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WHITE EYE, ANEW SEX-LINKED MUTANT OF AEDES AEGYPTI !

SATISH C. BHALLA 2
Department of Biology, University of Notre Dame, Notre Dame, Indiana 46556

Since the discovery of the first sex-linked
eye color mutant, white, in Culex pipiens
(Gilchrist and Haldane, 1947), a few
other mutants affecting eye color have
been isolated in mosquitoes. Amon
them are included a sex-linked, red (Wild,
1963 ) and an autosomal, ruby (Iltis ez. 4.,
1965) of Culex pipiens. Another auto-
somal, white, is known in Culex tarsalis
(Barr and Myers, 1966). K. Hartberg
(personal communication) of this labora-
tory has isolated a sex-linked, currant, in
Aedes mascarensis which can be incorpo-
rated in the genetic background of Aedes
aegypti. McClelland (1962-1966) has re-
ported an autosomal, olive, and two scx-
linked, red and rust, of 4. zegypsi. Re-
cently another sex-linked mutant, white,
of A. aegypti has been isolated in our
laboratory, a summary report of which
was presented clsewhere (Bhalla and
Craig, 1965). The present paper deals
with the isolation, description, linkage and
biochemical basis of this mutant. Refer to
Figures 1 through 4 to illustrate the de-
scription which follows,

IsoLation anp Descriprion. The mu-
tant white-eye, designated as w, appeared
spontaneously in the Fs progeny of a single
pair in the cross involving certain chromo-
some [T markers—min blz @ (miniature-
appendages and black-tarsi) X fz &lp co 8
(fuzzy, black-palp and compressed anten-
nae).

The gene w blocks all pigmentation in
compound eyes and ocelli. There exists a
slight similarity between this mutant and
the colorless phenotype. The colorless
eye occurs in individuals homozygous for
red, rust and olive. Colorless eye shows a

1 This work was supported in part by the Na-
tional Institute of Health Research Grant No.
Al-02753. It was included in the Ph.D. disserta-
tion.

2 Present Address: E—1/70, Sector 14, Chandi-
garh, India.

translucent pale pinkish color in late pupal
and adult stages, whereas the white-eye
phenotype is white in all stages of life
history and can be distinguished even in
the late embryo. However, adults older
than one month may show a slight pink
color.

Livkace. The white females were
crossed to wild-type males and the off-
spring were inbred. Fy progeny segre-
gated as follows:

wild-type females 276
wild-type males 618
white females 200
white males 59
Total progeny 1153

These data are compatible with the hy-
pothesis that white is a sex-linked reces-
sive factor with complete penetrance and
uniform expressivity. The ratio of wild-
type: white (894:250) was close to an
expected 3:1. The ¥? test gave a value
of 3.957 (x* is reduced to 3.824 on using
Yate's correction) which is fairly close to
X’1).05=3.841. There was a deficiency
of about 10 percent in recovery of white
in the Fo. Only 259 white individuals
were recovered against an expected 288.
Perhaps some white died during develop-
ment; hence, the viability of white was
somewhat reduced.

The Fy data, upon analysis according
to the method described by Bhalla and
Craig (in press), gives a recombination
value of 17.47+.4 between white and the
sex locus. Note that sex in 4. gegypri is
determined by a single pair of alleles, M
and m, or a small chromosome segment.
According to this notation male is the
heterogametic sex (Mm) and female
homogametic (mm).

Linkage of white to sex is further con-
firmed by the appearance of a bilateral gy-
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nander (Fig. 1) in the progeny of a cross

-

Fic. 1.—A bilateral gynander with white cye
and female palp and antenna on left half and
black eye and male palp and antenna on right
half of the body.

mw ., mw

mw " M-+
der had white eyes and female palp,
whereas the right half had a black eye
and male palp. It could have been pro-
duced as a result of double fertilization
by. two sperms—one fertilizing the egg
and the other a polar body (Fig. 5.) A
similar hypothesis for gynander produc-
tion has been proposed by Rai and Craig
(1963).

Generic Brock v TrypTopHAN METAB-
ousm.  Two different types of pigmen-
tary systems can be distingusihed 1n the
insect  eye—the ommochrome and the
pterin.  These systems differ in behavior
towards solvents and in the time of
formation during development (Danecl,
1941; Hadorn and Zicgler, 1958).

The ommochromes are found in the
eyes of all arthropods (Butenandt et al.,

The left half of the gynan-

1958; Butenandt, 1959). There are two
different types of ommochromes—omma-
tins and ommins. They differ in molecu-
lar weights. Their chemical structures
and metabolic pathway leading to their
formation have been worked out in a
number of insects. Various steps in the
pathway are shown in Fig. 6.

The proof that these compounds are
on the pathway to ommochrome synthesis
comes from the fact that they are not
formed in various eye color mutants be-
cause of the lack of specific enzymes, syn-
thesis of which is controlled by the normal
alleles of mutated genes, e.g. »t (ver-
milion), ¢n™ (cinnabar), st* (scarlet) of
Drosophila and w1t and wy* (white) of
Bombyx. Ommochrome formation may
be induced cither by injecting or feeding
the mutants the necessary constituent in-
volved in determination of ecye color.
Various steps in the pathway can also be
demonstrated by various  biochemical
assays.

In order to see if the mutant w of 4.
aegypti results from a block in tryptophan
metabolism, two kinds of experiments
were performed:

(a) A brew of the wildtype (black-
eyed) ground up larvac was fed to the
white-eyed larvae. Sporadic dark brown
spots appeared in the ommatidia of a
few individuals (Fig. 2). This shows

Fic, 2—Head of mutant white showing dark
spots in the eyes. The lurvae were {fed on
ground up homogenate of wild-type larvae (X 30).
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Fie. 3.—Facets of the normal (untreated) white
eye (X 125).

that some dietary constituent involved in
eye color determination was lacking in
white and was provided by wild-type.
(b) In another series of experiments,
various compounds involved in the path-
way (Fig. 6), ie., tryptophan, formylky-
nurenine, kynurenine and 3-hydroxyknure-
nine, were injected in the early white
pupae. Results are shown in Table 1.
A uniform darkening of the ommatidial
walls was achieved with 3-hydroxykynure-

nine (Fig. 4). Presumably & blacks the

Fro. g—Facets of treated white cye. Pupae
were injected with 3-hydroxykynurenine, Note
the deposition of dark pigment on the ommatidial
walls (X 125).

formation of 3-hydroxykynurenine from
kynurenine, thus preventing the forma-
tion of ommochromes.

Discussion. The mutant white seems
to be widely distributed among insects.
In addition to a series of white alleles in
Drosophila, it has been reported in dip-
terans such as Lucilia cuprina (MacKerras,

TasLe 1.—Results of injecting carly white-eyed pupae of 4. aegypti with
compounds from the Tryptophan cycle.

Number of individuals

Showing
Concentration darkening
Compound injected (% in water) Injected Survived of facets
Tryptophan 1.0 38 11 0
Formyl-L-Kynurenine Trihydrate 1.0 25 22 0
L-Kynurenine Sulfate HoO 1.0 46 21 0
3-Hydroxy-Kynurenine 0.2 34 19 6
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1933); Phormic regina (Dickler, 1943);
Criex molestus (Gilchrist and Haldane,
1947); Calliphora erythrocephala (Tate,
1947); and Musce domestica (Zingron,
1955-quoted from Hiroyoshi, 1960). Zieg-
ler (1961) lists a number of other non-
dipteran insects which show this mutation.
Among them are included Ephestia kiih-
niella, Bombyx mori, Periplanata ameri-
cana and so forth.

The phenotype white may be produced
in a different variety of ways in different
insects. For example, it may be the
result of absence of “core granules,” ie.,
the ribonucleoprotein granules where the

Gametes |

Gynander

Forms left half

White eyed female

final steps of synthesis of both pteridines
and ommochromes occur, as in the case
of Ephestia kithniclla (Hadorn and Kiihn,
1953). On the other hand, “core gran-
ules” may be present as is the case in
D. melanogaster (Ziegler and Janaicke,
1959) and A. aegypti, but the phenotype
may still be white. In the latter cases the
white phenotype may be the result of
genctic blocks in the pathways involving
the synthesis of pteridines and ommo-
chromes.

A good example where pteridine syn-
thesis is blocked is white D. melanogaster.
The pteridines appear in small amounts

Sperms

Forms right half
Black eyed male

Fic. 5—A scheme showing the probable mechanism by which a bilateral gynander, shown in
Fic. 1, was produced. Note that the two ¢gg products have similar genotypes whereas the two sperms

carry different genotypes.
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MIMOCHROME SYNTHESIS

TRYPTOPHAN

Vof Drosophila ~——~

(TRYPTO PHAK
PYRROLASE

FORMYLKYNURENINE

( KYNURENINE )
FORMAMIDASE

KYNURENINE

w of Aedes
cni’ of Drosophila —
w'% of Bombyx

3=-HYDROXYKYNURENINE

st of Drosophila

wj of Bombyx

OMMINS  OMMATINS

F16. 6~—Pathway of tryptophan metabolism, leading to synthesis of ommochromes

(adapted from

Gilmour, 1965. Points of gene action already known in Drosophila and Bombyx are shown. Note
that @* of Aedes regulates the conversion of kynurenine to 3-hydroxykynurenine.

in the 20-hour old pupae but disappear
after about 50 hours (Hadorn and Zieg-
ler, 1958). Apparently the “core gran-
ules” can neither convert the precursors
of cye pterins—delivered by haemolymph
—into eye perins, nor convert the pre-
cursors into ommochromes. A number
of examples where ommochrome synthesis
is blocked are shown in Fig. 6, ie., ver-
~milion, cinnabar and scarlet of Drosophila
and white of Bombyx mori. White of
Persplanata americana and snow of Apis
mellifica are also the results of similar
genetic blocks.

Frequently the gene w may show pleio-
tropy and affect both the pathways, e.g.,
Calliphora eryihrocephala. First, it blocks

the conversion of kynurenine to 3-hydrox-
ykynurenine thus preventing the synthesis
of ommochromes. Second, it causes a
shift in the equilibrium of yellow pterin
22tetra-hydrobiopterin, ie., the relation of
these two pteridines is reversed; wild-type
shows much more tetrahydrobiopterin
while white shows a threefold increase of
yellow pterin  (Autrum  and Langer,
1958). The gene w of A. acgypri is simi-
lar to C. erythrocephala in that it prevents
the conversion of kynurenine to 3-hydrox-
ykynurenine. It also shows a pleiotropic
effect in blocking synthesis of all pteri-
dines except 2-amino-4-hydroxypteridine
which appears in abnormally large quan-
tities (Bhalla, 1966).
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SunmMARY AND CONCLUSIONS

1. A new spontancously-occurring mu-
tant, white (#), was isolated in Aedes
acgypti.

2. The gene w is a sex-linked recessive
and shows complete penetrance and uni-
form expressivity. It belongs to linkage
group 1 and is located at about 17 units
from sex locus.

3. The mutant white blocks the ommo-
chrome synthesis in compound eyes and
ocelli. A genetic block, preventing the
formation of 3-hydroxykynurenine from
kynurenine, in the metabolic pathway
leading from tryptophan to ommochrome
formation, has been demonstrated.
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