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CHAPTER 1

INTRQDUG, TTON

1.1. Gengsea of the Problemn

Dlacovery of the synthstic insecticides of residusl toxioity and
thelr aveilsbiliby for civilian use afber the World Mer I had presembed
a bright preapect of fresdom from inzsct bome Alszesses. Idmibed f1a14d
trials of chlorinated hydrvoarbon ingecticides in the sphers of puklic
- hedlth had resulied in decline of the veotor/pest populatdons by Yerdsia!
and conssgquently the incidencs of vector bome diseases recorded drametic
falls. Inspired by such good resulis diffsrent cowmbries and ¥orld Health
Organd zntion (WD) erbarked upon the adventuro of nationsl/globel vectoT
snd disesse control/eradication programmes. The malaria ocontrdl/eredication,
fllariazgic contrel =zmd mesquito sbatement programmes are the examples of such
adventuros., In the indtiz) pericds of thelr exmcutions, the progremmes gave
impreesive resulta, bul sooner then expected they ran intc trovkles. 411 hopes
turned into degpair becauno of reversal of the downard trends of insect popue=
latlon and of the incidemces of vactor borms Aiseases due to development of
ingscticide resictance in the vector species. In Tndia application of ingecti~
- cldes Like DDT anmd BHGC had to be given up for the filariasis contml as the

f3laria vector Ciulex plpione fatjmeng becore reslstent to the hydrecarban
. ingecticides. Thess insecticldes alse baceme in-effective, in some arees,

against the resdstant stredn of dmportant melerias vectors dpophelen ould
. ‘grd Eeptephenzi, Dovelopment of resistance in theee species hed resulted



in recrudescence of malaria in meny parke of Indiz, which iz now of great
concem, Resigtance in incects to insecticldes 48 thus a challenging
problam in the fisld of pvblic heslth. It eodld also be e problem in

mthé fields of armimal husbandry, agriculture and food storage where insectie
vides were slsc used to contrdd the inseebs. In fact resistence was first
roported in insects of agricultural importance in 1908. By 1958 at least

30 gpecies of ihsscte were reported resistant, The review by Brown (19¢71}
showed that 130 species of agricultural importance were resistant to
insecticides, Barly solubion of the problem of reeistance, therefors,

is of great importance for prevention of diseasos in man and domestlc
animats, for' maintaining the achisvemants in health standards, and
agredlturel productions. Attempts were made to salve the problem of resistance
by alternats apiilications of different groups of insecticldes or by swbati
tutdon of the ©bSUlA8 jngcoticide by a potent one; this 34 not offer DPeTas
nermt golution since the target population of a specles developed resistarce
glan to newer inseckiclde{s}. Besirtancs thus is rather a mile than
exception, It iz folt that successfill selution of this problem, if it
exiz’;, coud be foumd orly throwsh comprehension of the phenomenon by

bagic studies involvigs seversl disecipl dnee at the same time.

1+1.2 Problem of Methodology for Gemetical Stwlics of Reglatence

In the mﬂ.ti-diacipll'.rmry approach genetics had & Idyvetal role
- bacauas registance iz a heritable character: The genes for resistence
could control, independently or through intermctions or linear additicns
of thelr effents, the functioming of protective physiclogicel system or
behsvriour pattern of the individuals of a species giving rise to the



vhenomonenie The problem in the geneticwl study of physiclogical resistance,
herg~ine~after cglled resistance which is distinet and separnte from
sehevriowdistic resistence, is a methodologicsl one. Resistance is a
matrical chavaclsr ond =t Kiwmes it is Just not possible to assign the
individuale to mutmlly_ excludwe and eshaustivo phenotype classes. The
‘dlaswical Mordelian motheds developed for genetical stuly of guelitative
character are, thercfors, not sullable for genetic studles of resistance.
The models and mothods of biometrlcal penetics, developed through the fusicn
of ponctical and biometriecsl methods for the stuly of dircchly measurable
ganewoontrolled quantitative character giving econtimmpus mﬂatims,mn not
aleo ba dirccelly wed since resistance is n quantsl response character

Indirectly setimated through the stimiflus-rosponse data.

It is, thus, found that the applications of residusl insseticides
for control of insects hed precipitated a new challanging problem of
insecticide resistance, Beaistanes in its tern had surfmesd owh tha nsed
for devaloping theoratically sound genctic models and a best method for

estlmation of perameters imrelved in them.

1.2 . Prosopt Status of Knowledre and Lacwwmp

12t Mgthods end Toehnddu

and Limitations

The first requrenent of approacdhing the problem of insaecticide
resistance was of a simile, gensitive, reliable and valid method and
techmique for detection, characterization and quantifiecation of resisianca,
The WD hed coniributed significantly towards thie direction; with the

eollaboretion of sclenbists working in differont laborolories, the WHO
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hay brought out standard suscoplibility test Hia and designed mathods for
egtimation of susceptibility status and resisiance levels dn arthreopods
of medicel importance (WHO 1940). It was expected that the resilts on the
ausoeptibility of mosqudto spocies obtained by the WHO Kbs and methods
would be comparable with the results obbelned earlier by the Buswine and
Nash (1953) method. PFurthor the results obbained by the mee of WG

tachnique end mothods by diflferant workers world sleo be comparabla,

The susceptibility/resistance test method was besically similer

to the test methods used in biowassay of ingecti cldes based on quantal
response; the only difference being that in the formar two inssctepopilations
are teoted againat one insectieide where as in the latter one population

iz tested againat tw ingecticidas, BResistance ism estimatoed as matis of
mean responza (in astual dose wit) of the candidate popllation to that

of the reference population., In onder to wstimate the means of rosponses

of tuo populations s series of doses of insecticides, spaced at equal log
Intervel,are provided in the WO test kits. Thess doses were foud 4o

cauge mortalitios below and above 50.0 percent in the reference {susceptikile)}
‘popt? -tlons, DBub in case of a higlly resistant population even the highest
doge provided in the WHO kit hed failed to catige mortality oven upto

5040 parcent level., Such a sibuation iz dealt with by using higher

dose of insecticide prepared locally. Alternatively,the exposure time
~eovld be inereased and lethsl tims reguired to eauze 50 percent mortality 4
(LTm),at g glvon dose of insecticide could be catimated since the wptake
of insecticide was found proportiomal to the duratdon of exposure and to the

doge of the Insacticide (FPennel ot &l 196/, Ariaratnam and Brown 1969}



¢ o e e heallen X biwne.d
Tt wma foumd that the troduet defining the dﬂsaLWas a constant vhether it

ey dotérrined from the LDy, or the LTz5 (Busvine; 1958b: Remont1963b;
Garms and Rehm 1961 ). Howeven with a highly resistant strain 4he
inerease in the dege eould give exagraveted resictancs matic as chserved
by Busving (1957b) and Crow (1954). 'The otngporated estimete of reslstance
aovlld slightly be improved by using another test method called 'toplesl
application method?. This method lnwolved in epplication of Maed micro
quantity of inscelicide sclution on the doreal swrface of drmobd1d sed
insects. Tha grow of insects tiweted with varying doses of insecticide
are scored for response aftor 24 hirs of Treaction period'. The topioad
“application mothod was foumd to give conslatant resvlts. The methoed is
more sophisticated end =0 not hendy for field use. It windimlses but
does not mtigete the problom of exgrerated eotimate of resistance, The
problen of wewgeereted setimate of resistance in a highly resiastent
population is, therefore, still remsining wnsolved. The oxperlence,
however, showed that both the WO standard tests method and tepdicxl
application method were, usually, useful for stulying the gemetics of
vesistance (Brown and Fal 1971, Pal and Singh 1958).

14242 Degiem of Toste for Gonetical Study of Resistancg

The designs of ausceptibility tests used in geneidcal stidies
jrvolved the mse of Vscalar dosos! and ‘Mseriminating doses! In the
tsealar dese' desien batchea of insects are tested at a series of
:Lnui:ewing doses, uweually spaced at equal log intervals, to obtein graded
mortalities below nmd above 50,0 percent so that LDEG and regressicn
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coefficient velues covld be precisclyestimateds In case of highly rcsistant
population such a graded mortadlity wilh available doses mey not be obtained
and gence this mothod =[@11 be of no wae for precise eatlmations of these
tuwp statistica. The sccond lirmdtation of the methed 1a that 4t will elso

not yicld dats for precise estimetion of the lwe statisties, ID,. and

50
regresslon eocfficient, for the segrognting gencrations when the constitusnt
gonotype/Phenotype dlasses have mibwlly non-oVerlapping tolersnce distri-
butions, sinece dose response curve for such a enmpowmn] populations wdill be

a noflincar one. Swch eurve, however, will give informations on the presence
of number of phenotype classes having noneovoIlar Arg distributiona end alsc
help in finding out the lovels of doses that will scparate the conetitutent

dlasdnsg,

The use of one or twn levels of doaes for seperations of the phemo-
type dlasses and for scoring their frequencict in o cormpound popullation dis
known as the 'Yiserirdnating dose! design. The data obtained by ddscrirdnating
dose, however, c=n be used to test the hypothesls of segregation of
- pagletanes as a character controlled hy a single Madolizh gene. The
diser’.dnating doscs are very higt as they are LD1 op of the different
vhenotype classes, Use of such a hilegh dose(s) will not glve information
on the invelvement of the poliegeones whose contrilndtions towards increassd
tolerance are smell but sighificent. Henece the limitstion of wsing
diserimnoting dose o et Il information on the genetio basls of

insgcticide remlstrnce.

Foth the tscalur dose! and the "dlserimdnating dose' designs contain

ipherent bias, A roview by Miland (1956 and 1957) of the resulte of



genetical studice showed thot the inference of complicaled multifactorisl
 bagiz of resistance wern uwzually drawn fron the stuwliss based on Yscalar dosets
RoaulLl€s basod on the 'discriminating!dose! were froquently assocdiated with

the emnclusions of momofactorial basls of resistance.

TaZs]

Reeiztanco can be delectod orly from the resposc of inzects o
inscocticide and henee susceptibility. teat to lnsecticide is wmavoidable
for deteclion, measurcment and gemetical stwly of resistenco. Eub this
method imposes restriction on somo aspects of genctical stulies. Susceptihle
ingeo® which Worekilled at a given dose of inscoticide cammot be scored for
genotype angdyaia from thelr offsprings since it iz not peossible to obtain
proganien from the deed insceta. The surviving Insccts also cen not be
rotested for cstimsticon of their mean toleranco leovel as their initial
susceptibilify status would change due to previous exposure to insectielde.

" A combination of toxicological methods with the morphological
mzbations as visible markers for the chromosomes 1s the most reliable
methed for genatic sbudy of rosietance (Tstkamoto 1963). Such a method
is highly effectiwe to set more accurate informations on the mmber of
resistance factor{s)end thrér 1inkazo relations with other genos. Such

mothod vould help to point the locus (loci) of the resistant gens(a)

" on tho chromozemes and hence will help in advancoment of our genetical
kwowledge. In most inseol vectors/pests of medical or agricultural
lmportance, however, the method can not be used since mutant markers
for many of them arc not aveilable yots Therefore this method has orly
Al ted apFlications.



Inferencgs =nd thoip Jdmltetiong

Ineects expozed to ar treated with a given dose inscotieide, following

>
any i the methods of susceptibility tests (cafalelel }, wore fowdd either

te dls or to survive. The quantael, rusponss to a dose of insecticids,
characterised by 'Rill' or 'no K117, is not instanteneous; it is

- materilised aftor 2 lapse of time Jowam as Yreaotlon psriod'. The reaction
of insecticides in the physicleglcel aystem of insects is completed by

24 hours as indicated by the shableo slope of the dose-response regression
1ine and honee the quantal reoponss in the test insects is scored after

24 hours of trestmenty, knowm as holding peried. Inseectz foumd dead at

a given dosc of insecticide, =t the ond of holding period, are those vhose
teritical' or threshold' levels of folerances are less than the dose.
Obviouily the swviving insecks have the 'threshhuld! lsvel of tclerance
higher then the picked wp/treating dooe. Wien = randonly selected batch

of insects are cxposed o/ trested with a given dose, the proportdon, p!, of
the individusls indepnontly S Tosponding to it could be dwe to tho toxic offect
.-of the dose of insecticide and factora other than the 'dose! of tha
insscticide. The offect of dosze zlone is estimated, by what has come to

. be Tmown as Abbott's formdla, =s

v __ p'legs
p"-l_c

x 103

"shere p = estimated response due orly to dose

p'= eatimeted response, in proportion, obacrved In a given dose of -
the insecticiin treated growp.

C = ip the proportioh responding in 'contrel 'where a1l other
factors oxcopt insecticide wore allowed play thelr roles,
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When values of p, obhained from experiments based on sealar dose
desipn, are plobted against log doses a sigmedd curve in generated,
- sugfesting normal distribution of tolerance over log doses. Mumber of
sophilticated statistical methods are aveilable for analysis of such data
- of which the probit snely=is wethod is the ons that found faveur among
the worlkiera in the ficld. The probit analyais method for statisztical
treatment of the gquantal response dnin can be sttrdbuted to Geddwn {1933)
and Rias (1?%1,1:; 1935?;,1:1); The formr propozed the drnnsformetion of
quente] response mte, p, to ite normel cquivelent devistion (N‘ED}
and the lntter gave the tables of probit snd weisghting coefficients, shere
probit was the NED, with mean 5 and sandard devizbion 1. Fisher (1935)
indicntod the mexdmm likelihood (ML) anclysis for zerc mnd 100 pereent
responses snd showed the need for using Yworkdng probits' for 211 lewels
of mortality. Flmey (1952) in his clezsical book, 'Probit analysis!.
hes develeoped the ML method, amd hns given the compubtetional plens for its
roubine use by the workers in the field. By probit analyeis method the mesn,
Oy and standam deviction, 3, of a popm::-.tionr'a‘mlemnce to insooticides

are estimated from the linear relatdon of probits ~nd log dose(x) aa

m:.(.%lmd
-H-:b—

where o and b arve the ML eatimates obtained from the probit and log dose .
data fitted to
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The oetimetlofi of m and & are valid an? relisble when the tolersnee
of a popdllation {3 normally distributod which is wsunlly true for each of
‘tha lﬁmzygws susceptible and resistant popllations and heteroesypous F_I
poptlationse But in F, and backeross {BIP} progemies the normal
distribubions of tolerance may or may not be trus since the gene{s} for
resistance /eusceptibdlity will sogregzte 4n these gemerations giving rise.
to compownd populations consisting of two or more rhonotype classes, the tolorncs
¢f oach w1l be istribited normmally. Honoc the estimates of mesn and
standard deviation for the segregating geherations may be of mo use for
ganotical inference. For this purpose the pattemn of probit/log does
ourve, fitted by eye, is used,

The sugesptible population and the resistant population, uwsed as
parants for crosaing exporiments in a genetiosl stuwiies, are characherised
by the two estimates, IDg, and sy The I;DSD 15 the anti log of m and s in
imversely proportional to vegrassion eosfficient., Similarly the F, poplaticns
of the reciproesl crosges of the suSeepbible -nd resisbonce popilations
are charactarised, Hoskins and Gowdon {1956) in their classical work had
shom the effect of prmogross of insecticide scdlechion on the .LBED and
regreseion ecpeffieciont valucs. According to these authors vhen specific
rezistance is devcloped in = populatien, ths probit/log dose rogression line
beeomzs flatbtor as LDﬁU increzses. The dlope of the line bocomes steeper
again whan the population becomss homogoncous for resistiance. They have
cheracterised rosistanco of vigour tolarsnce type by slight increase in

m;;) with ineronsed slope of tho probit/leg dose regression line,
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Hosking (1959) haz given a method Tor caleulations of ewpected probit/
log dose line for o compownd population consisting of two or more phenotyps
elagsfs from the lines charnoterdatic of eanh clars. He has also analysed
the lines given by semmles of o heterogenous resistant population into
thelr comstituent genotypes. Tresshcee of plaloalts on the probitAleg dose
line over the LTJ‘,] o0 of precocding suscoptible classea =1 conf@rming
with expected mortality rote based on a aingle factor segregation are taken
as mn evidence of monofactorisl basis of resisbance (Brown and Pol 15971 ).
Such a pattern of dese-response mebameter curve will be a necessary btub

net sufficient prof for monofactorial basis of rogistence.

The itdapth statistico-penetical stwly by Taukamoto {1963) had
ghown that the shepes of the probit/log dose curves of tha segregatine
gemerations (FE'. and BIF) are influenced not orly by the nurber of genes
but dlee by the leval of resictalice cxhibited by these genca, domlnancy,
gale intermtion cte. Based on the assumption of five resjstant genes oach
contributing 20 times resistence he showed that the provitflog dose curve
of FE generation would have a platest avound 24 parcent mortality (4.3 probit)
whilch would ggve the imprecsion that resistance waz due to a monofactorial
gominant systen, This shruwsd that tho biometric parameters aml curvos
of the sogregating generation, by themsclves, may not lead to walid
goneticsl inforonec. For velidity of the inferences it is nooeesary to
exarine them in the backgrewnd of results of selection studies andfor
of the results of repeated backeroscing (F1.K arproprirts parond
getotype) and selection.

\ i "'\ﬁ.._\___\_-___'“_-_.___’__,.-—v'* -
X CRTEGTA L
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1.8.5 Geneticsl Information = thelr Converganes , Jneonsistencies amd Gaps

The ficld obasrvations on the poor respanse to ineccticide contrel
meartres had stimilated stuwlies/rescarches on
Ta technique and methodelogy for detection, measuremant,
classification and geographic delimdtation of resistanca -

(spucias—uize) and

2, basle nspecta of physiclogy, biochemistry, biclegy,
toxicology and penatics of rosistance.

The restllts of these stulies were publiched in seientific joumels, x
hundred and ffty papers were pubilished by 1957 ond this number had dngreased
to more than 1800 by 1975. Tumber of review papers, ccllating informetion
on different aspects of resistance, published by 1969 were 6%. The WHO
mwrograph entitied 'Inaccticlde Resistance in Arthropods' by Brown ond

Pat (1971) and the tock on 'Genetiecs of Insect Veotor of Diseases! oddted.
by Wright and Pal {19€7) conteined eshaustive inforration on gemetles

of insecticide resistance and alldied fielde, A critical reading of these
publications ard other research/review papers clearly show that resisterce
in insects is a stablc quunial Tospense character. Th had developed as

a responac to the Insecticidec. The character was heritable cme, determined
by gena(aY. The defonce mechenisms against insecticide in a resistant
strain were the metions of the resletant gene(s) at the physiclogical

and biochomical levels.

The available information, however, wers inconsistent in specific
aspachs like gehe transwmission, gehe eXpression ahd gene action, Scaning

_of tha ldterature showed that the information on mode ivheritance had



bipolar concentrations areund molygenic and wonofactoriszl basis of
resistences. The cxpression of resistant gene(s) was, usunlly, lower

in the laberalory selected strein than in the resistant strain evolved
in the field, In mosquitocs resistance was uwswlly expressed in both the
adult and larval stazges bub thers were [ew rucords where itz expression
was otly in one stage of the life oycle (Mamen s quoted by Pal 1958, Sharma
end Kalra 1958},  Ususlly resistence was esgected and found in both

the gems of a species bub in coge of houseflies there was s record

of resistance limited orly to male flies; the fecale flies remained
suaceptible to insecticide (Kerr 1960, 1961; Hiroyoshi 1961), The
resistant pene allale(sfin wome studies was reportod as complebely

or partially recossive Yo and in others as complebaly or partially
dominant over the susceptible allale(s}. There were also roports of

no dominance of elthzr types of gene alleles, The actionas of resistent
sllalelz) (specislly DDT resictant) y 28 expresasl in the physioclagical
and biechemical defence mechanisms againat an insecticdide, were ineon-
gistant even witlin o gpecies az could be scen from the reports of
differont atudias based on Cipe.fotigans {sce pagee 192198 of the
momgraph by Brown and Pal 1971). There exizted & polemlic on the

theory of evoluation of resistance. Theorics llke Yinduction of
resistance by insecticida?! (Perry 1961), 'sulection of pre-cxlsting
rosistant genc by insceticidé (Brown 1958), Tingering modification!
Martin 1955) were put forward to explain the avolution of resietent
strain of a species duc to contamination of the ncosystem with

ingecticide, Hence it could be condduied that the exdsting informtion
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were Inconeistant, thay dld not give a clear picture about the genctic
bagis of resistence, The need for theordtical werk for investipgdtion
and comprehension of resistance phemomeron in ite gonotical perspective

hag alwo remadined open,

Information oh the populaticn genctica of resistance werc
virtwrlly absent. Thore was also a need for an indepth study of the
reproductlve systom, breoding systomy, soxedrive, chromosomal syatem of
at least the important veclors/peats. Information on these aspochs wore

" alze required to wnderstand the genctic system of a speciad..

123 Selechion of Tho Tonig, Oblective And Tontributions
Tede Congiderations for ﬁ%‘b},{:g of the towic
The choloe of the tople, Biometrical pgenetics of inseckicide
ragiotances » - guenbal response character, for this thesis has been
rrompted by the

- 14 gerlous problem croated by development of reslstance to
insecticide in the contrwl of vectorsfpeosts {cafelelel );

2. nesd for methodology o atudy the genetics of insecticdde
roaistance (6.0 1.1.2);

3. noceazity of theoraticsl cormprehension of gunetical basis
of resistancs {c..f‘. 142,5) and

L4 cubhor's direct r:c:ni'mnta‘tir::n,in professional capaclty,
with the problem of insecticide resistance (c.fo VITA),
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1.3,2 The obicgbive

It hims Been aimed in the thosis o precented the syatematically
colluctod experimental information on the genctical aspects of insecticide

resictance in a meaningfully orparmiaed system which eculd be uscful to

1¢ devalop suck mothods and stratesy of vectorn/post control
that could optinlae the benefit of residusl insectledide
with minimo loss;
2. modify, whero nesded, the objectivee of the use of insecticlden;

3. dovellop improved statistiecsl models end methods for genetical
atudics of a quantal response charactar like resisbance;

Lo £111 in some of the gaps in our krowledge on the genetdeal sspects
of resistance and

5« oomprehend the pentieal basis of recistancs,as had cmerged,from

avoilsble information 4n such a2 way that wdd pdve direction
to future work and also focus the newer arcas of gtudy.

T achdeve the above objcotives laboratory studles on seleotion aml
inhepdtonce of recistence wore carrded oub with important melardia and fiJaria
vaoters. To obtain reliable information, different methods and techniques

were used in those studiea,

The results of the sttdics on selection of resistance have been
presamted in Chapter Il. Tho experimentsl regulls on irheritance of
gpecific and mom-apecific resistance in a molaric vector have been
described in Chopters III and IV. The chapter V contains the reedlta
of .‘d;nhazi*tenr:e of DDT resistanca in a filamin veetor. In Chopter VI
g gimthasis of the avellable information has been atbterpied to comprehend

. the gemetic basle of resistence, Fach of the chapter containing the

exparimentsl resulis is divided into six brund sectloms viz. inbroduction,
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materdal and methods, resvlts, discussions, srmary aml refurencesi soms’
of the seelions are rloo Aivided in subesections. The intmoduetion of ' 8
. chapter contains the need and objective(s) of the stuly presentod in the
chapter, In Chapler VI the inconsistant infommation are inticated, the major
sowrces of incongiglancies nnd thedir control are swipested, 4n attempt
hag been mede to explain the vardability of informetion originating from
genetlcel source. For clesrity in commpdicntion, the ooncept and defindtion

of the technical ferns used nre given at thé end of the thesis (c.f. glossary),

143.3 Gontributions

The remults of the different gemetlenl caiperiments, thelr statdaticnl
analyasls and the inferances drown there on hove been summard sed 4n ench
of first five chaplers. Ths resilts of oynthesis of gometdaosd information
‘have also bean presented for corprehension in six statements {Chapter VI).
Mo total contributicns of the thesis, which could be considered sipmificant,

arg briefly outlined here unders

The irmedinte response to DDT aelaction in M
ig the development of non-specific resistance of low magmitute (vigour
tolerance). It has besn followed by, with = time lng, spocific high

© repistance in larvac an? then in ~dults. Miultieresistance exbending
over BHC and ddeldrin hos 2lso bean dndicsted. Insecticide resistance
has been considered ng a complest phencomoton, conzisting of non specific
low dagrec of resistence, stage specific himh degres of reslstonee and
insecticide group aspecific high depree of resistance. Dovelopmert of

regiztance. has been inferred to be a ride mther than skception.
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Tha specd of development of reslstance has beon faskast when both

larve sn? rdulte cre cxpoeed to insceticide. The deprss of resistnnce

aohioved has ~ 1imdt under n given coowerenotionl si‘]'.w,t'_i.{::-rﬂr-'n}r 1nerenass

of h:‘ie rrec of resistanec beyond the lirdting velue is not possible even

by i.riaacticirlnl proasurc, Sclsebicﬁ of o gdven degres of resistance is

dependenit; among other frclors, on the size of the popul~tion selected;

lnrger the popullnbicn size greater is the degree of renistonce, Withdrawnl
' _ &ﬁt ' Aol

of imsgoticidnl presaurs fory: genoratinng hes b shounqﬂmrAlosa of

registance wder dlosed bresiing but wider ouwt=brooding the level of

- resistance toy show reveorsion,

Insccticirde resintance is o horibable charmeter, it is, uswilly,
developed no a recpense o dnsecticidal preassure. Inscctleidal pressure
has been conaidercd o work az a direetionzl sclection on the svailsble
froc=paneticnl vnriabiiity. Freec vardability ean hewever be made
- available from potential vardsbility present in the population of = gpeclos.
Faturzl scloction hea stabilizing effect. 1%, howevor, has supported and

“peintaine? genctical veariability for resistance withdn o 1irdt.

Ingsecticide resistance is the eapression of rosistant genewalleles
‘borme by the chromosenals). Bach Alatinch typu of resigtonce iz the
sxpresgion of distinet cdlosses of resistant gpone-aliele{s). The
“behaviour of the dosceresponse curve {Chapter TI) amd the rosults of
the trossing oxperinents {Chepter IV) have shown tiat the trigour tolerance!
1a polygoric, This polyzerdc systenm i naither rocessive to nor
dominsnt over the allcler for susceptibdlity. The polyronee are

gapable of intecration recrgmmiaction and segrerntion. Hesistancs dus
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to these zeneeallclea are non-specifie, they also offer protection
sgrinat adverse ecologlendl changes. Thus thesc gene =lleles support and
muwintain the allelaes (ov specific reelstence. They are, therefore,

of preat gecomorde velue toc the cpooles.

Different types of Jugh spenifiec reslstonce Aare the expression of
dfferent class of polygenes oceuring in -. clusters. These clusters are
formed ﬁlmugh tho integrntdon and orgoidsation of the available
mnor gene allcles mder ihscoticidal pressure. (Chapter IT). A cluster
of resigtance moy show high variability with respeet to the muber
wb‘}i?sffés conztituent membera and their orgondisntions. A piven
resistent. cluser dlowly devslops into a steblo stabe {Chapber TI). Such
& gtata or organisstion of gwio alleles offer batter survival chence
in an ingecticidal contaminated enviourmenb. &4 stable cluster of DT
resigtance was fourl to be trenamdtted 1ilw a =ingdle Mendslian factor
{G}’mptars IIT & V), in meteblo resistonce cluster wold give ewldenteg
of polygenic bamis of reocictance in ite fransrdssicon. Mtﬂ.ti;-s‘bgge and
miltifie reslstonce to different prowps of dlnsecticides are due to linkage:
of different clazses of genes in a resistence cluster, The magnitude of
remeticsd wnrisbility an® the state of domimence of reoistance were due
to segregntion of the constituents of the resistant cluster end
wndative and/or interactive effect of their {sb-nits of the cluster}
mber ard dordiance respectdvely. An optimm orgordeation of the
resistont gene-allcles has o better survival valuz, in an insecticided

gontardinated coomsyaten, than their cxdstance in an worganiscd state..
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The reasistunt gene nlleles congtitubing the resistance cluster
ppelpy some space in the chrororone({s). Tho spnoe ip likely to contain
other penes 2l 1l so Lhoy could be ldnked with ezch other =nl one
another. The correlated rasponse of other charachers, to DDT zelectlorn,
woa due to such rllclie linkape, The concept of resistances cluster
ita compradtion, copression and functlon may be considered a reasonsble
ope in view of the theoreticel and crpericel werk on chmrosome structure,
geng cluster by James Bounor & Jng=Rung (1973}, and Gi1lic & Peto (1969)

snd others,

The statistical rodels developed to test the hypothesls of selection:
of DT reslstance dus te single mejor factor could alec be consmidered a

arall contributicn in the field of population genotice of resistance.

The stotaments, based on symthesia of the available inforretion,
on the

1. Caurse of developrent of inscoticide resistance;

2. Corpogition and function of the systern/cluster of
registancs gens alleless of

3e Tirotooomsd mockardsn and dcvcl&pmantfmsist&nce;

4w position effcct of resistance clustors

5« rerrersion srul veoesoloction of resistance and

€. rochani&g of ovelution insecticide resistant strain.

have beert made for comprehension of the genctical basly of dnsectiodde

resistrnce pherurenon in ite totality (e.f. Chapter VI).
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(HAPTER II

SELEGTION OF DDT RESISTANCE IN ANOFRELRg STEPHENST -
LISTON IN LAEORATORY ' :

241, Intrpduction

Tnformation on the gehetics of insceticide rezistarice in insects
are largely bamed on irheritance studdes. Such information slone are not
.adequate to comprehend the genetical basis ef ingeecticide resistance.
Complementary infomation, based on selection studies, are necessary for
- comprehension of resistance in its totelity. HBReperts on selection and
inheritance studics on the same species origipating from PADY geographical
area ars few and many of the salectlon stwiliey were, generally, not exbended
- pver large mumber of gensrations. Further the selsction pressures ware
wot directed to different stages of 1lifecydle of a species. Thersfore,
to collect adeguate informetion studles on DDT selection directed
a:ainst adult and larval stages of Anopheles gtephenal for large mumber
of genarationsg and on inheritance of DDT resistance in A.atephensi
wars carried oub. Straing of Ayste i used for both the selection
and irhoritance studico had ordigineted from same geograthical area =
Tamilnadu atato of India, It wos oxpected thet information oblained
from ‘t?hc selcotion atidies would be of drmedirte applied wnlue o woll, since
they woudld ba  nocded to optimlse the vector contrnl measures wiih
mnimm logs and hazerda, The resulis of sclectimm stidies are presanted
in this chapters

Metepiel and Methods
Za2a] Materdinal

Sonsidering the wectorial importance, length of penerations,

amenabllity to colonizatlons of tha specied in laboratory and resdlly
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available stook colomy with its history asheet, A.stephensi type was

ehosen as av animal for tho study.

The stock colony of A.storhensi was ostablished” with 25 larvas
eollonoted from house wells in Madraa city in 1938, The colony was main-
talnad aa o sdlf-propagaling one from 1938 to 1940 at Guindy,Medres; from
1940 te 1942 at Coohnor in o tropical room znd from 1943 sawmrd at the
ficld laboratory of the Hetional Inastitute of Commpvcable Dlsesses at
Mattupaleynm. Thias colomy is reforred to s stradn M. To stuly the effect,

if ary, of the different types of salection on the speed of the -
development of resistonce, Hhrec subecoloniea were raised from the stock
golony by selacting with DDT at adult, larvel and both adult apd larvsal
stages. The three selectod stTndns are referred to, here-in.after,es
atrglns AL AL resprctivaly.

2a2e Method of Belection

Strain A wos mgintained by sclecting the malﬁ and female mosgquitoes
with IDT before mating, the mele snd femnle mosquitocs belng neperated -
with.in 24 houra of hatching. For DDT selectlon, thres days 014 glucose
fad mala and tlocd fed fomnle mosquitoes were e¥posed in each geuarsefdon

Yo varying doses of DDT, and tho swvivors at LD5 and above were Wsed

0
for raising the eubsequent generntions. In earller phasa of the stady,
waqitoes were oxposod to DDT eryotals (25 mg/sq,£t) and in later

phese they were expossd o [Mlterpapers treated #ith varying concentrations

3f DT golution ER non—volatile Resilla odl.

b The colony wno cotoblished end mainteined by the malarda investigation
cemtre of the Rockefallar Fowrlation under Dr P.F,Bussel. It has
been maintained by the Malaria Ineti‘ute of Indis (row National
Tnstitube of Commuricablc Diseases) since 1943 at its South Indie
branch Coonnhor,
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- S8train L was golected by exposing fourth dinstar loyvas of each
generatlon to varying doses of DRT in oohdlmter mixtiure for 24 e,
The survrlvors at doswo giving £ifty percent and above mortality were wsed

for raiaing theé subssgquent generntionsg,

Strain AL was sdlected beth at adult and Jarwal stages following

the methods uded for sclecting the & apd I shraind,

To atudy the effest of very high doses of DDT on a ficld scleoted
highly resistant astmin arother colony of A.sterhensi was established
with larvao collected frem wells of Brede Towm. Agntophensi larme
of Brode were highly resistent to DDT and tolerant to BHC and disldrin
(Rejagopelan ot =l 1956 and Yarmen ac quoted by Fal (1958)}' The colnﬁar
yme maintained wmder high DOT spleckion presswre (B0=00 prm) at larval -

staga. This strain, hereat'ter is reforred to as Straoin H.

2-2-3 I"IchDd ol naﬂm_g

Adult moaquitoes were colomdzed in 1 cofts wonden capges and fed
with 10 porcent Huccse waiters The adult fomades were perdodieally also

fed on pabbit blood for production of oRES.

Erga wore fleated en tap water in ohamd bawin (40 en diametery.
" dpproximately 500-600 larvae were rearcd in eanch basin, The quontity
of larvel food (yenst 'pomier} wne kept constent for eazch hasin, FPourth
stage larvas amt pupod wore nblained on eerenth Aay and ninth day,

ragpecbively.

To avoid jinsdvertent mlxdng of etraing, the adult colony of
gach gtrain was meintained in 2 scperate room and the larval cultures -

ware kept covered with «loth,
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To gvaluato the affsct of DDT selection both the adulba and larvae
of differant strmins were tooted for their susceptibility o DDT, They
were alvo Geeted apainst pamma FHO and AicdldArin fo observe correlsated
responae of DDT aelection, 1f any, as exprossed by increesed or decrossed
susocptibility te FHO and dicldrin. Adult moaquitoes were tested
following Busvino-loeh tochmiquo (Bustine and Nash 1953) or WO techriqus
(W0 196C). For this purpese four to six deys ¢ld glucose fed or Blood
fud female mosquitoes were wseds Larval testo wore cerried out on late
third or early fowpthinatar larvas following different testing methods
aﬁggns‘bnd by WO (Wright 1958) WHC 1960). In case of highly resistent
lerves higher concentrationa of DDT than those suppilied with WO tost idt

-had to be uzed for obtaining meytelity rates above and below 50 percent.

P Mose higher concentratioms of DDT wers locally prepared using p,p DDT and
absolube sleohods” In developing the WO fosting technique duwoe care was
toakon to enowre that the results obtained would be consistent with those

obtained by Busving-lash Tochnique (Wright 1958),

Ault mosquitoos or/ond larvas of cach genesration wore primarily
utfltzed for salection stuwlics and more ofben thrn not the material in
adequate mumber wers not availabile for susceptibility tosts. Dus to
this constraint the progress of sclectdon eodld not be evelwated in each
pameration of sdlection. Insccte onee coproed to inpecticids camnot be
rotested and hence due to this constraint tosts could not elso be carried
pub to sstimate the mesn svaceptibdiity lovel of the et of insects

swrviving the sclection PICEIUD.
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2225 - Btatisticel An=Jwveds and Interpretation

Dose and response datz collecled from the susceptibility tasts
vare trensformed to log dose amd problt metometera. Using these metameters
LD5|:1 ond regression cocfficient, by were catimated by - lc}'c; ecadnntion
method as suggested by Finney (1952), These statistics ag well as the Probit/
Ing -dedo ropression Tinpn  were interpreted following Hoskins amd
Gordon (1956 ); Singh (1961) and Brown and Pl {1971), In addition response
to geleetion, B, was matimeted following ¥ather(1963} ns Rem = m, heTe
o, and m are log mﬁg of the selected gensration amd base line valuos,

respectively. R in the dose wmiis iﬂ'iLIJEDS - LD;‘;DE vhere LD, 5 and

mEOB are mean response rabes of sclected goneration and Mestrain,

vespactively.
23 HRESTLTS
2edal Bag Staticstice

The three seleched strains hed originzted frem the M=pglrain and hence
the LDEG nd regrescion coofficiont, by estimated from the dose-rosponse
data of Mestrain wore used ar bhe basewline i.c. zore generation gtatistles

to evalunte the progress of different types of DDT aelection.

The Meatrain wea teoted ot differont times mnd the mfﬂ of DOT
for lnrvae were 0u04, 0,06, 0,016 partz per million {ppm) and the
rogression cosfficlents, b, were 3.3, 2.5 and 2.7, LDSG for advld
fomelos wers 140, 0.7 end Cau46 percent comcentrations of BT and b
valuos were 543, A2 and 5,5 (Tnble 2j1),Mhis shows the existenco of

viriations in statislics oblnined Trom different independent teats
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Tobfe 2.7

Te baze line cgtlmtcs - LDSC" of IDT.and regregsion
coaffitient valusa for .L.c:'baghsns:. M-gtrain tested a'b
different timas,

“Tosts ot Advl ta — Larved
different LD 50 T LD 50 b
times durivg (3n (4n

salection parcent) prm)

pxparimont

Initial tosl 14&8') Hu3 Dw'D-EEG} 3.3
Md tent 0.7 et 0.0d¢e) 2.5
{losing test 0WhE S5 7.,016 247

* Urless othermdze stated the esptimates were bBosalon susceptibility
tests following W0 methode and wsing WHO test kite and DDT
aoluticons.

(a)a DDT aclutions were locally prepared using BOC white oil and techmicsl
DOT. Busvinoe-Nash Technicue was used.

(g)e IDT solutions were lecally prepared uaing p,p’ PDT and alashol

‘partied oub at different times on tho sats strain. Therefors,to sminimise
the ervorg in accernting a nafe of reslsbance vhen 1% 12 not or in over
sstimating the magnltuie of rosponss to selcction, the highest I.D5ﬂ,

0406 ppm and 1,0 porcent, and the lowest values of b, 2.5 and 4.2 for the
larvas ;.ml sdulte, reapsctively, were conasidercd aa the baseline atatistics.
" The lowest cetimate of b was proforrol because it is inversely.proportional
to the variapce of toleranne dlatrdibubion: which is of genotical

imortance in selection studlcs.



2.3.2 Responos to DDT Bgloction at alillt

LBSO af DOT and the regression coefficient, b, valuss along with
the zstimatos of responae to solection,B, of the femle alults and larvae
of Aystephensi A-atrain are given in Table ZaBs The resdlts of susceptibility

tasts with adult mequitoes shawed that the WD - had incroased to 1.5

50
porcent dn the 10th generation to 1.8 percent with 15th gemeration from
the basaline volue of 1.0 percent. The LDBG valuess from 16th generation .
to L6th peneration was fowmd to fluctuate aromnd the value of 1.8 porcends
Tha increase in LDED values in the 10th and 15th generations was found
tc be assorciated with the increase in the b values whance -tho valyss

vorg 7.6 and 8.0, respectively. The values of b,theresftor declined to
a stabtle level of 4.0 in the 37th goneratdon o The results of parallal
teots with M=etrain and A-gtrein, paing the WO technique and DDT
golution, showsd that even after 27th gonmoration of ocleotion followed
by eight gemerations of culture without DDT selection (57/8th generation)
the I‘Dﬁﬁ af Amgtrain was 1.4 percant againct 0.46 percent of Mestrair,

The walues of b were 5.0 and 5.5 for & and M straine, respectivaly,
(Table 227)s  The cstimate of response to selection, R, wms consistenily
higher thsn ons for a1l gemeratione tested. It, however, had fluctuated
betvesn 1.4 eng 2.6 {Table 2e2)sThe parallel test with adults of
{46/8)th. generation pave the velue of B, B8 3.0 (Tatle 2.7, A=, mEG
is the mean of tolerance dietribution, b is inverssly proportional to
yariance of tolarance and R is the astimnte of response to

seloction indorpretetions of informntlonr auprliad by the: thrace-pormowters



o degta and estimatés of responfe to DOT acTaibian TRY A# awsa
* aid larvas of Asaterhensd  A~strain

T — Al ba — Larvae

testad® (;z?zzrt} . * gﬁ?ﬂn (inligﬁ} b B

0 1.ate) P 1.0 0 0.06(T) 2.5 1.0

10 2 7 b 1.5 15 0.12(%) 343 2.0
15 1.8t ) 8.0 1.8 28 0,157 5,5 2.5

16 1.6(¢) 6.5 1.6 41 0,1247) 1.3 2.0

20 1.8 Ezi 545 1.8 L, 0,16 (T 2.1 2.7

37 2.6 L0 2.6 AT 0,12 (x) - 2.0

L0 (S A 146 56 1412 Te5 18.7

43 2.0 40 240 57 1.528 - #E o8 3

L4 1.6 bl 1.6

45 1 b uld 144

A 1.7 4.0 1.7

* lrlass otherwise stated the susceplibility tests were carried out following WO techrique and using WHO
tost kit ard DT soluticns. '

{2} Estimatas are bazcd on suceptibility tests carried out following Busving-Nash bechique, DBT solutiorns
wers loeslly prepared using p,p! DDT ang BOC white oil.

(c) Estirates are based on suscepblbility tests carried out following Busvine-lash techrdque., DDT aolutions
were locally prepared nsing techmieal DBT,

{r) Estimates arc based on surceptibility tests carrisd out folloiing WO tochmicues DBT sclutions were
locally propsred using p,p! DDT and alechal.

*% Flateau wes suggested en the probit/log dose regression line., The estimnte of b will,thercfore,
be less reliable and henco was mot calculateds.
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ere that DDT pregsure at sdull stage hed resulited In solection of low
degres of veslotanes 7.5 to 3.0 times) in adult msodtoes. The
verlanee of resiabnee  was. reducel dn the eariier penerutions under
seloction dus to elemimaticon of wwaceptible dndiwiduels. Stbsoquent
cincrease in variance wes duc fo segregantion of gones in Isrce muber
- af genotype classes each with different level of resistenca, The low
lovel of resistance with varisnce of disfribution of resistance over
"log dozes leds thon or equel to that of base line value and the continwous
rature of distribution of resistance nver log doscs ivdicated by tho
linear prohitMog dose repreasion lines covld be attributed to large
mumber of genes, accuring in a system, esch with amadl contribution
towards resistance. Hemee following Hoskins and Gordom {1956) 4t could e
gaid that low degree of rTosisbunce aselacted in Avstredn was of wipour
tolerance type {VE), The DDT geleetion la a 2irectional one; 1t acts
againet susceptible phenotypes and favours the resiztent ones. Thersfore,
the gtebility of VI could be attributed to elemination of =usceptible
thanotype and absence of hiph resistant type, The susceptible alleles
eowid surwive the selecticn  through thelr linkage with the resistant
genes allele®a Throtgh crgseing over whoel they were reloased from
sush lirkass bond and Lecoms homzygous, they were cleminated by
T seleckion, Absence of lgh resistant type was probably duwe to
monmaveilability of rosistont genctypes. The penctic contributlion
tovards fluctuztions of mesn and wardiznee of VT ocould be due Yo release

vand recombinatlion of VT panas at varying level {Ansa).



-3 -

The statistical swwary of the doss-regponsd dnta of the larvac
of differemt pemerationeg of A-stroin {Table 2,2) showad that the 1‘..1‘.!50
had inereased to GJ2ppn in the 15th gemeratim  from the bese line
value of 0.08% the responge bo selectdon wasz 2.0 The valus of regression
eoalficient wae 3.3 sgainat 2.5 of base linw. These suggest that the DT
presaure at adult atage hod resilted in VI in larvae as well. The Lﬂm
efter the 15th genorntion to 47th generations showed smnll fluctvetion
armimd 0,12 indicating sftalnlity. The lower varisnce observed upto
28th generation wis dus to aleminetion of susesptible phenotypes raleased
from the linkage bond. The stebility of mean end increaze in varience
in generations 41 to A7 was 2ue Lo sogrogotioms of VI ganes in muwber
Iof groupe and alse appearance of hiph resistant phencdyps in a proportdons
thatdid nov affect the mean. The hypothesiz of evolution of slasese having
pronowriced phenotypic differonce wnder Prolonged OUT presoure could be
awported by the rlatoan on probit/log dose regression 1ind,

The dose=response cwrve in metametrlc wdt of the 47th generation
shoved platomls Continued sslection restltsd in higher 1Dy, as well as
variance of distribution of resistance over log dosages in the 56th
generation, Furthor selection in 56th generation resulted In still higher
mﬁﬁ giring response to selection o value as high as 2643 in the 57th
generation, The probit/leg dose regression line of the 57th gemeration
alev showed a platedd, Flatem on the probit/log dose line swgpested
& change from wmirod:d to mdtimodnd, ddstribution of tclersnce
irdisating evolution of clesses wach with dAisztinet log normal distributien
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of tolerance, This qumiitative to qualitative change cowld be dus to
tlustoring of genes amd alleles ab varving dose and stales of organization.
The ;.asg are hueld togsther in a dlusler by the linkage bomd, and hence
the state of ita stability is proportional to the stronmth of lirkage,

A reciatant cluster in ita enrlier phese of evolution esuld be ungtebls
ind henee 13kaly te be disinteprated, through crossing over, in 1ts
transmission, The ebssnce of platezu on the probit/log regrossion Line
.of the 56th generation wns probably due to disintogration , through
ereegingover, ¢f tho newly evelving cluster. The rev-appearance of the
“platesu on the probit/log desage lina of 57th gonerations, when R

]-as %43, indicated that clustering of the genes and alleles _%as the best
~peaponse to ecologicnl challenge as ib contribulal towards economy and
_afficiency of the physislogicsl fimetionings noeded for survival. An
mistable cluster, wndor conlinued sclectiorn, could baccme a gtable one
aich will not disintegrate in transmission and hence will bchave like

s slngle factor,

The Tosults of parsllcl teots, using the seme({WHO) techniogue
showed that the I‘Dﬁu at the (5'?{’8){:&1" genel;ation wad U.55 pom againet -
0,016 ppm of kggtephemsi Meatmin. Here alse the regression cosfficient
veluz, 149, for the sclceted stradn wes lower then tho welue of by 247,
for the strain M (Tahle 2.7}, The respomso to seleootlon, Ry, waz 2,0 in
‘the 15th genoration which Increased, through fluctuwetiong,bo 2643 in
e 57th gemeration (Toble 2.2). The eatimate of R based on parsllel
feats was ed, In the [5?;3}”1- peneration (Tatle 2.7V, Thus the res\lts
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indicated that the DDT presasure ab adult stage first gelacted resistanca
of the type of vigowr tolernnce anl then, after n lomg quiescent period
Ifin ganeration), aclectod alsc resistonce of high order, 3.4 times’in the

larval stopgc.

A vomparision of the patternt of behaviour of mean and warsince
of resistance esxpressed in the adulta «nl larvae of A.gtephenst Awstrain
showad thet the mean expression of pealstence in adults was lowor than tlmt
*{n'the larvey and both the stacen showed wigowr tolerance in the enrltler
generations of gelection. The varimnes of the distributicn of resistance
An adults of the earlier generations wes less than the base line velue,
It almost reverted back teo basze line level in the latter generationsg.
In the larvac the varianes in each of the earlier generntdons was alao
lesg than the base line walue buk in latter generations it increased
progresaively and remained groator than the reference strain even after
Bth gemerstion of withdrawel of selcetlon preasures These information
inddonte that DDT selection pressurc at adilt atags had seolected a aystem .
of larga nimber of gencs controlling wigour tolerance (VT) which was
srpressed both at adult ap? lorvel stagen. Thesc genes are considered
to oontribute aloo towards bebter fitness to swrvive wrler enviommental
stress and stroin (Hoskdns and Gordon 1956) eo thelr frequency in the -
atock population is uswelly high singo the popilation esxperienced and
mrvived esclogicdl ptdaina, It is duve to this high frequency of the
pystem of VT genes that vigowr telerance wns first selected by DDT

galoction .
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of A,gtephensi  Lestrsin
Adul kg — _Larvae
Ceneration ID,q ) R Generation LDz, B "

Sested? {(3n percent) Fested® {in-pom)

o }'B(G] 4o 1.0 -0 G-CE-{) ) 1.0
12 1,5%) 747 1.5 27 g™ 247 1.7
17 3.5e) bat 1.5 g 0,27 4.0 1,3
20 100 6.6 1.9 33 0.2(7) 2.2 3.3
27 2 1(8) 5.3 2. ¥ 6 (7] 3.0 10,0
A 1.7 a7 147 5& 1.6 1.6 16.7
43 1.8 4B 1.3
45 1.8 56 1.8
Ab 1.2 5l T2
&7 142 5.0 1.2
*  Trilese otharvice stated the susceptibility tests vere carried cub folleowirng WHO techrigque and uging

W0 test ot and DOT solutions.
are
Fetinates/based ‘ofi susceptibility tests carried out followding Busvine-Nash techminue.

were locelly preparsd wsing p,p' DDT and BOC white oil,

re
Esﬁmtes/%aseﬁ or: susceptibility tests carried out following Busineilash techrique., DDT soliutisns

wers locslly prepared weing techmical DDT ané BOC shite odl.

Estimotes ro base on susceptibility teats carried out following WO techriques. DDT sclubions wera

locally praepared using p,pt DDT and alcohal.,

DT soluticna

- g€ -



The results showed that DDT pressure ab Llarval staZe had adlected low
degres of resiztance {1.2-3.0 times) of VI type in the adult mosquitoes.
The lower variance of resistsance im 12th generatior cowld be due to
eldmination of noperigourous individwels. Increase of varistece in
-stbeequent generations as well as in the (ﬁ‘?/&‘)th' genevation indicated
cexistance of large number of cdasses with varvine degres of resisztance.
The log dose~probit regression lines for each getteration was linears

- From these information it could be inferred that the VI wasz due to large
nmbers of genes each contributing in a amall way towards resistance of

VI types The vigour tolesrance in adults was obsarsmci?!z'th generation

“of Imstrain againat 10th generation of A=strain.

The rastlta of larval test showed that the LD;Q increased to 0.1
ppm in 27th generation from the base line velue of 0.06 pom (Tatle 2;3),
From thi*a table it could also he sean that the response to selection
~inoreased from 3.3 dn 33rd generation to 10.0 and 16,7 in 34th and 58th
gemerations respectively. The parallel tests in {ﬁfﬁ}th? generetion
shoved that LDg; was O« ppm against D4, 0,016 prm, of Mestrain.

The variance of rosictance, Fowever, was slmost agquel to that of the
Hestradn (fable 2.%). Froo thia Table it could zlso be asen that the -
valve of R, was 55.6 in the (59/8}th peneration, Such a high velus of

R indicated that the resistance was not of vigour tolerance type.

A comparative review of the information obtained from the seleotion
studics with A.sbophens? Aestrain and Imstrsin showed that high resistance

in larvae alone wms selected by DOT pressure on adulis as well as ovn
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larvede This suggosted that for esuccessidl sclection of high reslstance

the stage of lifecycle subjocted te sdlection ia of macginal importencs:
vhat mattars more is the dntensity of selectdon pressure and the availability
of froe gometle vardunce wpon wiich seloetion covld act. Frilure to

salect resiatance in tho addlts of both A-strain and L-strain was probably
dus to mon—availability of genetic components, in free state, for selection,
If this be true then the genetic components for adult and larval resistarmces
are Not the same. Further, selection of larval resistance through adilt
selzction etwrpest thot physiclogierl deferce mochanism common with both

the addlt and larval stape bub having relevancs with larval resictance
glone 1s of greater Inpertance than the stage epecifie sxtemal and
ahatorical proparbios.

234 Basponse 1o PDT Sclcobion at Sufulh and darvel Steses

The statlaticel sumunry of the reculis of suwcoptibility tests
af diffarent goncrations wnder DDT eelection of Al-strain is given
in Table 2.4 The I.EJTJSﬂ for the adult mosquitossz of the 10th generation
Waz 242 percent m.gai_nst 10 percent of the initial goneration. In the
3Ui‘-h génamtinn Lﬁﬁﬂ was 4.0 pereent shich declined to the lowest le‘?‘ei
of 2.8 parcent in the 413t generation and thereafier ageln increzsed to
g level greater then 4.0 percent in the 55th generation. In {;E?fﬂ)ﬂ“
generation LD5G wae 146 poresnt againat 046 percent of the Mestrain
{Tatle Zo7)« The response to sclection, B, wac 2.2 in the 10th gensration
which was sssociated with the highest valus of b,%.0, This auggested

Ahe geleckion of wipon tolerence by IDT prozsure exbtonded over 10 or
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Sumary of Jose-response data end estimate of response to DDT zolection{R) of adulbs snd
larvae of A,stephensi  Al~gtrain.

Adul b : Larvee

Genergtion I'DED E 51 Generation LD:;D h I

tected® ~
0 1 .GE:'; 4a2 140 0 0 .GGEii 2.5 1.0
10 2.2 9.0 242 28 0,2 *F/ 3,7 3,3
25 .z.zfc} 346 £ 43 37 0,2¢r! 4,8 3.3
0 Lot e 440 38 0.4 3. 6.6
40 3.2 1.0 3.2 39 0,6 2.0 10,0
41 28 347 2.8 40 0.gt) 2.2 12,3
44, 3.2 340 3.2 4, 100 241 1627
L5 3.2 2.6 342 46 0,57 2.1 8.3
55 more than 4.0 s more that, .0 47 1,0 34 15
56 0.5{%) 1.6 15,0

# Trdess ctherwise stated the suscepbibility tests were carried oub followirg WO tzchrinue and gsing
WO ftest it znd DDT selutions.
ro {a) Estimstes/based cn the suscepbibility tests carricd out follouing Busvine-Hash technigue. DDT solubion
: were ].o:-,g%‘l.y Ire-ared wsing p,p! DDT and BOC vhite cil
o ¢} Batimaten/based on the suscoptibility tests carrisd out owirg Busvine-Fash teckrmicuoe. IDT soluti
ore (_ ) f:';m_ hcjl;}mpamd udng tachnic 1 DT ond BOC white i | : Tons
are {r) Bstimates/based on the susceptibility tests carrisd out following WO techrigue. DDT sclutions wers
locally prenared weing p,p' DDT and aleohai. &
#* Dua %o hich heterogenety of response the values could not be precise -nd hence was not estimated,
W Mortality rate alt 4.0 percent was less than 50 percent and hence the estimabe of b will not be relizble,

ey
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less generwiions. The high response lo seleclion, 4.9, vbserved in 20th
geperation ws ascoclabed 1;11’5&1 high hebterogenelty of responso widch sugpested
inereaze in the Crequoncys h:I.E,'h resistant gonotypes resulbing from the
eoncentration of alleles for resistance al varyin: levels. The allelas

ot strongly bowul by linkage bomd | disinlegrated during bransmission,

Thiz was indicsted by low walues of R, Z2.8.3.2, ~rsociated with low values

of by 2.6=3,7, during 40th to 45th generation. Continued selectdion of

-such a variable poiilstion rwsudlted in selcetion of hdigh resistance again

in the 55th generation. In view of high veriability of response to teshing

rdosages of DDT the recistance aclactud eoild be considered waateblos,

Selection =t I'Dgr:l af both larvas aud adidits of cech generation
eonistitubed highor selection prescure. than seleciion =8 LDE{} af any
ot of the stages. Due to suwh high pressures of selection sufficient
mterial for susceptibility fest were nol available. Hance larval teats
were carried out after 27th gonerntion of selection, The LDﬁG of
larvss for 28th genartion wis (W8 agoinat 006 giving a msponze rate
of 3.3« The regrension cocfficienl value was 3,7 which was not as high
aE observed when yigour wns seleclted; infact the stetisticgare simlar

to those formd in post—vigeur sclootleon perdiod vwhenee LD_. and R values

50
are 2=3 times higher but the b values are lower than the base line values.
Hance it ip mot possible, in this ense, to find ihe winimm time needed
for salections of resistance of VT fype.

- High resistance sharbed bullding wp in 38th gencration as

inticated by hagh volues of R,646, end low value of b, 31,
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the development of high resistance reavhed to a maxdmm leval, 16,7 times -
18 high ae the base line walue, In the 44th gonerationy This level was
htained through fTuctwations=nd ~lac followed by fMuctustions 4n the
fuiuaﬂ. of I‘Dﬁl:]’ b and Re (TatleZe4¥s This showed that larse wuber of
gense ware involved which through the wechanism of asegrogvtion rnd
linkage eontributed lowarls means ond varience of the distribution of
resiatance in differont ponerations. Rescponse vate as high rs 51.9 of
I'I-af«rain waes oheoried in (5‘?}’ E‘Fth' generation; whenece b valus, 2.7, was
the enme na that of the M-gtrain (Tabile 2079,

From the result it could bo concluded that higher selection
praasum of DDT resulftiny from ssleotion of both the asults and larvas
ek LD50 lewrels than e soleeiion el"hhcr at adtlt or larva] stages had

yesnlied in development of low reslatsnce of VT type and probably had
imitiated the development of hirh resistance in the adults, The probit/
log dose regression lincs wore linear which agein showed that the VI

wes polypgerics Due to moerimentsl constraint VI in larvme could not

be observed. However development of high resistance to DDT in the

ﬁmme was fourd.
235 Trends of B and respeocion gocTficlont 4 i

The assesamelrt of response o DDT pressure made #o far was based
M eoTpariaion of LDW’ b and R of the thres selected straing with
dUmlar base 1ins values ant 2t tho end with the cotimtes of parellel.
tast rasulta of the stock colony. The sstimatas of the threa parameltera:

for dlrferent geneoratioms were stbject fo sampling and non-zsmpling
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‘arrors originating frowm testing tedhrdque, gquality of DDT, othuer expari-
mantel and eeclogicel factors, The effects of thoge facters are likely
o sxaggerate or mask the true statuo of resistance. Dharefors, thers
is the need to s=e the teend of R in the seleoted stradins,. This was
done by graphic method, It is geen that the ewrve of rosponse to
selection, B, in larvae of desirain, Lestrain mnd Al-strein over generziior:
are liks growthecurves (Mge2.1). In Al-gtrain 211 the three phazes viz
way asymplosic phase (lap:l oxponentisl phaza {up] artl npper asympiotie

phase (wp) were chserved,

The results of the sclection studies by Docker and Bruce {1952)
x!ﬂmwﬂ that the progross of evelution of specif™oe resistencs in NATCHM.
a‘h‘a:l.n of housally wder the preseure of methoxychlor, DOT, camms HOM,
;}uhlf:srfmne an dieldrin had =zlso followed the growth curvo, macl SUIVe
zm;dlibit-:-ﬂ thae lap, ep and the wip. The growth curves observed with this
:thin,ll ~gtrain an! Al-strain of Asgtephens] covld, therefors, he
songidersd ns charectarstic curves of rmeponse to selgetims. Foooe
“the informetion sollected from the susceptibility tests of the lrrvras of

erent genmerations of fmstrain, Lestrain mnd Alestrodn of A.gheifonsd

a meod bo asslgn meqnding and sigrdficonce te the different phases of

the growth curve representin: the response to =clection.

The lower asymptotle phase, lap, repressmitad the peried
in gonerations) when VT=type resistance was sclooted (oot 2aJeBy Zalald
2-3-@}- The eltitude of thiz phase measured from xeaxds gives tao

tfude of expresaion of Vi-resistance which wrs R 3.5 with Assfephored.
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fherefore 1.0 < R \(\4.0 could be considered as characteristic mean
Tesponse to selcction of the VI~gencse. The lap is the procrusor

the development of high specific resistances The genes controlling
VT-type resistance being hardy, and vigorous provided opporturty,

tirough some protection against ecological hapards and accidents, to the
gnotypes having potential genic variance for specific resistance. They
dso glve such genetypes time to break the chromosomal inertia for
rleosing the genetic variance in 'free state! under the stimilus of

D! pressures Thus lap is preparatory phase for the development of high
peeific resistance. Milani (1956,1957) dlso considered the first few
gnerations of selections to constitute a period when the ancillary
pne-alleles are accumilated, the incompatible ones are eliminated and
gnotype as a whole ren‘ode]leél to receive new resistant gene alleles.

The lower asymptotic phase could also be observed under DDT
selection of a pre=-existing single gene of major effect (cefe243.11,
Bgvalg, Sccording to Grow(1957) the initial latent period represented
by the lap could arise either as an artifact from the method of testing,
and its arithmetical expression or from the exponential intorrelations
between genotypes and genefrequency or both. The eredibility or
stherwise of the two explanations for the lap could be tested by
wmparing the time (in generations) noeded for the 'take off! of the
tbserved and expected growth curves as done in sections 2.3.11 and

tbserving the behaviour of LD 50 and b in different generation wndew’

silection (Ceofe 20302 2e3ek)e
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The lop is followed by the exponential phase representing fast
rate of selection of resistant genes and alleles. The effect of DDT
selection is porcoptible at this phase because of availability of much
genetic variance in free state. The rate of increase in resistance
decreased as the free variance was progressively utilized by selection.
During this phase the genes for specific high resistance could go for new
Lirkage growp to meet the challonge of DDT seloction, Such linkage of
resictant genes/elleles, if and when materializes, would result in
formation of resistant cluster(s) having expression of high resistance.
In case of pre~existing single major factor for resistance the population
under this phasc also become highly heterogonous due to pre-ponderance
of the homozygous resistant and heterozygons genotypess Therefore the

probit/log dose curve obtained for this phase would show low slope or

plateay or even eratic behaviour.

The upper asymptotic rhase, uap, indicated that the population

has become homogenous with respect to resistant genotype. The free
Zonetic variance available with the population was utilized completely
or almost corrple’c‘zely by sclection. During this phase, if polygenes or
mil tigencs are invclved, the selected genes are also organized in cluster
to achieve optimm level of average fitness for survival as demanded by
insecticide selections pressure. For efficient and economic functioning
of the complex defence mechanism controlled by the genes alleles the
dluster(s) must evolve to a 'stable! state so that :L‘b/not disintegrated
during transmission from generatior to generation, Stability of the

cluster of resistant gencs could evolve through the development of strong
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linkege borsl or due te Rolorozygous chromosoral inversiore Tho mp copldytherefore
- be conaldered to represant the evelution of gtability of resistance

ﬁlustrar(s)'. The fiuetuntions er otharmdaoe of LDEG and regression.

" opefficient values during the generations wmder the wap could be

attributed, among other factors, to the state of stability of the clustery

the higher the fiuebuationa in mean and verianco of resiztance the

veaker the statc of stahdility., Fluetwatdons in the valuss of I‘Dﬁc and

b observed in the generations wnder the wap of the dL.strain of

Lysterhengt {cafs 24344 ) and also with the highly resistant 'Erode! -

cotredn (Cefls 243.10) are attributed to the weak state of stabllity of

the rosistont cluster., A highly stable resistence cluster, matured ovey
“generatdons of insecticide pressure or ite corrslabted pressure, will

be hove like a major gens {super gene of Mather) having pronoimosd

exprossion of resislance as was obzerved with Asstp :.y-it' E-gtrain
(oufe 243410 and chapter 111}, The informstion obtained from the H}m

snd b values of different gemerations of m mder laboretory
salection by DDT clearly underrdsa  the confidence on the hypothesis
of evolution of resistent~strain due to selechtion by insecticlde of a
pre-exlsting macro-mutant gene. It may, hovewver, happen that a glven
iype of ecclogical pressure having offect similar Yo a glven type of
Angecticide, could also result in evolution of reslstant - dluster
sver in abeefice of the use of that insechicide, Zometirws tho
resistant oluster could evolve dus to linkage with genes of other
sharacters fevoursed by a glvenr ecological salection. In such
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pitustions the selectiona of resistonce will conform to the theory of

selechion by insecticlde of a pre-existing macro-mitant gene for resistance,

From the sbove conaiderations it could, therefore, be concluded
that the polygense/miltigenes for specific high resistance cotld evolve
to & major factor (single gene of proncwnced sxperssion) for specific
high vegistance wider prolonged specific insecficidsl pressurs.

The regression eoefflclmt values, estimated from the larval tests,
of the different generations of A-strein, L-strain end Al~strein aid
not show any trend (Fige2h2) The values of b increased in the sarliey
generation of selection vheh VI-type of resistence was evolved and then
it decroased, through fluctwtions,to a level close to the bvasae lina
ona, though the magnitude of VI-type resictemce did not changss In
the Latter phase of aselection low valus of b, "1ying in the nelghbourhood
of zimtlar base linc value, waa essociated with avclution of high
resistance, This suggested that there exist a tendemcy to conderve
variance within charseterdstic 1dmita. Swply of genctic variance
vhen 16 s less than tytlowsr characterstic lindt wnd drepdag it out
wen it is more than the wper Jimdt are controlled by the penetical
end eoclogienl. factors. Releame of free pgstietle variance from end
transformatlons of free vardance to pestenbtial one, as= supgested by
Mather {1973), could be considered #8 the penctical machenism of
regulatiovis of variance. The stabiliﬁng zalection pressure cldlrinedd -
sxtrags phenotypes and henes could be conasidered to constitubte the
soologleal source of regilation. Lowor varlance of resistarce than

that of base line one in the earller generations of selechion wes
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compensated by release of free vardance through chromoscmal activitiess
Purther the esmess varlanece are finally eontmlled throwgh adverse
seloction and roetrenaformastion of free variance to rotential varisnce,
The induced reduction or inflation of varianes beyond the charscterstic
lower sl wpper dmdta gemerate the force for comservations swhich shen
squal to or greatier than » thresh hold value primes the regulatery

gans-system for auitable actlon,
22346 SBpgod of Yowelopment and Intemsiby ol Mepreseion of Mesistanas

Rasistance of Vi-iype (Rg4+0) was found to develop in adulbs
by 10,12 and 10 generations whehcs the values of R&mm 145, Te5 amd
22, in femle adillts of A~strain, Lestrodin and Al—gtrain, respectively
of &gj@m. The maximm expressions of VI, as ostimated by l?”wem
30y 340 and 343 in A-sbrodn Deotredn and Mestrain, respectively
(Table 2.5).VT-type resictence in lamvae was developed by 15,27 and 28
ganag'ati.m.s, vhenee the responses to sdlsciion wr{af:%{'ﬂ, A7 amd 33
in destrain, Lestrain ond Al-strain, respectively. Maximm expresslons
of VI, an estimatod by Ry fere 2.7, 3.3 wnd 3u3 in 4,L, ond &G streing
;vespeotivaly. This stupgested that the expressions of VI genes,
%1rrawaﬂtim of mde of sclections, were at both adult and larval
%ﬁutageﬂ of the 1ife cycles Purther the Intenaity of expression of gehes
for Tiatype resistance in larvas end adults were practicslly of oame

mgritule oven when the modes of aslectiorswore different,

| Hlgh resistance (B >4.0) in adults were observed in Al-strain
%‘bla 2.5Yaloned. It was seleeked by DDT preasure, at both adult amd

irvdl, sbages, of 30 genarationg. It was of low ordery say 4 times
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(Datz showing specd of development and dntersity cof expression of DT resistanie
in zdidlt 2nd larves of A.stevhensi dus o Aifforeet mode of selection at a
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- svaluaticon

St 71wt
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ghoedr Tesirodn  sbe tpedn Aopfrads T ooTredw gleciies

L.

Wi meur tolersnce Gerorntion wuel firch
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Degres of expression(R d‘}

e xwdewel of cxmression
obgorved {Rp)

Certeration on which fMrsth
abzarvcs

Specific high
rosl s TANCS

Degres of e:-.pre:—:sion(ﬁ(}

Mrx. lovel of exrression
Cebzerved (@

ic. 14 T 1% 27 2.3
Te Ta3 Z = 2.0 LT 2s3
3.0 3.0 2.5 247 3.2 3.3
T
_:}..
o = - 3 D
* * G 36 24 28 |
* # 4al =2 0.0 £b

* Wigh resishznce wes not doveloped.
a= given LDEGfBasc 1ine-IB50

;% »= riven LDE:O/I'DEG of ¥-strain, both the LDy, estimeted from parsilel tosts.



as high as M-strein, High resictance in larvas of A-strein, I-strain
and Almgtrein wore developed by 56,3 = 38 gensraﬁona, respectively
whence the magnitude of expression were 12,7,10.0 and 6.4 times as

high as the base line susceptibility. The modmm levels of resistance
attained were 34.4, 55.6 ond 51.9 due to DDT pressure at adult, larval
and hoth adult and larval atages. Thess spgested thet speed of

devel opment and intencsity of expression of high-resistamce wore roairmem

when DDT preszure wac oxorted on larval stage.

2e3.7 Busgeptibility of DDT #leocted Mrnins to gugms BHO end Hedrin

To sbuldy the effect of DPT pressure on the susceptibility to other

groups of chlorinated hydio carbon insscticlies the A-gtrain,Le-atrain
and Megtrain of d.stephens] were teatesd in the 52th, 60th snd 58th
generation of DDT selection againgt dieldrin end gamma BHC. ~ Statdlstieal
aummary of the testwresults are given in Talle 2i4. It may be seen

from the table that the LD;q of dieldrin for adults of A-gtrain,l-strain
and Almatrain were 0.21 percent, 0412 percent and 0,36 percent,
reapectively. A& comparision of these estimetes with LDEG of the Meptrain
showed that the strains AL and AL were 1.0,71.4 and 2.8 times as
registont as the Mestrein. The regreseion coofficient valued were
higher then or cquel to that of Megtrain. In case of gamm BHC the -
Amgtrain, I—strain and Aleatrain wers slsc 1.6,14 and 2.7 times

as resistsnt ez the Mestrain. The regression coefficient velues were
higher than or equal te that of the Mestrain. This low degree of

m Al o roslskancs is therefore nen-specifio ond hence is of VI type

of resistence. Tt wns contmllal by polygencs whilch gob sdlsoted
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wder DDY prassure, The expression of palygemde ron—specifie VT typa

of resietance was also ebacrved dn the larval stages. This was evinced

by the 2,3, more than 7.1 and 6.4 times higher tolernnes to disldrin amd
ka7 6.6 ond 403 times higher tolerance to gamma EHC of the A-gtrain,
Legtrain amd Alwstrein respectively. The repression coefficdent wlues
of the selected strwins for BHO wore Iigher than {that of M-strain but they
were Iower for dialdmin. This sugpostod the possivility alsc of develope
pent of opecific dieldrin resistsnecs Such a phonomenen, considered aa a
porrelated respomsc to IDT selection, could coeour dwe to Yinkage of some
dicldrin specific rwsistant allsles with thnao of Fllcoles for VT orfand
MT=gpeeifio rasisztance and hence the pogaibility of being selected even
vhen 1ts selection wam not aimed ate

2348 t DBT Sqlection Pressure on tho Susceptibility
8tatys of the Bglected Styains,

To atudy of the effecl, if ony, of withdrawnl of DPT pressurc

on the difforent types of resisbance doveloped, the three selected atreins
of 159mhﬂn51 were oultured for sight generations without DDT preasure.
The 57h, 59th and 57th generntions, under DDT pressure, of Aestrnin,
mgtrain a3 Awstrain respectively wers the cormemeing point of the
study and hence they wers tolton as WD paneratiort. The eirhth ganerntiom
mder withdrawal of DDT pressure of ecach stradn is referred to an
ﬁaﬂﬂ generations. The susceptibility statuz of the adults ard larvae
jgabmt DDT and dfeldrin (DL) were assesged in ﬂzs: I‘%ﬁh generation, Ihe
wtmstes obtained from the parallel tests with M-strain wore uged
) cilotabe the rosponse to maturdl sdlection, B ot Wy and W, 4
tistical summary of the test remilts is given in Tablo Z.%.



T—ab:l.ﬂ 2 i?

Tetimates of susceptibility status fo DOT and dialdrin of A,sterhensi DDT sclected strains rearsd
for eight generations without DDT pressure and of Asstephenzi M-strain

Ayl ta Lasvne -
_ . DhT Diedirip 2T Digldrin
Strains of  Generation 3 Gl v 15 (a7t 1Ib ETe O NEV IS
Assteohensi 50 B 50 R 50 kil 20 ‘
{percent) {(percent) (zom) {prm)
l.--.":’tmiﬂ* %_ 1 Iu{i- 310 ﬁ"ﬂ 0.12 2-#‘}-{- i—lc‘ Ij I§5 35{--41’{- 119 :iﬁﬂ'jTE 1 -'? Y]
k{) y i 3.7 i'ﬁ.ﬂ'! D21 LeZ 6.7 1.58 7.5 *=%  0.00728 L6 3.0
Lﬂﬂtmﬂ -b% 1 id'fl» 3.1:] 5 IG {:"[}9 ‘ 1 13 -!}-03 OJE? 55 I'E EIT B,OC.EE‘ 2;3 611
¥ y = 2.6 5.0 G188 3.6 6.0 1.6 1000 1.6™P0.01 1.3 #s
)
iL-HE‘bI'a'iI‘.-* 13;8 1 16 305 2.1 Gl12 2-3}‘ !{-‘-D G'a:} 51 ng 2-? G-QC'12 1 t? 6 13 -.::
ﬁ{a ‘jL.E} 8.7 e 0.3 7.2 4.5 090 86.5 146 00089 12,7 3.3 !
Mestrain P - D46 o0 5.5 005 1,0 1.0 0,016 1.0 2.7 C.0007 1.0 3.3

* Sirains were selected by DDT for 57 generations and then reared without ODT selzetion for aight gorerstions,
#% 3train war soloacted by DOT for 59 gemeraticns snd then reared witheut DET salection for eijht pensration.
+¥% T ry hign variance linear probit/flog dnse cenld not be fithed to the deta,
8} = Beeponse o sel ection cstimated as
1'1}50 of 2 givan aselected strain
mﬁD af the M-atrain
Wg= Hight genersiion of DDT-free -milture
ND:: AL the terminal rhsse of DlI-selection.

= R for M-strain 45 1.0

R=
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First response to DDT pressurc was the development of nonespecifio
resistanca of VI-type. This wns followed by specific DOT resistancs of
higher magnitudes. Selection ol specifie DL reaistance, with low
exprossion was Alac observedls An obaerved level of resistance, therefore,
eowld be the combination at least bwo typse of resigtance. Hencs to
study the effect of withdrawd of DDI pressure on VI-type of resistance
the results of DL susceptibility to the addlis of three stradns are
considercd.. The R of afulbts to DL at Tst, wag Lower than that of 'a% for
pach salectod strain. The lower values of R were consiatently assocdated
vith Jovor valuos of b at Wy than W, (Tatle P, This suwgested that
Viniype resistance had decreased and the variahce inersased duwe to
wlthdrawsl of DPT pressire. This ocould be attributed to ddsintegration,
i -the ‘demand of insecticide freo.srwioprment, of omlorud pelygenic
syston for monesmmoific resiet-uce in 4o o pyoten thols ekos

the genotypes susceptibile since natural sclection demards eush organd satdon,

It we carlier observed thalt DL resistance in larvae g&: alag
golected due to correlation of its alleles with those for DDT or VT typas
of resistant alleles (c.fle2.3.7). Susceptibility tests with such a
materizl showed thet B 4o DL and the variance of resistanoc were
gonslatontly lower in 1-.'8 than T-h. Thi= swggested the ajpearance of
UL susceptible pherwiypes In high frequency and elsmination of Dhe
regisbant pherotypes, Thus the astursl scleotion was foud to favour
the DL susceptible larvee which appoared through the disintegration
of the orgamized recistent geme syotem.
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The adults of both the Aestrain and Lestrain wers observed to
develop VI-type resistances The R to DDT of adults at W8 for these
two strains were almost the same as those at WO and so Werc the variances
of resistance as indicated by the b valuss (Table 2.7). It could, there-
fore, bec inferred that there was no porcoptible effect of the absence of
DDT pressure for 8 gencratiomon the VI type resistance in adult. The
adults of Alestrainwerc found to develop VI-type of resistance as well as
low specific resistance to DDT at the 55th generation under DDT-selection.
The R and the variance of resistance to DDT of this strain at W8 was
less than that at Wy. This suggested that in tho absence of DDT prossiure
the natural selection had favourcd the susceptible phenotypes appearing
from the disintegration of the resistance gene~system. It had also
eliminated the few stablc resistant clusters evolved. Due to the
confounding expression of VIiegene azlleles and specific DDT gene alleles
the effect of natural selections on each of the gene-system could not be

evaluated seperately.

The larvae of all the three strains were highly resistant to DDT.
This was the combined effect of the non-specific VT alleles and specific
DDTeresistant alleles; the effect of latter being more than the former.
The value of R and the variance of resistance in the three strains
were, lower in Wy than W, (Table 2.7). These suggested that the
natural selection resulted in the disintegration of the resistang
cluster. This resulted in the release of the susceptible gemes which
were favoured by the naturél selection. Similtaneously the natural selection
could,haye,” eliminated the resistant individuals which contained
relativelfy more stable resistant gene cluster. Thus the natural

selection was found to work in the veverse direction to DDT selection.
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2.3.9

cob of Mirh BT Prossure on the Jezictence bevel of Aesterhensi
Erode Sixrain

Ta stwly the offeet, if any, of hish iacscticidal pressure om
highly resisfapl atrain, fhe & sfophenci Bestrain was cultured for 29
ganeratlons, subjecting Inrvae of ench peieration to high pressure
(60 prm x 24 hra.) of DDT, Fluetunbiong 4n the guoesotibility of larvae
in different goncraticns voere cobscses]l durdine tho selestion. Aults
and larvee of the 29th genersidcon, Wi sfijecto] to sunceptiddlity tests
ggainat DDT gave LDECI as 4e0 pereent sl pen rospoctivedste  Lapvad,
mwrtality retes (in percent) ab varvirg dnges of 07 (in ppw) were
60, F.0, 17.0, 23.0 abt 10,20,40 ord €0, resosiively. This type of
lerval reoponse to different dooss o DT -xic ver clozo to that obssrved
gt the Initisl goneratlon. Tne adxite of 200 cannration, howevar,
showad slicht dncrease in LDEG-’ 4.8 from lesa than AW.0. Thus the results
ghowed thot reslatanca capnot be dndreelad iaflaitom by even high
presgure of dnsecticide. Thehd cxinh a Wirls of reretiesd rogoures which
when fUlly utilize? wmder sdleodlor proezsoe i1l nod contributs towards
Mrther dnorease in the espretsion of raslsotane- mo ratler how intanss
nd prolonged the prossime Ta., . The (lushweli~g obserevs? in the level
f resistance In Jdifferent goneroiioms wder zelectinns could partly he
‘o dup the omirammonteleffec! and pactly genctizcd, The gonebieal

ontribubion is due to dnlesraticn owl disintegration of resistent/

wsesptible paties anl zllesles of the wretakbls rosistent  cluster.



npards ) : fat bvelubdon of Tweistonce gnder
DUT axlection 1e:dct

Insecticides 1iky DDT and BHC wore used to conlrol A.cteohonsi
wiler the malarda contred programme. This resudltod in ovolutions of .
gtraine resistant to IDT, FHC an? dieldrin, The {icld sclected -resistant
strain was colonized In the leboratory =mi lested for ita susceptibility
"o DDT, BRC and dicldrin. The vesllts are swmarized in Telle “Fd.
It 15 seen from the Tatlw that the larvae of 4,otephensi FBrode shradn
(Strain E) were hishly resistent to DDTy the LDy, being mors than 600
e as ageinst 0W04 pym of Megtradn. The larvel mortzlity mtes wers
026,12 and 13 pereant at 5,10,20, 40 mnd 60 ppm of DDT,  The Ly,
of DT and b values for adult lemslo mosquitocs of Bestrain wera 1.5
and 3.3 against 0.7 and 4.2 respectively for adillt fomales of Mwstrair,
Thils suggested that adildts of E-strain = orly twice as veslsatsnt =as the
Yustrain.

The I‘Df}(} of pamma FEC for the adiults of E-struin was 0,019
wainst 0.009 for the Mestrain. This dndicated that ths level of
reslstance to gamwa BHO in adulfs of Bestrain was ornly ftwlee as high as
that of the Mcatrain. The velue of b of Begtrain was greater then thet
af the Mesmtrain.Those sugpestod that the allt rosistance to gamma BHO
i B-gtrain was of Vietype. The Vietype resistence in larvas was also
indicated hy about 4 times resistance in Bestrain assoviated with higher
velue of b (Table 2.83,

The addlts of E-:strain was aboub 1.5 times reaistant o IL

Te2) I‘Dgg values of B-slbrain apl Mestradn were 0.12 pareent and 0,713
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Summary of the suscepiibiliiy test results of Al.sterhensi Madras strein emd Ficld
salected A,stephensi Brede strein.

chpmin of N EFAS Gemy, XI0 Dizlipin
H rf;:tﬁm 5 Adul &5 Larrad Adul te Larvag Adul be Tarvos
kg STERLENAT o TS R 1o D ;
| ) LD, b 50 50 b Rt b LD;,@ B LD 50 b
{ groent) {pom) {percent} (omm (tepgent) (orm)
Erode Strain 1.2 3.3 76040 - 0.019 5,0 Cuit 5.0 0.19 5.0 0421 Go3
(8
Madres Strain D7 4a2 CI'.OI,. Fa3 0009 'ﬁvtg 003 3.5 D13 et 0014 LA

_gg_
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percent of DL, respeetively. The b value for BEestrain wae 5.0 agrinsh
445 of Megtrain, The larvae of both the strains were equelly suseeptible
(Takle 2.8}

From these resudlis it pould be concluded thet the larvae of B-strain
were highly rosishant to DDT bt the adulbs were glighily tolerant. The
avolution of this Lype of vesistance wes due to the sclectlon by DDT, which
wad yred for veetor contyol puwrpose. Use of DDT 4n fMeld hsd also selected
VI-type nonespocific resistenes which wmse expressed in low intensity
in beth adults an’ lurvae apainst DL, Svberequent information,showed
. that both sdulis end larvae of A.glophonsd ware resiztant to DDT and
telerant to BHG (Bhorbere, Roy and Samson, 1963 and Bhorboro at a1 1964)
in the fi=ld,

. The pattem of response to DDT pressure in laboratory was evolution
of non-gpeeific VI-tipe resintance expressed in both adwlt ard larval
atoges followed by cvolublon of apecific high resistance to DDT expressed
first in latval stage alone and thon exbended fo adult stage, and in
sdrertant development of Dh-resiztance of low orler. Tt 1 interesting
o observe that the patlern of ovelution of resistance brought about by
IDT pressure on &sgtephanst Iin laboratory was similar to that brought
about by DDT-spraying imder malaria control programme. The intenelty of
expression of resistance developed in field was higher than theb
developed dn the loboratery. This cowld be due to the large slze

- of the fiedd population, random mating and out~breeding which provided

mch more geneticel resouress for dntepration into rosistand cluater(s)
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than that will be a expected from a small laboratory population wmder

closed breeding.

2.3411 Test of the hypothesis of avolution of Xesistance dus to selection
of Pre-exigting sincle Specific ficne of Lajor Gffech.

The reviews and the reference books on the insecticide resistance
claim that the evolution of resistant strain of an arthropod species
is dwe to selections, by insecticide, of the pre-existing genetical
factor in its population' « From the results of the inheritance studies,
the genetical factor was considered to be, mainly, a specific nuclear
gene of major effect (Brown 1967, Brown and Pal 1971 and the appropriate
references quoted by them). The \hypothesis of selection by DDT of
pre—existing single gene of major effect present in the stock colony of
hystephensi (strain-M) was, therefore,tested for its credibility or
otherwise. For this purpose simple biometric models are first developed
to estimate the resistant gene frequency, its equilibrium level in the
stock colony and the time (in generations) necded for evolution of a
homozygous population wnder a given level of selcctions The last
expected estimate was then compared with the emerical resultss It
is hoped that the resultgof this test will help in assigning due
confidence on the eltermative model of evolution of resistant strain

developed in the previous sections. (2.3.2, 263:4)
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1312 Model T3 @istimation of resistant pene frequency

Let R and S be the two alleles of a single autosomal locus determining
pecific high resistance and susceptibility to a given insecticide. Let
pand g be the frequencies of R and S alleles and P,H and Q be the frequencies
i homozygous resistant (RR), heterozygous (RS/SR) and homozzygous

ssceptible (ss) genotypes, respectively, such thab

p*+q = 1 and P-I-H+Q = 1
lgterhensi is a deploid speciese Therefore following Mather (1963), the

frequencies of R and S allcles could be estimated as

,I\J =P+%-II 9es0s00csecsnnscen (1)
and & = QHH

te equations in (1) are based on the assumption that both the males

nd the females have the same genotype frequencics., But ir;smll sample
teken, from field population having small value of either p or g, for
stablishing colony it is likely that the genotype frequengies in males
il females are not the same. Under such situation the genotype mating

frequencies in the first laboratory mating is obtained as

otype. Mati Freguencies
fomale RR x male RR Pf x Pm = fo (RxR) "‘;
tele RR x fale (RS/SR) (Poadt ) +(HpaP ) =f, (Rl ) 1
kmle RR x male SS (PoxQ ) +H(QxP ) =f0('P:xS ) } o
tmele (RS/SR)x male (RS/SR) (8 ) =£ (HH)
temale (RS/SR) x male SS (HoxQ )+(Qad ) = fo(nyS)
fmele SS x male SS QG x q =f,_(5:8)
fhere Pf and Pm are the frequencies of resistant male and female individuals;

drilarly Hf,Hm, Qf and Qm are the sex~wise frequencigs of hybrid

heterozygous and susceptible homozygous individuals,
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Using the first laboratory mating frequencies given in (2) the
genstype frequencies of the off springs of the first generation in

laboratory will be

RR f(RocR)—;-l—f(RxT{ )-r—,%f(HxH).—:P I
RS/SR k£, (RxH )+£, (RxS)ii £ (H . )+— £ (H 5 x8)=H.
8s -}f(H )+‘f(Hxs)+f(Sm) Q, |

—t

Assuming absence of neiotic drive, differential zypotic lethlily,
mequal survival in either sexes of each zenotype and non-random mating,
the frequencies of R and 8 alleles in the first generations of culture
could now be estimated by (1) as

By = By + 1My

@l Q’l + ¥ H‘I )

wder the assumptions of Hardy-Weinberg law the frequencies of R and 3

alleles in different generations will remain stable at the value of
@1 and Q‘l' The stable genotype frcquencies will Le

N

P =9 ] . <
b1 - - - - - === W

H =2PA161 g

2.3.13 Model II: sslection at LD‘;O in each Ceneration

A

The laboratory population cultured for ycars contained the

Realleles at a stable frequency, %1 . A sarple of this population with
/1}1 frequency of R allele is subjected to selection, in each gcneretior,

at LDSO 1evel of the population. It 1s assumed that wnder the
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P

gelection scheme firat the susceptdible gonotypes w1l be IKdlled and then
the helerozygouz gunotypes.

docorddngly model: »re developed for twe casesn: Case Tt Fcpn SF 4
Pnpn T and case IL: Poan gL Fop™ T; Pop’'8 erd Pop'T denotes the
pnptﬂ.aﬂon of homozyrous suscepltible manotype and Pop''T denotes the am of

the population of 211 the threo gehotiyped.

fase X: Then Pop’s 0.5 Fop'y

The impact of DOT sclection on pena freguoncy is seen thus:

~ AR __ T A EE Total
Poprlation at the o o
tommancenant of DDT p; Epoqn q 1
felection
Praportion K11ed 0 0 5, -
Relative Tiitncss 1 1 1--50
L) . E
dffer selackion pi 2P, 3, qiﬁ-so} ‘T-scquu
L
Low P .
R B - - ()
1- oy = EPD _ _ _
P - -
hen s o] = % (6}
2 .
= (1-5) +pay - - - . )
1= Tt 2
ol -
£ 1
oT  q, *pon, * 5
= 24, -1 - - - - - - - . _ - (8

i&i&n E!DCE nr-é-. '
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If genotype froguencies of First gereralden alfter sclectlor are

‘ -
then P1 R El '"'_;“'I:"Tl‘..i‘] oIk {‘5-‘3 = C—*.]

. P, s} . \ =3
In general at the end of 0™ sclzetion we have, 1f Q = g7+,

P T, T

s % = 2 {

and R i

and herios T = p"? cn
' il 1+ —_— = 'U)

Hpag = Py S

) . a

= Gy

Gase II: When Top” 8€0.5 pap T

TWhem (say in Nth E-;{:aners:'bion} relntive froquoniey of 53 = qﬂ.qf';-::w
gll the 89 and soms of the (RS/SR) w1l alsce be idlled. et gyhy bo the

proportion of 83 and (R3/33) that 1911 ke Kilel in 50 perecnt solsotion.

In thiaz case we have
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L] e——rn
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1
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2
Py_* Py (1-hy)

Py = M - - - = = (10
1 =gy =y
_ Dy (1=hy) -
‘31~I+1"Hqg i R 1)
gy oy ay
Genotype froguenciecs after sclection are
. 2
et T Py
I T I - ~ (12
_ 2
and = g
Yo LT _J
In general after (H-G-I{)th sellection
BF e * P Brge 1 Frrag)
Piakel = % CHA by M - ={17)
=Gy~ Py By S
atl Gy . = P B Oy . - = ={(14)

= ,
T =y~ Py P Sax

and hence the gwnotype frequencies of HE, R5/SR and 88 are obtained as

F - |
HH+] THC+

P4 = Myt Gge - -~ ~05)
2
and B 1 = Oy

FL = G,"I!g,iilnl-i

e '

The selection proocssz ends at (I‘T-H'{ }t‘h' peneretlon AT
(g * Qg < 3
1

2\,
veoe 2Py By * GGk
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Py Rep AL then be 1, and 1t will vemain steFle at this level

fUI‘ PI"I'P'K'F‘"&. w}lﬂ?ﬁ- i.ﬂ I::I’1_|2IIIII

2a3¢1; Egtimetion of Yesistant, fepe froqueney an 8tock colony

The stock colemy of A.gbophencl (Madras strain) was sterted with
2 larvas collected from figld. Assuming the frequency of male and Pemala
adiilty at emergonce was 0.52 =nd 0,48 the aiilt molos and femgles after
anergence were 13 and 12 reopeetively. To satimate the lowest frequency
of resistant gens in the semids it ds assumed that one of the 12 fomeles
‘yas heteruzygove for resistant gene and the remadininmg femelss and all the
13 mles were honosygous for susceptikle pene alleles: Asmmmng random
mting beotween Aif "evanl gonotypes the first mting frequencles betwsen

diffarent genotypes are ostimeted by {2} as

femade RE x male IR = fch:{H) =

female Rlix male (RS/SR)= fﬂ‘[Rﬁdﬁy) = 0

fomele HH x mals 82 = foflh-:ﬁ} =0

fomale (RS/SR)x wele (RS/R) ot (H :;"";,J = O

female (R3/SR} x male {88) = f_ [H?xs)a::-.eegb % 1400 = 0.082
femede 35 x mle 58 = £ (Sx8) = 0.916 = 1.00 = 0,916

Let P1

gotypes in first generntion ol laborastory culture, the velues of

s Hy and @ bo the froquencies of RR, RS/SR and 35

sy and @ are esbimated by (3) as
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¥

if

fO(RR) +3 fo(RxHy) +3 fo(ny‘Iy)

0+0+0=0

Pac s

Hy =4 £ (Ra) + £ (ReS) + 4 £, (L) + 3 £ (B x8)
=0+0+0 +% (0.08,) =0.042

’d‘l =3 fo(Hy;d{y) +3 fo(nyS) + £,_(8x8)
=0 +3% x 0,084 + 0,916 = 0.958

Hence the frequencies of resistant and susceptible alleles ’;?‘1 and &

for either sexes now are estim‘bedvbfté") as
o A . A
Py =Fpd iy

0.021

il

ﬁ\1 ‘= 0,958 + 0,021 = 0.979

L}

Assuming absence of meiotic drive, differential zygotic lethality,

mequal survival of either9exes of eadh genetype in larval and adult

stages, nonerandom mating and nutation to resistant (R) or susceptible(s)
alleles in stock population the frequencies of R and § alleles will remain

stablc at the ,131 and ﬁ; values. Hence using equation (4) stable genotype

frequencies in the stock colony will be
P = ﬁf = 04000441
H= 2ﬁ1ﬁ1 = 0,041118

Q=T =0.95841
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Let each of the three sub~colonies taken at random from the stock
colony for selection stuwdies contain the 'R! and 'S!' gene alleles with
frequencies 04021 and 0979, respectively. The two subecolonies called
strains A & strainel were subjected to selection at LD5O or more of DDT
in each gener ation. The frequencies of 'R! allele and'S! allele and also
RR, (RS/SR) and SS genotypes were estimated by (9) for 3 gscloected
generations and thereafter by (13), (14) and (15). The results of
these estimates along with the proportiomsof SS and (RS/SR) killed in
each generations wnder selection are given in Table 2.9. The frequencies
of 8S, (RS/SR), RR genotype classes and 'R! allele are also shown in
figures 4.3 and 2.4, rospoctively.

It may be seen from Fige 2.3 thet the dnitdiadl porudition is practieally
homogeneous which progressively becomes heterogenous due to preponderance
of (RS/SB) and RR classes. The heterogeneit;i reached to the maximum in
the generations when the frequency curves of/f}lli‘ee ~enotypes interest one
another. Thereafter the population progressitely became homozygous and
finally reached to the limit when it contain only the RR genotype. These
ynamic changes in the composition of the population wAll also hold
good for the cases when resistance is due to number of factors (genes)
linked so closely as to act as & wit., The dose response curves of the
different generations will reflect the dynamic states of the population.
With the progress. of selection the change as showm by the slope of the
probit/log dose lines may be several fold less from the sbeoplslope

for the initial population, subsequently, however, the slope will
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bocoro -stecp  due to homogeneity of the populations fesﬂting fron the
selections of homozygou.; resistant class (Hoskins and Gordon 1956).
The curves may show platean when the populaticn i.s heterogenous containing
different genotype classes in high frequencies; the factor for pesistance

being a single one with pronounced effect.

2.3.15 Comparision of @merical data with that Ohtained theoraticolly

The frequency curve of R-alleles for different generations wunder

selection also is like a growth curve (Fige. 2.4)

The increasing LD5O and hence the resistance index, Rl is the
function of the frequency of 'R! allelcs. Therefore, the growth type of
curve, o based on the Rl values,is not sufficient to conclude, that
resistance sclected was due to multigenes. The most powerftl parameter
is the time (in generations) taken for selecting a population homozygous
for resistance'since given other circumstances being equal, the fewer the
factors involved, more quickly they will become herozygous and hence the
convergence to near limit of resistince (Hoskins =rd Gordon 1956).
Therefore, the estimate of the parameter from tho crperical ct servetion
is compared with the theoratical one based on gaizetion of single gene
for resistances It may be seen from the Tablec Z.5%that after three
generationgof selection the frequency of susceptible cleass (Ssngcnvtypc)was
reduced to less than 50 percent of the total popil:tion cnd b~ the roventh
generation of selection all the SS genotypes snd (RS/SR) genotyvpes

were eleminated from the population. The strains *A! and 'L! 4hus

expected to be homozygous resistant, containing only the 'RR' genotypes.,
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after geven gamerationsof eelection (P4, 2.1 2nd. 2.2) vhen the cvolutfed of
T rosistance in A.stethonsi is duwe to directionasl celection in favour of
g single resistant penus with major effoet, Bub {le emporical resilis

thowed that the porulations did zol become homozypous rosistant even

after 57 and 58 penerations of sclection at II_JSO and above levelly

Therefors, the hyrothesis of seleectlon of pre-existing single genc of major.
effeet 15 considercd net tenatles The sltemative hypothesis of inte-
gration, organi-otion of mdtizenos rnd thedir noloction ns Aevclepnd In

eotion 3.22y 3.5 i3 acecptoli

24  Digecuoion

The progenias of Asatephensl Mestrain were almost as sweeptible
to DBT as their parente. Smilarly the progenies of fssterhengl Festrain
wore as resigtant to DDT as their parents. Suscopltibility snd resistance
to DDT are thus sbable charafferkbics of the specics prssed on from
parcnts to off.spring and hence their controls ave geneticel. Change
in the character from susceptitle sbate 4o a resistant one wnder the
IDT pressurs over feveral generations wms cumilative and 1t (the changs)
resulted in better swmvival of the species population wnder the ingsotioidsl
contandnated environnonat,  Thercefore the cxperimental results on the
salection of Agsterhensi by DT end the Inferances drawn there-on
(cofs243u1 = 2.3.11) are discussed in thlo section, in the light of
exleting gonetical theories Yo systematise an? comprohend the

thenomenion of insecticide resistence in insccihs,
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Aestorhenpd Mmstrain wes collected from Madras City long before
the introductions of TDT and other synthetic insecticides. The atrain
wae maintained in the laboratory withoul ecxposure to any toxie chemiesl,
LD50_ of DDT for this stradn we fownd to vory betwoen 0.02 ppm and -
0.06 ppm. The regression coeffioient veried betwsen Z.5 end. 3.3 (cufu2.3.1
Therefore the LDy, and the regresalon coefficient, b, erlues within
such & small limits of variations eould be considered/the estimates of
the optimum level of oxpressing: of DDT susceptibility favoured By the
insocticide free crrrizwmmomtbs Higher or lower susceptibility than the
optltmm ones are, honce, notadvawbagoous to the epecies for ite sigvival
mder the Insecticide free omvtrorrwnt. This shows hishly suseeptible
and Tesistant individuals are zelected out from the popuiation, 'The
gonotic contributlen of Hdghly swseeptitile end resistant individuals
to the next generatién is, therefore, as good as zero., The naturdl
pelaction i.e, the offect of insecticide free tmwironmort eoquld,

therzfore, be considered to be a gtabilising one.

2.4+ Dirgetaomal ool otion by DDT and osdlution of Tesisbance
A.otorhensl Festrain showed higher walwe of ”"50 and greater _
variances of respinse to DDT (caf.2.3.9Fs The 4,1 and LA strains of
Eyaterhensd, under DOT pressUre for larpe number of generations; also
showed higher value of LD 5p and gyeatar variance of respomse to DT

(cafe 2422 w 2.3.5). Higher ID o than the bagse line one tndtcated

5
svolution of the reslistant strain, Resistence,thus,is a chamoter
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adrndopgoons bo the dpodies for ite swvival wder the DDT ecentaminated
opvironpont.  The Lgﬁ(} of the homozyrows reeiszfant strain is, therefore,
s new optimm levol of averaps susceptibiiity to wduich the populetion
moved wiler the continued precsure of DDT. The suscepkivle {sdthin a
ldmt} individusls favoured by the natursl selsction were weeded out by
the DDT selecetion. The pressure of DDT, therciore, had the effect of
directicnal seleetion on the pomilationa of A.atcphonai.

Tha resilts of laboretory stwdies on the zelcetion of A.aterhengd
by DDT 19 in agreement with the phencmenon expsricneed in ficld. T
Insecticide when used for the firat time to cormbrel inssct vectors/
pests wao found to be highly toxde. The insect pomilations, exposed to
1%, declined by 'erisis! to aluwet eradication poibt, But sconer than
expecbed the declinine trend of the pomilation ws peversad to a rising
one, The populations maintained an wpwordl trend of growth inspite of
the comtlmaed applications of ingecticide. Susceptibility teztzs revealed
thet the riase in the population was due to replacemert of initially
suscaptible strain by o recistant one (see the reference books by Brown -
' 1358, Brown axd Dal 1971) The ~pro-rnce. of the inseccticlde resistancs
Cin tha fiedd populatiens, at 2 high cost L tormeof —oirtolity, 1s thus
& clear demonstration in a short span of timd, of the theory of evolutdion.
Sclaction of reaistant atrain in the laboratory {Rufu2a3e2 = 2.3-4],
4p an experimental confirmetion of the theory.
Zyhed  Cgmetac

hoocording to Fichevls fundamental theorem of netural sclection

the rate of increxse in the fitness is emal to the additive varience of -
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it fitness at that time. Resistance is a genetical character; the genes
 mainly located in the chromosomss (Brown 1967)« The evolution of

b resistant strain, therefore, is due to work of DDT pressure on the
pretical variability. Very high mortality experienced by an insect

meies at the initial stages of its exposure to insecticide may beduwe W
prstical $mvariance since stabilizing selection will best be met by,

w vill therefore favour, genetical invariance (Mather 1973).

Genetic variation is the basis of adaptive and evolutionary
bnge for no other varintion is so widegpre~d in the population
lather 1973). Laboratory studies showed (cofe2342-2.3.4) that
ier DDT pressure the DDTw-specific resistent strain of Asstephensi
Wl evolved though the probit/log dose regression 1ines of the stock
glony end earlier generations of the selected strains did not give
widence of high genetic variance. The genetic varionce on which the
B! pressure worked successfully, mst have, therefore, existed in the
sential state wherein genes and alléles were linked together in such a

hshion that their contributions towards resistance were neutralized.

Resistance is a metrical character, it was measured precisely
i the ratio of LD 50 values of the reference strain and the candidate
pirin of a species. The probit/log dose regression lines of the
plicr generatins were usuelly continuous (cofs2e3.2-243.4) and hence
Mlowing Mather (1973) resictance could be expected to be polygenice
ke irheritance studies reported in Chapters III and IV gave also

werimental evidence for polygenic basis of DDT resistance in
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bstephensie It is an essential property of polygenic system that number
of genotypes can give closely similar, if not identical, range of
phanotypes (Mather 1973)s Therefore the DDT susceptible Mmstrain of
M could be consideréd to be composed of different geneotypes and
hence contained much geneticel variance in potential state. This

potential variance under bi-sexnal mating and closed breeding in the
lsboratory colony slowly transformed to free variability through crossing
over in heterozygous chromosomes and segregation of genes and alleless

It ig this free variability that was utilized by the directional pressure

of DDT,

2ok Difforent classes of Tesistang €enes and their Oconombc Values
for ¥pecies

Swrveillonec on the progress of selection of A,steghensi by DDT
showed that the first response to selection was the evolution of
resistance of vigour tolerance (VT) type; epecific resistance of high
intensity evolved much later (Cefe2e3e2=2e3eh}e The VT type resistance
vas expressed both in adult and larval stages but the specific resistance
had its mandfestation only in the larvel stage (Cefe2e3e2 = 2e3eh)e
Develdpment of specific resistance in adult stage, however, was indicated
long after the apponrznce of larval resistance under prolonged high
pressupe of DDT (24346)s The VI=~type resistance was extended to BHC
and dipldrin also (c.f.2.3.7‘). From these experimental information
it is found that the resistance to DDT as detected by toxicological
method is a complex one; VT-i;ype of resistance, specific high larvel

resistance and specific high adult resistance are seperate and
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hence they must have distinet genetical basia. They caxnot be eonsidersd
to be jladotropie offect of single class of genes. Cascs of co—exisbance
of VI type rosistence and apecific hiph resistence both in adult and
larvel sbtapes, wswlly observed with f1cld populaiicr of insect species,

wdld be dus to Jinksse ol different clanses of geneo.

The Vi-type reaistance wms conzidered to . sher from improved
Z'Ixu.mjr*.i.w‘:-it::un,, extra welght, or any other facbor associated with extra vigour.
« Buch a rezistant strain iz also developed by breeding ordy from survivers
from diverse stresses such ac extremos of temperature, Iack of moiature,
abhormal food or injurious chemical. This type of resistance is extended
to mrellated insceticide and often notably facilitate the proceas of
selection swith second chemdcal (Hoskins and Gorden 1956}, The VE=type
resistance could, therefors he comsidered to have eigndficant econcmic
velus to a spocies Wder inimical ecologiesl sltuations. In an insecticide
Ctopbandanated onviromment Vi-gives sufficient time to the species o
reorganise ito genetics]l resocurcer for deweloping high degree of specific
. reziztances which gives mosdmmm fitness te speciea for ita swvivel. The -
irestita of the selection copordments ave evidences to it., Vipowd,
sadfustment and fitness are the property of genotypes which have passed
the test of natipal sclection and have survived becsuse they possess
these propertdes (Mother 1973). Therefore such genotypes could exlet.
in higher frequency in "fres state! than the gemotypes of specific
registance in the natwural pepulatdons. It is Becauwse of this pre-
sxisting hipgh gene frequency thnt tha Vietype resistance waa observed

o develope carlier {on or before 10th ganeratiﬂnﬂ)than the
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specific resistance (developed on or after 30th generation ) when the
species population of A.stephonsi was exposed to DDT (c.f.2.3.6).

24ie5  EBvol Efgion of Gene Gluster for Specific Resistamce - Its Stability
and Bellaviour

One of the characteristic features of the VI~type resistance is that
the slope of the dose~-response metametric line is steeper that the
simlar line for natural (refercnce) populationse Such a line for VI-
resistance suggested normzl distribution of tolerance over dosages with
smaller variance than the variance of wmselected natural population.
Tis indicated involvement of polygenic system controlling * - V7, vhich
was oconfirmed by experiments (see Chapter IV). A comparison of the
estimates or response to selection, R, for different generatiorsunder
selection by DDT on one hand and R for DDT,BHC and dieldrin on the
other of Agstephensi. f~strain, Lestrain, Al-strain and Bestrain
(cofe2e302,20303,20304, 24345 .23 °2.3.7) showed that there was no increase
in m:;ignitude of VI even after continued pressure for large mmber of
generation and this was so even in case of field strain (cef+246349)
yhere selections was against large and out-breeding populatiors. This
puggested a 1limit of the expression of VI~resistance (around R-4.0)
bontroIlcd by polygenic system of nonespecific effects The limit as
measured by response to DDT selcction was considered to be 40(cefZ.e35)

Specific DDT-resistance in the earlier generations was characterised
by higher LDSO and variance of tolerance distribution The probit/

log dose regression lines were straight with low slope. This was due
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duwe to continuous varietions in tolerance distributions which indicated
involvement of polygenic system. But with the continuation of DDT
pressure the probit/log dosc regression line was found to have platean
(Cefe2e342,24343,24344) which is indicative of discontimuous distribution
of tolerance attributable to major factor(s)s The major factor could
result from close clustering of polygencs due to linkage bond. In the
newly formed cluster the strength of linkage was weak and hence during
its transmission the cluster could disintepgrate giving rise to continuous
variation in response. This was suggested by presence and absence of
platean on probit/log dosc lines.In some generations it was observed and
in the following it was not observed (Table 2.2 and 2.4). With the
continuance of DDT pressure the cluster of polygenes ultimately became
stable (cefe2e3e¢5) and behaved like a single major factor even in
irheritance (see Chapter III). Hence it could be stated that the polygenes
‘for specific DDT resistance undergeos a process of evolution cul-
mnating , in a major stable cluster (factor) of pronownced resistance,
This statement bossed on the results of experiments on selections of DDT
resirtance, an indirectly estimatable quantai response character, is in
agreement with Mather's statehent (Mather 1949,1.150), based on the
experiment of directly measurable Liometric character, that through
recombination linked group of polygencs is built wp which appear more

or less as one large major factor, In casc of DDT resistance
such a singlc factor gives rzdrm fitnoss and swrvival veluo to, the

spceics exposod to DDT contrrdnated enviromment. Suitably
argenized and closcly Jina? genes forring o clust~r of highe

'
specific resistance are, thercfore, of great economic value to
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specias for its survival under incectdeldsl pressure than thelr {genas)
oxigtence in an worganized andfor wilinked state. Whather the proceas

of ereand zation avd Increasing shrength of linksge of genes are mechardoesl
rafidom phenomanch or they are achicwed through effort of the gpecies
directed by its biolopdecsl property, the urze for survival wnder the glven
insceticdde contaminated envirormment, are Aiffienll questions to answer
from the results of the selsction caperiments. But in Yiew of the factk

that almest all the insect spocies of modical importance have, socner or
lator, developad resistance to all types of insecticides brought to use
ageinst them (Browm and Pal 1971), it appearss that the drive for survival
have aleo a gignificont role in the orgamdeatiorny amdl etabildty of the
resistand cluster. At individonl level the suecess of the drive for
survival depurds on ibs magnitude end the genetical rosourcea possessed

by the imlividiusl. The adulbs of d.gtephensi when subjected to DDT
pressure did not immedintely show resistance din adult stage but 1t 44
wle effort to roorgardse dta aveilable rescurces which resllted in
organizatdons of the qrcones for lhrvl macthetones. Coatimged offort could be
attrioutod in f£inAdly freeing the genetdc varlance witich wheh orgamized

had pivon odWlt romdcbones no wdll,

In view of the emerging fach that development of resistence to
insecticide is mather »n nile than exeepbion it will be too much &
pechard enl and silmpllMed explanations if appenrance of resistant stradn
{7 attributed to soelection of sgpontenecusly ocowrding mero-mitation
in & poprilations, by insccticide. Forther 4t slan dpnores om importent



- 82 -

birlogical propartywthe drive for strvivel. On the otherhsnd micro-
mitations are etumerable and then dn a given system of thelr organization
prororve high potentislity for swrvival which when needed could be
wtdlized by the Ysurvival drive' of a species to meet a given situation

succezsfily, Homce this theory looks more plausible.

R olustbl mosomal Angrtdia ¥iga~vis & f Belcobin

of Toaistance

Genes are lincarly arrsnged on the chromosome; the order in which
they are found is the optimam state of thelr orgarizatiom vhich gives
cptiimyp survival value wiler the given envirormment. Honce gerdo
eombination fouwnd are thess svrvive the test of sclection and therofore
a given set of gene in o given organizational stale are good wider a given
gituation. The order of arrangement of different genhes mnd systema of
polygenes are malntained at more or lesas a stable state by the linkage
torde The strength of linkage is the funchions of their (gemes). spatiel,
dlstance, it is more with closely located genes than with those whlch
are widely seperated linkage endows the genetlcosl systom with the property
of i:grtdn. The inertia wiil show down the respomse 1o new selective
farce (Mather 1973). In the selection stulies the length of the lower
ssymtotle phase represenling the generation lag in response to DDT
galoetion: wna attributed to the slow transformation of the potential
polygende variance to froe atate {oof'a 2.35)e5uch 2 glow rate cotild ‘
be due the dhromosomal inertla resulidng from the effect of long
glabdld zing selootion of DDT fres cpviromment., The inertia was broken

dus to croszsing over of the genes in hoterozywous chromosomas
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restlting from bisexnal mating of ddfferent genotypus. Crossing over

1a 2 gene control phenomemon and the peries controlldng it ectld bo primed
for action wnder a given intenaity of stimdlwue ordigineting frem the
onviomnmonrt. Onee the dnertia is broken the gones could be recrgandred
at a faster rate to meolt the demand of emvormentse It i probably due

to this fact that resistance t¢ wnrelated group of insecticide developed
at a faster rate in noly selectad/evolved resistant strein than in the '
teslscted natiwwal popullation. SHmlarly whon the chromosoml inertis -
is weak resistance wlil quickly revert beck to busceptible stats,

whan the insenticide sddloeticn prosaurc withdr e

2edof

Generally specific high resistance to DDT doce not extend ovar to

gamie, EHC apd dicldrin, But in the selection stuly with Aystechonsi

the response to DDT seloection of L-strain as measured by THO amd
dieldrin susceptibility was of a magnitude higher then that expected for
Viwtype of resistence (c.f.2.3+7 and Tahle VI), Surch a phenomenon of
'mﬂ.ti-reaiﬁtance wacs aleo chaerved with giflex fatirans (Mohan 1960) :
‘and in fow othor opecies (WHO/VBO/E7.26}e The genetical basis for suh

5 typicsl phencmenon could be ettrdbuted to correlated response to
pelectdon resuliing from weak linkapge of some of the geng or the
‘gertep of BHC and digldrin resistence with the gene{s) for DDT resistance.
Tt 43 due to such sllclic linkage that acloction by ong insecticide

gy, ot times, select resistance or hyper susceptible strains to cther
wiralated groups of insecticide and other morphologiesl an? physiclogical
charpctors for which asslection was not practido?,
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a8 Gene-Doza, Intensity and Limit of gepression of Mesistancs

The theory of polygenic/mitifstde  baais of A heritakle character
aspumes that cach gone of the aystem hac #mall =pd cgual contribation
towarde the intensilty of expresslon of the charncter; the intenaity of
the character expressed ia the cumilative effeet of the number of genes
prasent (Mather 1949). Hence intenaity of oxpression of a characher is
a funetdons of gepe dosc. A comparision of the readlte of suscoptibility
'bﬂs;ts obtained with the laboratory sclzcted strain and field polectod
strain showed that in beth the streinz specifie DDT resistance wme
developed in larval stage Mrat duich wuas followed by development of
raglatance in aduld stago. In addition Iarvas and sAulis of both the
laboratory and ficld selceted streire showed nonspecific reslstance of
Vi=bypds Tn the ficld strain the intensity ol expression of speciric
resistence to DT was much higher than that in laboratory strain bub the
mgnitude of expreasion of VI wor ~1irdl ¢ in hoth the strains (e,fe2,3.9%
These Information suzgested that the nurber of pence irmvelved in speecifice
layval resistance developed in fisld strain was mich larger than the
mmber of gones lnvolved in the laborstory population. This is obviows
for palygenic basis of resistance beoause the slze of fle&ld population
wez mtch larper than thet of laboratery poprlation and the out breeding in
1214 was morc then that 4in the laboratory. In a larger population with
randop maldins more gonos will be availahle for selection than in

smaller population, wilth: soms restricted mating,
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The nuwmber of genca of a given character, however, carnot be
wilindted, Thi Sfigg{ﬂstred by equal magnitule of VIwtype resistance in
both the field and laboratery straine. Fellure to increase the intensity
of 1larval resictance in A.aterthensl Bestrein by hirh sdlection prescure
for 29 goncrotions (e.f.2,3 »10) vould Alse be considered another

observation sugpesting existarice of 1imit in the mathar of zonss.
2.5,0 SMrary-

Lavoratory stwdics were earricd oub to obtain information needed
for comyehansion of the penstic basis of insecticids resiztence in
insects and for development of afficient methadology of vector sentrol
with minimm cost apl risk of hazerdn.

fn the consideratiuns of Its vectorinl jwportance, ananabidty
to colondzation in laboratory, md reedily available colony with its
history-sheet, A.stephons] typo, was selected as an experimentel amimal,
Gilorinated hydrocarbon insecticides were commonly used in control/
gredication of malarin and other inseet home diseases snd hence DDT -
wen choosen as selacting agent of resistance, Responass ta saleotion was

ggsessed against DDT, M0 and Jioldrin..

The stulies on the speod of sslectlon and Intensity of eapression
sf resictance due to Aifferent modep of DDT presswe imvelved in
selection of sdillts, larvae ant both adulds and larwae of _J}_,g_tg_gt:@i
at LD g end rbove levela of DDT for 57«59 gencratione woro oarrloed eub,
:ﬂ::hr;:nemtions wara used to raise the neat gencration, For the

atdies on the effect of wWihdraws]l of seleekions the strajne sfter
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§7=59 generations of seleoctione pressure were culbured for eight -
goneretions witheut DOT prosaure a1 thon assessed for resistance.
Aogtophansl Brode otrein was highly resistant tc DDT, This strain was
colonized in the labaratory and subjeeted to wery high (60.00 parts for
million) pregowre of DIT for 29 gererations and them - amcpssed for
resistance to sec the offecl of ineveased pressurc e highly reslstant
gtrair, For cvaluation of the wffoct of DT scleotions the adulée and
larvae of ‘stock colany! of A.abephensi were aleo tested for susceptibility
to DDT, HHC and dieldrin and nsed for comparlsion with the test resultis

of experiments] #hraing.

The status of susceptibility/resistence to IDT,BHC and dicldrin of
the advlta and larvae of fsstephepsl stock colony and the different
axperimontal strains were sssessed by susceptibdiity tests following -
standarl methods. The testa with DT wers carried out to eatimete the -
specific response to selacticon by DDT, and the test with BOC and
ddeldrin were mder tuken to study the phenomsnen of non-specifie wigour

tolerance, Fafiotrory, mdtiple resisiance due to allelie correlatdon,

The dosoerasponse data obtained from the susceptibility tests
ware tyansformod to log dose #nd probit metamsters and then used to
estimate the LD50 and repression coeffinient valies. LDSO wad an
sstimate of the mean of the tolerance (resictance) ddstributions; the
regressions coefficicnt being ivversely propertionsl to the wardance
of tolerance distributions was tsed az s statistic to see the vardance:
of resistance. The probitflog dosc regression lines was also examined

" for existance of plateas which when found was considered as due te
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major genmetic factor Mor vealstance, The I"DED aof DDT for different
generations were nlso v2od to see the lrend of change in mean susceptibility
gbatus of difforent eaxporimstital straine cver generations,. Existence of
increasing trend of ¥ | s taken as o confirmation of the interpretations
of" the LDE;J and regression cocfficient values for the progrese of
gelection « The progress of sglections followed a growth cwrwe; gemetiocal
activities wider the lower asympiatic pheso, exponential phaso and uppsr
aeymptatie phase were stated., Trende of reprossion cosfficient valves

wera algo sbudied »nd its behsoviour was dnterpretated for gonetic varisnoe
resulting from ard required by stabilizing and Tdirectional' selections,
respectivelys On tha hypothasis of pre-sxisting single o jor factor for
reslstance a simplo model for the progress of DDT selections, at Lﬂﬁo,
of resistance, wnder blesowwl raniom mriing, was worked out. The model
wag used to £it the oxperimentcl data on selections to infer the number

of geng(a) invelved in specific resistance,

The LDSG and Tegression coelficient, b, walues for larvae of
A atephanal stock colony was fownd to vary between 0.02 to 006 part
per million of DDT and 2.5 to 3.3 respectivelys Thess values- for adult
varied between 0.5 porcent to 1.0 porecent of DDT and 4.2 to 5.5 respsctivel;
Thercfore to winimise the crrors in accepting a case of reslatancey vhen 14
is not o in over estimating the magnituls of response to salection, the

hipheat ID 0,06 ppm and 1.0 percent, amd the lowost valus of b,

504
2.5 and L.2 for larvee md adulbs respectively were considered es the

bace line atatiztics for assesement of the prosress of DDT seleotlon.:
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Tha filrst response to sdlection wes evolution of reslstence of
rigowr tolerance type {'E?T—'h}rpu}; sparific resistance in larvae developed
mith later, Al resistonce ewidved last in the sequence. The magmituds
of expression of VI wes Lese than or equal to 4.0 times higher than base
line value and waz due to polygones which exprossed in both the stages.
Its eerly selechions was attributed to pre-existonce of VI-genes in high
frequonicys VI was conzidered to be of slgmificant economic velue to the
gpacies as ib provides sutfficient time for development of specifie
resistance and protest the spocific penes Prom ecologloa] hezard other than
gpecifle dnaecticide, The gpecific resistance developed dwe to slow
coneelitration and orgardantion . of large mumber of guncs inte o cluster
wileh gets selected. The cluster wnder, DT pressure evelved to stahle
state vhich gives mexdwum fitness to the specles. 4 stehle cluster would
behave like a single major foneotor of rescistance dwrdine its transmiseion.
In vicew of sequential development of VI, larval resistcnes and adult
reslstance they wers not congidered as oxpression of the came gene, - each
type was considered to be due te a set of 'oeporate gunes, A1 the three
types of resistance nould arice duwe to close linkage of the different
seta of genez. The Ilovger time for development of specifiec resistance
wg atbributed to chromosemal inertiz - weaker the inertds quicker the.
davelopment anl peversion of reslstence, Low level of BHC and dleldrin
registance woo due to corralate? response to PDT selection, The speed
of development of specific resistence was related with the intensity of
seloction pressure and Lhe larvel staze nder aselection, Natursl

selection wms found to have stabllizing offect; 1t workaed againat highly
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reslstantSeand hyper-susceptdtlos. The DDT seleotion had directional
affget = 1t worked apgainel swseeptdlle genotypes end fevouwred the specific
resdatant ones. Intensity of wxprossion of rooistanceV®s the function of |

-the Ygens dose' and 'gone organdization?.
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IFHERITANCE OF SPEGIFIC RESISTANCE TO DDT IH ANOP '
STERiS] HOERE

370 Igtroduetlon

One normlly sxpects a resistant species of mosquite to exhibit the
character in both sdult and Jarval stages. This cxpectatdon waa realissd
in Dulex, fabigends In this speciezs both the adlts and larve® were found
resistant to " DDT , (Pal ard Singh 1958J, In case of A.shevhensi, however,
such expectation was rot flfi1led. Tn this species high degrss of DDT
reslstance was first observed in larved slone (Ra;]a.gopala,n, Vedamerdkkam
srd Ramoo, 19563Mammmy 25 tueted by Pal 1958), High degres of UDT
resistance in adulte, however, hed subsequently developed in the fiqld
populetions {Bhonborg, Roy and Samson 1963).

Leboratory stuly, presented in Chapter II, on the effsot ef DDT
pressurs ondesgephensl sonfirmed the field observations, From the results .
of the laboratery study it was coneidersd that the high degres of larwd
pesiatunes wms due to clow concentration and suitable orpanizstions of
large nusher of resistant allsles, ocach with small contyibubion towaids
registance, into a cluster. In its eerlier stege of development the
eluster war considered to be un~stable onc in its tranemission hut slovly
At developed to a steble atate umder the DDT pressures It was suggested
that a shable clustor could heheve like a single Mendelian factor in ite
sxpression and transmission, To test the validity or othsrwisa of thess
songidarations and suggsstions aﬁhﬂa experimonts were carrded out in
the laboratory to study the siods of inheritance of resistanee to DDT,

The Pmsvilis of thase syxperiments are presented in this chaplet.
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3,81 Materda

T atudy the mde of irherdtance of Tarval resistance in'g;ﬁmﬁ';
emesing experimenta were carried oub with m Madrs stredn.
{Strodin M) & A stevhenai Drode atrain (strain BY. The straind was
smsceptible o DDT but the Jarvea of strain E wag highly resistant, which
devaleped in ficld. FPrior to its wse in ¢rossing experimonts, tha
strain B waa mednbainced in the laboratory for 29 penerations wder DDT
pressure at larval stope. Deteiled history of these straine and the
methods of their cul turing were the same 2o given in Cheptar IH. The
strain and the straineF are hereafter called perent 4 (PT} and payent 2

[PE] respectively.

3eZe2 Brealing Man
Crosses: belwsen P1 and 'PE were made in both dircetions vip female

P‘I Imade PE arvl femnla EF}( el P11' The progeny of thass two crosaes

are referred to as ‘I~’1EF ardd E**.F reapactivealy. The second goherationm:
’ _
tbtained by in.breeding Y5, m} EMF are called as MEF and EMF.

reapectively. In addition thrma back-cmss pcrpulatinnq, out of eigh't
types of back-crossings, from the crosses like female P1 X male B{F 5

female H*'I Xmle F
'I
cpemadning £ive posaille back erpzal ngs could not be earried out due o

3 and famale MEF X malc P.[ wore also nbiained, iha

- #hortage of mosquitoes of appropriate gemotypes. In the erosaing
speriments the femnloz amd males wero mated gn massas Due fare was
baken to unge orily the virgin females for different crossings. To
sisure virginity, Pupae wers hatched cingly in specimen tubes srd

the adults emerging Trom them werc keph in separate cages, sex wige..
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1.243  Tenting Bothod

To detect and estimobe resistance in larvae of F 19 E-" F1,F and the
three back erossss, late third or early fouwrh instar larvag were tested
against DDT by WO method uaing WHO ' susceptibility teot kit
‘The DDT doess higher than 5.0 pmm - wers not supplied with the WO | Kt and

hence they were, looslly prepared with p,p' DDT in alectP L.
Je2uh Statistical Tethod

The dose responze dalta obtnined from the susccptibility teste
vars tranaformed. to log-probit metameters which wern used to estimste the
wﬁﬂ and regression ecefficient, b, values by cyo estimntion method. The
I.DSG amd b valuece for heterogensus populaticns are of low preclsion and -
80 of 1ittle valus, These statistice were, thetufors, not estimated for
FE and back-cross gonerctions. The probitflog dose curves for these
pplations wers, howsver, used for interpretatione of the data following

loskins and Gordon (1956), Coker (1958), Pal and Singh (1958) and Simgh (1961).

}s3.Rasults

3.3,1 Levgl of resistenc arents ocation of the £°NOB

The resulis of the larval susceptibility tests of the parent strains
ad of the progenies of diffarent crossings are givem in Tahle 3.1« It
oould be seen {rom the table that the L’Dm values of DOT for the susceptible
srent EF1) and resistent parent (PE} were 0,02 PPm - and ™ 60,0 o
fegpentivelys This suggested that at the tims of crossing experiment
the PE was morTa than 3,000 times as rosistant as the P,.[. The mﬁﬁ of DDT :
;Eor!{E? and mF were 1,14 ppm and 0,28 ppm which shen compared with -

glaaimla.rvlue of B, showed mpth and EHF wers 57 times and 14

Hmes, respectively, as resistant as the F.1
§ f
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2 Pm? ng _: 5 E.Fl Fl “Epi P, 1 5
rdlidonlppn) ! ; =} :
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i T0.02 %60 .00 1.14 0.26 Population wore heterpgenous and so the LD.. and
, %] _ At : . a
2.50 ' 1.70 5.7 PeSwones Yoke Myt potineted frorm the dosem?
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Foot Note {Tebla 3.1)
F, ¢ Madme (Suseeptible) strein, Mymmy
I 1 Erode (resistant) atredin

PLEF !t Geharation 1 aof thc: ﬂross fermnle P.1 ® rEle Pz

Goneroticnt 1 of the Oroas Fovrlo E'p * reli P’T

=

1
MEF ! Propony of Tomnle PDEF ® rvle I."I’E.:F
2 1 1
'EI'“IF ¢ Prorerny of Parslo 'EHF x mede B
2 1 Fy
]3,1 t Progeny of fumale P1 % male H*IF ard femle E'iF x rpale P
1 1
BE t Progeny of femode I-iEiF1x mnle 1“',]

where ¥ atands for omaogs
,}\ : Mwrbor of replicate toshs
! t Mortallty rate (%)

{n) 1 MNMwber of larvae exposed



Hence it could be concluded that DDT resistance in larvas wes
transmitted to the offspring through both male and female parents. Such
& phenomenon is possible only when the gene = alleler(g) for resistance
is located in the chromosomes rather than in the gytoplasm. Cyto-genes
for resistance would have expression only in the progeny of resistent

female alone since they are not present in the sperm.

3¢3.2 Dominance of &llcles

The log LD, valucs of MEF and M, were slightly less than half
50 1 F1
the difference between the log LD50 values of P1 and P2 (Fige 341)e This
suggested slight dominance of susceptible allele(s) over the resistang:

ones's

343¢3 Influencée of other ohromosomal and ¥xtra~Ghromosomal factors
on the expression of resigtang alleles,

The intensity of resistance wos not the same in MEF_] and EMF1
since their LDSO were 1.1 ppm and 0.28 ppm. respectively (Table 341).
Based on these I.‘D50 valucs ME:F1 was considered four times as résistant as
the D'IF1 « Further, the varig.nce of the distribution of resistance over
log=doses was higher with MEF‘I than wﬁ:h mF1 as indeated by the:b values,

1.7 and 2.7, respectivelys. Higher mean and variance of resistance

in the offspring of malc resistant parent than those for the offspring of
female resistant parent could be due to the influence of genes located
on the male~sex determining ehromosome and/or the b-ytoplasndc factors

of the female susceptible parent with which the chromosomal gene(s)

for DDT resistance could interact. Thus the expression of the chromosomal
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genc(s} for resistance is influettced by the othor genes loeated on the
rale=tex determining chrofdscme and/or the cytoplasmic factors of P,

famales which econsiitide the dmmoediale crrdortment of the chromwosomes,

3 Mode of Anhoritencs

To study the mode of jnheritance of resistance the probit/log doge
rurvez of FF' ond badk-cross gonmerationez worw commidered. The probit/log dosa
Ming of l\ﬁ‘.F wng not Mnear; it had two small pleteasws ons over the doses
Q425 pom to 0.5 pom and the other over 2.5 pm o 5.0 pom (F‘iguB-E}- * Thils
first platesuwns over LD‘iDD of P‘I and the second plateon was over I'DSE 90

of Mg » Mortality ratc of ME, ab the doses wder the first plateay wms
1

2641 percant ard the moritality rate of P.?. at the deses wuer thé sacond
ilatem whe zero porcents. AL the W gq of MEF (15 ppm) 20~25 percont

f P2 were mlso killed {Teile 3‘1).1‘1115 :mfcmatmn astggested that the
sopletion of ':'*EFE wes a wixed one; consisting of three dlasses like Py,
B and Pz_, byt none of the three classes of populations could be clesrly
Wecrymnated by dlscriminating dososle. Prosence of thres classes of
wpdlatiomg in the F? ganération smyrgested that a single gene u:l.‘hh'tm!
1ales, sach having large effect, are involved in determining the

tharacter, resistance va swsccplibiilty.

‘The probdt/log dose curve of the larvap of ml, was alse not
Linsars 4% flattensd at the top, over the dosss 2.5 ppm to 15 ppm (Flg. 33
Mhis sugpestod the presence of twe phencotypo dlezses which could be
fiserdminated by the dosg 5.0 ppm ¢f DDT gincs at this dose all the ].7'1
anrl EiF type of populations would be killed but none of the P, type

Y
popﬂet'mm would be affected (Tatle 3.1h The survivels at 5.0 ppm will,
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therefore, be only of Pz;zype. The result of the susceptibility tests
showed that the survival rate at 5.0 ppm was 2342 percent which was close
to 25 peréent expected on the {di=nllelic sindle .géne (monofactorial) basis
of resistance. Thus the EMFZ also showed that a single chromosomal gene
with two alleles dcterminelthe DDT susceptibility/resistance in larvsyg of
A.stephensi. Absence of plateau at LD1 00 of P,] in FMFZ could be due to

v

eglmat same status of susceptibility of 'P1 and FMF at higher doses; mortality
1

rates of 100. ~ percent and 98.6 percent was observed for P1 and EMF R
, 1
respectively, at 2.5 ppm of DDT (Table ).

The probit/log dose: Aines of the back-cross generations, B1 and BZ
slso suggested plateaygover the doscs 0.1 ppm to 0«25 ppm and 0«25 ppm to
045 ppm, respectively (Fige3e3 & 3i))e At these doses of DDT almost complete
k1l of P1 population and 20 and 26 percent kill of EVIF1 and MEF1 populations,
respectively, were observed (Table 3:1) Single plateauy in each case on the
probit/log dose line of the By and B, generations suggested that each
population was a mixed one, consisting of two classes,viz 1_’1 and EMF1 in
By end Py ond MEp in B, Suche mixed populations with nondlinear probit/
log dose line could be possible when resistance is due to a di-gllelic gene
with pronounced effects Thus the information obtained from the F.?. and
back-cross generations gave the same conclusion that DDT resistance in
larvae was controlled by a di-allelie gene having pronounced effect.

The alleles were in heterozygous combination in F1 and they segregated
and recorbined randomly giving three genotype classes inle and two

genotype classes in the back-cross genération:i.
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The lnference om genetie besia of DDT resistence dn larvep of
d.stephensi drawn in the prececding sectiom was based on the exdatance
of plateoy{a) on the nobit/log dese ctrves of the copregating generatdons,
Flateauw(s) on the probit/log dose ourves is o necessary comdition for
morofactorial basia (Sincle genp with proncunced expressicn glving rise
to frequency deta mther than maasuremnﬁs) af’ rogistance byt 4t is ot
8 sulficient one ainee Lhe ghape of the prebit/log dose curve due to
wiltifactorial basis of resisbunce cowld be under certsin copditdon, simlar
to the one, for a wnofsciorial basis of rosistonce Tawkameto 1963). Farther, the
use of ddseriminating dose o cotdmete the frequeney of dlffersmt clasees
poy tdas the the smadl eonbribution tawnrds reailstance of the minor penos
due to the masking affeect of high dosess Thersfore, to irprove wpon the
inference, the hypothesis nf monofactord~l basis of resisbance wss tested
by ‘xz toat at a muber of doses. For this purpose expected mubers of

dead Yarvae for cach doae, % wele satimifed as

Ty = n‘!PF.[. + 112 I"‘F‘! * nB pl"’2

where Ty = TUrber of dnsects ®illed by a dose =
nyd Not Ny iz &g 11281 ard
n1+n2+r13 = 1 the nuder of inseects to the dose x
pPAI, pF‘I and pl,;3 erc the probability of ki1l atb dose X
for the Parsnt popdlations L'P1 and PEJ and F1 generation
of thair reciprocal crosses. The probability of K1Y -
1e- cotizmatod from the Frobit/log dosc rogression lines

of wach population.
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Tt cotld be suen from the Talle 3.2 that the sum of the X7 velues for
sach dose wan E7Twi615, 59.5040, 15.8767 and 12.8293 for MEFE ’ mFa ]
B‘t atird Ez respuctively. These values with 4 degree of froedom {ar) were
highly signdficant. Thias suggested that the hypothesiz of single gana for

rooistance was not tanable,

4 porwsal of AN ‘;t 2 valuzs for each doze seperatdly, however,
showsd that the velues with df=1, for the lower doses (0,02 pom axd 0,70 pom)
were highly sigmificant. These high values eontributed to signifisantly
high sum of /I ® welues for =11 doses. In this conncotlon it may be seen.
from Table 3.2 and Fige. 3.2 to 3,5 thal the observed ki1l was conalstently
lower than the expected K11 in lower doges for almozt all the segregating
generations, None of the ?;E' values, with df=1, for the dozes 0.5 ppm
and 2,5 ppm for MEFE P EMFE s By and B, was sigmifieant ab P=0.0T,

From the above it 1s inferred that the larval resistance was controlled
by a4 major gone in agsocistions with large number of emall genen, poly-genes.
The intensity of rosistance due to mojor gene wis high bub 1% was of low
Wagritude for the poly-genss and hence was detscted only at lower doses of
“DDT.

34 Digguesion

DDT resistance in both adults and larvas of Asstephensi has bamsn
meported to be poverned monofactorially, the expression of the resistant
gane (fa.c'bt}r) heing modificd by genetlec background {Davidaon ard
Jackson 1961). These conelusions were arrived at from genetdeal studiea
tarried out with A.gtophensi of Irag and Inddia. 'The deprec of resistance

in both adults and larvss of the Irag strain wac of a lower opdsr.



Tsble 3.2

Stotiatical Test of the Hypothesis of Single Gone Bazis of DOT Resiztence.
in Larvae of A.stephengi

Benoration Souroe Doge = Hosponse Uata _ _ ‘th?
oPULgEE 0,1 ppm B 0.5 ppn 2.5 tpo hi®
Alive Dead Total Aldve Dead Tot=l Alive Desd Total  Alive Daad  Total daF (L)
ME_ Ohaarred EN,00 0,00 50,00 T1.00 0 6.00 TT.O0 53,00 35.00 83,00 $51.00 69.00  12G.00
‘2 Expected A1.98 3,02 50,000 53,97 21,03 77.00 54,12 33085 53,00 40,08 79.92 120,00
value : - : : : i
i Obzarved 125,00 0.00 125,00 111,00 14.00 125,00 32.00  432.00 75.00 33.00 92.00 1{25.00
2 Fxpocbod, 104,09 20,91 125.00 S041 A4.59 125,00 28,13 46.87 75,00 26.38 9862 125.00
Chi. Squere 23.9232 326223 0.3519 2.1055  59.5040
_ walug ,
B, Cbserved 76.00 19.00 95.00 76,00 71.00 %7.00 16,00  5%.00 75.00 4.00 #46.00 150,00 §
Expacted 65,13 2997 95.00 60.64 B5.36 147.00 11,55 6345 75.00  2,1047.90 150.00 2
i Somre 55575 & .6225 1.3033 17430 15 .35567 ¥
ol 1
B Obsarved 52,00 20.00 112,00 21.00 23,00 350,00 33,00 83,00 121.00  9.00 109.00 192,00
2 Exnected B8, %456 112,00 22,80 25.20 50,00 A7.67  73.33 121.00 16.17 101.73 118,00
i Squore 10.7535 1.1552 3.2366 3630 #3.3253

Tf"‘luﬂ _

i .Squere value for each dess has 1 degree of Freedom.
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For drawing more valid concluslons en-tho genetic basls of resistance,
Davidson sfd Jackson (1961) suggested the need for a study bagsed-on-susceptihl
and resizstont strading origineting from the same part of the world, The
suzecsptible and resiavant atraina of ﬁ,a'beghﬂﬂsmi uscd in the prosent stwdy
originated from the some geogrsphdcal repion, Tamilvadw ztabe of Yndis,
Mgrthermore the degroe of resistance in ons of tho atreines {Htmin-E} wae
of a very high order ($3,000 times} in lnrvel stage omly. The suscephitile
stredn (Btrained) alao posscssed some specifie and popmspecific polygecties
for resistancds. The pdlypenes wmder DDT pressure of Ll'.‘r5f_,f and sbove levels
and wider cloded Yreeding wers found to glve rise to DDT registance in
larvel stage {Chapter I},

The results obbained in the ipheritsnce study with thess strains
showed that Fy gencratlon was vore rosictant to BDT than the ausu«ap'l:lﬁlﬂ
Mmgtradn ond less resiostant than the resistent Bestredn, This finding.
ia in conformtty with that reported by Davidson and Jackson (1961) for .
Ayaterhensl. The hiph resistonce of By than the susceptible parent should
not be taken as on indication of deminance of alleles for resistancsls
Resistance i3 a quantitatdlve dharacter and hence to decide the dominemos
of elther types of alleles the LBSG of F1 generatlon was vopparsd with
the mid-parent LD_!;(} velues (Fg.BH).The resvilt showed that the susceptible
ellales wore slightly dominant ovor- the reslstant allales.

The F_I genorations of the reciprowdl c¢ivsses of straind and.
Strain-E were not cquelly susceptdble te DDT, Larves of the Iine
pbtained by crossing the female susceptible strodn with male rosistant

i pbrain wom four times az tolerant as the line obieined by reclprocal
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wpssing »  Purther the varianco of distribution of resistance

over log dodes was also higher in the former case than the latter.

$imlar Aifforences in resistance levels in F1 generation of reciprocal
crosses were also observed by Davidson and Jackson (1961)s These findings
nggosted the presence of minor genes in the male-sex determining chromosome
of the resistant strain, vhich {minor genes) also contributed tlowards the
total resistence expressed in Ae.stephensi. This conclusion was considered
valid in view of the results of the classical experimests of Qow (1957).
Using 'muftan'b markers' Crow ¢ 1957 .) showed that the DDT resistant

genes in Drosophila melanogestgr were present, at varying levels, on all

chromosome pairs.

The resultq of suSCept:.b:.l:.ty tests with FZ and back-cross
generations of .stemens:. showed that DDT resistance was due to one
maJor factor (a di-allelie gene with pronounced expression) in association
with minor factors (polygenic system) This information obtained from the
inheritance studics showed that the resistant cluster devaloped wder

DDT-pressure in ficld was fairly stable intransmissior.

A comparision of the results of irheritance study with A_@M
of Mestrain and E-strain with those reported by Davidson and Jackson
( 1961 ) showed that the mode of inheritance of DDT resistance of Irag
and Erode strains were similar. Resistance in the Iraq gtrain, however,
was expressed at both adults and larval stages while in Erode strain it
was expressed only in the lerval stage. Susceptibility tests before the
commencement of the inheritance study indicated a beginning of the
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development of DDT resistafice in adult stage wnder DDT pressure. These
information suggested that the cluster of genes for larval resistance was

a stc"le one but not a matured one; it was in the process of maturity and

ewlwtion through integration and organizations of genes which would-result

in better fitness of the species for survival at both larval and adult

stages of its lifecycle wnder the DDT contaminated environments, Resistance

in A.stephensi B-strain was developed in field, at least six ysars before

the irheritance study was carried out, due to the use of DDT wnder the

Velaria Gontrol Prograrme. Hence it could be considered that during the period
of at least six years the DDT specific resistance cluster was evolved

and became stable enough to be inherited like a single gene as observed

in this studys Whether the resistance cluster had developed to the

state of absolute sbability can be decided only by repeated backcrossing

vith susceptible strain snd selectior.

It was ewvinced from the results of reéipmeal crosses that {he
DDT specific resistance cluster was located on the chromosome which is
dlso the site of other genes including the genes controlling VI-type of
resistance (Chaptor IV ). * Following Mathsr (1973) it could be considered

that the system of polygenes controlling VIetype of resistance and stable
cluster of genes for specific DDT resistance are likely to be interw
mingled along the length of the same Chromosome and hence the genes of
the two systems could be partially linked to ome anothers The lower
ki1l in the segregating generations (F2 and back~crosses) than expected
on single gene hypothesis, &t the lower doses of DDT could be attributed

to such lirkage phenomenon,
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35 Swwary
Laboratory studles were carried out on the inheritance of
BT resistance Wn larvac of Agstephensie Tho resista:pt :
strain was highly resistant to DDT (more than 3,000 times) at larval stage

tlonee Both the susceptible and resistant strains originated fronm

Tamilnadu state of India.

The allele for susceptibility to DDT was found to be slightly
dominant over the allcle for resistonce. Auxiliary factors, located on
the male~sex determining throrosome were found to contribute towards

the DDT resistences

DDT resistance wos, however, controlled mainly by a stable cluster
of genes in association with a system of polygenese. The rode of inheritance
and the dominance of DDT-resistance cluster were found to be similar to
that reported for ;,st-eghensi of Irag. A comparision of the result
suggested that the specific DDT resistance cluster in r,stepg —;1-1_;1 Erode=-
strain was a stable one but not a matured onecy it was in the process of

evolution through intergration and suitable organization of poly genes

to give resistance in adult stage as well.
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CHAPTER IV

~ GEWETICAL RASIS OF WONSPECIFIC DIELDHIN RESISTANCE
IN ANOPMELES STEFHENST

Ale . Introdyction

Insecticide resistance/tcleranme as dlagnosed by quantal respense
of inseots to toxic chomical compowmds was classified inte thres types vize.
mn-heriteble resistance; heritable group spscific resistance snd heritabla-
group non~specdfic resletonce (Singh 1961). Non heritable resistance
vas dus to the effect of age, spex, mubritional statua of the test insects
ad the envirormental factors 1ike temperaturs, humidity, crowding eto.,
furing the testing/rearing pericds., Thisz typa of resistance being of low
mgnitude is of no problem in the vector control actions, The growp
specific heritatle rosistance was usually of high order and could be
obtgined by the selection presaure of any ona of the toxicant belonging
tgi&iven group. Thus resistance sclectod by the pressurs of DDT wae
sitonded over to methoxyehlord,; DFOT balonging to the DDT group and not
sver the toxicants of cyclodiche derivatives and gamma BHC fBugﬁm 19544
mﬁdmn 1954 and Brown 1958). This type of resistance is a great protilem
ln the vector comtrol scheme. Studles on selection/development and
itheritanco of DDT specific resistance were presented in Chapter IT and
Mspter III, The non-specific herdtable resistance wms usually of low
igritide and 1t extended over the toxicants belonging to other groups.
Mis type of resistance wns termed by Hoslcina and Gomdon (1956) as "Wigour
tolerance™ and couwld be diagnosed by tho nature of the log=dose

probit regression line,
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The studies on the selection of resistance by the presstre of
DT 4in Aysbephenai showed the precipitetion of DDT speeific resistence apd
nonespecific resistance to BHC and dicldrin (DL)(Ghapter IT ) Nonmspecific
heritable resistance lfvigc"ur tclmrance}, on the basis of toxlelty tosts
and nature of doge~response regression line, was considered to be polygendo.
Bxporimental evidence on its geretdicel basis has #ofar not been reported.
Genetbical studles of the nonespzedilic DL reclstrnce selested by the DDT

selaction prossure in A.stephenal hes, thersfore, been carried out, The

restlia of that study ame recendod in this Chapter,
LB+ Matepial and Mothods
4‘-2:1 .Ei Dlggiﬂﬂl meherdaol

The stuly tes carried oub with A.gberhonsi Madras strain (strain M)
arid A.gtephensl DDT resictant Erode strain (strain E). Thess strodns wers
kereinafter reforred to as P.i aryl Pg rospectivaly,

The P1 wag found to contadn, In an wiorgindsed Siate, delerminants
. gmag) for DT specific recd~lanec and non-speclfic resistance o
feldrin and THC, Urder ths sclection prossure these determinante
vera organized in on effective form whdch gave phenotypie expression

of reststance to DDT, DL and [IC  ( Chapler II).

The larvae of F, strein were found %o be highly resistant to DDT
alsp showed low degreo of resictanco to BHC and Dli, Resiztance to
fferent insecticides wns selectod In the fleld mainly due to the use

IDT. The streln wis colonized in the laboratory end maintained wndew
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lgh seloction pransure of DBT at the larvel stage, Tha dotalled history
# both the strains mnd tho methods of their culturing were desoribed in
wb&r H {Q.f- Eizxo

WaR Brgedine  .n
Reolproecal erosnings, anma 536, Wero carrded out with P‘E and -Pai.

18 FT generations of the reciprocal crosser were inbread amd FE progetiss
pte vhtalneds DBiparental prugenice (BIP} were also cbiained from rendoxly
fleated 100 fetnlo moaguitous of Fy generation whish were oxposed to

egse sibmating®, The mothod of eollueeticons of material for crsssing
eperimente wnd the precautione taken to avoeld contamination dwrdng the
brepding experisunts wers tho same ns described in Chapters IT exd IIT
{dofa 242, and Za2e2)e

42,3 Method of testing

The parent strains snd thelr progenies obdlained from the dfferant
chopeings wore charmnterisad on the basis of thoe response of larvas to
ffterent concontrations of DL, For that purpose suseeptibility testy.
dore carricd out following tha WHO techmique and using 'WHO test Kitat
for mosquito larvoe (HIQ 1963). In gome cses intermediary and lower
speantrations of BL wers locally propared by diluting the WO Yetock
sjutions?. Py, P, and Fy larvae wers tested similiateously under the
saeq conditions The larvae of F, and BIF were tested later The
gvirommental conditions were, however, almoat similar during all

the tepte,

The proportion of fomle meaquitoss ingseminated by more than one male
1s very low {¥Kitzmeller and Laven 1958). 4 mile mosquito was, howsver,
fovmyl to inagminate morc than ons femnle moaquito in one ndght of Ny
gxposure. The inscminating officienty of the mele mosquito wms affetted
by factars such as density of moaquitoes, male =nd femdle ratio in the
popilation, ago of the mosqurtoss otc. (Krishmamurthy, Singh and
Yorghese 1965-56),
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he2 o, Blometrien] Dethods apd inferencas

The dose response date obtained from the suscoptibility tests
{Tablo doidere andlysed by probit analysis methed follewing Finney (1952).
The dvse metametres were obtained after miltiplying the conconbretions
of DL, giving less than 100 percent mortalities in the tests, by 10%
to aveid the negative log-valuss. Tho morbality retes were converted to
probibe Linear repression models wers fitbed to the dose-responss metemeties,
The validity of Linear modal, in each cnso, was tested by ¥° testds In
d1 e=ses the linear regression models were found valid. The ma:lt:lmun
ikeldhnod eatimates of the reprossion coefficients were differcnd 4n
Hiferent casoz an? thorefore the hypothosis of pardllelism of the regression
lines for P"i" o F1 ancd Fg woere tosteds The analysis of}a showed the
m;lmity_of this hypothesis (Tahle 4.2). Lﬂm in log-umit, my, and natural
wncentration wrdta, parts per million {ppm}, with thelr fidusial limdts
1t 95 percent levels of probabilitics and the regrogsion coefficlent values
wih their standar? errore were esfimnted. The I‘Dgﬂ values swere the
wtimates of the mean responec rates off the dlfferent strains. The
reg” .eeion coefficient volues being proportionsl to the invermmof the
standard deviatlon of tolerance datribution of the population was vsed
o Judge the variznce. Therefore, tho LDy, values in log wit and natursl
wdt and the regression coefficient values were used tn characteriss
e straine en? their progenies =nd to draw inferenco on the pature of
i?éhe determnénts, their domnanco, segregation and linkage.
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4.3 gults

4s3¢1 Characterisation of Prrent Btrains

The I;D50 values of DL for P.l and I’2 strains were estimated as
0.00070 p?:rxd,ﬁo +00256 ppme, respectively (Table 1»33)- The upper fiducial
limt of P1 dil not overlap with the lower €iducial limit of PZ ostimated
at 95 percent level of probability showing tho sipmificant difference
between the mean response of the two strains. A corparision of the two

mSO values suggested that Pz was 3.7 times as resistant 3 DL as the F,.

Tho regression coefficiont, b, values of P‘l and ‘Pz strains were
ostimatos as 3.36 + 0,36 and 2.54:4_- 0.25 rospoctively. The difference
between these estimates were not significant (Table 4+2)e This suggested
that the variance: of tolerance distributions of the two populations were
tdentical.

Both the strains were cultured and tested for their susceptibility
to DL wnder identical conditions and hence the effect of non-~heritable
factors on the means and variances of tolerance distributions could be
considered to be of same magnitude in both the strains. These estimates

of LD 5 and bgq could, therefore, be considered as the biometrical

50
characteristics of the P1 and Pz strains.

he3e2 +i f Nesistant Getermd t
The results of susceptibility tests with the larvae of F1

generation obtained from the recippocal crosses between Fy and Ty
gtraing were within the limits of normal variations (Table 4e1)e This



Tabld 418 Lerval mortalil

of didldrin (DL

3’ rate {percent) at difforentdoses

Stroina/lressing Symbol o ... . Jofedcf digldrin{DL) din parbs por witlicn (opm,
2,5 D5 0.1 C02 0,000 04051 00008 00,0004 0.0 DB C.O0006  Contaal,
Susceptible Madras F 1000 1000 93,0 - 25 40 - - 1.0 0.0
Gtrain (M) 1 (s0} (too} (100) =~ (98) - - (120} {100)
Registant Brode PE 100 .0 EUG.D 1000 EQQ.EF £8,0 A 100 - - - LD
Strnin {E) . (100} (100) {100) (99) (1co} . {56} - - ~ {100}
Fepale M x Male B XE F 100,0 100,80 92.80 -~  23.0 - Ou 0.0 G0
- i {50) {100) f100) - (150) < (75  (50)  (125)-
I
Female Ex Mals M B P 100,0 100.0 100.0 94,0 40,0 32.0 - = 0,0 0.0 =
—~ L {25} {=25) (75} (29) [fﬁ-i}] {400 - - (s} (95) s
Totwd of P of the F, zﬂ:}.ﬁ 100,0 1000 93.0 400 27.0 - 0.0 o] 0.0
25) (75) (175} (199) (50} (250) - (7% (100)  {z00)

recibrocal croshos

Figures in parenthesis ara the mmbers of Larvae sxposed,



Tatila WaZF « Tost of Paraliism of Probdt/Log dose Regression lines for different
ptraing and poncrstions

Streint Sxx Sxy iy . : LP-

Goner=tion i - ;Ta-

P 7.809% 855543 86 . 660 05060 1

B - 17004 41.7031 106.1825 0.2567 1

F, 15,2005 5. 1837 1702271 L1271 1

¥, 149720 - 5144255 178.0%06 1.7001 z

Totel 581755 175 S669 54 BEE2 258 5 '

5 211 E 1 g&_ —t
(Sl = 531.7124 %1538 ‘;“
Suex

Aratyeis of 3.'2

Scurce py 7 2
Par=11lclier of .
regTession 3 L%
Residugl
Hetorogereity s 2.585G
Trtad g TE: B

./'1(1__ 1= 2.5399 for r:.-ziﬂml heteropenetty is not =ignificant at P=0,05. Therefore S5 for perallelism was tested”

Z 6.5 is also mot slgmifieant st P=0,05 the Hos rogression Linew are-prorsidel wrw-moseptel,
mnmﬁﬁmmnhmﬂddatamgﬂmm as b 23,027,



Ta.ble &i -3

Shatieticadl Svmmary of SusceptEbility Test Reaulta:
Suseeptibility to DL dn Par ents and offsprings

miem—

F, E, Fy F, Sy
Frobit/leg dose rolatiom: Y=2.164313.36% =1 421442 54%  TA171T642.98x  T=00745543.3 450 =3, 806541 41X
Validity chisquare: 0450 0426 13 1470 2,18
(dezree of freedom) {3) (4)_ (4) (3) {z)
m i— E_E H Dnaz}z..ﬂ i G-ﬂ:ﬂ. 1-33:&9: DtDZﬁD 14D1‘gr% i D.‘:’Ej ?-6?51] _-_E DGDBG 018-%5 _i' D-%E
LDy, {ppm) 3 0 00070 Q.,00256 0.00103 0400473 0,00070
Lower: DLTITS 143305 9697 1.6162 C 132
Fidueial 1imit } _ d
of n (k= 0.95 Tpperi 0 .07 14873 1.04599 17338 0.9798 =
1
Lower: 0 .000£0 00021, 300093 02504713 000052
Fiducial 1imits
of g 0.95 oo, g0dio 0.00207F 0.30115 000542 030095
Ragression coeffinient 15E 336 £ 036 254 + 0,25 2.98 + 0.23 343 + 2460 Ted1 + 013

Note : x = log f10‘." x dose of DL)
n = log (10‘6" xﬁlﬁﬂ)
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suggested that therc were no difference in the susceptibility to DL of
the larvae obtained from the recdprocal crosses. It could, therefore,
be inferred that the determinant(s) for DL resistance were borne on the

chromosomes and cytoplasm was not involved as loci for these determinants.

Le3¢3 Major s ) Yersus Polvgenes

The specific resistance to DDT in the Pz strain was of the very
high order in the larvae (Chapters IT and III) but the non-specific
resistance of the larvae to DL was only 3.7 times. Varying proportions
‘of P1 and P2 populations were also found to be phenotypically in-
distinguishable when exposed to certain concentration of DL (Table 4.’1).
Hence the level of nonespecific DL resistance could be considered of low
magnitude which could be readily mimicked by factors contributing to none
heritable resistance. PFurther the linear regression models were'goc;d fit!
to the dose response data of the segregating generations vize F2 and BIP -
the values of /T 2,y ad /?i ) ®eing 1.70 and 2.18 respectively
(Table 43) which were not significient at P =0,05, This suggested
continuous variation of phenotypes as diagnosed by quantal response of
the larvae to the varying concentraticns of DUe The dose response curve
of Fz also Aid not suggest plateau which was invariably found vhen the
resistance was controlled by a single major factor having pronownced
expression (See Brown 1967). Further the determinants for DL-resistance
were found to be located on the chromosome. Therefore, following Mather
(1949), it could be said that the non specific DL resistance in

A.gtephensi selected by the DDT sclection pressure was polygenica
The non-specific DL resistance could be considered distinet one

and was different from the specific DL resistance as in the latter

‘ case, whenever studied, the phenotypic expression of resistance was of

high magnitude and was controlled by a major factor (Davidson 1956

- e
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43+, Dominanoe of ®lcles |

The magnificd (x10%) LDEIL'J. valucs in logar{thmic unit, m, were
gstimabed from the podled dose response data of F1 larme obtained from
the reclprocal crosses wera 1.0148 + 0,023 {Table .!',,3}. This value was
very close to the md—pearent walue, 1.1, in the gare mit, It muw(
therefure, by consirlared that there wes slmost no deminance of the nonm
specific DL resistent character vver the susceplible and vice versa,

rontrolled by specific acts of alleles, in the giver environmntbs
te3e5  Segreeation and ddpkage

The charactedatles of nudlear brme genes ares segregation and linkape.
[n cage of plygenee the indepentent gepregation wotld result in s eompowmd .
peptllation in FE petlaration c:lmnai:«:ting of popiilationz 1ike P1 -'F‘i and PE
in the ratio of 1:2:7. Hence the oxpected velue of LD, in log wdd, m,

&1 be i (mp + Py F ﬂl") = 1.0700. The cbactved velue of m for the
1 1] 2

igl’g genaretion was 1.6750 wilch was higher than tho expected value. Tha
pected value of m, 1.0706, was howsver, equal to the similar observed.
Iue, 14015 + 04023, of F,, The variance of the tolerance distrdbution
* log doses for the F, genoration wes cqual to those of the P‘!’PE and
dnce the probit/iop dose regression lines for thess population were
dlel. Hfcooprding te Mather (1%‘5‘), in orse of polygenes, the ssgregation
4 regult in the same mean meagurement of F, as that of Fy bub the
Hil generslly, though nct inmvariably, show grester variation t‘r\iqn
oy parents or F.+  The experimental data, therefores, ocould be
ddered et to eonform with the hypethesis of independont seregation,

‘telue of mean rosponse mabs of FE Hirher than the cxpected value
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and the F.' with similar variance could be due to;

i) the effect of non heritable factors causing higher
tolerence to larvae and/or

ii) effective organization, through crossing over, of the
determinants for resistance available with chromosome
belonging to P2 and supplemented by the chromosomes of
P1I.

The larvae of F, was not tested for their susceptibility to DL
alongwith the larvae of F.o The conditions of the test during Fz was
however, kept as far as possible, similar to those tests carried out with
Fip Fy and Fye Bven theNsomo offect of non heritable factor on

increased tolerance of the Fz should not be totally ignored.

The F1 strain was known to contain some determinan® in an uorganised
states Under DDT selection these determinants, through suitable organi-
zation, were reported to exhibit non;-speciﬁé resistance to DL-BHC
(¢ef's 2.3.7)s Therefore, the integration of supplementary determinants
of 1’1 releasedfrom potential stage due tc hybridizatden and crossing over,
alongwith the determinants available with PZ’ in an effective form, through
crossing over, was considered more likcly cause for higher mean tolerance
of Fz population.

The value of m in the BIP was 0.846 _-_l: 0.068, This value was
significantly less than the value of m, 14675 _—t 04030 of F, but it was
within the range of the normel variability of the mean response of P,.

The maximum likclihood estimate of the regression coefficient for the
BIP was 141 :4; 0.15 which was lower than the regression coefficient
Be023, estimated from the combined estimates for Fyy Py F, and F,
(Table %+2). This suggested that the varience of tolerance distribubion
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over log deses of DL was waximm wlth the ETF. Tower mean with higher
variance of tolerance distridulion could be atitributed to breckdown of
- tha wffective orgardzntion of the deberminantes, arrived at Foy = through

eroszing over ab varying ratos.

bodobh Linkage of Svnepocific DL :rraaistanab Aoterminants with specific
DOT #enjetance gluster

The sbulios reported in Chaptors TT and III suggested limkags of
non=cpeei fic DL-BHC rasictance fastors {Viegenes) with the stable cluster’
‘of determinants contrslling hish degres of larval rosistance fo DDT, .

Tho speeific DDT rosistance cluster was inherited 1ike = single
chrnmogomal faotor. The idezl method for detection of Idinkage of the
wn=speolfic polygenss with speclfic major factor for the DDT resistance
s to classify the three genotypes, homogypous resistant, helerozpgous amd
homozygows swseceptible, of the 'I-‘E ﬁﬂividuals and then +p cetdmts in them
the nonsperific DL resistence. Bub iz the cass of resistance such method
. 1e met sultable os tho classification ds only possible by toxiecologloal
* teats end the dlnseifiel matorisl connet be retested against other group
of dnsecticides, Hence for cvidence of linkage of the nonspecitic  *
;UIFEBHES for DL resistance with the majer faector for speeific DDT
" veglatonce the I‘Dgg of DL 4dn log seale for three penotypes of DDT -
rosistance, RR, R3/SR and 89 as prosent in Py, Fy and Ty, respectively,
wsre exnmined, The value of m for the F1 generatlon, 1.015 + 0.023, -

wea fownd o be very dlose to the mideparent valus, 141, in the seme

geales  That suggeated that mesn nonepeecific DL rasis.'tmce in F'1 and -

1["2 wvas nearly proporticnal i the mumber of allclomotphs of the spetdifMe
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DDT resistances This indicsted linkage between the Rlygemnic system

and the DDT resistance cluster.

Lo Discussion

Scloction of ;ostephensi Madras strain by DDT had resulted in the
gelection of DDT gpecific resistence in lerval stage alono and DL-BHGC
nonspecific resistance in both adult and larval stages. (Chapter II), The
co¥related non-specific resistance of low magnitude was considered partly
due to linkage of the alleles (cefs 2.3.7)s The present gtudy on the

g@w basis of nonspecific DL resistance showed that the phenomenon was
polygenic and with almost no dominance of either of the complimentary
systems of alleles for resistance and susceptibility. The polygenes

vere considered by Mather (1949) to be linked with one another and with
the major factor (cluster) for the DDT resistances These observations
alongwith thelr implications are discussed in this sec¢tinre

The nonspecific resistance was, ucually, encoumtered before the
selection of specific resistance (Hoskins and Gordon 1956) if at all it
is sclecteds In the selection studies the nonespecific DL-PHC resistance
was obgerved both in adult and larvae of A.stephengm vhereas the specific
resistax_zce to DDT was found only in larvas. This clearly suggested that
the nonespecific DL resistance was not due to pleiotropic effect of
specific DDT resistance factor, it was duc to another set of genes.

The non specific polygones were fowmnd to be linked into systoms.
Additional non-specific factors when available thmugh/nt breeding would
get organized into effoctive order (+++, =) through linkage and
supplement the expression of the character., This was evinced by FZ
resultds



- 122 -

In case of Weaklinkage the effective order of the polygenic
system(s) is likely to get disorgamisal through crossing over, resulting
in the lowering of the mean nonspecific resistances But, in absence of
selection the population would have a greater variance as revealed by the
BIP datas Such a population when again subjected to selection pressure
would quickly develop the non=specific resistance. This could be
considered as a possible machanism to explain the phenomenon of reversion
and reselection of non-specific resistance encountered in the fields The
evidence of linkage of the non-specific polygenes with the DDT specific
ma jor factor(s) is a confirmation of tho observation made on the linkage
of genes for non~specific VI with the gene(s)/cluster for specific

resistancee

The none-specific heritable resistance, apart from the selection by
the injurious chemicals, could also be developed by breeding only from those
individuals which survive cxposure to such diverse stress as extremes of
temperature, lack of moisture, abnormal food. This type of resistance was
considered to have an altered ability to withstand many kinds of stress
including chemicals (Hoskins and Sordon 1956). The polygenes for none
specific resistance could, therefore, be considered, following Mather(1949),
as genes of fine adjustment. These genes arc, usually, selected quickly
wder insecticide selection and give the selected population an
opportunity, due to their improved fitness to survive under the inimical
environment, for the development of the specific major factor through
the integration and offective organization of the minor factors into a

cluster as observed with A.stephensi (Chapter II). The linkage of major
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factor for specific resistance, with the non-specific polygenic systen,
will also result in better survival value to the resistant population
under the dynaric ecological set wpe. Thus the polygenes could be considered
to play an important role in the evolution and econory of strains of
mosquito species.

The non=specific DL resistance could be considered distinct of
and different fron the specific DL resistance which invariably showed
resistance of high magnitude controlled by major nuclear gene (Davidson

1956, Reviews by Brown 1967, Brown and Pal 1971).

b5 Sumary

Laboratory studics were carried out to collect the information on
thoe genotdctal aspect of non-specific dieldrin (DL) resistance selected Ain
the larvac of Anorhcles stephensi by DDT selcction pressurce The non-
specific DL resistance was of low magnitude and it was distinct and
different from the specific DL rcsistance. The non-specific DL resistance
was not due to the pleiotropic effcct of specific DDT resistance factor.
Tt was found to be controlled by polygenes located on the crhomosomes.
There was no dominance of non-specific DL resistant alleles over the
susceptible alleles and vice versa in the given environmente. The non-
specific polygenes for DL resistance showed linkage with one another
as well as with the major DDT - specific factor which was reported to have
evolved through slow concentration and suitable organization of determinants
into a closely linked cluster. The polygenes for non specific resistance

were considered to play an important role in the evolution and cconomy

of strains of a mosquito species.



Befersnces

=

Brown, AW, (1958;

Emm’ ﬁl‘l W-ﬁ- aﬂd
Pal, R.{1971)

Brown, deWehs {1967)

BiHViIIE’J-R. (1954]
Davideon,G. (1956)
MGF;DHTJ- (1953}
Hoskins, Wdls and Cowdon,
HoP. (1956)

Kitzmillier, J.B. and
Leven,H, (1958)

Krilshnamurthy, B.5.,
Bingh,N.K, anl Vorghesc,
A, (196566

Mather,K. (1949)

Sngh, NN, (1961)

WO (1963)

- 124 «

£y

-

e

Insectdicide resistance in Arthropeds,
Gengva {World Teelth Orgard. zation:
Monograph Serics, I0)

-

Inacotigide Fugistance in Arkhropods,
Oonava . (Werld Health Drpand zations
¥onoeraph Seriecs, No.38).

Iﬂ: iﬁﬂh‘b’ J‘cT-l'Jll. & PDJ-’RI’- &dl
Gonetics of insect wmetors of dlzense,
Arstormlan, Elgevier, pp 505-552

Tature {Lond.) 174, 783-785,
Hature (Tond,) 178, 705-706

Probit Analysis (2nd Blition) Undversity
Press, Carbridoo.

}Hm"}ev- &ltl 13 39"1220
Arere Juo Hypis 6_?, 207213,

Anmual Report, Nat'l, Institute of
Cotnie Dlseasc, 137

Bieowbdied Goacticr, Maothuan & Co. L‘bd._
Tomlon.

Bicmetric atudy of Tnsecticide Nasistance
Phoromenon in insects with spoedsl. .
rofarence to meqitosz. An approved
dizsertation for partinsl fulfilment of
atotisticiznts Diploma Exarmination of

the Todian Statistical Instltufs,

Ozl entita=-35

W Hlth Org. techn.Beps Ser., Ho.265..



- 125 =

CHAPTER V
TNHERITANCE OF DDT RESISTANCE IN CULEX PIPIENS
FAILIGANS

st.> Introduction
Trheritance of specific resistance to DDT and monespecific resistance

to dieldrin were studied in A.stephensi, an important malaria vector
[ Ghaptor IJT and IV Y.. DDT resistance in A.gbephensi was an atypical
g6 since resistance was expressed in larval stage alone. Usually

resistance was expected and was encountered in both the adult and larval

stages of a species. Therefore, before generalization of the genetic

information obtained from the studies on A.stephensi, it was considered

necessary to confirm them with the experimental resiults on another species,

in which DDT resistance had its expression in both aduits and larvae,

wsing a different method of susceptibility teste The study carried out

vith Cep.fatigans are, therefore, considered in this chapter.

5e2 Material and Methods

531 Oongiderations for thoice of CyPe

The motives of the genetical study of resistance were to collect

Latigans as gigaeﬁ.ment_(alqazdxga_l_

infc mation which could be utilined to comprehend the phenomenon of

insecticide resistance in insects 2nd which intum could also be used

to develop and/or modify the methodology and strategy of vector control

and thereby disease control. C.p.fatigens is a widely distributed

tropical house mosquitos It is an important vector of bmeroftion

filariasise Further, in India, it was the first species of mosquito

which became resistance to DDT (Wewman et al 1949 and Pal et al 1952)j.

Resistance in this species developed to so high a level and it was
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b videspread in #pace thrt filariasis control by e of powerfidl
pihotié  residusl hydrocnrbon insecticides had to be given e In view
i its medicel dmportance, close associntion with mon end domeetdo animala
dde range of gecgraphical distribwtions, urgent need for development:
if methods and strategy of ita contrml and amonsbility to colonisation in
aboratory Sepsfotigans was sdlected ns an experimental snimal for genetic -
g s
2.2 Source of Satorisl

DDT resisbant C,p.fatigans wns collected from the viilage Khwreji
f Dethi atate and eclonized, fulleowing the method aimilar to that deacribed
n gection 2.2.3, in the insectary of the then Walaria Institute of India,
lihi, for one generntion. The progeny of thios atrwin and that of the
maceptible pirain, muintained at that Institute over a large mmber years,
pre used for the breeding experiment. The suscephiblea strn:inf-?:atmin)
o the resistant stroin (Restrain) vere referred to s Py and F

2
respectivaly in thiz study.

5&.3 Breeding Bxperiments

Adulte of both F, and P, strains were cbtained by batching single
pypa, seperately, in specimen tubes. This assured virgindty of the .
famlos of both the straina. When sufficlont mumber of adults were
pbtained, reciprocal ecrossings, o mOB8y were carrled cuty femsle F,*
mle P, and femsle ng male Pys  The hybrids, SRF,‘ and RE'-F1 ; respectively,

2

obtained from the reelprocal crossings were irbred fo obtain SR, and HSF .
2 2

reapeotdvaly. DUno backeross gemeratlon RRSF.{ was obtained by ecrvasing
fﬁmﬁlﬂ: Pz with male HE-F1 "



5,24 Hetorogenous yoooulation

A heterggppous populations, celled X.populabion, wns simdated.
It consdsted of female moaquitces of Ty, SR, and P‘E in the Mendellan ratic
1
of 14211, The femules of differsnl populetions uzed wers reaved under

plrdlar conditionsz and they were of the same age Froud.

58,5 Mathods of fusceptibility foeto

Ton detget nrd cotimate the loval of tolerenes/resistance in larvme
d adulte of Fy, ¥, end their F, ard ¥, generations, obtained from
mﬂpmc? orogseg, and T?RSF1, guseoptibdlity tests were carried out with
both adults and larvas, Ahilts of X-populotion was also subjeoted to
parallel bests with E!li‘FE populations for drawing valid inference,

Larvol susceptdbllity tssts were carrded cub in emamel bowle
(of 1850 Wl  capacity and 26 eom. surface diamebter) conbtaiming 1000 ml.
tap untare The tempornturs of water was foumd o vary belween 208 - 305;
BT {tachnical }alecholie sclubions of varying concentrations wes appilied
to sach bowl at a rate of 1 ml. of aclutions per bowl. The dozes of IDT
vore + axprossed as parts per million {prm)s 30 larvas of late 3rd or early
.ﬁ.ﬂi ingtar were exposed to each concentration, Moyiality counte were
wde after 24 hours of contimous exposure. Larvao foumnd 'dead beyond
foubt? weve Tecorvied ap dvads Pupae, if formed durdng exposure, were.
ecluded from the number of larvae oxpossed for pwrpese of calmilations of
larval mortality rates. Controls, using 4 ml. of absclute alcohal,
vere 2et up with each batch of experiment,



In adult~tests 4-f dayva ¢ld, glucose fed femile mosgqultoes were'
treated with verying doses of DDT by topleal application method using
w oroebotTe syrdnge, For tie purpese mosoultoms were sneesthetissd with &
carbon dioxide, and DIT {techrd cal Yeloohelle geivdions of varying
voncenbrations were amgilicd to the moagquitocs on dorssl surfece of the
thorax at the rate of 0,001 1l of scluldon per rosgqdte, Doses of DDT
applied ware expresscd as ﬁ@/mamﬁtﬂ. Control was sl wp with each
experiment; whers In 0.001 ml of aleohol alone was applied to a mosquitos
The troated mosquitoes were kevlt 1rder observation for 24 hours in dlasa
diimeys and provided with glucose solwblon. AL the end of oheervations
- period mosquitocs fowd *dead beynnd doubt' were treated as deads Dosewdse
pecord of mmber of mosquitocs treated (n) and number fownd dead(r) were

meintained. In each test the level of doses were more than twol

The mortalitics in control, both in the larvae amd adultd, were

ysed for correcting mortality rates observed at different concemtrationd,

S S.3.6 Degimm pf the Wparimont and e

The method of detection and measurement of insecticide resistarce
is almoet simlar tc that of the 'bhlo-mssay! methed., In bin-a?‘sa.y
‘ono dpasct populntiah is used 1 {eals arcdnyh varying vﬂnaaafnstandaﬁ
and Yeandidets! ineesticides. Bulb in the resistance atuly two insect
poptlations, standan? (suscentitile) and candidate, are used in tegts
againat varying doses of fn, inascticide. The basic principles of selestion
of levels of dupes obc. are the saze for both blo-mssay ard resistent

tests, Henve to catimate the mean and vardance of response of both
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the larval and adult populations to DDT, tests were, as far as possible,
lesigned and plamcd following tho suggestions of Finney (1952a, 1952b)
gven for bio-assaye. In the susceptibility tests with RSp , SR, and

) 2

2
Ipopulations the doscs of DDT usod included also the LD50 of DDT for P1 and

Pz strainse

542s7 Mothod of cstimation

Mortality data obtained from tho susceptibility tests were ans) ysed
by 'Probit Annlysis Mcthod's The IDgy and the regrossion coefficients(b),
for different strains/populations were cstimated by the maximm likelihood
estimation (MLE) mcthod. For this purpose the computational plan of
Hnney {1952a) was followed. The validity of the linear probit/log dose
regrossion model, in cach population, was tested by ]2 test. The } 2
valus in no case was found significanbe This suggoéted the validity of
the linear regression model in cach case and hence estimates of LDSO
and b were used to characterise a population and estimate the leval
of resistance. For drawing inforence the standard errors (SE) of LD50
(in log scale) and their fiducial limits (in dose scale) at 95 percent
jevel of confidence were calculateds SE of b was also estimated to
gompare the variance of tolerance of different populations since b is
{nversely proportional to variance of tolerance of a populations
The degree of resistance, R, was cstimated as

R=m ~n

P P
vhere mpz and mp1 are the MLE, (log wits) of p, and p, strains
respectively.

In orler to test the segregation ratio in Fz and batkecross

generations sample of mosquitoes of these generations were exposed to



TAble Set

Easic Aata on zuccepbibility of ddfferont strains of w (Adults Mo DOT
“(Topteal apriicztion method )

3t ~ing/ DOSAGE OF DT £ g/ MDIMITO o
Gencro- 10,0 5.0 245 125 Ja625

one | il = 7 T = T T nﬂ.iiiﬁ . nms;ﬁ:gﬁp
By - == e s = T2 853903 INESRETRT 5.0 52,0 %2 107.0 25,0 234 39 2.9 a8
F, 1666 1146 68,8 1990 10140 50.7 193.1 55.1 28,5 1254 214 171 - = - - - . - - -
= - == === 606 566 02,5 646 4T.6 64k 10,0 62,0 4800 65,2 15,2 23,3 %1 1241 140
R{-;F1 - = - = e = 4209 FLO T4 3002 L2 470 67.0 17.0 25 19,1 1 57 - - -
St 7.7 77 91 T34 B1.6 83?’ S a2 73,2 32,2440 82,8172 215 - S -
asy’?' T4GH 115:3 713 99.3 70,3708 - - =~ WhL22L2259102222.221.8 « = -

B:.:(:ﬁaa} - -

{Brek cmos)
I TS 17 ':}3'-? 31 gf 351‘9 it - - - - - 3!’-1- 13 3-?‘-2 % E‘l 9,7

z 7 5C 753 704 492626 750 6.0 %t TREIBSEBA -+ = o o - o . .

Bl A0 The2 30.5 195 63.9 A9.5 21.5 434 20,0 6.0 30.0 - - - = - -

o B
|
1

o = mubar of mecuices treated {aftor correction).
r = marbeor of msquitnes dead {arter correction).

» m AXZ
n

®IE:- Tho contrl rorkslity rates in different replicate teats were found to vary between 0-36 per cont, Since in A3ffer
replicates the sare dossges ware not always tried thére was a dsnger of either overwestimating or ymder-eetimatine
. the true rortality rates in diffsrent dosages if Abbett’s formida is applied to swmed up resvlts, Therefore, N ax
- were corrected for the confrol rortality ratas of eachk bast amd sumned up, These valtws wers then wsed to estirste
the mortality rates in different dosages. In such casss, weighting coefficlant valus for further calovlations were
read from Tatle 5.2 {Fimey, 1952} for G,



- 131 -

best available discririnating doses to estimate the individunls belonging
to P1,p2 and F1 populations.

The probit/log dose regression lines of different populations showed
that no dosc of DDT existed for clear discrimination qf any two or more
populations due to over-lapping of the probit/log dose regression lines of
P1 ,'Pz SRF1 and SRF2 (Fige 5¢1)¢ This point was given duc considerations
in caleulating the expected mortalitics for segregating populations based
on Mendelian Law. In order to calculate expected mortalities some simple

formilae were develo-ed and applied (Appendix 541)..

5-3‘ RCSUltS
The basic data on the susceptibility tests with adults and larvae
of different strains/generations arc given in Table 5.1 and 5.2 respcctively.

The statistical sumaries of basic data arc presented in Table 543 and 5e4.

5,3,1 Characterisation of the parent populations SNEEENGEEEEENN

The P1 strain was subjected to sclection pressure of DDT for large

number of generations without any success in selection of specific

resistance to DDT, The failure to develop resistance could be due to

homogenity and homozygosity of the strain. LDSO and b values of P1 adults
TF

wore estimnted as 0.63 Mo/mosquito and 2.2 # 0.2, respectively (Table 5.3),

N

as maximum likelihood estimates of the two parameters. The LD5O and b

values estimated from the results of larval susceptibility tests were 0,078
ppm and 13 * 0,05 respectively (Table 5.4). These values of LDSO and

b were used as. characteristics of the adult and larval populations.



Tﬂ.blﬂ‘ 512
Bagic dats on gusceptibility of different streins of Cufstipgans larveo

e g DDE I T -
} . Dosages of D.D.Te in parts per rdllion (p.p.n).

Strains - - . - - e = _
of _ 200 100 5.5 1425 0,505 0,325 0075125 £ 40390625 Corrty

fofafdm n- r P | r [ n r 9 n r o L+ T B n B I+ r—P- W -P—-F--B T

grng .

P, 271 119% 93,3 1751 139 79.1 4620 924 50.2 10 3

F, 641 57% 29.5 1130 1001 85.9 1126 771 66.9 563 272 4507 - v e~ - 27311

st 1%E U6 908 Y4 120 88,3 141 Y2 55,3139 10 T.2 06 o
1

nsF1 U1 17 53,0 143 65 47.5 136 20 4.7 20 -

SR, 517 499 96.1  E42 444 79.9 %5 199 46,4 209 112 29,1 %0 8
2

B3, 267 255 95.2 466 431 92.1 56 &1 93,5 422 112 22,2 205 A1 Q73 4
2

5 &7 &0 09,5 A5 % 52.3 I A T 4 24

7 = nuber of larvre exposed,
r = niwker of larvae dosd.
3 = carrected rortality rate,
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daquation of the fiited probdt/log dose rezression lines an the pararetors
with their standard errers estirmated from the susceptibility bast data of
ciifferent gbrains of Dup.fabigans adulbs to TLT

Streinsg aof Equntacyn of ke 2 £l - I. ;{Fg}r f%d?:lel et 37 3
GfabifEns  ritbed ld-or lino X (a5 Ejﬂgm?igf?f Jarliace o ogtto ﬁmaj o Goerriviant
_ (E=log 100 Z) . = i _’z-s@lh_%a‘i (b)
P, Y=2.07%5 + 1,096 0,8 (13) 1,793 1 0,032 0.001064  C.63  0.72 = 0,5 2.2 + 0,2
F, Y=1.5957% + C.6746  3.57 {19) 2.711 2 0,012 0.000148 5314 542 = 4.97 1,6 + 0.2
SRy, T=1.7076% + 1,0212 0,27 (14) 1,53+ 0,039 0,001590 0,74  C.00 = 062 1.7 # 0.2
M
A ¥=2,2095% + 0,2067 0.23 (8) 24131 # 0,05 0.002315  1.35 1472 — 106 2.2 * 0.4
1 -
SR ¥=2.0727X + C.9514 6.46 (12} 1.953 1 0,039 C.001543 0490 1.07 — .75 241 = 0ud
o -
= T AATE ¢ 1.9798 8,11 {18) 2014 # 004 0.002080  1.30 1465 - 1,15 144 3 D41
2 - . -
R{&S,, ) Yo 284X + 24460 0,18 (4)  2.221  S.085 0,007281  1.86 244 = 1413 1.20 + 0.3
7 .
X To1.3404X + 1.1007 0443 {2} 2,119 3 0.092 0003426 1.31  1.9%9 - 0,87 1.2 £ 0,3
7 Yat L4 + 007659 1.24 {10) 2,566 #0046 0002129 3.68 4.5 = 3.0 146 + S22

% Degree of freedon (4.0.) = 88 - 2

share S8 = Total maber of babchen of mosqudtaes for all dbzages in the experinent:,

- Lk -



Teghle 5.4

Equation of the fitted probit/logdose regression lines and the parareters
with their stendard errors estineted from the susceptdibility test data of
different strains of C.p.fatizans larvee to DDT

Strzins of Squation of the min iog 100 “TFiducial 1i-  THegression
G.iz:?ﬂgans fitted 1d—pr 'L:L"ne'ﬂ E{d.f)* doee V“ﬁ;ﬁﬂa of { Lgfg ) etz of LD msfficiant
(% = 1oz 100 2) 1 (5 pem.) PP (4n o pam,) b
B, T1.2609% + 3.0653 st (160) 0,891 + 0.024  0.000576 0,078 0.087 - 0,069  1,740.05
B, TLG536% + 341553 6.25 (122)  1.934 + 0.042  0.0017% 0.859  1.037 - 00711 3.940.05
Shp LR, 2VSET + 2,505 .36 (22) 1.0 £ 04052 0,002703 0,104 0,137 - 0,002 2.420.1%
1 .
RS, T .9625% + 2.979 0.50 (13)  1.030 + 0,045  0,001197 0,107 04131 - Q.07 14960 .,20
1 -——
, T I700K + 35655 17444 (62) 1,041 £ 0,035 0.001255 0,110 0,120 = 000 1.440.0
SBFE +
RS, T=1.7900K + 26775 2,3 (56) 1.35% 1 0.028 0000800 0.220  0.259 - 0.201  1.740.07
o -
Z 144881 + 16922 4.1 (6} 2,293 £ 0,070 Q.0GAIH 1963 267 - 143 120,17

# Darres of freedor (Fuf,) = 8 - 2
where & = Total farber of batches of larvae for all dosagea in the experinant,

- %l -
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The Ly of tho P, population wag reported as 5.0 ffe/maquite
(Bami et 81 1957) and the b velue was observed as 1,7 [Kalrs, 1958),
These satdmates were based en the results oblained from fopiesl
applications wethod of susecpiibility tests, After ninemomths?
interval, the populations was agein hested avd the I‘Dﬁﬂ and b waluas
were fouwrl to be 5;14}/ gfrosquita and 1.6 + 0.2, respechively
(Talile 5.3). There had beah ro change in the mean susceptibility and
hempardty of I-"g populations during all thesc months; hencs PE
ooild be considered homogerous. The ocokimotbes of different paremetery
wete, thersfors, considered stable over tims. The mﬁﬂ and b values

of larvoe of PE vere 0,859 ppn amd 0.9 + 0,05, respectively {Tavle 5u4).

4 comparisen of the I‘Dﬁc- valucs of Fy and P.?, popilations showed

~ that advlts of PE‘. were 8.2 time as resistant 4o DT as Fp. FHwdlady

the larvae of F,, were fourd 11 tines rasistant {Tatles 53 and 5.4), The

b values of Py ard P, adulis were 2.2 __-1- De2 and 146 __-l_- 0s2, respestively,

and they were not sigmificantly difforent {Table 5.3)¢ Hence the variances of
tolerance over doses of DDT for P, and PE adylts were oconsidered mimilar.

In the larval tests the varlance of tolerance ddstribution over log

dones of F2 poprilation was greater than thal of Py population since

the velives of b wera 0,9 3 005 and 9,2 + 0.05 respectively (Tavia S5t
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5342 Cholos of u Vildd Reale

Registance im detected by comparision of the tolersnmce of the
tw populations; the candidate population ard the standard {susceptible)
popillatiom « Tolsrance 1z indirectly sstimated from the response of an
individusl to & given doss of ingecticide (ptimilus). Individwls of
a homogenous population show vardations in their tolerance levels to a
glven dose and hence I.D50 value i taken as an estimats of meen of the
populetion's toleronce Aistribution. The I'D5c| being stable statigtic
iz veed to messure the degrec of resistance as B:In‘DEG of G-? I'DSE} of S;‘
whers C & § denote the cendidate and standard pepilationss Reslstance,
therefore, is a metrical chermeter., In the stady of resistance the
biometricel eonghonts l,:il-:el LDED and b had to be used since the individuals
mxﬂ.d/bnztclassiﬁud in to mriually exclusive phenotype olazses.

™e guantitative dscription of a Blometricel character can be.
valid only interms of scdlss In an empérically adequatce acale the
quantitative effects of the genedl:) on an average bocome admly additive
viich conform with the assumptions of blometrical genetics (Mather 1949},
The usealing test following Mather, for the F, gemeration, 18

B =7(F + BeF, )
which 1n oase of resistance cowld be atated as
Iy, of F = &{mﬁﬂ of PyHD g of Fy + 2 LDy, of FD-

e right #ide of the above squation is the arithmatic mesn of the mSO
ralues of the segreogaking dlaossas wrich 18 the expected mm of FE:. The
relvue of the Left hand side of the equality sipn is the cbserved ons?

mperically estimeted from dc}an;-response data of Fﬁ'



Tabla 5.5

Ragul te of the 8pnTlins Testa

Marnn af the resmonzo 4n dose nean of the responss in log dose

sonle (L aonla
Staze of Genopoti exle { 95‘0)
life oycle o chserved Egpeoted®  Obgervod : Ex](:yected*
- (£55) (LB, =) mg)
Adalt , .90 1,81 1953 2.061
SHFE_
BBy 1.38 z.12 Ze 140 24753
2
i
Larvae SR, ¢. 110 286 14041 1214 !
-2 ;.
Ty, 0.228 258 1.358 Te221
Stz

* Veighted rmean of the nems of F_!,-Pz ‘ond appropriate F‘I 3 weights beloz preporticnel to Mendelia rafdo
af segreg=iion [P.!:F?:Pz as 15211},



The I‘D5o values were first estimeted in 1:::g;-acale on which the
rasponde were normally disteibuted, This wao valddated by the non-
sigrificant values nf} E{Tﬂblﬁ 5.3 & 5.4) Subscquently for physical
ralevence 14 wms transformed to agtuel doce acale. The sealing tests
ware, therefore, tried with both the log sesle and dose seale of the
estimates of Iﬂm veluce of adulto ond larvae (Table 5.5). It would be
gaant from the table that the log LDED(N) was a4 better deseription
of biometrie character of the adiilts than LD50 in actusl dose scale
gince deviation between the cmperdes]l and expectsd wAlues were smaller
in log spala than actual dose sodle. In the larval tests slee the log

goslic was oonsldeored a good chodce.

5.3.3 Domipauge of Slleloo

InformetHon on the ;ﬂonﬁnanc:a or othervize of a biometric charaster
controlled by gemewalldles are mﬁtalzr dopandeté on the adle uned Mor
the measuremsht of the charmcber (Mather 1943}. In the present study log
LDSD voelues were consldered the best wdlt for stuldy of dominance since:
tolerance was normally distrdbubed aver log dese and since it was foud
a bottar widt in the sealing test (cuf's 53,2} The midparent log IDgy
wng 2.254 for pdult maquitees, This walue was hipgher then the log mﬁ'ﬂ
of mFT (=24131) and S, {(=1.868) advlts (Table 5.3}, This swggested
that susceptibility was <]ightly dominent uver the resistance in adilbas. .

In the larval teste the mdeparent LD, in log sodlg my, wes 1.412 which

50
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was also greater than m valuss of RSy (=1,030) and SRF (=1.016) vide

1
Table 5.4+ Hence 1t is concluded that the susterille BJJ:E!LEH ennbrolling
DDT guzcepBEbdlity in both adulis and larvae were slightly dominant

over the resistance alleles controlling DDT rooistance in both the stapges

of Capsfatipang.

Rogistanee when determined by only the chromosomel faetors would
show equal intensity of it® exprussion in the F.[ ahn FE generations of
the reciprocel crpspea betwesn P‘l and Fz But. fhe experiments showed that

the ID,, values of the RS, ani RS .;35 /mamrﬁ:u and’ 1,34 i
50 Fy Fy?
mosquiio, were sipndficantly higher than thz-: corTeaponding velves, O
./éﬁ/mamﬁ.tn B G.?ﬂ%{mamﬂiﬂ ef SRF ol ERF popdlations,
vegpsctivaly. The suggested influcnod af nytaplaéma i’an‘bum of
resiztance females on the expression of DDT resistence in E&m
adilts. Such influence in larvae was not signlficantly expressed in

1 generstlon. The RS, was wore tolerent than SP'F which showed some

?
influemes of eyboplasmic facter of F, on the level mf expression of

2
resistancy, Gonsidering the resulta of adult and lsrvel test it covld
be said tiwk contribution of cytoplasmie Tactor resulted in 1,5 % 2.0
times inereass in resistance, The conitributions of cytoplasedc factors
in the expression of resistance has been veported in Blattely germavdes .
(Cochran et al 1952) in Musoa domestics (Johnston et al 1954) and in
Drosophila (Tatterapield snd Kerridge 1953), & eriticd]l exnminations
of the susceptibility test results reported by Davideon (1958) slso
syrgested the influvence of coytoplasmic or maternsl factor on the

inheritsence of DDT resistance in kesundaiocus.



Resisbance if debtermined by nudlear gene{s)}, would give rises to

different phanotype clagssos of varying degroe of resistanes in the F‘2

and backecross gensrations dve fo segregation of gene-allgles. Tha F‘3
and back~crues gencrations would, therefore, be heteropenous which would
be raflocted on the probitflog dose regression lines. Henee the probit/
log doas regression lines of addlts an? larvas for FE ond back=croea
genarations were exnminied.

The probit/log dose repression lines were used to represent the
dose=response data of cdult femile Sep.fatigons. T,he‘;l’a togtz showed
that the linenr regreocsion medel was valld 2= none of tha)‘g valuea for
nsF_z, 511},3 and the backersss poprlation (HRSF.I ), with sppropriate degree
of frewiom, was significent (Table 5.2}, A perueal.  of the remilis
of statisticsl mnaly=is of dosceTosponsa data glven in Table 5.2 .
.showed the linear regression model, in probit and log doss metametre,
wag alap valid for the RS amd SP‘F poptllations of Cypefatigans larme

{Tatle 5.,). Hence it is ini‘erred that the DDT tolerance of adylt and
larvas of the gegregating generations ware normally distributed over

the log dpse, Normal distributions of tolerince of the adults and larvae
of the segregzting generations suggested that DT reszietance in
Gopsfatlpang waa polygenie/mil ti~factorisl. Had the DDT resistance been
due to a single stable fnetor, the linear probit/log dose regresaien

model would have bmen poor to rospresent #he data since the ﬂistﬁbuﬁcn
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of raslstavics in segrepating generation would have been & corpowmd
she consisting of two or mors normed distributions,

Sub Ganetic Inference Based on LD5U and Pegrosszion wefficient

mgﬂ iz the mean of the distribution of resistance ovar doses and
the regrepsion coefficient ias ivversely proportiona) to the varlanes of
the distydbution ol resistances Acconding to Mather f1?¢9], the mean
aof F‘2 generation is equal to the mean of‘ 4 generation if the character
1s controlled by polygones. The variance of a palygenically conmtrolied
character in F, will generlly, though not imvaristl,, be greater than
either F, or parents even when tho parents are not nearly trua breeding,
The Iiﬂm and b values of the paranta, F; generation and IE"‘2 ganaration
of the reciprocal crosses are, thorefore, swamined in this section o

Araw infsrence on the gemetic bhasiz of resiztancd,

5@ of R3F1 aryl REF adults were estimated by maximm likelibood
method an 1'.3?“(33/:11::5@1:& anl 1.38 Af g/moaquito, respectively. The
veluss were clom 1o each other and they did not differ s:!.grﬂ:f‘ium}ly
gince their fiduclel limits at 95 percent level of probabdlity overlapped.
S$imllarly the LT}5U af SRF Az SRF were agtimated asm Da’?&/{gfmsqld‘bn
and D.‘}D/{Z g/mosquite, reapectitrely, md they were slso Found hob

to diffor eignifiosntly (Tabile 5.3,

The maximum likelihood catimates of b for P,{,RSF and IEF2 Wora
Ze2 ¥ 042y 242 % Ouh and 144 £ 0.1, respactively for thﬁ femalo adulte.

The value wes lowest for RS, and it was significantly ddfigrent from
. 2
P1 (Table 5.3). Hence the vardance of resistance wan significently
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wre than that of the Py 'E_w regression coefficlent valve of SHp and
SRFE were 1.7 & 0.2 and 2.1 * 041, respectively and they dldnot Aiffer-
glen’ Mcenily and so was the case vhen the b velues of SRy uﬁﬁ".’ were
gompared, Hence the variance of SHFP oonild ba songidered aof the sama
memitude aa those of P‘i and SI{F1-.

In ths lammal tects the Lﬂﬁo of EsF'T ard REFE were oestimated by
‘padmm Tikelihood method as 0107 ppm and 0.228 ppm, respactively. These
valuss algo did not differ sigmifcantly as the fiducdal limite at 9%
percent level of probabllity overlapped each other. Hence the mean
levels of resistance was the same for both BSF.‘[ and RSFE generationg.

The LI]'%I of SRF arvl EHF vera 0¢104 ppm and 0,110 ppm respectively.
They slso did nct dirfor significantly {Tablo 5.4). Therefore, 1t ootld
be concluded that moen mmsiztance of the larvac of S.HF_f and SR, were
pinilare

_ﬂ_he regreasiim wefﬂnicnta“ for P‘I?SPT.I and EHFE ware astimatad
88 143 + .05, 244 + 0418 and 1.4 + 0.09, vespectively, The values of
SRFT and SB.F showed that the var:h.nce of resistance in SRF vas hdgher
than S% Wncm. the b values of ?1,33 and Bg , w-ere considereﬁ
they ﬁem found as 1.3 &+ 0,05, 1.96 + 0,20 and 1.7 1 0.07, respectively.
Though the values of R"—?»FT argl RSFE 4id not differ significantly dbub vhen
comparsd with the Py, the veriance of mFg waz found to be sigrdficantly
legs (Tahle 5.4). This could be duwe to linkags or extra chromosomal
factors.

From the chore sttldiga of I‘DEG and regression coeflficients for

gl ts end larvae of P'.l and _F1 and FE progoerdes of the reoiproeal
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ercases il could be concluded that DDT resistancs of O,psfatigens was

;Tm to palypenoa, This comdlusion 1z en axpected one fol mmeriond,
character and 1s in agreement with the ons drawn from the normal distrde
butdon of resictance, dn the segregating gensrations (o.rfH5,.%5)s The

grtance of backeaross population (E]'F;ESFT} was Algo highor than P {Talle 5,3

hE
dhich al#o =upported Lmnc:l.usi:m arrived at .

s the pomparicsion of the LT;J50 and regression coefficient waines of
BoEp and B, poptlationg{c,fy5¢3¢6)y The model of the relative bohavhour
of maan ond varlance of a quantitatdve character was devaleped on the

asaympiions of smegregations of genes and characters fn Fy generatlon,

But the aspumed bghavieur of the mean and variance oould also restlt fyom
the influence of enviormment with or wlthoub the imvedvement of guhew

ségrogations, Therefors it was consldered necessary to teast the
asgregation of reslstance using the mesns of the expected olasses of
'ﬁiam'hFPGH in F‘3 populatfon, The result of the teat is presented in thda )
pection,
It is ascumed thet in FE generatjons, dus to segregation ef the

genewailolon, 1_’1 3 E‘.l and PE types of population would be present, I

thiz be so the expected T"DSO of givan. Fﬂ_ ganeration would be the weighted
mgant of the I'HSU of the sagregating gerwiypes, e sxpecied means wers
' yorked out on log seale since in the present came 1% wes soacn to be

the better choice, (o.fy 5.3+8} The expected values, W, when

mrpared with the observed one, ™M), wore found t3 be well in agreement
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(Tetle 5.5}, This showed that value of mesn, m, fownd from the adult and -
larval tests of 1'1'.SF2 ard ES\RF:‘3 were mairly due to the presence of three
oxpacted vhenotype popilationyin Menmdeldian ratdo rather than dwe to
atviommmental factors. Henee the hypothesis of segregation is congdered

tanatl oa

5.3.8 Valiadity of the teot of Bogregation of Zoglatance

The test of apgregatlon of resistcnce was brssd on the corparizion
of expectsd monn, T with cbaerved mear, Ry of FE goverations (o f.5.3.7).
The expectad moan was the weighted average of the waluss of m for P1 ,F.l
arrd Pz porulations which werm tested similtanecusly for theilyr suscopilbility
to IDT wder identival conditlons. The weight were 1,2, and 1 respectiweli
based on Mendeldon ratio of segregation of l:‘,1 ’F’i ayd PB’ respectivaly.

F, gonerations, werc, however teated for susoeptibility after a lapse of
tine. lence thers is a need to astabliash the validity of the teat of

segragation of resistance and the oconclusions drawn there om.

To eatabiish the validity, a helerogomesus poprllaijon {I-p)pulatin‘n}
eonslating of moaquitoes of P..I,SRF and PP olasaeg in 1:¢217 was mede
1 ot
end subjected to parsllel susceptibility tests with SH.F «» The estimaten
) 2

of Llog Lh.. and regrassion coefficlent values of Zepopulations and

50
EFLF popidations were compared. Furthor these values of Xepopulation
a

were slso compared wilh the expected mean, Ty wied for segregation test,

The w values of Tpomilafion and SRF wars 2.119 o+ DW092 and
2
1,953 + 0.039, respectivelys The difference betweon the two velues

were not sigrficant, The vogression ccefficlent weluss of Xepopdlation
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nd SHF were 1.8 + 0.3 and 2.7 + Oa1 rospectively (Table 5.3). The two
&

gbimates of regreasion coeflicient were within the Umit of sampiing
srdations (Fig. 5.2} Therelore the SRFE eould he considered o

ertain F‘I’ SRT‘1 and P, genetypes In the Hendelian ratic. The expected

gy used for test of segregotion of resistance in SlftFg WAD 2.063*. This
wlue when compared with the anperdesl value, 24117 + 02098, of Xepoplation,
% was found that they belorged o the same population., This validated

he test of eegracation of resiztancs.

Ye3.9 Maothod of discyagdnatdion apd its wvalgdity

F The inference and conclusions drawmn on the penctide factors and on
“bhr:d.r gegregations were mainly indrect, based on the Memetrio constants
ﬁﬂma‘t&d from doge-vespomes data (c.fs 5.3.5 0 543.8). Direct count of
fifferent gerotypes/phonotypes in the seprogating peneratdons in desirehle
b test the Memdediap Iypothesis = mmber of genes irmvolved, in reslstance
lid mode of inhcr'j;'bance. Iue to the vary nature of the cherecter it

ws oot possible to scorc the frequenciss of different gemotypey’ .
heotypes., Betimation of the genofype/phenolype fremuenciss by
odeologiod pethod, using 'discriminating dose', was mals dAi{fieult elnce
he oleranco distritutions of Py, F, and F, populationa of Cany fatdeans
sre overlapping., Wth the help of statiztical mathoda and uging
pleologleal  tests an nliempt was, howevery made to ostimate the
wotype/vhenotyps fromuencies in the populations of the segregating
serationo. The reeistant phenotypes, tlms scorsd, wore bred and the
mogary was tested 1o cxbablish the validity and power of dlserdmination.

he results of this study are recorded in this section.
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Mymber of adillts of RSFE, E-FLFE, RHE'F.I and X pepulations snd
the mumboy of larvae cof HSFE Ayl SRFE populationa fourd dead at the
LD5DS of Fq, IEF1 arnd Pg roindationz were compared with the sxpecisd
purber dead at thesc doses, (Table 5_--5). LUEG values ware used becatme
it iz most procdoe of 211 the dose levels., The expected mortelities
st those dozes were ecalculated on the hypothesis of Mendellen ratio of

sepregations of di-cllelic single factor for resistanice {Appanﬂix 5.1),

Tt may be seen from Takle 5J8 that the differcnce between obssrved
and expected mortalitics wers signdflcsnt at p=0,05 for HSFE’. larvse along.
© For £]) cther populations the differences batweson the obeervaed snd expected
wrtalitlions at thres dlscriminating doecs wers well with in the limit of
sampling fluctmtions, 4 good agrecment of the results of discrimination

of vhonotypes of Y=population vith the kmown aectual numbers of different
phanotype populations showsed that the digerdmineting methed used wag

a velld one. H&ncf}he conclusion that the sepregating generation
containod dlffarent phenobype pomilations in Memdelian ratio could be
onialdered valdid, The validity wes further confirmed by estdimating the
”’50 of the progeny of those femsles called Zpopulation whiwh had

gurmrived the LD . of P, popilation. The LD5U for sdilts of Zpopulation

2
was 3:69/1Ezfg/ﬁﬂﬂ:nrito was close to that of the PE‘. pepulation. Both the
PE and Z-populations hel the same veariance of Aiatribution of resistance
28 the regression coofficient value, teb + 0.2, was game for both

(Ta¥le 9.3} The reslatence levol of Z-poptlation was 5.8 timas as
hgh as the F, roplation. The larvae of Zipopulation UEE alao 25 1

times as reeistont as P‘I {:Te..bla .4). This showed that the survivowms
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Table 5.&°
Rasults of testing of hypothesis off seprepation of charscters

Hypothesls of

: DISCRIMIMNATING DOSAGES
sepregalion

. E«Eﬁf?ﬁ?ﬁc LDSG of .P1 ‘ Lnsﬂof HS-EFl} LDED of Pg
charantera 4n n s el i n s ¢ d n a c -

. the popylafaon)
() (SS4SRMIRR=3:1 3 7308 402 0u81 4v we e we 4a0 787 34 1.3
4
(A} S8:RS:HRx 1:2:1 4.3 1012 Lo et s s we av Tl URT LT 1.8
2
’F )ﬁ}IE:RR':l:l [N ] - E am -m llr{.-'r? Jﬁ-g'iﬁl 3!3‘1&1202 ﬂr'dn{[- 304- {}'55
1

' SS+5RIRR=311 U‘S # E-? Deldd  ws me w2 an Eed 3&..5 E,E ’1,1

fL] SS%R:RR':B:T ?? 39'2‘ : 943 '!3-2* -a L] L] - aE .-‘- Y
2

(L) il 16 32395 3-9 1481 as s ss  xm L] LR ;-
2--

mifieent at F.—O.Gi
deviation of chserved mortalitlsa from the axpected morktalities,
tote) nmumber wnder obsermatiott.

Jra, whera p# is probability of dying of =n individwmal, q is 1-p.
d

8
Adulta

larvas
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of .the LDEE) of P.?. were mainly the resiatant pherobypes since their off
springawem also resistunt to DDT. Theso experiments thus, clearly, showed

that the discriminating doze methed was valid and reasonahly powertudl.

Tha test lor goodnesg of fit of the segrogations of genes ppg Zllieles
in Mondellan ratio further confimmed the inheritance of reslstence was
governsl by the Mondelian prineiplos, Its study, however, imodwed speciel

blometrie mothods,

5.3.10 BErolubtion of a major factor for Tesistance

DDT rosistance in Qup.faticans was consldered to be polygerde in
view of the goed fit of linear probit/log doss regression medel to the dose
response data of the segregating generations (Cufu 53,5}, In the stuly

\‘JZ:; in A,sterh anﬂ.i. it waz concluded that a
me jor factor for resistance, wider DDT pressure, codld evolwve through

of selection of DDET resis

eoncentration of poly/miltd gencs. The intensity of cxpression of
recistanece would depend on the nuwber of genes dn the cluster ard fahaii"
organizations. 4 stable cluster would behave like a singdle factor
(Chapter 1), Io etidy the evolubiona of resistsnce cluster in m
the probit/log dose regression line for aoiuvlts of I’EFB gohbrationa wes
pxamined. Lt could be seen from fig 5.2 that the regression line
contained two plete¢mshich cotld be taken as an evidence of clustering
of gemes into major famtogfor resiatance. The goodnesa of fit of the
- 1inear represgion line suggested that the cluster was In the :Ln;\L'I:d.al i

stage of formetions and contained fow gened.



5., Shgoussion

There are five reports on fhe inheritance of DDT resistance in
h(‘r,p,fg'tig:hnﬁ?. The first pwilicetion on the inheritance of DDT resistance
was by Fal and Singh (195_3} which wna based on the experimentsl resulta
of the prosent Chapier. The secord report was by Fozeboom and-Hebbe(1960)
based on the crosa Fhilippine DDT renistant strsin with a Temas Laboratory
suscepbible strain, The resistence strain was 13 times az resistant, in
larve® fége, as the suvsceptible ones Based on the response of larvae
to discriminating doge genetie inverpretetions were made. Using the
Adseriminating dose method egainst adrlts Davidszon (1964) stuiled tha mede
of irheritence of laboratory sclected IDT resistencs 4n this species, The
suscepiible stratd used fnr ercasing WBB originated from ssme geographic
aresls fﬁlomas {1966} studied the ivheritance of DDT resistance in .
_mgiggaa using the Kleng resistent strain apd Lemir susceptibtle straism,
both these strainforiginated in Melaywm. Using highly vesistant (250 fald}
strain mnd susceptitle strein of Rangoon Tadsno amd Brown (1967} atmided the
inheritence of DDT resistance in larvac. The resdlis of these siwlies
are sumarised in Table 5.7« It could %& seen from the tatle that the
conclusions drawm by the authors were not consistant,

The inconsistancy of the informations on the dominance ecould
be attriintded, Among, other faestors, to the method of the abudy.{tasting
design) and the soale. Using different sceles ddfferent types of .
informetion on the dominance of gene(s)/charactsr cowld be inferred
from the same experimentel vesults.(Mther 1949). In the present
chapter the inferemce on the slight dominance of susceptible sllels(a)



Azmery of tha publiched infomatbon on the inheritance of IDT resistence in

Copofatiz ans
a SOURCE OF INEORVALION T

Her of Infomation JPd & Singh ozenoonm & davidsonl Y0l } toomaw 12867  Tadero and

. _L1958) Hobba( 1960) Brown{ 1967}
Source of resistant Ehmorajes village Follirtpine “Jlaboratory selected RlavpMaleya  Rengoon Strain
Parent, Delhd State Gonoar Stradin

Method of sel ections Selacted due to Leboratory selection - Jete selecidon

use of DIT 1mier 2t 1D

50

Malz-da eoarsrel

Source of the suscepti~ Susceptibls Colomy Texaa lohoratory Sosneptible Gopoor Laniy = Malays Rengoon strein

le Porent Strain eolomy atradin salected for
suscepbibility i
Stage of lifesydle A% & Larvze Larvae adult - Larvae g
shudied ' &
Method of suscoptibility Dopical applice~ Biserizinating Dserininatine - Sealar dose larval |
test tdong ef 0T on doee following do=e 7,05 X 4 hrs) suscsptivdlity
adilt & lerval larvae testing throu-h test
taeh nethod worteot
Method of drawing Sctlay & DMiseri-  lomperdng the Coppering obaerved Seclzyr dose Scalay dose~
comcluaion vinsating dose cbaervad morta- Torinlity rats Platear & cozpa-
Litr rate with with expectad cne rison of retas
expected
Information on dorinance Light dominmee Domdnance of Teminsnee of Reciztence Yizgistance
of susceptibility resistance resistence dorinans
Information on metermal/ Katroelinous - Matroclinous | Matroelinous Matroclinous Teek of patroeii-
patemzl effect aeffaot nous gvidence
Conclusion on nade Single factor Single factor Single factor Polyrfactorial Single fmetor

»f inherdtence
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W8 baged on log I.Dﬂtj whdch was fourrd to be an adequate scalc in the
sealing test {eof.5.202). Thereforn, with tho bdomstorisl and testing
matho® uged, the conelusion oould be considers! 2 valld ones Chromosoms
determining the male sex or contedning the factor for meale sex was found
to comtribute towards DDT resistance in Aesterhensi (c.f. 3.3,3).
But four out of five raports recomlsd materdal of fecet on DRT resistance
in G.pefatizans. This chowed that cytoplasmic factor{s) had alse
gignificant contribution towards pherwlypie resistancs, The contributdon
of cybtoplasmic facfors towards resiotance had slzc been reported dn
Heattelle germagies (Cochren et =1, 1952) in Mugea domeskles {Johnston
ot 21, 1954) and in Drosophila (Tatteroficld and Kerrddge, 1953). &
eritlesl examinatlons of the susceptdibllity test results reporied by
Davidson (195§) also indicated the infiusncs of matroclinous effect
DT resistance in m- dooording fo Parry there 1a an inecreasing
mutber of examples demeomstrating the mlerosomal enmyme system in insacts
s a system responsiblae for large vuriety of oxidasive mechandams
resulbing both in intoxmication and detexiecation processes. Hydroxflating
ard “hylrolytic mechanisme recponsible for detoxtoations of organoe |
phosphorous, ecarinmate and chlorinated hydrocarbon insecticides also
recide in the mleorcsomal syateit. Thus 1t iz foimd that the gemetdc
system of IDT resizbance is a complex ons; imvolving ab times the
mclear faglors as wall as eytoplasmio factors which could act end

interast with sach othsr and one snother.

The reporis of Roszeboom and Hobbs (1960}, Davidson {1964)
anyl Tadare and Brown (196'?} showed that the IDT resistance in



Cepafatigans wan due to single Mendelisn factor. The clear demonstration
of momofactorial basis of DDT resistance by Tsdano and Brown (loe olt 196
was based on a long platestt In the doRe-rortality regrocsion line of the
backerosa (F.l:ts} peneration which oomvesstedliremeondn a 111 ratlo, Tide
mnofactorisl baeis of DDT resistance was confirmed by weing  (Yeldow or
Orange larvas) marker gang which was located on the chromosome 2

(Loven 1967). Throwghk a sultable crossing sxperiment Tadans and Brown
(106 =it} showed that the TDT yesistant genw was Yirked with ¥ pgene:

2t a orocseover distance of 15-20 unite. Bub the genctleal, studdes by -
Thomas (1966) proved that the DDT reaistence in Malayan strein of
Capafatdsans vas polypende gince the regression lines for F1 ard Fﬂ
generations vere identicel. Folloving Midamd (1957) the inconsistant
information on this sapect could be attributed to material exd nathod
of study. The ineonistant information could also be due to criteria
usad for drawing inference, FPal and Singh concluded that DDT reedstance
in 'G.p_.fa,td.gans of Ehurejee was dus t0 single factor since segregstion
followed Mendelian ratic, Such a ratic could be fowyrl with mepmbers of
polygenes gince they arve located on the chrompoome which gegregate amd
so ths genes on it. & critleal examinatlon of th; data showed that
resiatence was due to vany genes. (cefe 5a3e5 - 5.3.9). The valid
criterienfor polypenin basis of reslstance is the contimwus normal
Aigtmibution of reslstance over log dosed in segrogating pemerationd,
Coptdmueus distribution cotld be possible only uhan each member of
polygende ayatem had onall contribubtion shich is additive In a sultable
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o In case of monofuctoriel basls of resistance the dose mortality
gelon lines of segregabing generatlons must contadn a flatesy over
Lnbhuating doges due to compormd neture of segregating populatfon.

the linear rogression rodel will be a poor £t to the mmperdcal data,

Based on the studics with A.stepehngd (hapter TI) 1t could be

ated that specific polypmenes wnderge a dynsmic process of evolublon

their recrgnnisstion and linksge. This model 4s helpfdl to

end the dymardc chanpes in svolution of reistance gomes dnto a

e cluster. The dustor when matured woulld behave Idlbe s single factor

ts transmlasion. This hypothesis is helpful to comprehend the apparendt

gletant information viz., momofactorls) vo polyfactorial /polypenic basis

T resistance in Cupafetipang., The mingfactor is the 1imiting stags

lution of resighsnce factors through intogration amd organisstion

pelypenes/mitifactors as fowmd In Chapler IT.

SUMARY

Genetic basls of DDT resisbance, expressed in both adult and

g of Cypafatisuna, wers stuliedl, The method of testing invelwved

cal applicationt of DDT on the drosal swrface of females adults
The results of suseceptibility

ntimwus exposure of larvas to IDT,
Matroelinous effact

were rigor cusly analysed and argued too.

T rasizstencs wms obzerved. Susceptibility to DUT was conaidersd

DT reocistrnec w2 conedforod

iy emdwertovor rosistent,
polygenic whieh was evolwving to a =single Mondelian foctor.
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5.6 dpponddx 5.1

Mothod of estinmation of wpected mortality st diseriminsting
dooagea and test of the Mendelian Mypothesls of monofactorial.
hagis of recistence

Wien dnheritance of one character determined hy 2 single gene is
r study, according to "Memdelian Law!, the expected genotype rato in
population of F, genersiion is 1:12:1. If the character is completaly
give, ths phenotype retde of the individusils popsasaing the
cters de 3!1, but vien it is complotely domirent, the ratdo 42 13,

case of intemmediate expression, the phenotype ratio 1s 1:2:1,

In the resistrmec stuly, characters are estimsted by the mean

ge rates, of the populations. 48 such, the LDED

3 md Wybrdid populations are used as discrivdnating doseges to

voilluea for the

the seprepeation of-gharecters in ¥, gencrationas.

If & rndom armple of edze n is drawm fron the population of F3
ration, aveording to the Mendelisn Inw, the sepple is likely to

gigh ol G.Eﬁ'n susceptible, {}.‘En hybrids and 025 resistant Individuals.
Whon i mumher of mesquitoes are exposed to LDm of susgaptible
& the @pected mortality In the susceptible clads is

0.25 | .}
5 =D-125n|l.'ial-l-|I-4{E.

Since this doee, LBEG{ s), Alsc causes some rortalify to the

spitoes of hybrid and Beclasses (vide Flg.5e1), it 15 espential

estimate These mortadities nl=o.



- 155

The @Xpected mortality of hybrid class ab 1By (s) 1s

Dainphs ssbsitdbren (b}
whore phs,' is the probabdlity of dying of the yhrid individuels at WE(E)L

Sinflerly, the opeoted mortality of resistant dlass at an(s} 1n

D.BEHPIE -i--------iit({:)
vhore prs is the probabllity of dying of the reglestsnt individuals at
wﬁu(a}. Therefors, the mwm of the mortalities of differemt strming,

apotted mmber dead, i.es, BM,(s), at Li}mfﬂj ig

EM(s) = ef1z5n + 0.5, 1S + 0,25, xS sueve(mm of g,b mnd o},
or E‘};'—(ﬂ} = n{ﬂnjm-ﬁphs + 'Dizﬁijrs)l‘l!q!llili(1}

In ordor & estdnate the values of phs And prs, first problt values

are worked tub solving the ld=pr line ecuations of the hybrdd and resistunt
pepulations respectivdly by substituting the log H}m value of tha
macaptitles population for x. Probit values thua worked cub are referred
t Table 1 (Finmay, 1952) and the probabilities of dying of different
prulations are astimatod from the percentage mortalities resd in thds
table,
Mol axly the eduations for the erpected mmber dend at LDﬂJH
of tybrid and resistent popilatdons, BA(R} end EMR), are worked outy'
Thoso are
BI(H) = n{0025 PP + 0425 + 0425 P* Veunnrenns{2)
and BAT = n(0,25 p°F + 0u5 bR + 02725 4uaseeeen(3)

H and er are probabilities of dying of suscoptible and resistant

Ingdviduals respectively ot Ln5a°f hybrid atrain md pE'R and phF' are

piobabilitics of dying of suscephihle and hybrid streins respectvely

vhera p?

at Ln,'jg of resistent stradin.
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On the above mtionsle the following etuations for eshimating the
axpected mortalities are worked out vhen the ¢haracter is (a} recesmive

(2) then the character (vesistant) is recessivet
E‘(S) = n(ﬂ.ﬁrfﬁ + OlgﬁpTE}It'li.l.iiiiiHiil"ﬁi‘(#)
E{(R} = R(G-’?BPSR +. 00125)l'|lilllililitlll-ii(S}

(b} When the charactar (resistant) is dominent:
m(S} = ntﬂnﬂgﬁ + ﬂ-?ﬁprﬂ} iihiifttiiiivibitié}
E"I(R) = n{D.EﬁpaR + GOS'FE)lilliiiilltcil!iil(?)

On tho sledlar line, the formulee for estimetion of expsctad mmbers
dead, for the popmletion obiained By the back cross of 'F1 hybrid apd
gither of the parent stock, are worked cubl snd given belows In these
oases, The LDBJ for hybrdd ond the parent (used for crossing) are wsed
a3 discriminating dosages Acovrding to theory 50150 ratdo of hybrdd
and parent {used for croasing) are expeoted and they can enly be

diserdminated 1f they are pomotypicelly found differents’

B(H) = n{0.25 + u.sppH).'.............‘.....—..(E}

BM(F) = n(D.S.PhP + 0ul5)eisancasersvorsnsasssld)
Vhare poll and PP are the probebilities of dying of parent class used .
for crosslng md hybrid {F1) individuals at Lr'g:; of hybrid ¥, and
parent striins respectively.
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EUAMFLE

Tho RS(¥,} stredn showed 20.9 per oont and 77.3 per cont mortality
retos at LDﬂ'J for 8 strain od B strodn respoctivdy (defls Tbls 3,1), I
this ease resistance was observed i be alightly dominants Tt is dntended .
hers 4o tost the hypothosts thet resistance is detemined by a single gand.

If ragistence 1s controlled by & single gene, according to Mendelism
Yaw, the suscoptible, hybrid mand vesistont gemotypes are expected to be
prosent in RS(FE} in the ratdio of 11211,

Oulng o overlapping phenoiypes, the expocted mortalitdes at LDSU(B]
end I-ij(l'{), aro ostinnted as

MS} e n.(ﬂ.125 '}{]-51)]’1 .'l' ﬂoszrsju Y Q(W equation 1}

jatc 3

To solve this equation the valuos of p and p° - are required,

satinotion of whdeh are 2z followat

Yotdmation of the probability of dying of hybrid olass at LDE! of 8§ Bttﬂiti.(nhs)

Y = 2.24.95x + 022007004 IGMﬂ.Gn ﬂ'f the ﬂ‘b‘b{ﬂ 3ﬂ~pr|r li-nﬁ
for R(F,} strain (vide Te¥le 5.3)

Y = 2,2095 x 1.798 + 0,2061 {substitutlng tho log Id'm(a)
value for x).

or Y & A4.2507* (in probit).
From Tatle 1 (Pinpay, 1952), 22.7 per ot response mate is read for the
Pﬁtﬁt Tl fiﬂtzmn

% Thé probit velues oan alae be rood approximetaly from the graphs of
1d=pr linos of RiFT} end R stradns for LD, of strain.
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The probabilily of dying of the RS(F.!') pemlation at Lﬂa}(s)is 0u227.! _
Estimation of the probability of dying of B stradn at ID_ for § strein, (p) xS,

5
T = 1.5957% + 0.8740u0an el equation of the fitted ld=pr Mne for
B otrxin).

Y = 1,5957 x 1,798 + 06726, «( substi buting the log wm(s} for x).
or T = 3.5437 {in probit).

Frem Table 1 (Finnay, 1952), 7.3 per cent rosponse rate 1o read for tha
probit value 35437

The probzbdlily of dydng of R strain at ww{s) i1e 0,073,

Ruting the cotimated values of p' md p™ and n In equation {1),
B 8) = 101.2 (0,125 + 0.5 x 0.227.+ 2,25 x 0.0790) = %
likewice, the expevted mortality at LDg of R strain (R}, 1o
estimated as 122.9.
The rnmber of nostidioes obsorved dend vhen aposed o Irﬁm(s}
for & ond R steoing were 21.2 and 115.8 respectively, The stondagd
error, 4 of the mortalities at Iﬂm{E} and Lﬂm(ﬂ} wAre

4ed{2fpan = _f0.257 X G4 x 101,7) and

Le7 (jﬁ.&ﬂ“l x 0,19 x 149.7) respoetdvelys

The nommal deviato, o, 15 the rotdo of 4 (deviation of observation
fyom expectation) to 5 (Mather, 1951 ), and a0 in tho present caze at
LDED( s} is i:% = 1.1, Simflarly the value of ¢ for the data obtalned
at LD (R) was exloulated to be 1.5+

Both the values of o, detay Te? and 145 are less than 1.96 ond
therefore the differaces bebwern the observed nnd ckpected values ars mot
eonsidered slgnificant ot conventdonal Ievel of probatility (P.L-D.-OE} o
The hypothesis of 1:2:1 retio of suscoptible, hybrid; RS{FT} and

resistent mosquitoes in RE(F,) strain wos thovefore considered tenshies’ |
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CIAPTER VI

SYSTRMATISALIION OF INPORMATION FOR COMPREIENSTON OF INSECTICIDE
RESTSTANCE PREHCMEIION

f.7 Introdpetion

FPacta eollected through observations and experimentation are 1ikely
to becoms sterdile if they are nob Deapingfdlly orgarised in mystem{a}
and logiceally argued to fruitful conclusions, To this chapter, thevefore,
the experimsnbs] jnformation on gelection and {rherdtence of different
times of insecticlide Teosistance fc.f. Chaptem II-¥) are masningfitly
preevised dn and logleally argued to a set of six atatements on responss
to ingeoticide selectdon — course of developmont of different types of
Jesistance end avtaltrj;d'.on of resistance gene cluatey (R;ﬂ.us‘tjer)fmsiatanee
factor (Refactor) of mjor effect from polypenic system; probable
physiclogical/biochemicnl wiles of the constitvent membors of Reciuster/
Byﬁ‘bm(&]} chromosomal mechanism of evoluidon of B=rluster: posgition
pffect of the R=cluster and conatitusnt genca within the cluster; specd
of selection and reversion of resistence and theory of evoluideon of
resistant atrain. Using the puldiched informations on genetdc of
restatence and on physiclogical end biochemlesl basin of reslstance,
whiich ars al Hmes divergent, an attempt has besn made to demonstrate the
weefilness of the slatements in comprehenzions of the rosistance pheromenon.
In view of ifs objective, emphasis in this chapter. is gpiven on tho atypleal
}nfurmatiun rather thay on zn extatstive roview of a1l prbldished
infomat:l.on. An aghoustive and oxeellent revicw of information on the
irthroped resistance bo insecticide hes already bean made by Brown
md Pal (1971) in the classical WHO monograph series ol 38.
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Brar gince the detection of DOT-resistance in hounscflies, large
mmber of.etudics on genetice of inswciieclde resistance, malrly in
arthropods of mcd{cal importance, have becn rublished {vide reviews b
Perry {1966), Hoskina (1967) Brown {1967) ami Brown and Pal {1971} amd
pthers quoted M7 these revicwera). These reriews chowed that the
Information are divergemt on severdl aspects. DMvergenh information on
gpacific aspects of penelics of indeclicldal resistance are indicated in
Tatle €eti

Sources Likely to econtrilute fowerds the dnconsistancies of the -
information ‘on different aspeebs, as indicated in Table €.1, cotld ba
visuallsed as

(1) 1ack of procise identification of the type of resistence
for valid comparisiong

(41) purity of the strein for a given Yype of resistance;
{4i1) techrique and methodology used in the atudys

{iv) wmit (scals) of measurement of resistance and

(v} inadequacy of the geneticel crmoopts used for comprehension
“of the resistance phehomenotie

£1 casos of insecticide resistencs, detected by the dvse-~responsa
data, wore not identioal with respect to phenotyple cxpression, genetiesl
leterminants and phyasiological and blo~chemiondl defenice mechanisms.
Hoakdng and Cordon (1956], therefore, sugeested that vhenevar possible
the different types of resistence should be ddentificd, Einehﬁ%ﬂ

pwgestod that inseclicide resistsnce ghould be cl=esified inkoe three



Talle 6.1

{Inconsiztent informetion on different aspects of the Genetics of Tnaceticide Besistanco®)

Gonetical Asmechbs Specizs - Insepticide Information Reforence i Ramarks
Tmdiad wsed in the
ghudy
€1} 12} {3) _{4) L5} (&)
Rastonae 4o dsatethensd oo 6.4 times Tosistonce in larmvae  Davideon{1958) Scdicction remited in vigour
SeLeotion T=1kd atrain affer 17 gonoretions of tolerenes {vetele Studics
selection by DDT. were tarried ot in tha Roas
Institute of Hypienoy Londnn,
" # 1.9 tizes Teeistance in larvac  Woyer (1957)  Sclection resulted in v.t.
afiar § generationa af Stwdiss were carried oul in
selecetion by DGT the Tropsn Inatitube,Hamburg.
" i 5 fimes reristance sficr 12 Mosne (1956)  Sclection resultod in v,t. b
gencrations of selection Studies wore ecarvied oub in -
thae Institute Mupericra N
di"'sﬂlitl".l ] *
A.atethensl " ¥~55 and 1.8-2.4 Himes Tesis-  Mohon & Singh Selection resulied 4n w.t, and
¥adree strein tance to DDT and DL respectivaly  (1965) specific DET resietence in
in larvze after 57 genorations larvne and veb. in addl¥s,
of selection. The adults wers Delayed appoearancs of lerval
2 & 3 times resistant to IL .- resigtonce wes considered
DT rgspectively duz to slaw comcentration
and suitable crganilsation
of mror deterpinants into a
duster. Studies were carried
out in the Sputh Intdia Bramch
of the MJI.0.D., Mottupalayem.
£4potntimana .om 5 timoz reslstance after 39 M.I.I, Sglaction mmﬂtad in vab,
Ehurejes stredn generations of selections. Dalhi{1957) gstudiens were carried out in
the Malaria Instt. ¢f Indis,
Dalhi.
" DD BHO 1.6 =08 Ti7 timoes rosistence to L "

ODT end HEC respectively after 40
generationg of seloction by a

Contdave
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Oilerinc< Sclochlon by chilorinatad
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(LY
Mo thew 150 tim.: resistaras g
DT, % Himes rosiatencs to EiC &

ridgh rosistanoe %o DL afiar 45,
76, and 75 generction of salzehicn
by DDT at the larvele® adull gtages.

l.}"’

Bidn resistarce to 2,pt-lDT

High resistance o p,ni-LDT
A :11;.0 to c,pt-NET.

aoaricides

tod soari- ceuscd resistarco also o tha 0.7,

cides

".L'Il':'s-:iuil—uﬂci ‘:‘EFI

oS Wd s

Frnveascion of A.abopbensi UDE
rezistrnse

4. E'@l etus

mm;bmds tut sclection by the GJ.FP.
sompoirds did nos eause resistoncoe
ta the ohlorinsted =mocaricides

Zelection by UF compounds cansed -
conecomdbant resizferce w0 OF -2md
CH cormmowunds but aclection by OH
compolrrls did ot resuls in reslise
tanes to the OF compowmds.

Transiont rasiztence Lo DUT 4n The
larvel stega =lcna,

Transient resistance to DIT 4n the
larval stnge 2lone. Adults ghowed
voTy contimmtion of selection
cansed resistence in the adults in
tha iatter gernerations,

Transient rosistonce o DDT in the
adilt stage only.

—

I —~
Mot mn( 1540}

Marmnen o
quohed b
1=11(1958f

Mohian end
“ingh(1965}

Sharma &
Kalara
(1958)

Tatatiim
sled E-.?J.‘LI" 5 L:L_::‘ o ff* _Lo. Dzan
responde Urves were vsry stoep
1&;::1:1*13 hishy homozernoua
pmu'!_dtlﬂﬂ Studies Wore oarried
ok in the Soush Indis Erpsach off
the HILCO w D’.,_._h_le

Fn sizrd ficerh ragiztence to
0,7 1 -DDT

» .or.
noPried oo
B

1) -

Starlica ot in .

T‘d‘
oo - T
Mgl g '1Dw Lie

Cbzervad with d14 popdation,
Sglectinn wns agedinat the
lc.w-Lt..

Obgerved in the Lehoratory
stidies carried cub in the
South Tndia Hranch of the
N.I.C.D,

Cbeerved in the wild popu-
lation in Delkl aml nearby
area. Saleciion was

drected against adulls. ...
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o L AT I3 BN 15 &Y.
oy Pallsons e
e v desistrace ir bolh adm { and JEERFEA Thzerved in the wild pepdlation in
larval stagss Singh(i952) Delhd e nearby aroon., Sclzcion wes
B fots - Afrected soainat adil ta.
. Jfotignns LOT _ _ .
Kﬁ_ﬂ?ms Pezisiarge in both adutic and Mohn{1960) Dabcratory studies were caTriod out
= ' larvs. stages agsinst DDI & in the South Indin Sranch of BILWJDe
Jai(]
weazion of Vadowestice DT _ .
F;tlr;;f}liz of Fdymestics » Basizis op wes Livibed to the ¥err{i9606, Ifle 2 lone ohacrvation, HResistance
HLTL e 2 rele hoveeflics 1961} in insects wure, ususlly, found in
Hiroyoshd  toth sexss.
@ (1961
Tr-nemd : henss z i . - o~
‘; "R;:%ifi“i:: snsteohensi, The Yon-siecific DL Hecistance Singh(1976)e+
Al Heslstance . fi.e vob, wns pdlygenic.
" 7Y The cecific DDT resistance wes Singh ¢ Mohnm
due o 3 géable cluater trma- 1965 )
mithd Idke o sindde liopdedisn
fopt r in epazocictisn with other
" » ooy deto Wrnnnts ¥
Moneaekorinl Ivheritofice Devidece The R-gene wis denendent on gzometical
%’ackg&n ] background for its experzzicn.
1961 & 19618
O fiottioans B .
£ Yors'actorial irkoritonce of T -Davidsen(1964}
r DOT 8fea iz DL = reaiztanca
T ”
Mononetorinl ivheritonce of  Pol & Singh{1958)
the pocific DDP-resistance Bo meboon, and
Bobba {1960 )
Davidson (1964}
Tedono
Brown{ 1967 }
" . DDT
Bolyfctorial irheritemce of  Thoros{1966)

gy:cifte DDT registance

%nﬁi- L )

il
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Eiraerbirore~ oo eeletdsemae DOT Fetroclinons effect obsnrusd. The e G EL:';:;h_(?-'}"ﬁB} y
anerl arfeok toderonez to DDT in P of the o zetgnt & Hobba .
o groes voiry Tesistoned fezale was (1960}
hizher than the F, of the eross Davidaar (1964)
_ nsing suscentitle' femslo., Thomaa (1566 )
Bontotdcens THAT Mrtroclivous effech wss not cheerved  fodshe anmd
T Grom L1967 )
Saftothengd  DOT Moornoliiocas affert wms b obusorvel  Sirel & Mehnn
) L1967 )
Terinare of Soo.frtisins TOT Apzistanes dordrent Pozeboon & Hobhg
the chapnoier ' {1340) ‘
Troridaon (1944)
Inomes (1964) :
Taleno & =
Brown(1567) b
" " DT Rosistencs recessive Fol & Singh(1958) !
,r " o,pt=  porEladly rocossive Kelre (1570)
T
i aE'= dominent - Ao =
DnT

Gene sction

Iz*nacts_m

Dot

i, or
cta,

nourdsg

Portiz1lw rocessive

Intermidiary resisbance without
any dominanes of oither types
of allelos.

Wao ocomsistent moda of achbion

Davideon and
Jaclr_sun{ 19619,
1550 )

Singh ard
Mohsn(1965 )

Derdnent ir azzoeiation with
DL~ wene (Davidson, 1966)#es

Ravicw by
Perry {1966}

Contdeas



Reversion of  L.stcrhensi DOT We reversion
Teaistmmoe
2 puldola oL Beversinn o suscopti-
farjgs Bility within a years

time vhen DL spraying
was repbaesd by DRT
soraying, Do-scleetion
with L resulto2 in
higher degrze of
resistance thon that
gbgerved bhelfore

Mohon ond
Singh{1965)

Bhetia sz
Deolbhanioor
(1963}
intel et ol

(1961)

The highly 197 resjstent stradn wes
cultured in the Lebaratory for 28 gefe=
rotion vWithowt sdlection, Susceptibility
tests Ad not show any significarth Isse

of rasistence.

- L5l -

The coject of thizs table is just to imdiente the inconsisfency of the informetion on diffcrent =spacts of
the genctics of resistance and honce exhaustive covernge of informetion wes not sttempted. For the

latter Brywm =n@ Fal {1971) my be referred.
See hapter I7,
W.HO, Inf. Gip. Insgchs Resiste. Hol.58-59, 32.
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types viz. noni-heriiatide resistanca, heritable noh-sperifie re=istance
and heritable chemicnl group gpecific resiatance. The first two types

of resistarice wore usuilly of low mapnitude ~nd the last type was of high
orier with verying magnitudes. The gemetical basle of non-spocific and
gpoelfie tyTies of reglebance were alzo dlfferent {Chaplers ITT,TV and Ve
Toxicologlenl, gemeticadl mand bifchemicod ositndies further iIndicated that
the specific resistance to differont anslogues/isomers of a given toxlcant
was not the same. Web (1968} ohsorved *hat oubt of 50 anslogues only

8 reacted gimdlarly to DDT in barles. 7The molemilar structure was

consi 40104 of grester importance than the chemical comwmosibion of the .
toxilecants Eults and Joahi (1962} woxldng with mosguitoes reported that
the joint actlona of p, ' and o, p! izomers of IDT wers simple sisdler,
gomplex simlar and indeponident ageinst Capafaticans, Ae wegypii and
‘wsubpiotua, respectively, Tndependent action was coensidersd dme to

specific eite of loss Tather than eite of retion. These p,p! and o,p'
isomers were found to show symergdstic acltion against hovsgeflies amd

body 1iec {Yasutomi 1956)., In the genetlesl stulles with Delhi - R

atrodn of Capsfatizans the resistance to o,p' isomer of DPT was foud to
be partiadlly recussive 25 ageinst dominsnce for the p,p' isomor. Defence
machrniam{s } orily for p,n" DOT and nonspeclfle Asfance mechanism(s )

for both 1,pt and o,p! isomers were swwpested to bo inwolved. {¥alra 1970).
'The blowchetdosl studice showed thot the disintegrating engzyme of p,p!

DDT had no effect on the o,p! isemcr {Perry 1966). These observations
:puggeated the existence of apecdific gene control defence mechanien{s)

 even against the isomers of om isecticides. Therefors the herdtable
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apscifle resintonce shomid alse bo stib~dlassifisd, shenever possible, with
raapest to the woleowlar sbructurs of » chomical. Wnless the rusistance
under study is procisely classified and pure toxdeent, with respech to
isomer, iz wsed for toxdiciiy tost the chanews of having converging
information is rether small.

& prociszely dlasmifMed resistant population should be homogeneous
znd homozygouae The population showld mot contain determinants of the
other types of resistonee, Genetdical amd Dip-cherdes]l studies with sth
popdlation may be expucted to inersasze the chanee for obtalrmdng consistent

restilis on gene trmnomission ~mvl genc aclion.

6+2,2 Blag%ue o Yechmqm and heed for$is Gontrd
The limitation and blas of leehnigue(a)and methodology uscd for the

gatietiowl studies werc clso found to comtribute towards the ineonsistency
of smperivental Informption. frneblesd stolies carried oub wilth the
Ydiseriminating dese’ end with the 'acolar dese! yielded mrburlly
ceontradiotory information evon with the seme raterdel, BRosistanes wes
found to be mono-factorinl vhen 'dicoriminsting doges! vers uwsed b 4t
was found to be mitdifactorial when ecalar dossa! ware wmed (Milani 19%56),
Srdlarly studies besed on toxleity ot statistical methods alse Likely
to give biaged information on the number of rosiastance factors as

reveslad from the modal dosc—tesponss cwves given by Toukamoto (19630,

4 corbination of thediscrdminating doseal and 'scalar dokes' methods,
when 'mubtant  markere! mrye not available, codld wdnimlise #he bldas

from theso sources.
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6:12'13 B:'.L

Varishility of inforwaidcn on the Adominance o resisbance codld be
abttrit-ated to criteria of judmerment and =sorls used to measura the charsoter.
Any higher valus of LI]SG ol +ho F.‘- generation than the suseeptilie parent
- ghould not be considered as o cage of dominatice of resistance. Fhr thia
purpose the criterie sugiested by Mather (1949), Singh (1961} and Bingh and
Yahan{1964) for deciding tho dominonce of an Alldle of bio-metrie character
may mindimise the vardability of Irformaticn on this poind.

The peale, il of messtrement of the suwniifative character,
glao contribute lowmrdas the variability of informalion on dordnance
. (Mather 1942). Teperts on the wvaldidity of = given scale, in the genetlesl
studies of resistance, aro rarc. The shulfss reportod earlier (Chapber V)
ghowal that the dosagos of inseeticides <n lop widts were hettor since
the log dose seale {fove rormal distributions of toleranes, additive
effoct of the »lleles and mil affech to gone interaction. Cenetieal
Factors like the MIEal gunos and/cr dose of the resistance doterminamds
could also econtributs towards. the vardability of information en dominence
nf resistance.

These sourcas of varishility of the informotion  vhen controlled
may otill leave significently inconsistent information duwe to inadequaoy
of the prevailing conetlenl corcende. In the following sections,
therefore a st of concents is suggested bo corprehond the gemsticel

basis of resigtance phenomenon in its tofality.

£.3. The Gowrse of Progress of Insenideidel Sslection. Brolubiog
o2 the System/Cluster of Determinants

dystorhensd when stbjected to DDT seleebicn pressure at the

aqmtic ard/or impeimsd ctagesy in the dzhoratory, showed concomitant
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resistance to disldrin, [EC and DT {Chopter IT), Recistance to
ingecticldes afher than thope belotying Lo the chemical growy of the
salacting one wms often fowd 0 be jrominent warly din the development

of a reslstent atrsin. Tis matwe and significamce wers considered by
Grayson and Gochran {1968) as subjoct of dubate., The geneticn] exporimemts
presehbed in Chepter T7 hrd elueid-tel thies prollem. The concomltant
resistance to DL in fysferhongd wes of lew megndtude snd was determned

by polyranes argrrized inte an effectdve ordor. Chromsomsl ectivities
like erosaing-over, wno attributed -z probatle mecheniem for ree
organieation of the polypones in o offcetdr: ~ro%ems The ofToctive

organlsation eould beo meintaine? by chromosomel imversion or linkape,

DVAlessandro ot ol (195701958 and 1962) md Yosna et al (1958,1959)
reported that siradins of Aairvprrvos J:'m wilch DBT  Gtolorance had been
induesd bylzhoralory sclectlen,wers found te eonfein sigmificantly more
inverelons than the parmts] otock., Tre individels 3tk inverhad
chromogomas were mor: DUT  toleasul then the dndividunls without
chromosomsd inversiane. Seleocticn Yy W slao resulted in ths inorease
of Pragquency of chromeesmal dmversion, . Purther, chromnzoml inversion
poulld alao be induced hy enviornmentsl strese resulting in increased
vigoure. It could, therefore, be condluwded that chemical and other
snviormments]l preazsury stress could, in addition to selection, induca
the rewarransement of chirmmeomal materisl pre-existing and/or nevly

troduced ones throush b~ don/misealion. The re~or- nisel
chromoacmsl materisl woudd, uswlly, be exprassod in improved wigour and
1l baof ceconomle velus to the specdes. The reorpanised genes/slleles could
bo maintained throwgh strong litksge Lond/elyomesona] inversion

(hetero 2o ).
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flgh chromysomal inversion ralies were not fownd 4o be correlated
with the varying degroe of insecticids recistance. It could, therefore,
bo considerel that the chromosoms] inversion wes net the cause of
resistance bubt it wms a wechoniam of pressrvativ: of newlly orgsnised
system of gencs for resistance.

It was obgerved earlisr that the polygenes for nonwspecific -
reslstones werw the genes of fine adjnatoont and they tilay an importent
roleg in the subsequent ovedutdon of specific resistent strain of A species.

From the above eonsiderations 1t @y Do concluded thab
ingcoticides emn Py alwmiltanecnsldy twe 10ln vize  dnduedngond,
selecting insceticide rasistance.

Tha specific resistonco to the selecting insecliecide wa reported
to evolve aftor the nonespedific resistance. IDeboratory stidies on the
galection of reaistance in A.stephensi by DOT showsd that DDE - speoific
recistance wag not due o selection of a proesxisiing single factor. It
was suggested that the DDT resistence in larvao was, most probahly,
dva to-dlow concentration and sdtable orgardsation of the specific minor
Footora into a clustsr {Chapter II)'. The resistance cluster when ad-

CJuated to 4 gbable otote, mder the specdifile sdlection, was found to be
transmitted 1ike = single Mendelian factor (Chapter IXT),

The progrezs of development of resistonce, estimated by the degres
of resistonce in different penerations, was foumd to approxmate the
erowth euwrve (CofeZedsS)e Tds ebsarvation wms in conformity with
the result of laboretory selection of resictence in house flies by

BDT, Methoxyohlore, DL, chlordsne an? garma BHC (Bruce apd Dacker 1950).
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The growth curve could, therefors, be cohsidered as a reliable representation
of the course of progress of the development of specilie pocistomoa,

The growth curve, vepresenling the progress of developmsnt of
realatance, was secn bo have distinct thres segmonts viz. lower nsymytotie
liks segment, shleapegradient segment and yoper asympiotlc segment. The
lower asyaptotic=like sopment wme atbributsd to abgonee or very slow rate
© of dinorease of resistance during the carlier generations mider seleoction,
The slow rate in the build wp of Tesistencs was considcred due to the dnortis
of chromosomss(Z.4.6). The chromosome]l inertis resists the Towo Tz~
pation ef the sxisting Iohotienl dslerminants into a sudlteble cluater,
The magrjtula of chromosomsl inertin depends on the degree of stabdlity
of the efficiently crgandeed sghate of the oonns mler Hhe domand
of a glven sonlopical situatdens 4 hiphty stable state of organisation
of the chromosoral materinl wouldson account of its resistance to
reorganisation, b~ climinated wnder the altered seological aituntion
razulting from the contamination with ingectlecidd. The individusl
swrviving in the inseoticidal contaminated enviormment, dw to vigour
factors, wonild reorgamise the chromosomal materdal at a given locus
of chromoeomc(s) for bebter flthass if the chromosomsl inerdia iz below
the critical level of resistance to rcorgarisation. The perceptible
degree df spocific resictance would bo expressed only whon an opbtismm
gize and lovel of orgondestion of reslstance clugter(s) 42 mdlt s
The success in the evolubion of the reasistance cluster, however, would

dapend dn the availability of the regqudred l'b'L:l:rI_'I_d:i.:n,g: tlocks! in the
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chromoAomas of the species population. In absence of these "d]ddnp
blocka! for resistance the development of insscticidal resistance world
not oceur,

The zegment of the growth curve with steep gradiont sugpmsted that
the rate of inerease ol resisiance per generetion was higher than the
previous rhase. Thie vhaose of higher rate of incroamse of resistance world,
therafore, he considered to be the highly active phese for dsvelopment
of t'h? speciflc resistance dluster. The higher activity codd be
atiributed te the momentum genorated by miwslly accslerating process of
the glven State of cluster formation and 1ts proportionslly increased
power of assimiietion of the hitherte avallakle slementz nceded for
furthar growth of the dluster. The other factor could be the Ilpss of.
chromogomsl resistance to chango due to continmed chromoromal activities
induced by insecticide spescific selection prossure., The increase 1n the
leval of efficiency of the resistance cluster woilld result from ths
increagse in effective 'gene dose'. This would be exmpressed in the mepid
increase of the inscoticide resistance. The observaticns recorded in -
Chapter IT und that of Chovoick (1966) would be cited to support thia
assumption. Chovmick royorted sharp chande in the anzyme activity
with Jry" S 2ry ™y’ and Ory’" waa corplletely inactive. The ry" was
- the rosy locus of Dymelsnoprfeter and the coefficlents were the gens
dosages. Mohan end Singh { 1963) reported IDT reoistance in the
Erode Strasin of A.stephenai wnae greater than that of the laboratory
- galected Madras straine. The availatdlity of large number of
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determdnants ir the wild pomdlation of Frode Strein than that of
Jaboratory cultured Malras etrain wes attributed to this phenomenon.

The wper asymptotlie segment of the growth corve representing the
progrone of selecticn was considerad as the rhass of maturity and
statiligation of the rosistanee clustar, Yore or lons mt'hm“lglng lavel
of resistance in thic phase covld be attributed to mon availability of
apaciric detertinants: for further incomoration in the resistance cluster
and/or the large size of the cluster, It is considersd that there exdst a
siza of resistence clustor with optimum orpanisstion. Any growth boyond
this size may mot exduibit increase in the rhywiclogicsl exprossicon :Ezc,j»
resistance, The fadlure tc incresss the Jevel of resistance in e highly
rosistant strain of E,steghgnsi (Strain B) with high DDT melection pressurs
for 27 generstions in the laboratory (Chapter II}‘muld. ba nonsidered as
an experimentsd swprort to this hypotheslc.

The wper asymitotic phase over the generation axs eould in
ite burn be d4ivided into three segments representing wnstable, woderately
atatle and highly statle states of the resistent cluster, The umstabils
state could be @ the bogining of this phese and would be followed,
soquantially, by the moderately and highly stable states. A highly stable
cluster would behave like & momofactor in transmission. The wmstahle
cluster would give evidence of polypenfio/mid tifactordial inherdtance
of resistanca, The mderately stable cluster oouid be expacted to
behave 1ike ainsle wendelian fackor probably with some disturbances but

if subjected to rigorous test like repeated backecrossing and sclecton
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‘then 1t might give evidence of polygeric/polymeric resistance. The
manofactorial evidence of DDT resistance in A.stevhensi (Chapter ITI)
and D fatdenns {Ghapter ¥} cowd be duc to shatlo/aami-stable states
of the specific IDT resictence cluster. The experimenitsl. evidencea of
polypenic basis of rosistance 4n Cor fabtisens (Thomas 1966) cowld be duws
to umstalile state of the resistant dlosters The stage of development of
the resistance cluster apd dis atabe of varying leval of stability woulld,
thus, yleld ineonsisbtont information en the mode of laheritance of specific
reaistande,

In o given wild popdlation of en insect spoclen stable specificd
non specifio resisbance eluster/systom could be found at any stage of
development anl stabdlity due to rendom phenomenon or dus to positivo
correlatien betwecon the directions of the natursl scloetion and that
af a glven inspoticldal wmelection. In euch 2 sibuation the progress
of pedleootion of the resisztapt stredn would he faater snd the mode of
mheritanco of reslstance woulld be foumd to be mrofactorial, The
widence of exdstence of rosictent individwals, dn sigmificant nuwbers,
2t anopheline populations from the wsprayed areas (see reviow by
iplel Trn and Kitamiller, 1967} and of the monofacterial evidsncs of
pesiatance with fiel? sclecked species of ihssets could be considered
ke pvidence towards the velidity of the hypotheais.

Tn the light of there discussions the following statement on

the course of dovelomment of insecticide reclstant is made,
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Statspent 1

Egnoure of inseets to A gven dnseclicide could
ramilt in the davr{[n'pmant af thres t¥pes of insecticide
rosistance viz won-specific resistence(BI), prowpenpacific
reistance (R-I1) and structurs specific mﬂutanse (i-111),
The Ii-I tyre iz usually of low mgnitude and ecould often
ba found promnent esarly in the davelopmant of reszietance.
Tt ig polypanic and di8 developed by re-organiszation of
minor chromosome] doterminants, if awnilatile, into on
affeclive gystom through the chromosomal aetivity induced
by the insacticide. The don-specific detsrminants are
gonesg of fiag adjustment and they play an irportant moles
in the develorment of specific type of rusistance.

Tha specific types of reristence, H-IT and R-III.
are doveloped through slow concentration and suitable
re—organization of spacific chromonomsl factors, if -
availohle, inbo a dlustor. The eourse of dovelopment
could be reopresented by the 'rrowth curve!, The slow
rate of ‘hmlt ' of resistence in the enrlier generation
could be attnbuted ta chromozomal inerbia resisting
roorganiqstion of the availstle remdred dstorminants
into resistance cluaster {A~fluster). Ferceptible degree
of spocdfic roslatance wonid be expressed orly when the
opltimm size and level of organization of the Recluster -
ia tudlt 1w, The phese of highar rate of development of
resistence 1o attriboted to the loss of chromosomal,
resiztance to reorganization and increasing power of
asgimilation rul orgamdsation of the developing clustars
The growlh of the Becluster tonds to a maximm size and
hance o maximm jevel of resistance, Thls phenomenon $s
reprosanted by the uwpper asymbotic phane of the 'growth
curvet, Contdnued sxpostre to intecticide, vhen the
maxima is atbtoined, would rosult in stab:l_'l.:l.'b}r of the
Heclustors The mstablc, moderntaly stahle snd highly
statle Recluster would give the evidence of polygenie,
polymeric and monofactorial basis of specific resistence.

b Dowposition and Fimebion of the Syoten/Cus

Direct mothod of viewing the structure and function of the
jsyafam(s)/nluster(sa} of - enela) of intoeticdlo rosirtencs is net
available, Iherefore indirect method, stuly through observable

behaviovr, 18 nsed for this purposs.
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? The raesistant individuade of a apecies of dnsnct scape the lethal
faetion of sn insecticide through a set of protoetive mochaniema, The
KLikely rrotective mechanisms of insecticide resistance were viswslised by
loskins and Condon (1956) and Perry (1966) as

(1) Leasser penetration of insectirides through
inscot irntesument:

(ii) glower rate of transportation to the site of actiom
(441} lesser sensitivity of the nerve a1 BEH

{iv) }:li{;her rete of enzpde cotwersion of the toxicant to -
inmoowud  aibstance(a)s

(v) faster rnte of detoxication of the toxdn (sj,
if produced;

(v1) dlower rate of enzymic coversicon of chemlcals te
more boxlc compounrs;

(+ii) higher rate of axeretion of the toxing and the
toxd canbe and

(viii} more storage of inseocticides in the fats and none
gensitive btissves.

he resistont individuale than the senaitive ones,

Theaa protective mechenisms and others, if they exist, eorld,
¥ly, be cdlassified as of anatomical, physlelogical and blow
Meal types. The thres types of protecidve mochanisms cowld be
soted to differ in the tw megtamorphic stages, larvel and addlt, of
futoss, becauss of the Alfferences of their emviorment and the
te of biologlcsl developmenta. Protootlve mechanisms(a) orglnating -
B the enatomdesl medifieations could he considercd to be of a
?mnt nature = oneoe developed, it?;gf*iis% throught the 1ife of

;E;:hﬂiviaml. The physclogical and the btioechemical types of
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protoctive mochanlons could, however, be in ihe etate of readiness with
the hipgh potential 1o operate with inoreased «fficiency vhen stiemilated
by the specific toxlcant.

Histogenceis, morphogenesis and mirel devslopwment coour in an
orgamism through the sequential and/or independent eperations of specifie
penatical. swdtchezs [Al1 thess dovelopments could not be envlisaged as
& product of a single gens (Weddinton 19667 Hmdlarty the nature of
snzymes and their primiry strueture of different polypeptides wera
determined by separale pense {:Garmd, 12098 Haldane, 1942; Harrds, 1966 ),
Tho doterminonts of insecticide resistance could, therefors, be eansidered
to modify the actions of the developmentsly physiclogleal ard blochemdeal
gencs at the appropriate timess Hence it covld be comaidered that the
gompaaltion of e reslstance aystem/cluster would be of varying degres
of compllexitie: duwe to its complex fumetions,

Tho none-spoclfic rgsistencs, B=1, ig dus to incressed vigour
controlled by polyrenic syaten(a} evolved through the induction of
emriormental. stress and injurdous chemleslay From the phymiclopicsl
end blo-chemlcal. peints the increased vigowr cowld result, amenz others,
fyom the higher retes of degredation of the injuricus chemjicals,
Blowmchendosl studies showaed thet the promfnent among the drug disposal
mechanisme are the microtomel enzymes = 5 dlass of enzymes requiring
N.HIPHE_ anl oxygen but havineg no spocife ethstrates of thedr own,

Such cnzymes wore found in several insact apecles to hydroxglate IDT,
to not on parathion, BIC to oxldise carbaryl, pyrothrims, rotenons,
and to epoxidize sldrin (review by Perry 1966}, As o worldng
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pothesis a nonespocific polygenic aystem or a sib-syetem of the system(a)
ld, therefore, e connidered to be induced by the enviormmental factors indue
e ingectdoide which wotullc Induce & regulate in thoir tum the pmduetion of
o drug disposing nonespecific cnzymezs Each of the other polypsniic
eteme or the subwaystems of a syatem could be attributed to wodify
h of the anatomdcal and physiclogical protective machenisme, in a
11 way, in faveur of inersssed vigowr. Likewloe a cluster of specific
igtance R=II or R-ITL, could be congsldersd complex In ita composition,
;nuld. be considered as a set of heritalie wnlts controlling the different
:rﬁec'hiva mechanisms contributing towards a given type of gpecific resistance,
Eham aro n gxhauvstive perfoctly orgamoed heritable wdtes cach
ifyang a subwcharacter of any type of specific resistance then 28
8 of resistance cluster coufld be foumd on the hasls of ito compositiod.
would inelude A mill R-cluster which is the normal (suaceptditles)
.8 of tho B=dlusters The remadrdng (2"1) pesistance clusters are
[:r to cause wvariabilily wdth respect to the opsratlen of the protective
imiams and hence cxpression of the mepnitude of resisztance within and
sat the meistent stradns of & given specive, The magnitude of
sagion of a given type of specdfic reslstance wnlld also depend ong

(1) type of jointaetion betwsen the dlements
of a Beclustor and

{i1) mumber of elaments present In a glven
cluster,

dntaction hetween the dlamsnts of o Recluster covld bes
(i) additive enlfor

(1i) mAtiplicativo.
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e higher degree of spacific resistonce than nonespecific one
“eould be dwe te corplex Interachion of the clements of a piven R~dluster,

The muber of elements and their state of organisetion would alseo
determine the degree of dominanee of resistance.

This hypothesis coild be swupportsad ™ zome of the published
‘exporimertel cbservations, Wiesman (1947) reported moddfication in
%pammﬂity of puticle to inseccticider through the swilution of thicker
wd more pigmented targil, pulvdlll etr. in a rosistant strain of
;hnuﬁeﬂicas. Abedi and Brown (1961} observed hipersecrotion of peritroghie
knefm'!:ﬂ'arma, considered to be a protootlve machenism, in response to DDT

¥ the DDT resistant Ag,acgypti of Ceribbesn ordein, These proteciive
wchanism- were not obsarved with overy case of reaisbance., In hia
whavstive revisw of the cxporimontal resvlis on resistance Ferry (1966}
wncluded that the structursal and blo=chemical vardablility smorg species

o straine vas vather & rile than exceptdon. BHach ppecies or strain
anuessas g combination of attributes for resistance which mey be diffarens
win that fouwrd in othera,

Ther variatility in the dlatribution of tho sub-wdts of the
gistant cluster might result in the presence or absance of certain
sment modifying the protective mechanism at a particular morphic stage.
nee this wotld result in the variation of tho expression of resistence
,differont atages of metamorphosis of inseddn. High degroe of
i;&nsiemt DDT resistonce in larval estage slone of A,gtovhensi (Review
iPal 1958 and Mohan and Singh (1965) and in adult sbage sloms in

m {Sharma and Kalra 1958} could be due to absence of fackor
:
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tn the resistance cluster to protect or to activate the protective alementiz;
for 1ts funetion at adult amd larval stages respectively. Ths olemoarbs
of & riven realstant cdluster could act sequenti=]ly or otherwise. In
easa of sequentisl operation of the elements of a resistance cluster, an
elemn_‘f:r & ig peb off to produce a svbstance .{ which activate another
slement B of the cluster to produce ancther sybatance pto ach mpon the
third glewent C and co on. Bub whon the clements do not act sequontinlly
sach of them 42 primed by a common subsisnes or different svbstarcas
produced by the dlement not belongdng to the cluster, This moded of
actionz of slements codld show variation of a kind in which an dlsment
of Tesistence cluster could be activaeted by a subztance ¥ pmduced by
pote glamant X. X may or may nobt be a member of the given resistanca
dugtar. Purther, certain dlematts could be ametivabed by altemative
gube tances produced by different alemants balonging to samw or ALflerent
dluster(s)s

This scheme on the mode of actlons of the clements of the reslstuncs
duater could be used to comprehond the wmsual phenomenon of spervencd
BT roaistance obvaorved in relathion seleotion of fAo.aemrobd
Jrown and Abedd 1960 ; Mot wmerm and Brown, 1262 =nd Pillal and Brown
'1965) Mslathion resistance dus to DDT salechion wes nbt eo far, reported
In insects, The fectors for DDT apd molathion resistance in As.apvpil
were reported to be on the chromosome IT. DT resiztance suparwargd i=n
slathion selection coilld be die to priming/setivating of smﬁfg alemertha
of en dnconplete DDT cluster, evolved by chance, by activating/priring

profuct of an element of mlathion vealstarnce cluster selechted mdor
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apecific pressure. The faflure of aclection of malathion resistence

Wy UL peeessETOG CQUYE Lo dus Tol

(1} non euaceptibility of the alemont(s) of malathion
resistarce cluster to any produch of the olement
belonging to DDT resistance cluster or/and

(1i) absence of even zn inecomplete malathion reaisterics
cluster,

Prom these oconsiderations the following statements on the componants
and functiong of the nonespecific polyrenic Eyst@mfs') and spacific
resiatance cluster is mades

Statemant No .o

Bach polypenic aystem or cach sub-aystem of a given
polygetie gystem could be asaighal a specific yole in the
degvelopment of BT type of. resistancc. The enviorrmenbal
factor and toxle chemicsls zre likely to induce and repulate,
among other things, the production of drug dispos T
gpecific engymes. The spacifle resistance cluaster a},
HwlI and ReIII, c¢oifld ba composed of a mmber of specific
gtbwwrits each interacting to modify the developmental,
chyslelogicsl and blochemiecsl 2roceasss in favour of s
given type of resistencs., If thero exists n nvkber of
exhavetive aub wihits for 5 reaistance cluster bthan there
could exist 2" types of clusier. One of the 2" clusters
worlld be a Ymlll! pluster which could be considered the
susceptible allele™f the reoistance factor{s). The
remaiming (2'~1} types of reslstant cluster will diffar
with respect to their composition and protective actlons,
The variebdlity in the composition of R-II and Relll
clustera codld he consiiered to effect variability with
reapect to expression of resistonce within and hotwesn
tha stages of mosaulio’d dsvelojments, dominance of the
character {duc to variations in the eritical levcl of
i ols dose), physiclogical and blochemical defernecc mecherdsmas
The mode of zctions of the elemanta of the Recluater emild
he atiributed to the necessary bul not sufficient cases of
dowhle reaistance,
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6.5 Chromgsome Mechaniom opd Regictance

The determinents of nonespecific and specific types of inaectleids
resistance in A.stephensd and group apecific type of vesistance in
Cafatigang were foumd to be chromosomsd {Chopters IT1,IV amd v}.r Theze
ghssrvations are In apreement with the reported information on the
genetics of insactieile resistance in vector species of insects (Roviow
by Brown 1967). Chronosome could be viewsd as 2n integrated org;.nisatian
of genes with comilex inter:ction and control in replication, transe
cription‘ancl scgregation. Chromesomal activities like dvversion,
linkape - recomwbination, translocation ete, ocould, therefore, play
important rolae in the svolution, transmicsion, action and expression
of the syctem/cluster of resistance gones.

Inversione, homozyrous and heterozymous, cavse clteration in the
prder of genes in a given linkspe growp. The change in the order of
genctical dcterminante could affect the expression of reslatance in
varying magnitude snd directicn., In the case of heterozygous ilrmversion
pach Mlock of chromatin would terd % becoms allelically differsnb
from the comparable blocks because of rexvlom Hutetions that might
accumilate in abssnes of recombination, Sdlection would, inm such
gituation, operate not on single gene but on zt-1l renetype and be more
affective then in caseol gene ssquenec constantly being reshuffled
through croasing over waanson, Merz and Youy; 1967). In m
{(Mustrodin) imversion in the chromosome R-ITI was obacrved (Rishikesh,

1959). Wigh rete of heterozyrore inversion, without any correlation



vithk the degres of resisfance, wler insscticide proszuwre wes reported

by D'Alessandre ot a1 (1957 and 1958} and Moons et 20 (1959). Inversion
was, therefore, sugrested rs a Jikely mechanism of evolution of resistancs.
systen/cluater,

- Linkage 1= regiflar co=transmission of adjacent loei. It provides
selective value throwgh ineresscd mechanical aconomy during cell division.
It could be deteeted by the presence of recorlvinant phrmotype dlasses
in proportions not commensurable with the hypothesis of Independent
asaartment of non=homclopous chromoacmos. In a given scglogical
gituation crossing over of a given type of resistance determinomts could
restlt in a new linkame arrangoment that may lead toj

{i) evolution of the Resystem/clusbors

(41) inecrease in tho offMciency of the resistance
ayaten or the cluvater ar

(i1i) disintcgration of the R-aysten/cluster,
Lixicaze amd crossing over wotld alsoe contribute townrds the wordiebidlity
of information on effective foetors and their transmiszion and actiow,
In the cosc of inesctiside resiastance linkage coul:dl be between
(i) slements of a given asystem/clustur of resistonce;

{ii) non-specifio ayetem(s) apd spectfic cluster(a)
of reglslbance;

{iii} lusters of different tyue: of specific resistance;

(iv) a given type of Becluster and zome clemants of
another type of Betlugter and

{v) Resyntem/clvster and determinants of wmrelated’
charscter(al,
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¥on spocific resistonce o DL and 0 wms developed dn A‘!smhgmi
{Chapter II). The noneapeoific resistamce could be possihie threugh the
reprganisation of the gones in the chromosome from dedt orier to i+
erier of arpamiasntion in 2 polygenic syatem (fﬂmp'he:ﬁ}. Such a e
reorecTization of gence into 2 sysbtem eould be due to croscing over of the
determinoants. Onee reormatdzed the Aeborminanta couvld be held togother
by their linkage bonds mder the competalle ecviomment, In oase of
woak linkage, the aystem could poil disorganised throush the mechatdam of
orossing over. Organisation snd disorpardsation of the genes of DDT

gpecitie clustor, throuwh crossing over, were atbributed to the fluctuation

in tho level of resistance in Brode=strmin of A.stophensi (Thapter IT).

The mon~speedfic DL resistance in L,stophensi wes found to be
agsocisted with the specific DPT resistonce. This wes eonsidered due
to the Tinlags of non-spocific system of determinants (penes) with the DDT
spocific R=cluster (Chapters IT and IV). Further the stwdics on the
irharitance of DDlwresistance in Aysterhensd amd Cep.fatigens showed
signifiecantly low mortality orly in the lower concentrations of DDT
than expected on the basia of monefactorisl irheritance of the tharacter
in the sogrogating generationa (Chapters III ard V), Such on incressed
tolerance of low maymitude could be due to the contribution of the

non-spoeific determinats dlosely linked with tho DDT speeific Recluster.

The obaervations of Kalra (1970) could be considered as an.
oxamile of the linkage botweon the structure specific Reclustors.
The Rangoon=Restrain of C.fatipans was hiphly resiastant to p,p' - DOT
without any sigmificant tolersnce to o,p] ~ DDT. The resistance te
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oyp! = DBT wes inherited ac a partlelly recesaive charascter as against
the dominance of the p,pl-DDT resistance. The blo-chemical protective
mechaniske ¢n those two types of resistance were alse Aifferent, Henee
the genelicsl determiranta for the two jsomer-specific resiztance, couvld
kg considersd distinet anl dHfferent. The sslection of resistance to
both the p,p' and o,p'= lsomers of DOT 4n the C.fotipena (nommel strain)
by the pressure of L,p'~DDT could thesfore, be considered due to linkage
of the isomer—specific resistance dlustors. Stwlies with the heoterogenous
population conaisting of lirnked =l reoconbinant clazses of differert
Kinds of resistance ddusters are more likely to glve inconsigtent
Informations with reepect to gotte tronemission, expression srd ackion,

The necacanry but not sufficient cases of crosserealatance covld
be considéred As an examile of linkage hetween one tyre of Recluster amd
soma algments of anothor fype of B-dlustor, Seloetion with orgenc-
phosphoreys, OuJF., compownds wswlly reoults in high Tevel of cross
resistancg to dhlorinated, Gl, Insecticldes espocially of DBT type but
the selection with (H-Inssoticides does not orlinarily induce reslsbanve
to OF gompownds {review by Perry 1566), The resistance to DDT dw to
peleation by OF compound coulld be due to 1linkzpe of OF resilstance
aluster wlth some koy alements of en incomplcte DDTeresiatance clusters
For a thrpmosgmal meshanism to activate the elements of an incomlleta
DDT-R clugter it oould bu assumed that the OP-resistance ¢luster is
polycistrgnde and henco activates more than ono clatrong which :.iuﬂ.mia
the clstren containing some lements of DDT resistance cluster. . Tha

leng chain of B formed can code larger numbar of asporate enzymes
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ineluding those requlred for the protestive mechanism against OF amd (H
groups of insecticides. The DDT-R cluster docs nob exbend over the
ciatrong containdng the key alements for OF—resistance and hence 1t is
incapable of induweing eross-reaistence to OF-compotmde,

The resistance factors covld, in cortain cases, also ba linked

with factors for characters nob concerned with resiotence. In ke,ncryptl
INT reolstance factor was fomd to be linled with the Yspot' Jocus on
1linknge growp II {Gocker 1965).

The genetieal feetora loecated in d4{ferent chromosomes could
elec show linkage due to tranclocation phenomenon. SexfIimited
resistance in males of Mulomestica was dus to trandlocation from
chromosome IT to ¥ - chromosome (Korr 1960,1961 and Kiroyoshi, 1961},

From these considerations the Mollowing statement on chromosomel

mechordsm viswi~vis rosintance in adete

Skate 1

The determinantas of different types of insscticide rosistance
being chromosomal dre likely to be affspted by the chromosomad
activities like imrersicn, linkapge recomhination, fremslocation
atcs Tho expreasion of resistance in varying mapnituds and
dircction could be influsnced by homogyous irnverslon due o
chatige in the order of chromosomal material. In case of
hotarozypous inversion each block of chromatin codld tend to
becoms allaelically different from the comarable Wlocka
bacatse of accumilation of given tipe of random mubants for
resistance wndsr insectiride pressure in absonce of reconbination,
Sclection in this pase would be more effeotive than In the wase
of the reaistance doterminants constantly belng reshuffled through
oreesing over. Lirnkage and recombinaltion coudld result in
evolution or integraticn of given resistance system/cluster,

It could slso give vise {‘F% to the necessary but not sufficient
cnges of cross-rezistances(?) to the fawcurable condition far
evolution of oross/miltizle resistance and (3) to 4neonsistent
information on expression and action of resistence determinants.
Translocetion would contiibube to A narbype of Iinkage system.
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6.6 Tositjon Effget

The porition of the Resystem(s)/cluster(s) can be defined with
respoct to its relation with the
{i} other genetical materdsl in its own 1inkapgo group;
- {41} genetieml material in other linkage groups
{443) assoetated cytoplaosmic matorial emd

(iv) the ccologicel factors constituting the insact's
exbernal anvioriments,

The propagation, exprassion and action of the Resystem/dluster

being the remiltant effect of ite interagtion with thess nerdghbourhood
factors are likely to be affected by the mosition{s) of the Resystem(p)/
elustor{s).

The R-system/cluster can oceur at any Jocus in any of the linfmge
groups. In casc of mitifle gene complex the difforent Resystems/clusters
can simultangously ceour at any locwin rore than one linkage groupss
The stulles carried out with the visible mutant marker hed shown that
the specific factors for the DDT and DL resistance were located in the
1inkape groups TT and ITT in each of Ag.neoynti and Cafatigans (Khan and

Brown, 1961 and Tadano snd Browm 1967). Iinkage groups IY and TIT

were involved in malathion resistance in Ag.apeyntl (Brown and Abedd, 1960
aa gquoted by Klassen, 1966). In his enlighteming study of the polygerde
inharitance of DDT-resistance, using mutant markers, Orew (1957) reported
a repgular correlation betwesn the mmber of chromsomes from the
registent stradin of Drosorbdle and the percentago of survivael of

flies exposed to DUT. Close analysls using erossover merkers succeeded
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in idéntifying particular chromosomgl regione in which .dordnent motant
resistoncs factors were loecated; but the ovidence indiceted that wery
probally soversl genes on eech chromosome concerned with the polygenic
resistaties to DIDT.

The position of the reistance factor dn s piven chromopome wes
found to affeet the exprension of the characlor. The resistance factor
at a loocus 26 croscingover wits {e.0.u) from the factor for tSPOT!
ghowed higher dogree of resistance mm th-n the fretor Joenbed
at the 16 c.oa. (Oocker, 1965).

The. position of the resistonce factor in different linkege growpe
waa found to affuct the cxpreasion and action of the factor. Hoysr and
Flapp (1966) reported that DDT amd @ ~ Chlero DDT types of reslatenca
in house flies were receszive when the detorminants were on chiromonome
II but the chracters were dominant shen the determinsnts were on chromosome
V. Tho sxpression of ths determinant meagured, by the depgree of resistance,
was moderate (100 to 200 fold resistant to DDT) and high (more than 3000
fold resistant to O-Chlore DDT) when the chromsone TI was imvolved,
bt Lac degreas of resictance to DDT and OnChlors DDT were modorate amd
nil reapectively when Fmfactor(s) was locsted on chromogome ¥V, The
blo=chemical protectlve mechardsm invelved was the enzyme cother than
dehydro=chloritase when the B=letermivants wapg 1iaked to chromosoms IX
Tk dehydiro=chlorinating enzyre was invelved ss a blo—chemieal
protective mechanism when the determinants woro on chrerncaeme Ve

The posildon offeet of the reslstance doterminamt wms also
observed with Ac.aepypti. The bio-chemicdl protective mechanism wnaz due

to IDI-lahydro-chlorinase enzyme when the determinants for resistance
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ware located on chromosome II bub enzyme other than dehyirechlorinase
wvas responsitle to make DDT inocvous when chromosome ITT econtained
the R-factdd.

Oytoplaam ar a neighbourhood factor was reported to affect the

prepagation of genes in mozquiboes {Boview by Laven 1567}, In insac-i_:-iaide
resistance the cytoplarndie offect on jmantitative expresslon of the B-
¢luster was cbeerved with Q.foticans {Chaptor V}. Similar observations
wers alsv reported 4nease of Mlattela Bopmardes (Cochran et al 1952),
Drosoniils (Tattersfield et 1 1953) and Mussdomosbics (Johmston et sl
1954)

The cages of wardation in the intensity of expreselon of reslstancs
in insects whien imported from another country and stulied in diffarent
sessons could be considered asz exsmples of effect of scological factors
on exprossion of resistance doterminents,

In the 1ight of above considerations the statement on pomition
affect of resistanice system/cluster 1s glven asi-

S £ Ho

Tho position of the Resystem(s)/cluster(s) could be, _
defined Pdié?l?}. reapect to its rﬁmtﬁ.on vith penetioal metordpd
in ite own iinkage group, 1he genctdcal materiel in other
linkage mwoups, the associnted cytoplamic meterial and the
seologica). factor constltuting the extemal environment of
the insecta, Fropagation ecxpression and notdon of the Re
system/cluster being dependent on the interactions wdth _
these neighbourhood factors would be alfected by the position
of the Resystem/cluater,



The susceptilile and specific resistant strains of mosgudtooe
were, usuelly, encovntered in high frequencics in the wi-gprayed - -
and dinsecticids sorayed arTcas respectively. In fow mwsprayed arcas,
hovwsver, reolstent mosquitoss were foumd in simmifiscant proportions.
These obsermtions swipested thal the Airectlon of the forces of
natural selection aml a given type of ingseeticidal selection could,
ususlly, be oprooed to each other bub In few cases they ~Motdld elther
be poeitively corrclated or mutuelly indspendent. Tt could, therefove,
be argued that the offect of the naturdl sqlection, consequemt to the
withdrawl of the giwen insecticidal selerbion pressure, on the reaistsnd
poptlation wuld be

(1) corplete reversion of insecbicide spacific rogirtance in

g mven insoct population dn case of negative ocorrelation
between the dirpchions of the forces of insecticlde
selection and the foree of maturel seleotiong

{(31) partisl or no Teversion of insecticide specific resjstancs
in the glven inscet popdlation in ease of varying degree
of peaitive correlation hebween the ddrections of the
force of insecticide selectlon and that of the natursl
eeleotion and

(1i1) wpredictatle ztatus of resistance in the given insect
populetion in case of mubually indspendent relatlonship
botwesn the directlons of the forces of the two bypes of
acleetion o« The given state of rosistance in the population
world, din this case, be dus to chence factor,

The reversion of the resistance in a glven insect pomilation
wouild resmilt from the operation of oha or more of the following
factord:

&
(1) Dis-integration of the Besystem(s)/ clugtor{a} shen it
is not steble and not faveured by natural sclection,
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{£1) Selvctivs elamnet:. n of the iven type of atable Re
sys wm]l's Ycluster{sa} by the force of the naturel
selectlon if the dircotions of the force of the natuwral
sglection and that of the piven insecticlde aclection
are negatively corralated.

(111} Dilutden of the resistent population by the suseeptible
phototypes, having bellcr survivel and meproduetive values
wider the Inscpticide frec enviowmment, oripinating from

(a) migrmtdon
(b} back mutation to suceptiblu genetypo;
(o) exlating heterogenous popuiztion and

(4} segregation of the suscoptiblc phymotypes
from the heborozyrous resistant pomilation.

The course of reversion cotfld be expocted to aproximete the prowth
ctrve in the revorse dircetion l.es from resistence te susceptitle mbate.
Rewanlection of the reverted susceptibile population by the ssme or other
inseeticides, having posilive corrdlation in their effoets, would result
in quicker development of resistance than the dnitial one duys to faster
rete of morganization of the Regystem(s)/cluater{s}s The reorgmnizaticn
of the determinenmts in to the Besystem(z)/cluster(s) at a faster rabe
whuld be posoible due to the lozs of chromosomal Inertla reaulting frem
the froquent changes din the arrangements of chromozomal materisl wmder .
e demand of d&lfferent types of seleochion preasures.

The ficld observations made in India, could be cited in support
to somc of the above agsumptlons and deduetions. The poprlations of
:&W in various parts of Inila were found to be susceptitile
t¢ ahlorinated hydrocarbon inseeticides before and/or during the earlisr
part of their use for malaria contrel/eradicetion (Pa1 1958), Bub
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in 1958 the population of this species in cerdain locslities of Thena
Diatriot of Maharashtra State was obasrved 60 timws resistant to DL
(Patel et al 1958), The DL resistance was found to decrease Lo a low
level within a year's fime when spreying of DI was replaced by DDT

(Rao et a1 1960} The complete reversion of more than 60 times DL
resistance in this specles in two years time was #lzo reported by Bhatls
and Dectharknr {1963). Thus the roversion of DI realstance occured
vwhen DI apraying was avbatituted by DDT spraying. These findings
irdicated that the natursl and DDT sclection forces were partially/
completealy opposing the DL selection. The quicker rate of reversion

vas probebly due to the combinetion of events like ddsidtegration of

the R-cluster smd dilution of tha population by susocptible individuelas
with better swrrival efficiency in the Dl=free emviormment. The
suscepbible individuales could migrate from tha nelghbouring aress. They
could also ba avellable due to segregation from the reeletant heteromyeous.
Bhatie and Deobhankar (loe eit) slso observed thet more then 60 times

DL resistance was reselected in a year's times with only 2 rowmd of DL
spreyinge  The faster rate of reselection with s higher degrae of
resistance could be dwe to wesker chromosomnl inertia restting from -
the frequent changos in orgonization of chromosomal materdal dn the

racant past wder the demand of changing ecological conditions.

In view of these eonsideration the following statement

on revercion and reacloction of roclatanes 1s modela
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Statoment 5

The status of reaintent population of mosquitoes in
abssiice of speelfic dinsceoticidal seleetion wndd dspend on
the relabion betwsen the inseoticidsl specific selection
forse =nd natursl selzebion foree. The ralation of the
di fferent sclection forces could bo oppesing, pertially
supporting and neubtrel, ecousing comflste yoveraion, partisl
reversion and no reversion of resictence swhen the specific
aclection fores eense to operate. Tho mechonisms of
reveraion of resistonce were likely to be dun to disintegmation
of Bmsyotem/vluster or/ond diluticn of froquency of resistant
gene by the susceptilile sene due o immdpeetion or/ond from
the loecal heotorogonoud hebervrypous populations. The rate
of progress of resclection of rosistance was likely to be
foster than the initial melcction ef resistence due to loso
of chromosomal recisbance Yo chanpo in the arvancement of
genotie materinl (chromosomeal inertia). The Yoss of such
chremosomal resistance would roslt from the stress end strein
of selection and reversion of inscetieids resistance,

6.8 Mechapicn of golution of resistanse
Replacement of the susceptilie sbrain of an ineect species
with the resistont one under the insecticidsl seleetion Pressure im &
case of atradn svolution. T wmderstand the evolution of a resistant
strain of insect specias, theraforn, the thedries/hypothesia of
(1} poet adaptation;
{1i) matation;
(413} selection of pre-adaptive mutants;
{iv) Linpering modification snd
(v) inmduction

are exeminel in the ldght of awvailable information,

feccording to the post adaphation thoory,the cvolution of the
Begtradn of an insect spocies could be considered due to acquimition
of the ability te tolorate the increasing dosages of en insectioclde
under the dircet impress of insectieidal contaminated

enviormment. This theory, however, covld not be swpported by the
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the evellakle cxperimental resillts. Exposure to subelethsl dosages of
DDT for 55 generations Aid net result in the developmont of resistonco in
tha prmacefly (Lwers 19537, In snother sxperiment seven different
streins of Drosophnla pelanogaster wore reared in DDT-treated media

rnd exposed o sub-lethal arounts of DDT efter emergenca. None of the
ghrein aftar 140150 sererations of sib=lethsl cottbzol with DDT showed
angy increa.sefﬁ tolerance to this toxicant (Lters and Bochn:g f1%3]}.
It could, tharefore, be concludod that IDT-resistance in Qmm;g

was not dwe 0 post adapbation. Further the atudies by Merrill and Tierkill
(1956) ghowsd that even when dosazes of DDT were inureased to seleoting
levels resiatance fto DDT developed orly when pre-adzptive genstic
determinants wers prvsentts These eonclusiens were alse confirmed by the
gtudies carrled out with howseflies uwsing DD, BHC, digldrin apd diazdnon
ag soloeting inseciieides. (loffman ot oi, 19513 Hzdaway, 19564 Harrdaonm
1952 and Lavagrine; 19% ).

According 4o the mutation Theory! insecticides could be considered
to indims= mbation in the chromowomal factors restliing in resistance.
Treatuent of adults and/or larvea with DDT failed to show ary increase in
the nurber of mutants in the ¥-chrososoms (Luers, 1953). Plelon {1952)

also could not detact any mitagente effect of DDT and gesmme BHO.
Tha thoory of scloction of pre-ataptive mbonts status “that the

glvon type of resistant factor(s) could ocowr in a given specles
population by rnlon rutation, The propertion of cuch fretor(s)
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in the flald pomulrtion is, wsually, of low order, Ingecticide favourably
seluvct these resictant ropulation. The experimentsl informatdon reported
by Fildkown (1%#} sorld be mnsi@emd to swppert thisz theory, Kikkaus
{Ioe oit) drduced prowsdaptive Bmlactor by drredlation. The resdltant
mubants after sulsable re~orgarisslion through breeding experiment when .
subjected to specific delection showed reslstanes to DDT, parathion end |
other insecticides. This sugeeted that the insecticides seleet the
Pre-adaptive mitanta already present in the populaticon of the epecles,
Martin (1955}, however, doubted the credibility of this theory om the
gromd thet
(1) metation is & pathologlcsl process and the _
embrrtlogy of mitants "I npt din harrony with
the law of peradlel cmbrologlcal developmentat
{41) mitdifactorisl basis of a character is questioneble
since in no case the faclors were identified or
dacovarads
{444) the theory friled io bridge the gay betwech
wifactorial and midt factorisl basls of
character(s) ard
(iv) swironmental rilection bedng non random’
above a certadn point, and fluctuations wae
incapable of conbribuldng touwands svolubtiod.
Porry (1966) slso qmstioned the theory of sdlection of low frequeney of
mutants in Wld popdlation of inscete by lnaecticids on the basia of
current informmiion on Lioechemdcol gemetles and molecular blology,
Acoording to him the prominant drugedispossl mechenisms are mieroasmal,
enzymes having no specific aubstrate ef their owrs It is witikely .
that «]1l motabolic processes axmoe frem low frequency mubations
in orly favw individuals of sach population for the scle purpose

for detaxifying insecticldes.
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In view of the limitations of the thuory of sclection of pre-
adaptive mutemte Martin [1955) suggestsd tho theory of linpering
Mipdizication as probable mechonden imvalved in the cvelutdon of Restrain.
The theory of lingasring wmodification statwes that the subelothal
concentrations of a glven harmful agent induces resistance with bime (in
peneration) of contach with the toxie agont. The recistance thus induced
will revert back to origingd level of susenptibility, somotimes, wlth
reboumd phenomenon, 1f the contael wilth dnsecldcide is wilthdrawn, In
this case the resistimos in the offspring w11 bw wyredictable, in e
line in which i% hae been fivmly dmpresecd, whon *he resistance atrain
ie crossed with the susecoptilie ohe. Binpls merdeilon segeragation sovild,
however, be approximated when reslstance has persisted for a longer
generatiorl. The cyperimental results by Luers (1953) ard Luers and
Rachinil {1963]‘, montintal carlisr, eowld T vonesidered pgadnst the
eradlbility of the theory of lingeriny modification.

Perry (196€)} suggested the hypothesis of dnduction as a mechand sm
of evilution of resistance. The information from the fislds of biom
chemical genetdes and mol@cular biclogy omhasize the nature of genes
and proteins as dmaric process mderfeing constont evelutionary
changos. Inoecticddes were considered as one of the factors imrclved
in bringing aboub these changes. The induetisn process could similate
activity of pre-adaptive mlerosomzl ensmymes having no specific
substrates of their ounh. Thin hypothesis is wilikaly o hold
true for the ovolution of spoeific fymoes of inwanticide resistant
atrain 28 Well as nen specific type of Tesistance eince they were

found %o he debermined by the chremosomid renals Ve
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From the above Adscussion it eoilld be concdluled that none of the
theories/hypothasss is sufficient to explain the phenomenon of ewolution
of ingeeticide resist-nt strein. In the light of the different stotemonts
given enrlisr an widfied theory of induced integrotion organdimation and
galection of avsilalle specific chromgomal materizl by a givem insectleidal
or its enrrelated forces is ouggested as a mechamism for evolution of

insecticide resistanes. This theory iz stetel belowr

Stpbtement Yo b

The barsie drive of swrvival of an inesget gpecies in an
ingacticide contordanted | eriornment would Hote to ough
suitable actions, which would successfully mest the ehrJlange
of its existencsIncrensed chromosomal actlvities 1ike crossing
avery, hranslocation, honozygous inversion in one hend and llnkage,

heterosypous irversion on the other, induced by a given dose of
ingecticide in individual vhoae -V .%1‘11"35]’] hald® valuwn of
chromozomal inertin would e less then the dose of inseacticidal
and/or enrrelated envircnmental pressure, cotld be the actions
for survival at gene lovel. These netivities would resuld in
intogration, reorganisation nd oreservation of gene alleles,
whten available, in on effective genstic syatem and gene cluster,
Sueh a reorgondsed syetoem or cluster of genes woulld glve higher
survival value to tho species in an insecticide contaminated
enosystem. The evolved resistonce gene cluster could be of
varying degree of complesdties in dts compopidion, statdlivy
and hence in expression, sction and transmlasion. The individuals,
18 an ingcetiedifdal contaminated environment, with shromgomal
inertisz mhre {; tho dose of insecticide or correlated
ecolo-loal pressure would be clemnated. The evolved cluster
of peres could be uwnatable, mode ﬂa’cﬁb‘la and highly .

stalile at Jdiffercnt points on the rae af its maturity

and evilvtion, The unsteble, fodorciodly sicble and o :
atable clustoy would bohove 4n tranwdps rfjf%olyga:ﬂ.c,mﬂ.ﬁfantorial
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miltifactorial or ronofacterdial. Wthirawsl of the inaecticide
spocific foree coulld result din the roversion of resistance ]
through the dizintegrabion of 1he Resyoten/cluster when unstable
or mdoratdly stalile, in bhe olimdnation of the highly stable B-
sygteﬂy" rluysfor whon corrolation botwoen the dirceckions of the
incceticidal and poclogical {vhon insceticids is withdrawn)
forees gt Nesativd. The polymorphic state of resistances would
depend on its glate of dominance.

The theory consiferes that the
(i) dnduced integration and reorgsenisation of the
chrorosompl materlal inte specifiic syatem/
cluster, giving bobtber svovival velue in the
eltered situaticn, 1s a headthy processy
{{1) miltifactoriel =nd mrofactorial busis of
tealatance, which con be stolied by mdtable

tochnimizs. arc e fo variatiom in the state
cf metwity and sgtabdlity oF the B-cluster.

The theory #lso enphasisecc he impnri=nce of ccological foroes,
chromosomal inertia, availabilily of epceific genutical matertal in
thp ovolution of the offective gonetical faclor locding to the cvoluteon
of the remlatant astrain. I% recognises the immortance of pre-existance
of penelical factora for asalection and at lhe same time does not tread
the exrodged insecta and the vrovalernt sclceticn preosswre as inert
objecta of fiwed siues end rieve respectlvely. It 1a hoped that the
stateaont wold be preforred oo a ol gcdhene o comprehend the

phenomenon of evelubion of Rusirein of an ingoet specica,
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VIT GLOSSALY

1]

e

(1)

Members of a peir of a2 unilt 9L heredity eacs
R and 5 controlling resistonce~susceptibility
of insect 0 inscoticide.

Sgta of ohromosemes not imvolvaed in the control
af gex of an Inssct,

Fymbol for spressing regruasion coefficienta

Ih 1a imwersely proporlionszl o the variance

of tolerance distribwution ovaer doses of
insecticide in probit and Jog units respectively.

Biperental provondes —- the third gencration
obtained from inbreeding of malec and femalea
of F, generation. The choiee of & male partner

Ta
is given to the fomale mostquito. 4 fapale mosqulic
once insemdnated by & male will, usuelly, not be

reinseminated in her 1ife time.

Tt is . applied to amy heritable properiy of an
orpanism in regard 1o which ainilarities or .
differancos are recordalile betwesn individuels.

It is en ovgenised syotem of genes. 4 given system
of orgardaation of the genetdie units In wmaking

tp 2 chromosome have a high selective value from
the beginndng of ite existance.

Change in the stable order of arrangement of
ponad esge {TOm Btable order ABCD +o ilrverted -
ardey ACED,

Mrtual exchange of segmants within a pair of
homologous chromosamna.

Tudctance of corvelation {+ve or-ve) between the
rasultant effects of two O0r more selecting
fOTCRE.

Selection id aimed at fara.charecter & but
charecter By, 18 zelecoted concomitantly. B
is tlms a correlated response to selecotion.

Sclection by one member of a chemical group
of toxiomnt remilts in sttension of reslstance
t0 cther member toxicanis of the group cege
extendod regiogtance to methoxychlor dua o
selection by DDT.
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I4 is the ratio of I’DED of the candidate pomalation
to the ID,, of lhe referen.e population {or base

line LD50 .
in resistance of a pomdation.

T4 de a neamtre of relatdva inercase

Heritatile unita (lypothetical) that determines
resisbincs/ suaceptibility to insectlcides.

T 1z the selcekion that zets egqinst {or in
frvourithny one tall of the distribution of
tolercnee to inaccticide., The resuld of such
sucgesaivl selcetion will cuuss & shift of the
meart fowards an optimmm valuas

First generation obtained by ervssing female B X

male F, or female P X male P‘i' P‘I arl I=‘3 are parents.

Second generation obtained by inbreeding (F1}II‘1)
F.! generatdon.’

It is the retio of neans of the suscoptdile and resiste

Mo

4 atable wltimate urdt of heredity ceg. the dlanent
that controls the msceptibility-resistance to
a8 givenh insgckiclde.

home zyaoten, LD5‘3 of BR = of 53.

dn inddviduals genetdlo conatituation.

When the members of a pair of allsles ara wnlike
the individuals are called hetorosygous c.g«RY/SR.

Whett the merbers of a pair of alleles sre 1ike the
individusls are called homozymous e.g. BR or 55.

Tk i a measure of the severity of sslection
force axpresscd as mlO’ LDBZ}’ LD';D’"‘”

Rasistance to a specific insecthicide ee.gs registance
to DDT or BHO, When resistence is 10 a spsgific

 group of insecticldes it is oniled provp specific

resistanco. cuge resistance to DOT group of
insacticides, resistance to CH {chlorinated
Wydroearbon groups of insecticides) and 0P
(organcphosphorous group of insecticides).
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Mendelian factor

Major factor

Miltl resistence
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Bosistance to o specific isomer of an insectdcide
gege resiztance to pp' UDE ov a,n' DDTW

Dose of inoecticide cxpected to cause 50 percent
mortality in a populatien frem which groups

of dvigects wery teken for tmotze It is an
catimate of mesn rasponse rote of & populatirm.

It 45 co~tranmmission of gzencs pregsent in the
arme chromoacmeas

Lﬂﬁn in log wute

Bypothetical factor determindine the qualitative
heritatls charocters IThte transpdsaion follows
Mendelian Lews.

Gengtical factor heving major conbribution in
determindng o character.

Reciatance extending over more bthap one group of

Angeeticides ec.ge Megistance cxtending ovexr DDT

and BHO groups of insecticidasz.

Rosistance eXtending over more than one stage of
Lifaaycle of an insect specios g.g. resishtahce
in both adulbs snd larvae of mosquitoos.

Fesistance not specific to any inseceticide - ib
axtomds over to a1l injurious chemicels end some
times to ecological stress and sirsin.

It rafors to the appearsncse of an individual -
without heving awy regerd to the individusle
gemotdc conatitution = s.g. [ ond RS genetlypes
exhibiting resistance o sey IL.

Hiddem variance duc to o siven state of orgarisation
of the genmealleles c.g. BSRS ERER

’ rarg Of gogs  Where |
contritmidons of R and § alleles towards resistance --
susceptibtdlity 4o an inseckicide are equal in
magnitude bub opposite in olon (+ &), R contrltrbing
towards resistance and 8 contributing towerds
susceptlbilifys Free genestlc vardsnce is relemaed
fron potoential geneble variangs through crossing

over in heterozypotes (T9),
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One (set of) genelic factor{s) having offect
sl taneously on more than one charscter in the
GfL-srming.

Large mmber of chromsom=l Tenes, cceouring in a
Syoten, each having very amadl effect but they
iy act together to produce big differences.
umuaily, ape responsible for cusntitative
character. Mondelisn prineipln eve epplicable
in their tronsmissions.

They,

Choracteristic response {ay ¥111) to = dose of
insceticide {otirus) 153 cither present or not
pregeaits

Apdldty o tolerate Hanificantly higher dosea of
inseaticides. It iz measured by R where R=HD

} 50
of candidote porndatden = Ligy of reference

roplation or berse line LDED values R 1s greator
than 4.

The offect of selection in the population of
subsequent gonerations 2o meaaursd by the
increass (decrease} of the frequency of gene(s)
controlling the charactor under obssrvation.

An action in which the insecticide suacepbible
genotype or phenotype leaves (or is permitted
leave ), fewar progety then the resistant

f#metype or paenoiype.

Salection thut acts against both teils of the
distritution of a rmmerical character e.gs against
highly susceptible and poslotant types.

Clemn seperation of the menbors of & paiy of
#1leles from edch other vhon gert cells (spem and o
are fomed in an inddwidual,

A pair of chromosome that containg the detemdnants
for or that detamines the male and female gdexes
of an ingect.

Increased sbility (less thon 4 times)to tolerate
Wircher dooe of an insecticide. It msy or may
not heve a goenetic bagls.

Fov-gpecife tolerance (Loss than or equal to /4
tincs) extending ovor larpe mmber of insectdeldes
and also ecoloziz?]l strese end stran. It ds
polygendca

A stredn of arthroped species dn which 2 specles
gf_ nthogena or parasite surrive ond under go

.t\i’éf;i'r':ﬁ' develomant peqit bed for compiletion
of 1ts Mfs oycles
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Mald of $ Blo~Statistics ad Cenceticos
Interent

EDUCATTONAT

Degrec/Diploms/ Subjects Urdversity/
cortificote Ingtitutes

1, Statisticiants Iipdoma Gerrarsl?
1. Official arnd Descriptive THDIAN

£ mmerical andlysis., STATISTICAL
2« Frobobility Theory & INSTITUTY,
Statistical Wethods, CAT.CUTTA=3%

2e Samile Surveys & Design
ar! Analyels of exporiments.
hprlied Statistics:

T Dewography, Vital Statdistica.
2, Bwetional 3atiztics
mnd Faychometry.
Spocialisationt
T Gﬁ'ﬂ&tiéﬂt
2« Probit—analyais.

2. Certifieats Course 1+ Statisticol Methods ALL TNDTA TNSRT
in Bicmetric Techniques 2. Mediecsl & Health Statistics OF HYGIENE AND
(Poatwgraduate Course) 3. Wbal Statistice and PUBLIC . HEALTH

Damography CALCUTTA
4w Hoolth & NMubritional

Suryeyd
5 fbirlemiolﬂgﬁ"-

3. Certificate in Veetor Different. aspocts of Vackor *_UHI“IETBITY orF

Genotics. Genetics including Genetle — NORIRE D
Control. INDIANA, TaSuho
L+ Certificate in Malerdiology Epiderdology, Parasitclogy, MWALARTA THSTITUTE
Entomclegy, Swrvey and -OF INDTA, DELHI-6
Control of Malarda
5« Computor Programme FORTRAN IV LANGUAGE DATAMETRLD
CORFORLTION, .

DELHI,
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WOHK EXEERTENCES;

Hovrabs to Jeamas

At the Imtu malaria nf‘f‘lce, Kanpm‘ Cartt., Defence Mindsotry,
Covwh, of Tndds)

1. Dol of mlaria in Defeonce Batablichmenta and in Cantk.
arez in Kpypur, U.F.

Maxch 1948 o Fubrua a6
M the Antimalarisa affice Taraj Colonization Scheme, Tovi, of
Ubbar Fradcsh)

1, Contred of melaris ond ite eomcvrrent ovalwtlon 4n
Bairmiisl Tawai aren of UF.

i

« Figld Enscarch{qtmw% on eccdapy and hehawiour of veotor
mosquitoas in Tarai ares.

32 Field Irial of different methods of melaria comtrol and
dovelopment of an efficient and cconomic method of control.

February 1956 to Degembar 19753
At the Motionzl Tnstitubte of Commmicatie Discnaes, Ministry of

Health, Govi. of Tadis Y.

1. Boaszsay of drugs {inzccticidea anl antimalerials) and
thelr formillztiona,

2w Hosearsh in the fields of ccology, genclics and vector
aoyl diseass convbrel veing bif.‘hma‘t‘ﬁ.c methods.

3. Dovelopment of sampling deslgm for filarineis survey and
their £ield trlals.

Ly Gonmurrent assessmont of the Fatdionsl Filardia Controld
Progr-mmea.

§% s

« Ficld imvestigation on some irscct bome epldemic amd
efidemis dlsenses and dcovelopment of methodolegy for
their contrule

6. Writing of Scdlentifie reports, rates arl papers.

7+ Tcaching of BiowStatistics to the participants of the
cowrsas in Malariclogy, Bpidemiology anl Advanced
Medi eal Entorslogy.

Docember 1975 to Datet
(At the Centrad Statisticeal Organization, Ministry of Flanndng,
Gowh s of Tndin}.

1. Participation in the imflementation of differenb
Trainirge Courses in Offieial Statiaties and related
methodology orpanised by the Central Statiatdieal
Orgeni sation,
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PUELICATION:

Puhlished, ns ccanthor, 50 selentific papers/Teports/notes
pertsining to medical entemclogy, chemotharapy, vecteT gemetles
and eridemislogy of insectabome diseases. List of pubilicstion
is mdl

FARTICTPATION TN SEMINAHS AND CONFERENCES:

1. Intemational Seminar in Vector Gemeticas organiszed by the
WH, 0. and the Tniversity of Motre Dama, Indians, USA(1068),

7o Intemmationz] Seminar on Infogreted Pest Contiol held at
the Iniian Azrictliursl Recearch Ingtitite, Naw Delhi(1969),

3. Faticnsd Mlaria Wbricers Conleronce held ab the ¥ational
Inetitute of Cormuriecable ddscazes, Delld (197 ), T served
a3 & azcretary of o subwcowgdbtes on 'Asscssment ard
Vechsrign of Evaluntion of Romilta,

MEMBERSHIF GF PROFESSTONAL SOCIETY:

1« Hember of the Indian Society of Uenetdca and Flant
Breading,
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LIST OF PIBLICATIONS

The publicationg consist of melentifie papors/motes and reports.
The reports, marked by *, contain observationsl/experiments]l Jdata withoud
dotailed anadysis and with broal conclusions. They were pubilished in
the Anmual Rerorts of the Natlional Institule of Copranicable Msoeases (NTCD ),

The informations presenbed in the pblications pertain to number
of special stbjecta and they were collected by using Alfferent techndques. -
The R‘lejmﬂt(&) of ecech publication and the tnchnj.cfuefs) userd in each
stuly wors indicated by code number against each publication. The koy
for the code mmwber is glven belowt

Sub jent; Code Mo, Techniquels) used in the Code Mo
atdies

Biomassay of dryyinsceti- B Puysd oal, e
cide Chasmd, cal, 2s
Chemotherasy Ch.
Eoology and extinetion/
Evolution of specicafakrain E Biomasoay 3=
Tactor Cenetics ¥ Pntomolosical Techl.{s) of

population study in field 4.

Inscct Colondzation ic Toxdeologi aal/Busceptibility
Tezt 5-

Peycholopy of Tnpeatn 3 Statistical methods/
Survey of BRasistsnce/suscepti- inferencas 6.
bility status of vechbors R Breeding/crossing 7
Toxivcalogy T Other bislogiosl Tech.{s) 8,
Development of Techwinues :

for quantitative estimation

of insscticids resictbance -~

Fysiologleal Mhehaviouristic Tech. HAaview/Thoorotical I
Veotor Contrel Voo
Epdidomiclogy Bi.

LIST QF SCIENTIFIC FURLIGATION AND REPOR TS

8.5, Title of the Fublication Code ¥o,
1. Studiss of Cherdcal and Fhotodynamle deterioration of Voo 1,2,3

Dichl oro-Diphenil-Trichlorethane (DDT) whon epplicd
on golid surfacev by Brivasiava, %.8., Chakrabarti,
AJX,, ond Singh, MM, {1955)s Ind,J.Me1,2,27-32.

2, The prubable ceuses of disappearance of h.digms Ba 4yb
from the Teral area of Naoinitol Distti: of Utbar
Pradesh by Chakrabarti,h.Xe and Singh,H,3.{1957)
Bl LMot 2o Mal, Hoaq.ﬁiﬂ. 5, BeuE5,
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3. Reailt of insecticide ouseaptability tests on some
anorheline Bosquitoss by Sharma, Mol.le, Krishnamothy,
B.3,, Khamre, 3,8, and Singh,N0,(1957) ~ Padl. ¥et,
Soe. Mal, Mogg. Dls. 5, 198199,

4y Biometric etuly on susceptibility of some anopheling
r gquities fo techwieal DDT,. pamma FHC and Dieldrin
b‘y &lﬂm, M-;I'-Dr; Eﬂf‘ilmamﬂ]}r’ H,Ss znl siﬂgh,r'g.ﬂu
{1957}, Ind. JTMed, 11, 401-4%.

5, Note on the suscepbibility of IOT of house¥lies of
Deihi and Rajactlen by Sharme, MJI.D., Krishnamorthy,
B.S, ard Singh,M.i, (1958) = IndodMala12 sl

&e Irhoritence of DDT vesiatance in Owplfativans by Fal,
R oand Singh,N,H4,{1958) Tnd. JTMal,j2, IE?;;F—%%*.

7« & note on the stuly of morphelony, prevadencs and host
preferevice of =n ococlimof A.fluvlatilis in Waird fal
Terai (U.P, - Rehman, J,, Singh,M,V, anl Singh,N.H,
(1960} - Bull. Int.SocMal Comdis, B, 137142,

g, & note on & techrnigue for quantitative satimation o7
suseeptibllity of bed buga to ecatact insecticides by
Sherma, M0, and Singh, NN, (1960), Ind. J.Ma
Y4y 317327,

9, Stulies an susceplibility of Iedictlus Humanus Corpris
DEG to DDT, gamms BEHIC snd Pygpthrum by Sharma; M.I.D.,
Mohan,DJMNe and Singh,N.H, {1961), Ind.J.Mal.15, 139=147.

10, THesidual activity of DDT formdstion with glue and
potagaium dichremite by Erle y D, and
Singh, Hth (1%1] JLIJIILTJ.J."" R&W 1_'1.41-1’;2-

11, Further observationa on the bechnique for gquantitative
estimabion of susecptibilily of hedbuygs Yo contacth
inscoticides by Sherma, M.L.D,, Mchan, B.N. and
Singh, W.M. (1962) Ini. JMeds oy 1-164

12+ A toxic resction in mele rat-fleas (Xenorogdls
cheopis) and (Xemorawlda agtla) exposed to DDT, gamra
BHE and Diealdrin-protrusion of the intromittent organ
by Mohan, B.Y,, Krishnamarthy,B.Ss, Joshi, G.C.
and Singh, 1L, 01962) Ind. JMal 16. 142152,

13, DOT resistance 4in A.oulicifacios Giles, 1901 and A,
anmilarigd Van Dar Wilr, 1884 in a viilage of Meerut
Distt,: U.F, by Krisknamrthy, B.S., end Singh, NI,
(1962) Ind, JMal. 6. F75-377.

R, 5,6

%,5,6

R, 5,6

G,5,6,7

Eytiy6

TECH[, 5,6

R,5,6

Tach P, 5,6

T.5,6

Ry 546
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15

164

17,

18.

19.

20

21,

23.
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Erduation of the WO modified Irritability teost kit TacheFa5,6
for moaquitoce by Erishneourthy, 5.5, and Singh, LN,

(1982) WH.D. Bpert lommities on Inscclicites,

Veotor Gonfrol an’ Insectieide resistence - WO/INS/

1I=Morking Faper Uoub-14.8 Hov, 1962,

Investdg=tion of Flague in Kolar Distt: (Mysore Radyy 546

State) Fart IT Bals and rat fleas by Krishnaswamy,dlK.

Kﬁﬂhm.wth}r’Bquj R:»L}T,S.H-, 511'1{{11,1"]‘1‘;. Arlrl MI‘BI].&S,M‘
{1963} Ind,JMala17. 193203,

fi simele technique for rapid sepration of moaquite 10.1,6
pupag By sudden «hilling, by domgkrdishnan’, S,F,

Krishnammtry, B8, =l Singh, M5, (1963) « Symposium

on enlomizzlion af insccte hid” in Rorida; US4 wder

the Wirld Health Organication, Indl.dMal.l7. 119-121.

#Effeot of SBex—ratic and number of Fommle nnd Male P.6,8
an the succcssful mating in C. fatiganc amd de. aceyotd

by Krishnemarthy, B.S. and Singh,ll.ﬁ. i‘l%‘i},’%mual

Reprwet NICD. nuA3edida

*Bvalurtin of Bromboe as an insecticide apainst B.5,6,7
Cafatjpane, fe. asuvpld, h.subpictus, X. chepis

and M.d.gioinasebile , by Erishnagmrthy, B.S, and
Singh, W, (1964,. fomuwod Beport NICD, pu49-50.

#aloction of Bayteox=-lesistdnt strain of housallies Ga5,6,7
(M neb ing)s by Krishnamurthy, B.S. samd Singh
Nuie (1964.].  Mirmm] Beporh WLED, p.56.57,

*EFfaet of larval denzity and food on develorment E.6,7
Cafaticene by Krishvamarthy, 3.3, and Bingh, NN,
11964 Zomual Teport NI, 1964, pa40.

“Bffevt of low temperaturs on the larvas of L,fatlgans by E.1,6
Krighnamarthy, B8, and Sineh, MU, (1964).  dorasl
Haport WICD puil.

#Ferpentage of mon-hatcha®ddlibty of efps in the colony Gaub,8
atraln of C.i: t%_g.ﬁns, by Brlshnamrthy, B.8. and

Singh, 1N, :1?&:&'. o dirnaal Heport NICD padt.

b sty on 'he joint action of Diawine-Dirhenyl Ch.5,6,8

Siilphone (2] anl! Pyrdicathamdne ageinst Fl:®mydium

ceun «nd FLaamotivn evnomoloi (Basti RNSEER N
Potentintion bétwecn the twe Jruga by Basy,F.C,,
Singh, NN, and Jawdhe? Singh {19640, Dull, M4,
Health, Org. 31. 699-706.
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24+ Racormaissance survey of dedes msguiboes dn Delhi E.,6
by Kli'"hﬂf‘vmr"th’}' BIE-, KF]J-I"E[,:%FQL!’ J’UE}"L';.’G'G- axl
Singi, U, (1965) - Bll, Inds Soce ¥al. Come Disa,
2, 5067,

25 ‘u'waestiﬁfﬂtiunﬂ op intra and inter-species eompetition B.0,8

amongst mosquite larvee. KErishmamurthy,B.S.,5ingh,N.¥, and
Surirder Kaur (1965} Amusl Report NICD 1965066, pet36.

26+ "Effect of larvel dovelopment on The PH value of the E.2,6
media, Frishnamerthy, BuB., Singh,Ful. and Surinder
Kaur {1965} Anmual Tioyect NIMD, 1ui36=137.

27+ *3tulies aon Sex drivetd Tart T - P.6,8
Investipgalbions in rospeet of ratios and munber of
differant soxes on a swcesaful meting in J.latdizeng
and fig. gepyptd. Erishnamarthy,BaSe, Singh,N,N, and
Varchese, 4.K. (196566) Anmual Heport, NIGD, p.137,

28.' Btudtes on Sex drive Part TT- P.6,8
-¥Effeet on age cn mating drive. Xeishnammrthy,B.S.,
Sinh, N ¥e and Verrhese, A K, Srmed oozt NIOD
TS T T ’

29, "Stwly of the comparstive susceptibility of Cefafirans R.5,6
larvag, colony gtrin {w’c), Field strain {Karkarmandan )
and Fresnowstrain to DDT, FHC and dleldrin, Krishna 2
B,Sa and Sinh,H.H, Aunr) ferort (1965.66) NICD, 14943,

W WMaboratary avelunlleon of Methyl Yrumotioa (Mexitlon) R.3,6
25% W,D,F, andl foddtiden 25% emil sion concentrate,”
Yordshnamarthy, 0.8, Joghi,G,0, and Singh, WM,

Al Devors WIOH {1965456). pald7e

3, #¥3Luldes on aslection ant inheritonce of inscoticiie .
resistence in L.shelthensi, Prrt I Selection of DOT

Besigtoncs =hrain in the laboratory by Mohan,B.M.
and Singh, N, (1965). Tnl, J.Gent, an® Plant Breeding,
25, 266278,

32, #Studies on selection and inheritance of ineeetdeide ° Ga5,6,7
resistance in A.gtorhenad Part 1T Inheritence of resise
tance to DOT by Singh, T.H. 2nd Mohen,B,H, (1965 ).
Trde  Ju.Gont, and Mant Breeding 25, 279=-290.

43. *Estimgtion of resistance potentinl in B.fatidansg of Ga5,6,7
Deltd {sprayed vi]lagﬁ} afainst malsathion an? pyrethrin.
Kriqhmmarbh}r, EES,, Siﬂ{;h,l‘-],ﬂ. sry] Burernier
Xrur,- Anmasl Report NIGD (1965.66) p.138-139,

e Papers were adjuiieated as Mhe best contributdon in the field of

genetics" for which the authors were awarded the Indian Jowrmal
of Cemetics Madal,
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#optlation dynamics of wnsquitoes wder varying
occleordléndl conditicome. Saghevan,.GeS5., Watial,DB.Ls.
Kalra, VL., anl Singh,¥iliy Aeowd Deport WICD ({967) -
P-Tgﬂ?jl

*¥Iyaluetion of trapping devices for sampliny mosquito
populationg of ralaria vectors in fTight, WatteT,BL,
Kelra, W.L., Faul,H.0, and 3ingh, NN, bl Feport
NIt {1967} p.a7-91.

A note onn TNT resistance in Anctheles Oulicifacies pdles
in Teral -nd Bhaber Tract of Mstriet Naindtal, Uttar
Pradesh by Wattal L., Hngh, %N, Kalre,Nlie and

Bhari, Ry (1967) Buld. InleBoc.Mel . ComDis e 10 37Tk

#Stutles on the swecoptibility of ingects of public
health irportence to Insecticldes. Wattal Bul.,
Bhetnepar, V.M, Joshi, 0.C. andl Singh,NH, Arewnl Report
NI (1987) 1.101-102.

Genetic basia of differentisl stgceptibility of Lisegypti
to Dirofilarisl infectiont Part I-Prelimirary obacrvations
oh selection of fedes secyotl strains susceptibile and
refractory to Dyelflaria imdtis infaection by Raghavaen,
N.G.5., Daa, M., ¥ommen;MJL., Singh,N.H. and Wattsl,B.L.
{196?}; 3}'.:11- Imlgs‘l:\ﬂ.}{-ﬂl'&]mimsi’ é. 31’8-‘323-

#letection, Taclation and Bslablishment of worphclogical
mutations in d.gtephensi. Phatnagar, V.., Singh, N.R.

and Wattal, B.L, ..?maf nopord XTM, (19%%) p.108=710."
Conceapt, acope ¥ foceibility of inegrated Prst Conbrol
arainst Arthronods of Poblic Health Importsnce by Raghavan
N,G.S., Wattal, B.l., Das, M., anl Singh, N, (1970)
Proc. Inl.. Serd. Tntegrated Tést Coftrol held in Delhd
(1962) Jour, of Com, Dia, 7=15.". "

The Budldingr Blnacks for on integrated Pest Contmol Programme

in Public Health, by Jaghevon, V.0.i., Sinch,W.Y., Dag,M.,
and Wattal,B.L, t“]f}’?D) Froc. in‘b. SerdeIntesrated Pegt
Comtrol held in Delhi (1969) Jour of ComDia. 16=afie

Efo-.Géneticel Gagis for Integroted meamurs wymdnet Qulox
£ t3 -

one by Webtel, B, and Singh,Huve (1970}, Proc, Int,
3emi's Integrated Poat Control ~ held in Delhi in (1969)
J'::Iur.’ 'Df c‘ﬁm. D’iS’. .&J 4{'“52-

Mme babls Tor Integrated ennbmel measures againat )
; £

fatdrans in India by Yetted,B.l,, Kalva, Nal. FHaul,

pipdons
Hole and Singh, NN, {1969), Proe, Int. Serd. Intograted
Pest Controls

Eul, b

Buyb

R.5,6

R.5,6

6.7,8

VC.5

VCh,S



44 #Inheritance of refractoriness of ledes aegypti to‘b G.7,8

Dirofilaria jmmitis infection by Raghavan,N,G.S, s; M,

ﬁi’z)gil,ﬂ.-and Wattal,B.L, el RgPOI% i o) ?19693 r.
p.87“880

L5+ #Fffect of withdrawal of selection pressure on refractori- G,7,8
ness of Ae. aegypti to D.immitis infection by Raﬁhavan,N‘GoS.
Da »Sx, Sigeh, Vol end Whttal,B.L.sgmunl Report NICD,
(1929 PeCe

46. ¥Studies on mitant markersie

I TInheritance of WHITE EYE in le, aegypti
IT TInheritance and interaction between RED EYE and WHITE EYE
ITTI Distortion of Sex ratio in-different genotypes
IV Search for new mutants of Ac. aegypti
V  Susceptibility of some markers to filaria infection
VI Isolation, Selection and inheritance BLACK and G.6,7,8
WHITE occiput mutants of As. 2egypti.
by Drs. Raghavan,N.G.S., Wattal,B.L., Singh,N,N,
aid Das,M.%*i’mme Roport NICD Tbé’tbyf P.90=97.

47+ *Selection of D.repeng susceptible and refractory strains G.7,8
of Ag aegypti by Raghavan,N,G.S, ttal,B.Ji., Singh,N.N,
and Das,M.mehuQ;l Report VI (1970) ped2e ?

48, *Stulies on mutant marker in lie. aecypti 4
G,.7
I Search for new mutants in Ae. aegypti ?
IT Selection of PINCER mutant.
IIT Selection of BLACK TARSI mutant.
IV Inheritance and Dominance of PINCER and BLACK TARSI
characters by Singh,N.N., Das,M, and Wattal,Bels 1 Teod
Lo Topord NICD (19709 p.9i-d98.

49. Lpidemiological study of an Epidemic of Japanese BpilWb
Encephalitis in Bankura District of West Bengal during-
1973, by Arora,R.R., and Singh,N.N. (1974). J.Com.DIS.6,
310-319.

50, A Sarmple Design for Filariasis Survey and the Results of BEpilb
its Field Trial by fikat,T.K., Sen,Tapan and Singh,N.N,
(1974 )4 ToComDiseb, 284-289.




