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1.9 a study of the genet, .CS of Rel, .orhte Important n pegWhy

resistance?

Joanne Daly

CSTRO, D, .vtston of BritonoLogy

The term 'genet, .cB' encompasses a group of dtec, .PInes w c y p
The first of these, inoLecuLar genet, .CS, examtnee D , eof evolution.

Genes coderaw material of evol. utton, and I. te organtzat, .on I. tito genes.
for tnformatton uh, .ch, when expressed, gives rtee to t e c a

Tt tB changes at thte LeveL whtch yield the vartattonof the organ, .Bin.

necessary for evoLut, .on to occur

beads on a SLrtng.Genes are organised aLong the Length of chronoaomee e
from epectee to species and theThe 81.2e and number of chromosomes vartes

tB tncLuded tn the f, .eLdstudy of the toLe of Chi. B var, .atton ,. n evo, .ut, .on
Popul. atton genettce ta concerned with changes in geneOf cytogenet, .CS.

frequencies tn populations due to naturaL selection or o c
The triter-reLat, .oneh, .p between the genetic structure o a popu

Factora such as the BtzeIts ecology are examined tn ecoLogtca, . genettce.
the mating system and the amount of dispersal.of popuLattone, the sex ratio,

are Important here.

tn the total. genetic InformattonEvo, .utton occurs when there ts a change
Peattctdeof the population (,.. e. the gene POOL) whtch petalate In ttme.

change because a popuLattontesterance ts an exampLe of such an evoLuttonary

uhtch 1.8 reststant to an trisect, .etae ts genettca y
Limited to a 81ngLe gene. Tmwhich te not although the atfference may be

the stripLeBt 81tuat, .on, reststance artseB from a e rig e,
The atfferent mutant forms of a gene arewtthtn one gene of an Ind, .v, .auaL.

more able toBecause Individuals atth thte new aLLel. e arecalled 81. Lei. eB .

survive and reproduce tn the preBence of trisect, .c e n
leading to the ineffectivenegs of theI. n subsequent generat, .orig, eventualLy

trigect, .etae. Throughanunderstandtngoftheevoutono ,
uh, .ch when coupLed with pestcan aev, .Be Btrategles of peattc, .ae usage,
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management practices, can retard the evol. utlon of r I t
trisecttctdee and enable the conttnued effecttve use of trisecttctdes such
as pyrethro, .dB, even after reststance has been der t d.

SLrategtee of trisecttctde usage, such as the one developed for Hellotht
In AUStraLJ. a, are an attempt to nodtfy the rate of ev L tt
yet these BCrategtes are developed from very tncom let I. f
the genetica of the spectee concerned, and tndeed b t h
pestletde reststance In generaL. SOLuttone a ro rtat t H.

onLyeomefromanunderstandtngofthegenettceof chi t ,
te dtff, .CULL to study organtems In the, .r naturaL habit t,
butLd BCrategtes based on natve genetic modeLs aevel d f
ofmathemattcaL theoryand laboratoryexperimentattont t
house fLtes. Tt 1.8 triportant to remember that the genetical age tl
underLytng theBe errategtes reinatn, by and Large unrested. UrictL we c
test them, any strategy that we triplement wtLL, at the b t,
approxtmate BOLut, .on to be honed by trtaL and error. CLearLy, when we are
deaL, .rig wtth an Industry such as cotton productton, trtal and error can be
expenstve.

We can tlLustrate the value of genetics to an underSL dt f
reststance by the followtng five exampLee.

I. Triter teratton of the data COLLected on reststan

At present, testatance tn a popuLatton 18 measured b th
Ind, .viauaLe which Burvtve a dtecrtmtnattng dose of the trisect, .etae th t
Is, a dose that WILL ktL, . more than 99 percent of suecepttbLe Inatvtdual. s
Resistance te further charactertsed tn a bioaBsa wht h
response of a populatton to different doses of the t t, . t The next

Important step te to define the results of these e I
terms.

Most Itving organtemB carry two complete Bets of genes <0ne e t d t
from the egg and one Bet from the aperm). Thus, us trig the strip, .eet
genettc model, tndtv, .dual. e tn a population In whtch r I



those which carry two copies ofcan be divided Into three categories:

the aLLeLe whtch gLvee TLBe to SUBcepttbtLtty (trialvtduaLs are referred
to as 'hornozygous Buscepttble'), those wh, .ch carry two coptee of the
aneLe gtvtng dBe to reststance ('hornozygouB reststant ) and those t at
carry one copy of each aLLele ('heterozygoue resistant ). The Last two
categor, .es are usuaLly both reststant to the trisectlctde but t e ono2ygo
resistant trial. vtduaLs can survive a htgher dose than the heterozygous

The rate of evoLutton of resistance depends onreststant ones (Ptsure).

the relatt*e gutvtvaL of heterozygous to Buscept, .bLe Ind, .v ua s ecause
In the populatton unt, .L the reststanthornozygous IndtvtduaLe are very tare

detectabLealleLe 18 common. Thts normalLy occurs when when resistance e a
understand, .rig of the evoluttonLevels tn the populatton. Thug, a proper

of reststance requires dtscrtm, .natton between heterozygoue an ono2ygous
reststant tndlvtduaLs.
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2. Defining the enettc basis of the SLrate y

The strategy destgned to controL trisect, .ctde usage against ^._g__g.
contatns a number of ImpLtctt assumptions about the genetics o res a an

tt ts assumed that resistant IndtvtduaLs do riot Burvtve andFor example,
ts not present, thatreproduce as well as SUBcepttbLe ones when trigect, .ctde

Tn L983/84, pyrethrotd use1.8 the resistant ind, .vtduaLe are Legs fit.

for Hell. orhle controL wag restricted to only one generat, .on tn t e poss
Thus, reststant matv, .auaLsfour generattons observed tn a season.

tncreaee tn frequency I. n the popu, .atton tn that generatton.shouLd onLy

Ln the other three generattona, the frequency shouLd decrease 80 a

when averaged over the entire year, the frequency of testerance e ou
not Increase.

We stripl. y do not know if the assumption regardtng the lover ness
Certainly, from expertence wtth otherreststant matv, .dueLs ,. e true.

least In the earlytrisecte the assumption seems to be reasonab, .e, at
However, once such aLl. eLes arestages Just after reststance appears.

the geneticpresent at a Buffl. c, .ent frequency for a number of generaC one,
background of the popuLat, .on also becomeB selected go t at tee e
tndLv, .dual. a can become as ftt 88 susceptible oneB.



3. Po ulatton SLructur

ALL modeLe of evolution contain assumptions about the t t popuLattone.

StripltBttc modeLe ageume that popuLattone are tnf, .ntteL L
are randomly atetrtbuted wtch respect to genettc makeu . Tht I f
mating ts at random and rel. attvee are not clumped In thetr at t tb
add, .ttOn, tt 18 assumed that the amount exchanged between populartone ts
Bufftctent to intintmtze differenttatton between them. NaruraL popuLattona
often do not conform to such stripLe models.

Models of popuLatlon structure have been ueed to ex Letn h I
teetatance hag evolved tn one pest spectee of HeLtothte (H. ami er) a a
in the other (H. ^!!SE^SSE). The two spedeB atffer to their digtrjbutjo
between heb, .cats wh, .ch are exposed co trisecttc, .aee. Further, ,. t te often

Bugseeted that H. E!!99. E^39.2 1.8 a migratory spec, .ee whereae n. armtger tg
more Bedentary (Wardhaugh at at 1980). However, the triportance of th
factors tn the evo, .utton of reelBLance tn HeLtothte mugt remain con, ectur
urictL thle can be demonstrated.
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4. SanpLtng r

The dtetrtbutton of epec, .eB tn space aLeo has Important ImpLlcatlonB
regarding the method of BampLtng for reststance testtn . G tt a
of reststance assume that aLL tindlvtdual. s COILected tn th ft Ld,
cage, Larvae, are a random BampLe of the popuLatlon. ThuB, a ginaL, . BampLe
from a large popuLatlon BhouLd riot contain a ht h to ortt f I a
ditch are rel. area. Little 1.8 knoun about how fernaLe Hellothts dtstrtb t
thetr eggs but one POSatb, .lity te that a female 18 a man t
part of a fteLd before she moves eLeewhere. Tf larvae COLIected for

testtngaretakenfromareetrtctedregton Be aerial. L t f ,
trigtead of throughout the LocalI. y avatLabLe habttat, auch
ftelds, then triterpretatlon of the data uetn such model Id b
A BCudy of the genetic structure of the population withtn and between
LocalItLeg auch 88 one undertaken Last year (DaLy and Gregg, In prep) can
examtne some of these LBSueB.

mine

Tn



5. Hybrid StetlLtty Programmes

Investtgactng the posstblL, .tyThe U. S. Department of Agriculture ts currently
of ustrig genetic mantpulatton for the controL of populat orig o

Tn such a programme, BCertle inaLee are obtatnedpest species of HeLloth, .e.
These malee are reLeased Into the habttat asthrough selective breedtrig.

aduLts at a sufficientLy htgh denstty that they outnumber the w , e
Tf these stettle inaLes mate successfuLLy w, .th fernaLee, few er emales.

Sucheggs are laid and the popularton of larvae ts kept at ow nun
a programme requtree a thorough knowledge of the genet CS o _g. ,__
before ite Implementatton.
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Conclusions

These ftve exampl. eB represent just some of the practl. caL pro eme w OSe
either impl. LettLySOLut, .on useB tnformat, .on from the fteLd of genettce,

Knowledge of genetic mechanisms are aLeo trip, .,. etc tnor expl, .cttl. y.
dtfferent pestletdee and In ourdtscuee, .one of cross-reststance between

wei. L as tn the tnformaInterpretation of the mechantsms of reB, .stance, as
Wtthout athat 1.8 used In the development of an trigect, .etae strategy.

knowLedge of the peeul. arttleB of the genettcaL structure o _g. ,,
populartone, we can onLy make guessee about the LDPortan pa a
determine the rate of evoLutlon of pesticide resistance.
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Figure Taealtsed dose-mortaltLy reLatlonshtp between pure strains of h
Bugcepttble (SS), heterozygouB testerant (RS) and hornozygous reststant
(ER) IndtvlduaLa.
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