


T
he Au$tr.lli.tn bu1h is ;o pc~ccful .u 
HIIHISC th,u the 1"1\hw,dkt•r 1\ 

nhltvmm w till· \llctll h.utle, gomt: 
on Jll .tround. lt"$ piJnt vcmu pathoj\en. 
1\CtleS Jt dawn. toe ne W,JC\, \.IV\ J)r Jcrcmy 
Rurdon. may acc.:cmm fur du .. · p.ltt .. huu:'' nf 
n3turAI plant <ommunittcs. And the 
\Uinerabtlll~ of monocuhurr trrr.tl ""I" Ill 
dt'\tf\IUI\'C nuthrc-•k' nf limgu' dt\C.t'<" · 

Burdon. is .111 cvolutiotUr} bioloj\1>1 
"irh the l.cnrrc for Pl..nt BimltH•r<il\ 
Re•earch. a JOint \'cnturc ht·lwccn ( '\IR() 
Pl.mt lndu>tl) Jnd the i\U>trllian NationAl 
Botanic Garden,. lie h.1, 'I"'"' mm h nJ lu' 
rc<ear<:h <:ar<'er dd\'mg mtn the nethcrwmld 
of pl.tnt•l)3thOj\Cil iotCf.lCtiOil!. J'hl\ )'CM 

( 1996), lm pct•r; rctogtmnl Burdun \ wnrl. 
by clecung hun w th<· Atl'tr.th.m i\t.ltlcm)' 
<ll SdctKc. 

Whi le mo" rc\l-.uche" .11 CSI RO Pl.u11 
lndu'tr)' wo rk w11h <101' pl:tn"• l~urdon 
tend• to work with wi ld rel.nil'cs of crop 
spcctcs, such as t\u\lfaliall n.ui w 'oylw.1m 
<Giyci11~ sp.) . 'Snnw ul tll)' wutl< h.l\ hcen 
on the gcnctks of r u>t res i>t.tncc in 
Australian Gl,·rm~ \pec•c~. hrt.tme rh err i' .t 
grave 1atk nf ru\t rt:\1\t~mu~ Ill t:umntcrd;ll 
soybcan>.' Uurdon sap 

Orogmalk domcwc.ucd on Cltona. the 
annu.1l 'uylu:.ul hJ' nn ly twu ur three w•ltl 
rebmc• on ;\~o.l. In <Ontr.l>t, Amtr~liJ has 
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16 piu< n~ri1•c G'lyrinr <pccies that are ;o 
trea;urc trove of genes for disease rcsinancc 
Jnd other valuable traits. Soybcan breo:ders 
" the l'nivcr<iry of Illinois in the United 
Sutc> ha' c been working with s.:icnmts Jt 
{ ~I RO Pl.111r I ndu<try u'ing ad\' a need 
hvbndtsa11on rcchnitiUe> ro tr.tmlcr n"t 
rc,isunce 1\CIIC. into soybc3m. 

Tondong dise3.Se-resisr.mce f.Cnes for U\C 
in agncuhur.al species is rhe most obvtou< 
rCJIOII for >tudying wild ;pec::ie;, Butdon 
._..\.,. \loreo,cr. it i' becoming much c.-.1;ier 
ro omporr w1ld ~,tenes wnh recomb1nanr 
DNA ted1nolog)·. 

' Bur srudyong hosr-pJrhogen onrer
~cuon~ 111 wald spcc•es is also in1ponan1 

hccJmc ~rop> often h.1vc weed) 01 nJti\'e 
odatl •es growing in close proximity. There 
i< a ro<k that pathogens such a< fungus 
di\C,LIC> will c1<>>> ovco and infc<l the c rop. 
l·or exa mple, w1ld oats often arc fo und 
growing nc:1r n:u crops. anti we fi nd 1har 

' "'' fungu> ; rr;tins o n wi ld oat> h.wc fJr 
more gcncu t va ri abi liLy rhan do srra111s 
found on n oltivnred oar<.' 

Two types of resistance 
There .ore owo b:o.ic >y>term wh.,reby pl.uH> 
c.111 r<~>isr d1=sc parhogens geneucally. I he 
for<r. called 'gene-for-gene' resi<rance. 
in\'olvc\ iuc.lividu.tl t.Orltt:~l~ bt:t\\ccn J 

pl.onr\ rcsisrancc genes and the 
.:orre~pondtng genes for ,•irulcncc in the 
pathogen. Thi, i> virtual!)· an Jll •or-nonc 

Where arc the gcnc~for gene 

Interactions likely to evolve! 

Or Jeremy Burden believes thou even 

within the one host species, different 

pathog•ns attacking different tissues 

may Induce different types of resistance. 

For ex~mplc, the interaction occurring 

b•tw•en a rust attacking the luves of a 

deciduous tree such as birch (above) 

m;ay be based on ~ genc-for·gene 

intenction, while that involving a stem 

canker (left) may involve the action of 

many genes. 

;oll.m on whi,h .o phnt th.u os r<~i~t.tnr tO 

Oil< f'JtiH>t:en r.llC 111.1) he IUt.OIJy 
'"'~cptible tu .t different ra.c. !'he <ccnntl 
))'\tern of rc~hunt.:.c i\ murl: of .a )hutgun 
•ppro.odt, 111 wlu~h the pl.uor ,1cpln1·' m.tn\ 
gene1 tn ttl defence. each ha"ing onl)· A 

\nt.1ll clleu nn thr p.uhol\en \\'hole such 
1('\1\t.tnC<' 11\U,Jily <till JlltlW\ \OffiC dt!C.l!C tO 
dC\dup. it t<Jld' Ill 1..., cllcui•c: .1gJin,t .11! 
tdlel uf a p.n hc>gen 

Uurdon IJ)' the t:crlc·for-gene r<>i•
tantc ~~Mcm t)(;t.Uh m nun\' uol>' .. uc..h a.~ 

mJi7e. sunllower, OJl\ Jnd whcJt and is 
n1nl wieldy to comh.ll di~e.He 111 mJny 
agrocuhur,tl ''lllatoOtl\ 'In moq at:rocuhural 
c.1op~. c~pcd.all)· Ulll nujor gr.ain c.rnp\~ 

d '"'·"" "''""' nn· " largcl y ha,cd on tilt' u<e 
ul ju\l .1 few lll.lj(ll t:lll<l.' he '·')I· T hi> i, 
bc<..~tu~e tn J hu.~t·d lllg prugurn, u\ ca"Jicr tu 
man1pul.uc <mp,lc f~CilC\ which have a large 
effect. t h.oot w mrwr m.llly gt•nel which, 
onchvod ually. haw little dlce1.' 

;\o ir' nw\1 b,l\it level. olte t:c nc· fnr· 
gene <.'nlltt'\t may rrtlu(;c..• ro 1u'r rwo genC'~: 

,t viru lence !\CIH wiclclc·d hy wn>< 
<lUOU)'IllHU\ \troain uf tlac rw~l. vcn~u ' .1 

p.uricubr rc1inancc gene in rhe crop plants. 
W'h ol t· mn\1 rll\1 \lr.lln' .lr<' \LICccssfull) 
rcpul<cd hr the ~;rnp < rc<i<tancc t:encs. the 
rni\l~n<c gene' in rurn dt.tllcngc the 
p.uhng~n to gt:nc..•utc.· new ''ram~ ch.n can 
O\'crt..onu: then) . 

llm lllJ) lcJd 10 .1 mudt murc wmplcx 
sy>tem. such u thJt Oc:curnng on gene-tor· 
gene mtcr.l<tiun' tnvnl\'ing rhe <crc.-JI stem 
rU\l Purruud K",unnut. :a ~c:riOU\ pathogen 
of "hcJt uup,, In the nnnhcrn lwmi<phc:rc. 
the "'" wpn wuh the wl'nnal oh<enc<' of 
it> tcrc~l ho>t h)· 'pcntlin!\ J>.m of ih lilc 
l\'dc un ~n111hct plant 'lx·uc,, the batberl)·· 

' Man)· ru111 have rwo host>, l~urdon 
<.1}"· 'They rvdc .1\C\ually on one ho<r, and 
sexually rcnunhont· on 1hc· mhcr Stem rust 
h.l~ ih ,1\c>.u,JI c..)·c.k cm whc.u. lt c.ut gu for 
llllllllreth uf g~nCf,lll(lll\ Wttfii>UI \eXUa l 
tccombin.Hion, .t> it doe> in Au,tr.1li.1. 

Lulkil)·, b:ubcuy "c.orcnocly ,.,,..., in 
this country, .1nd there i1 no c1•tdcncc that ir 
h.,~ pl .tv~·d .m}' mic: tn l rt·adng llt"\'-" M min .. 
of o he parlu>gcn But tht•rt• h.we been rare 
cpi~odc) of .&.)CXU.II I'Ctomhin.uion between 
dill'crcm IJlC\ .,r 'tcno no\1, :md they ~an he 
quite tlcva;tating. 

De;p1te tl"' under\l.omling of pbon
p.1thogcn ontcrJcuon<, <urpri~o n~;ly httk is 
kn()wn .thoul hU\\ maJor fC'SI~tJnt:c genes 

cvnlvcd .ual hcH\ the)' inrcra<t with 
p.uhogcn gem.:) in .1 gt·ne·lor ·genc \)'C\lt'm. 

i\gn<uhure ha. h<'Cil arnuncl ti~r nnly JI>Out 
10 000 ycu;, .and eucmi\c moncx:uhurc> 
fur le's Lhan unc hundro:d . 

Rc.,.,;~rchc" h.wc tried ro simul.\re crop· 
p.uhogc:n ~cnctiC' inu:r.H.rions wirh 



cnmpntcr-ha<ed models. In ol!\riCUiturc, 
typi<ally. both th~ hc)\t pl.tnt .llltl rhc 
p:uhogcn m:wr ·" monnluhoc popul.mon< 
' l'o get tltc"<: model> cu worl... ynu h.oH' tto 

bwld m <..h<..•:m. t>lhcrwN', cuhcr the <mp ;, 
const.mdy Jlll<k<-d uo rh.: pJthvgcn upitlly 
p;ocs cxun" ' llurdun >oil'· 

Wild strategies 
I he comcM b.:t•H-.:n pl•nt .1nd p.1rhugcn in 
the '"Jd t> lokdy w he .1 tu nwrc uunpl•·• 
and subtle affair, "ith the ho11 pl•nr\ fJtc 
resting upon the 3<11VIl) nf J \llltc uf 
rc<i<unce 11enc> opcr.lllll!\ in .1 f.1r more 
, .• ,i.hlc .uu! unprt"<li<t.lblc ctworononcnt 

Rurdnn " rrytng tn undcntatHl the 
cvulution~trv pn.::,,u1o 1h.u ',HJ\f" ~cnc: fOr 
gene \Y\It.'Jll.\ tn t•\'nln· IU \nlllt' rbnt\ .lnd 
multi-gene dcfcmivc .ll><ll.tl , tn .tri"· in 
others. I le >ay> •tutlic' nl the <iyn.onliC< of 
hosr-p.Hhngcn inter .oct ioth in ot.ollll.rl 
c,o;ystems may ;u~c>t M ratcgic• d t;ll could 
he u<clitll)• cxplootcd in .tp,rkuhurc. 

Plant •pc<..oc' and thcrr speuali,cd 
p•tlu,~;:cn• .ore kt<:ked in .t l>crenni.tl srrugj\lc 
for cxi~ t cn ... ~; whc 11 .1 lh.uac: IIH I LHIOII 

liHO\\'\. UJ'I \OJtU: 1\t.'W V,lfl,lllt nf .~ fC:\i\t\UlCt.' 

or virulence gene. ir thrcJt<ll' the """'' .11 
of tht' other. Natural \Cicuoun ""'"""'' th<· 
population. lcJvi11g th~ •un·i"'" to [,,, 
new c~·clt'\ nf thJIICIIj!<' .uHI ttll\lltcr· 
chollcnj!C. 

Agriculnorc. thrnu~:h btm·r cxpcricntc, 
lo.- lc;~rncd thJt mono<ulrurc .tnd gcncti<: 
uniform it} c.Hr~ ,\ hi~:h rt\1.. nf lut.tl 
d:tmagc. 1-or a pl.uu \fN.'<:tc< on the wtld, the 
idt'.tl Hr~r.gv i) not tu !-:'"" in l.~tgc. 
p,encucall) unofo11n pnpuiJtu>n'. hor ~~~ 
p.1n. the fung.tl p.tthogcn mu•t di'P'"' ~ 
vancty of \lr.lim thrnughmll ll\ hu•t plant\ 
unge that coomanrh- probe its defences. 

Our hmhw.tlkcr nllj!ht uunc .lltn\\ .t 
nll(c-he.thhy patch of plant< that has been 
Jcva>r .acJ hy .o flJthnt-:cn. \untc dl\t,Hl<c 
JW,l}' j, .t hcahlw patdt col tht• \,111l<' 'f'l'l.tC\. 
Burdon <Jy> thc~c pl.uu~ n1.1y lo.tvc 'urvivcd 

hccause they l''""''ctl ,, '''""·"''"gene that 
rhc local pnthop,cn JlOpul.nion <..uuld owt 
overcome 13ut the plan t\ ouuy '"nply louvc 
heen lucky: rhe)' m.1y be just .1~ >llsccptiblc 
.IS their ncigbiln•or•. hut dot! nor l.Ollle 

undct au:ock from the pathogen. 
13urJou >JV> pl.tut popul.u iu11 honlog"" 

no" t.tlk uf utt·t.tpupul.uo<lm: ,pede' 111 the 

Linum morglnole Infected with the ru!l 

fungus M~lompsoro lmi. This is one o( the 

interactions that Or Jc.remy Burdon is u1lna 

to investigate gene-for·gene systems in 

n~tural systems. Plants to the left urry • 

singl~ gen~ that make them resisu.nt to the 

rust attukong the plant on the right. 





wrld wh rch CXI\1 "' " .rlteu:d popul.ruum 
with onlv liauitcd gcuc li<J\\ ht'IW<'Cil them. 

In time thq "'"~ evuhe \ululy tlrffcrem 
1\Cnctic stru~ture; l'.uhogen 1•npubtton' 

cvohc ~rmil.rr p.mcr"'. 
'In J mctapopulauon. hmh chc luht .rnd 

the p.uhngcn Jll: Jh'J'' pt<'WI, he '.1}'. 'If 
the parhogen find' a p.rrti<UIJrlv rrth p.ndr , 
the ho>t get> the hdl ~Jten out of 11, while 
Jt J 1\t':lfll\ pJtdr. the pl.m n1.11 dnminarc:. 
and the pJth()j\cn hecomc1 I<X•Ily t·xun<t. 

'Thi' " wh) ir i• rmpurtJnr w >rudy 
plant-pathogen imcr.lctinn' rn rht• wrltl, •ntl 
.11 rlw lcvd ol the metapo1>ul.trion. 11 we 

louk Jt mdividuJI popul.uron1, "e rc.tlly c.ln't 
sav much about rhe evolullon.11")' dynami<, 

of what i' happcnrng. We rwt•d HI '"""' 

m.my pupul.1tiun.\ wichin .1 l.~r~c1 .\ lc:t.' 

At different lotJlton' withiu the 

g«>gr.1phi~ r.lllge ul their mcr.1populations, 
the pbnr >pedes :rnJ its pathogen m.l)' lind 

thcmsclvc~ duelling wi rh different genetic 
weapon~. I he: ,l(flon '' lut..d , du: con 

seqm·ncn gln h.tl : llnrdun hdacvc' rlrc'e 
g.1me• nf genctit th .r nte. p l.1ycd out over 
millcrua. can :r.:cuum fo a rnuth of the 

seemingly r.mJom 'p.trchincss' typical of 
natural ecosysrem5 •• rnd the ephemer.tl 

nature of many plam populataon\. 
rhcsc gent w.•n' IU\ uhc .tnotlu.4 r 

dlm('n~ion: t1mc.·. ()n:r 1uuc, pl.uu\ h~wt: 
e\Uh·cd m.tny Jiflcrclll 'rr.ucsics to Jvord 

their patho~cns. l·or example. the gcnctll' 
int~racnom her•-ccn .1 p.uh<>gen .1ml .1 

hcrbacetlll\ piJnt th.H dtc' hack to an 

undc:rgrouncl rnUI\U)\.k Jurin~ '' in1cr or 
<ommer .tr<' likd)· tu he <lllll<' drfli:rcnt from 
rho:.c invol\ ing .1 IR'C spc<i<> that live> for 
M"\'CraJ C.Cill Uflc.."" 

Gene-for-gene intcrJctlnn' nuy h<" 
particul.trh· ,1\\lltt.llnl with 'Y"""n' in 

whrch the ho't pl.ant• •n· lllltn;rl, "' 
hcrh.te<'llll\ pct<nna.tl, rl1.1r pcrindk.rlll' 

'di"PI'"''r' .nul 111 wlud1 the p.uhn~ell h.l\ 

no f\Ood WJ\ of surv1nng tho'c poor '""''· 
In suth muatrnn' rf tlw hm1\ pnpul.uiun 
is small (.ts ir tend< w he 111 n~rur;tl nu 

sr;tcms) the: JMI hng('l1 111,1)' C'\'l' ll hctOII1C 

loc.llly ex !inn. I hi~""'"'" rlr:ll the hmr " "' 
recycle the 'am~,; I C~i.,t.uH.c J.tcnc' from 
~, ... J,on to ,c,tson. 

'I can c:nvi~J.f!,C' .l \UU.H IOil in whi4.h cht: 
S.'lme plant 'I'ICciC\ wall t·vnlw .1 g•·n•··fur g<·ne 
Jclcne<· .ag.1imt nnc p.1drugcn. Jlld .t multi

gene W\tcm for .motlu.•r • liurdnn 'J''' 
Fur n.1mplc. fuli.1r ll.lthugcn' th.u 

tar~et the fre,lt lcJ\C\ nf ,, <l<'<t<lumr< rn·e 
f~C<' srmibr prohlcn" an \Ur\'1\'111!< tht• 
sca\on.ll di,,app.-.tt.ln<< ul their loud 

rc~our((." h nu)' lw tlu' t\'p~ ul ,cJctuun 

pn: .. '-'urc thJt lc.ad' tv gc:n~·-fur-~c.:n\: "'.arbrc 
lxrwe<n hmt ;urd p~thuoten ( >u.l\u111.1lh , 

the p.ltho~cn overcome• the hmt\ re-

,icotance with a OC'\\. vi rule: nee gc.ne. ,.,. ith 
dcv.l.<tJting consequences. 

'In lOntraM, the \,lmc net: 'pede~ 

represent~ a const~nd~· prc,cnt food 

rc>Ullf<C ro J p.uhogen like • <Jnl.<r <hJt 

J\IJ~ks the trunk,' Burdon say<. 'Fnr > rr<<' 

th.u I""' a long rime. di~ea.c i' proh.thl)· 
incviublc. I !ere it's dangerous to ba<e your 

dcfcn« on a single resistance gene char "'"' 
he mcrcomc. lc:;~ving you totally vulncr;~ble. 
,\ multi-gene defence where r.-sa<eancc gent" 

rend to .low rhc infccuon, rather than 

cxdaule n. rnl\· be hcuer.' 
Burdun ;ay> tht'SC strategic.-s arc the up 

ol ln iceberg for inrcracuons 1n n~ture 
whid1 help to maintain hiodivcr<ity. 

Indeed. there arc >Omc good ovNseas data 

'"l'l'uning rht· idea char fungal pathogen' 

inflncaKc plam distribution. 
Th:ar i' <.ertJi nly the case with the root

"'' fn ngn> I'!Jytoptbortt rimuti//0/1/i which 
ha< d<•cim,. cd •mccptiblc forests and 
h c.ulrl.and, in W estern J\ustralia. l'l .1n r 

d a<ca<c experts n ow believe that 1'. 
annmJuJmi i~ nm native to Austt.lli.l, which 
i< why <O many nat ivc pia m >pecie< an: 

vnlner.rblc. 
llurdon fear~ 3 repeat of the \'i!i\ 

tr.lgcdy. 'A, glnh.1ltradc and tr-.1vd incr.:.uc, 
\VC .ut: ·;c::<ing more wccJ, loming into 

t\usrralta, and more and more patho~cns.' 
he sap · h W<lfri~' me rhar uthc.-1 uvcnc.1> 

pathogen> could get into i\usrralia and 

.tnad\. our n:uin: :~opa..io. 
'In ~ourh -\merica. a limgr~> dt\C'J>C that 

"'"l'ed on gtta\':1\ h» ,prc:.ad tu Ettf•ti}pllll 
planrauons causmg. abom 30°o defnli.ar ion 

c>f the tree~. Gu.--a< Jnd cuul) pts ;uc both 
mcmlx:<> ofrhn.1mc family, clae ~l)rtacc-Je. 

Our eUtlh'J'lS and .u:acia• .lr~ nO\\ widely 
grown throughout rhe world, .H>tl wt· may 

h.we burh gcneuc bndgc< rhar mccrca•c the 
,;,k of exotk p.uhogcn< entering \mrr;alia 

.11 ul.ntackmg our narive flora: 
·1 here is a important me"agc here lcu 

w n\Cf\•auon L\urdon S.1)>s. 'If we arc rcJII} 

inrcre,.cd in bi,,divcrsir)' .1s a whole, we 

<hnuldn 't ""!' warh the w.arm .tnd utdtllr 
' l'etic,, o a prcuy plants. \'i/e need to look at 

a mudt broader range of specie,.' 

More about plant pathogens 

Hurdun JJ ( 1')\)(,) rhc: DynlnliC.:S of l>l\(,",1\-(" Ill 

1\:,liUCil I'Llnr r.,rmiJrionJ:. In Frntltl(t'f 11} 
/'npulmnn Fw/.'1). ah RB Floyd, A\\ \hcpr"'J 
•"J l'l De lhrro rr 1?1 .\00. < \IRO 

\hllx'''rn'" 

An oat crop heavily infected with crown rust 

(Pucdnlo coronoto) which uses weedy wild oat 

species u an alte.rn:uive host. 
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