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in attempt was made to obisin morphologionl mutant of Qulon
Ripiens futisnny ¥iedemann, the sosquite vector of filarianis,
both from wild type populations and from treated and untreated
lezdoratory 4rbred eclonies, There seess %0 be scme sSontpoversy
with regard to nomenclature, sowme authorse elaiming that ihe nase

Cylax fotigons is synonynous with sany others and that the firat

geiotus day (1625), Dut §

spontaneoualy occuring muitants were isclated (rom twe ests of

mosguitosss

(a) {res wild momquitoes eollectsed frea Hatanlana and Nupegeda
ané then inbreeding them for three geuneraticns, and

(b) from twe leborstery meivteined eolonies, one saintsined im
the lab at room tesperature und the other 24%c ; 5% (uar

conditioned roomje

In the ccse of collectiona froe the wild, & fomale mesquito that
had taien a blood menl wes tolleucted fortnightly from & house &t
8bout 7 m.me The F, generation was observed from lurval to adult

stuges. Ten Y1 {femaleas were interervesed Co 71 eclea of the same

- erg reft in ton meparste cages. After mating for seven duys, the

fomalen wers starved and a blood meal was pivene Ten egg refis,
cne fros esch femmle wup collected seperstely and the hatclabilie

ties wore recorded. 7The larvel fo aduli stages woere cbasrved, The

¥, adults ewerping from esch such egg raft were then u.leoved to

2
intergrocg and their r’ progeny wna very ewrefwlly ohserved from

liarvel to adult stuges for serpholesieal and eclour devients aftap

the hetchubilition had bBeen recorded,

e e By . s
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From this survey I was &lLle to leclate five phenotyplcally sbnormal
tyneas On testing themy twu proved to be defindte fnheritells
nutonts, nemely, kuchbed pelp (kp) end unisegmented tarei (uat),

fpother putart hooked leo

&

(Li) arose from the En genay tion of an
outoreoas ol the ust muitant. One daviunt proved to bLe a rhoenoeenry
and the othyr two phenoty;louily abuormal types wore loast bolore
definite testa cuuld be corried out on them. The phunctypse of
these two were, one affeotling the lebg and the other the antunnc@e
In the foroep the firct taresl gegnment of all 3 legs wus swvollen
eonpnred to those of the normal leogee In the latter, both antennae
wora dlsatluctly sucster then thcae of the normel scequito,

In the putnnt deacrihed.aa knobbed polwa (gz) the palps Luve a

k-ob shaped prejection at the junction of the diutel two megminta.
I P

In the rormal mooguito the relypo are tapering witheuot srny viaible
projuctionne This knobled palp mutant was similar to the clubbed palp

sutant imcloted by laven in 1955 frem Culax pipriens both in phenotypienl

exprossion and ia genetio characteristice. Although Laven gave the
symbol Kpg to bhis sutant I huve ¢ called it kpe The kuobbed pulp wutant
wias found to be due to & vrecaweive, autoscmul genee A it @icwed
expression either in both palpe or in one, 1t§ ex; resoivity was variable.

It slowed full perietrance,

The neecnd of thene putnrta, namely, uvnlce,nenticd tevel (uet) had only

one tarcal soppent instesd of the usuul five, Thias tarsul sezment wus
shorter thop the first tarsal seguent of & normel mosyuito and it
tapered to & peint,y ending 42 4 single bluat prolections “his sutent

bug net been provigusly deseribed in the literuture, therefore, 4t hue
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boen given & new nume unice n ptod tursi with symbol ust, Thle

putation was also due to o recesmsive, nutegsomel gene and g .cwed

varisble eéxprespivity and full penetruncue.

From this ust eclony arcse sancther phenotypically distinet tarsal
putant whore all the tarsal segments thouph present hod the fourth
tarsal sepment of the third pulr of legs curved giving a hooked
appearance to thess legs. inalysie snowed that thias wus ulse due

to an autcacmal reeassive gene, In all the pevellic tosts for thie
nutent thore was wlraya pet moequitces, #long with the nocvked log
individusls in tho FE gemeration and 4n toae beckoroswe 1t wap
suspveted thot this hooked leg mutetion wus pseudo = allelic to uit
and hnd afinen by unequal ercosing over ob the wot locus. But bofore

thls idea eould be tesied, the enlony wus lost,

In addition to ihe ahove surveys curried out for the feclatiorn of
nuturally oceuring mutants from the wild, two inbrod ecloniee vore
meinteined 4in the loboratory, cne at roow temyerature (27 = 29°C)
snd the other 4in au nir conditicned roum (?#“G - ;5°c), In the
twenty fiprt renerstion ¢ the colony meintuined at voou tenperature,
a untent was détected which had rough eyes(re), this phenctrps lad

not been described fer C beioree Howevery, & pimiler

phenctype had been deseribod for (ulex tritucnierhynchwg for whish

the nemae rough eye end evebvl gg Lad been given.

In the mutsnt 1 discovercd the pough eye was darker and 17ctsd Lhg
greenish lustrs tret 4¢ Jcund in the n real eye. MHormal mosjultoves
have oyes thut ere jreciich tinged dark brown is ¢olowr. In &ddition

to this colour Aifforonce {rom the normal, the curuenl Curfuce of

NN o
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the eye, instead of suowing the swooth and clesy separsticn of

rogularly arran;ed ommutidia, & pesred fumed in pat-hes and, therefora,

_ geve & black snd rough appeurance to the surface ¢f the eye. Thess

8.

patches vuried in size. Genetic tests did not give @ clear 211 ratio
or 111 ratio expected fur an intorercse and @ Luckeross ruapuctively
for @ pucescive gonge  L“he cbosrved valuee depsrted significantly
fres the axyscted.‘ It is hypothesised ,however, that tais sutant

. 1inked to the sex gene
gene ia recussive and probablyAard that the doparture from exyected

ratios is due to (@) mortulity of the homozypous mosuitoes aend

(b) 1ncmmploto penctrancs,

Recovery of hcturogyfuusly exiut*ns putotions from wild populuticne
enibled us to detﬁct fraqucnciea in puch populntions for Culox pipiong
futizsng in snd around coloaho. wnieh bave been sampled bY RCe 1
heve cbtuined a froquency of Ce.06 mutstion/individuasle If the two
aberrent putations thet wore lost before testing were conglidered es
true putents apd if they are nlso included them the sutution froguency
becomes U.12 mutation/wosquito. Then the frequency obtuined for wild
jopulntinn from Sri Lanka approximated that of 016 mutation/mosuite

obteined by Vandelley in 1569 from Cermany.

Sipiler frequencies for other mosquitoes, partiocularly jeden ag gut

are much hirher, It is hypothicad thut this difference in mutations/

individual beteeen Culox pipions and judes wopypti ie due to differences

in their egg luying bubit, Culcex plpieng laying one eingle egg raft of
100 = 200 opre at & time whilet [gdom luys & few eg 8 geparately at a

time.

L aa e i  aSal R
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Irradietion (X-rays) and chemicsl (Ethy -othnnoisulphonat-. o
fluore urscil and thiotepn) treatment were aloa'uicabép obtain —
putants., No morpholopicel or colcur mutants were ﬁﬁtain-d. This

may be because the induction of vimible mutaticna is generally

very rore in most orgsniscme. The few that had been recorded |

elsewhere as arising from treatuent may have sctually been pre-existing

or spontaneously erising ones.

This project wua started with the bope of building up mutant otocks

of the mosquito Culex pipions futicuns, #4{edenann the vector of

humon filarinsis in Sri lanka, from which specisl tector etocks
could be built upy for the detection of translocations &nd lethal
mutstions. Thise tranclocatiuns wers to have been used eventuelly
in penctiec control programses of the mosquitos However, in Apr’l
1978 when I hed completed only the experimenta reported in this

thesis, all my moaquito colonies 2died out:t for some reason,

| may be the €limntic conditions preveiling at thet time or eome other

- QAUDR,

e



1 I N T R O D U C T I 0 N

1.1 Mosquitoes and disecases

Man's wérat natural enem& is still the mosquito
being the most important vector of human and animal diseases.
Mosquitoes carry discases which cause tremendous economic loss and
human misery. In additio:r they are conspicuocus nuisance pests as

well,

Some of the more important discases that are transmitted
by mosguitoes are yellow fever, malaria, filariasis, encephalitis
and dengue. These disecases afflict people of both developing and

developed countries.

The first concrete evidence that mosquitoes are involved
in the transmission of discase was presented by Manson in 1878 where

he showed that the nematode Filaria asanguinis hominis (now known as

Wuchereria bancrofti) underwent development in a *'brown mosquito'

(Culex fatipans)e In 1898 the discovery of the mosquito cycle of

malaria by Ross revolutionised the outlook on mosquitoes and other
biting insects and practicully founded modern tropical medicine. Reed
and his collaborators in 1901 discovéred that yellow fever wus transe—

mitted by the mosquito Acdes aepgypti.

* -
a
-

In Sri lanka the two common mosquito borne diseases are
malarie and filariusis.: Abdul Cader'(1962) referring to the history

of filariasis in S5ri lLanka has stated that the earliest reference to

the prevalence of the disease was hade by John Davy in 1821, Reference
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to the incidence of the disseae wee elso wade in the 1079
Adednistration Feport of the Priscipel Civil Meddcel Ufficer and
Invpector Generad of Frisonas The ineidonce snd dietrilution of
e

filariapis in tle country » ‘knoun only im 1939 with the

publicetion of the pesulte ¢f = .rge sccle survey by Leasoanoyukes

The vecﬁur of [filuriusis in Sri Lanke hus besn Lnéwn

s Cplex pipiena'fhtiaﬁﬁé, #edemunn for & ioﬁg time, - Thie vector

-
A
-

is fcund in all urbun areas of £ri Lanka; yet, human filarieeis. . =~
has been shown to be endemic oniy on the south western ¢oustnl belt
extending from the north of liegonbo to the east of Mataray urban

filarissis beinp cavs:d by the nematode wuchereris banercfti, while ¢

rural filoriasis crused by BErusdc molayi s transmitted by the

Vonoonia momquitos.  This form rursl is now supposed to be eliminutaed

from iri lankas. .

¥alaria has beon prevelent dn Sri Lunka for uan;'cenzurifl;>‘
The cﬂrliant record of its existonce is seen in a mup publidhnd in 1638
by the Dutoh. Twenty upoéiaﬁ et-ABophal&nc uéaquitual hrd been
inoriminated as the voctor in the rnworldy Jumes & Gunuovkera in

1913 have incriminsted fpopheles culicifecien as the vector respesuible

for malaris ir Srd lunka, Neurly 4/5 of the gountry sus sublegted to
endemi¢ molaris and & lerge portion of the thickly populnted balance

erea had scvere regionul epidemice periodically (Vievalingem, 1961),

Anothor of the mosquito borne disowses in iri Lunka de Dengue

which hus been krown for some time to huve beexn endemic im the Ialund.

The first recorded epidepmic of the disesse, however occurrud as recently

sg 1965 in the scuth vesters oCsstil gone,




Japanese encephalitis virus woas isoloted for the first
time in Sri Lanka from a post mortem on a*dead c¢hild near Colombo
in 1969 (Hermor and Anandsrajah, 1974). The discase is not common
in Sri Lanka. The recognised vectors of Japanese encephalitis in

South Asian regions are Culex gelidus and Culex tritaeniorhynchus

which are present and widely distributed in this countrjy.

1.2 The Genetics of Aedes, Anopheles and Culex tritaenioranynchus

Genetic studies of mosquito vectors was started in earnest
only very recently when it was shown by Serebrovsky in 1940 that
certain genetic phenomena like translocations could be used in their
control, However, formal genetic studies had been initiated about
twenty years earlier with the recdiscovery of Mendel's Laws in 1900
by Correns, Tschermak and de Vries and when the applicability of

Mendel's Laws were being tried out on various organisms.

A large number of morphological, physiologicul and biochemical
mutant® in mosquitoes have been recorded since then. A fairly detailed
genctic study on mosquitoes started with the discovery of white eye

by Gilchrist and Haldane in 1947.

I shall review only the mutanta of Aedee, Culex tritseniorhynchus

and Anopheles in this section, The mutants éf Culex pipiens will be

discussed in a later section,
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white eye u ;o res to Le a common eye mutunt in posiuitoes
and ip foet dn all inauctn. Juker in 1969 huu referred to the foct

that white eye mul unt) hove bLaen rayoztad &n r“UPH luu it Lbiu@i

ingpheles quodrimcculitus by }1tzmi110r snd Faoon in 1’67. and in

culex tritaeniorbynchue by Eakur in 196!. “hite tyo hug elese been

S
JLiy

revorted in fedus uepyitl (Bhalla, 1568))and An Lede (iagde, ..

1977) e In wll thece species thia putant a;pesrs to be sex linked

and r&caauive. in Culex tritoepnicrlysnchus white e @ fonnles were
found to be generally steriles This mutation expresges itsclf in

egiy lorval, pupsl and edult aloges.

A probuble allele of wiits eye, rone e e (u ') has been

described in Cplox tritusniorhyy \chus (ﬁaknr nnd ‘ukli. 1572 AL OB 1u'

a gex 11 knd rwgazuzve mutvrt and tho reauita of crqaaen Bu;iest t‘nt

Y

write eye (w) and rese eye (ur’) are co—dohinant ullalel und tpc
hwtorf?; pute (ﬂilc rose) con bae di: tln;uiuhed from buth hﬁgUuJ otél ﬁ
thut tu frow whita eve ond - %rk roge. ¢heao -hito o;o allivles ano ulno
shown very irtervft,u pl;uiolo,;cal affﬂctn. “ha rose oyo alla‘u wa;
faund to be t»myur~turo sensitive (naker and aukni,192u&> This nllolo

is dominunt to w 1te aye nt 20 C and rncaanivt to '.ld type (brﬁwniah
blaek) at 8l tewperatures (24°% = 5“00). Both ihito (w) and wild type
(!f) eye colours sre tempersture insenaitive, &hen pre adult development
of the rose eve mutent oceurrd at 20°C « 30°C the putant eye eolour is
roue, /¢ jrac, the adult eye wio cumplat.ly white. If davélopaene eccurnd
st 26°C the adult oye wus a duark rose, When the tauper ture wes ruleed
tﬂ 3“°u. the oye wao complwtely whitc and it lan«rua tu 3“ c th oclour

was dork rosae pmrAtures 1ntarmed1utn batueon thuus twc oﬁtrgnu.

gave internadxato eye eclourd, trum -hitu. pale pink, rose¢ %o durk rede
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Apother rose eye mutant in Cuvlex tyiteeniorhynchu
(!f'z) which is an allele of white eye was produced in a laborstory
golony originally treuted with ethyl methune sulphonate (LMS), but

this unlike the former was temporature insensitive,

In Anopheles culicifucies Giles, rose (ra) in which both

the ocellus and compound eye are & bright rose was discovered
following trestment with ethyl mothane sulphonate (Sakai, Ainaley
and Baker, 1977)e 1In the female this locus is sex linked and

regensive, while males are hsmizygous for this locus.

ériginnting from the white eye etock in Culex tritaeniorhynoliug
a spontaneously ocouring mutant, red apotted eye (jia) was described

(Rabani end Baker, 1970)s Thie probably represents the first deccribed
variegated eye mutant under the gonotio eantrol of &n autosovual CoO=
dominant gene that ¢sn only be éxpressed under the condition ef houomy-
gosity at the sex linked locus (white eye)s %The norsal allele &t the
white sye locus im epistatic to the red spotted eye gene. Although
white eye itsolf is & mex linked mutsnt, linkage tevste show that B is

an sautcsomal mutant placed in linkage group 1Il,

Two other oye mutants that have been recorded so far are

browva (bw) and abnormal eye (ae) im Culox tritueniorhynchus (Sakai,
Baker and Igbal, 1976). '

Abnormal eye (2g) 48 characterised by a slight gap batween
the eyes on the ventral surface of the head, the size of the eye being
slightly reduced and the cutline rounded.
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Brown eye (bw) as the name indicetes produced brown \
coloured eyes. Both mutants are rececsive and autoscpal and |
are under the control of loeci in linkage greup I1il., 4 third
aew phenctype 'Yellow orange eye' fs exhibited by fulex

tritsenioriynchus Tor both brown and rose (be/bwiy /g De If

the rose sllele ssaocieted here is temperature sunsitive (3’01)

the eyes are white at 32°C and pale erange &t 26°C, However
4f tho ross allale iz insensitive (gr'a) the eyes are pale

orange &t both temperaturos.

fome edditionsl eys mutations huve Leen roviewed by

Kitzuiller (1976) and are sa followate

Landani et al in 1970 has recorded red eys mutesnt (re) im

Lnophales atropervus which is due to an aubosomal and pecessive

D

gone,
Two gence affecting eye colour,red and rust, have beca

described in fedes mepynti by HeClleland 4in 1966, Both these sutants

are rocessive sund partially sex linked and eons:ant in exjpressica
ahowing cokplete penetrance, In the sult marah mosquiteo ledug
foeniorhynchus, 8 bloached eye mutant was fsclated by O' Hoara in
1975 which ia autoscmnl and recessive, but showing a pleiotrople
lethal effect dopendsnt upon tho genctype of the mother,

Cralg end Nickey in 1907 hos prefsrred to the olive eye mutant
in 2edos sogyptd in which the eyee sre roddish green to brown in

golour,




