of our native diseases
have spread overseas. Here a
common groundsel plant in
the United Kingdom is heavily
infected with Puccinia
lagenophorae, a rust endemic
ta Australia.




wild which exist as scarcered populations
with only limited gene flow berween them
In time, they may evolve subtly differem
generic structures, Pathogen populations
evolve similar patterns

'In a metapopulation, borh the host and

the ]:_|:k::n:*‘|;n are always present, he savs. 'li

the pathogen hinds a particularly rich patch,
the host gets the hell beaten out of i, while
at a nearby patch, the plant may dominate,
and the pathogen becomes locally extnct

Erll\ 15 |'.I'|'. il 15 |!'||i'l||l|l’|‘ Loy "'I‘lli'l
plant-pathogen interacrions in the wild, and
at the level of the metapopulation. ‘If we
look at individual populations, we really can't
sav much abour the evolutionary dynamics
of whar is I'..leprmn!; We need to study
many populations within a larger area,”

At different locations within the
geographic range of their metapopulations,
the plant species and its pathogen may find
[lll.‘ll].\t‘l'-'t'h L]llt'”i”l: with di“}:rrm genenc
weapons, [he action is local, the con-
sequences global: Burdon believes these
games of genetic chance, played out over
millenia, can account for much of the
seemingly random ‘patchiness’ typical of
11.|[1|L,it CCosysiems, and the t'phrllu'l-”
nature of many plant populations

Ihese gene wars involve another

dimension: time. Over time, plants have
evolved many different stravegics o avoid
their pathogens. For example, the genetic
interactions between a pathogen and a
herbaceous plant thar dies back to an
|J|:|~11'E:‘_'TH:I'.H| routstock ttlliltl!‘_ winter ol
summer are likely to be quite different fram

thase iny nhin!: a free specics that lives for

sevieral Ceniures

Gene-for-gene interactions may be
particularly associated with systems in
W |11L|1 :+}| |]I)h'[ ]\I ints are .1“"|||.||'| ofr
herbaceons perennials that periodically

‘disappear’ and in which the pathogen has

no good way of surviving those poor times,
In such situations, if the host's population
is small (as it tends o be in natural eco
systems) the pathogen may even become
locally extinct, This means that the host can
recycle the same resistance penes from
SCAS0ON O sCaAson,

‘T can envisage a situation in which the

same plant species will evolve a gene-tor-gene

defence apainst one |r.:L|u:_|-_|.|1. and a mulei-

gene em for another,” Burdon says

For L -..:|1||1|L. ({4

iar pathogens that
mrget the fresh leaves ol a deciduous rree
face similar problems in surviving the
seasonal disappearance of their food
resource. It may be this type ol selection
pressure that leads to gene-lor-gene warfare
berween host and pathogen. Occasionally

['tu ['.!.!I:i"_'L'H OVEFrCOMCEs the host's re

sistance with a new virulence gene, with
dev ASTALING CONSCOQUENCCS.

In contrast, the same tree species
represents a constantly present food
resource ro a pathogen like a canker that
attacks the runk,” Burdon says. "For a tree
that lives a long time, discase is probably
inevitable. Here it's dangerous ro base your
defence on a single resistance gene that may
be overcome, leaving you rotally vulnerable.
A mulo-gene defence where resistance genes
tend to slow the infection, rather than
exclude it, may be beeer.

Burdon says these strategics are the tip
of an iceberg for interactions in nature
which help 1o mainrain hindiversity.

Indeed. there are some good overseas data

NLil‘]'lirliILE: the idea tha I'un:_'.a P-Hhﬂlll‘f'l"
influence plant distribution,

[hat is cermainly the case with the root
rot fungus Phytopthera cinnamomi which

h;|t. L]['ll”l'_llL‘il \IlM.L‘plil'llL‘ |ll_:ll.:'1l'1 ;II]:{

heathlands in Western Australia, Plant
disease EXPLILS NOW believe thar P
cinpammmi is not native to Australia, which
is why so many native plant species are
vulnerable.

Burdon fears a repeat of the WA

tragedy. ‘As global rade and travel increase,
WE are secing more w ceds coming into
Australia, and more and more pathogens,
he SaYs. It worries me that other overseas
F\_nhng.-n\ could get into Australia and
amack our native specics.

'In South America. a fungus disease tha

Fid

evolved on guavas has spread o Eue
!\I.mt_u]m]\ causing abour 30% detoliaton
of the wees. Guavas and cucalypts are both
members of the same fanmly, the Myrtaceae
Our cucalypis and acacias are now widely
grown throughour the world, and we may
||,|_\;- |11||E[ :_[l_'lu_'!:l hrlli_ﬁr\ Tll.ii INCreasc I]1-.'
risk of exotic pathogens entering Australia
and artacking our navive flora.

I'here is a important message here for
conservation, Burdon says. “1f we are really
interested in biodiversity as a whole, we
shouldn't stop with the warm and cuddly
species, or pretty plants. We need o look ar

a much broader range of species.

More about plant pathogens

Burdon ] (1996) The Dynamics of Discase in

Natural Plant Pog [
y. eds RB Floyd, AW Sheppard
aind Pl De Barro PP 2891-300. CSIRO)

Melhaonirne

wlations. In ntrers of

An oat crop heavily infected with crown rust
{Puccinio coronata) which uses weedy wild oat

species as an alternative host.
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