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Genetics of Aedes aegypti

Updating the linkage map

LEONARD E. MUNSTERMANN AND GEORGE B. CRAIG. JR.

IN HIS SURVEY of mosquito genetics literature in
1953. J.H. Kitzmiller was able to discover only 12
papers dealing with formal genetics2 . none of them fo-

cusing on Adcdv aeg,yplti. By 1960 there was still little in-
formation available as Christophers stated that "No mu-
tant forms appear to have been described in Aedes
aegypti ''". However, Mattingly: ' :37 had discussed the
probable genetic basis of the high degree of phenotypic
variation existing among populations of this dread disease
vector and thus provided the necessary spark for the dis-
covery of mutants and genetic mapping carried out
shortly thereafter by Craig'-' 7 65 and McClelland":' 3 9. In
the 1967 Craig and Hickey review'". 87 mutations were
described, and 28 loci assigned to the three linkage groups
for a map distance totaling I 10 units. Later, a more de-
tailed mapping study of the known sex-linked morphologi-
cal markers was provided'.

In the following decade, the many additional advances
made in the genetics of Ae. aegypti have been well docu-
mented in the reviews of Rai and Hartberg' and Kitz-
miller" °. Contributions to the formal genetics subsequent
to these reviews have included mapping of factors for re-
cessive lethality 71, susceptibility to parasites 13.60, sex-
ratio distortion4 7. as well as morphological markers5.
Several additional enzyme loci have been mapped, includ-
ing three hexokinases ~ and a malic enzyme5 7.

Revision of the linkage map for A. aeg ypi was
deemed necessary for the following reasons. First. it is
apparent from the above that many additions must be
made in Craig and Hickey's map. Second. a number of cy-
tological observations concerning chiasmata frequency"6

and translocation breakpoints2 1 as well as the association
of chromosome pairs with the linkage groups 4 " have made
possible the provision of a map that more fully takes into
consideration the physical structure and behavior of the
chromosomes. Third. in the past five years, information
on several additional morphological and enzyme loci has
been accumulated in our laboratory.

Methods

In constructing the new linkage map, nomenclature for
morphological marker loci and alleles followed the guide-

lines established in )rosophilia genetics :2 . The names.
numbers. and abbreviations for enzymes were those rec-
ommended by the Commission of Biochemical Nomen-
clature4". The enzyme loci were numbered consecutively
in the order of electrophoretic migration rates from the gel
origin. Where only one locus of activity was observed. the
number "one" was assigned to the locus for nomencla-
tural consistency.

Construction of the linkage map was based on two
premises. First, chiasmata frequencies were equated with
crossover rates according to the 'chiasmatype' theory,
and second. chiasma frequency per chromosome was
considered proportional to its length 6". A maximum map
length was calculated by multiplying the average number
of chiasmata per cell by 50, on the assumption that rates
of crossover and chiasmata were equivalent". Hybrid
males of a multiple marker and wild-type strain cross had
been found to have an average of 1.52 chiasmata per biva-
lent in meiosisi. According to the chiasmatype theory,
this should be sufficient to produce a total crossover map
distance of 228 map units:

1.52 x 3 bivalents (x I(X))
2 chiasmata chromatids/tetrad'

The chiasmata were assumed to be distributed propor-
tionally to the chromosome length (chr. I = 0.27: chr.
2 = 0.38: chr. 3 = 0.35)40" 52, so that the expected map
lengths became approximately 62, 86, and 80 units, re-
spectively. The maps obtained by experimental crossing
data were then centered on the theoretical map lengths. In
the cases where several values for a crossover distance
between two markers were reported. either an average or
a most common value was used.

Discussion and New Linkage Information

The importance of constructing linkage maps in eco-
nomically important insects has often been mentioned': "' .

and with the more recent development of enzyme locus
mapping technique it has become feasible to detect in-
terspecific chromosome homologies. The genes coding for
soluble enzymes now commonly used for population ge-
netics analysis apparently exist in the genome in single
copies". These genes did not come into existence de
novo during speciation. but have been retained over a
long evolutionary period with little functional change '9.

Among culicine mosquitoes, only the salivary polytene
chromosomes of Cuder pipiens have been found to be of
sufficient quality for mappingS"62. Because of the homo-
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geneity of metaphase karyotypes among the aedine spe-
cies. the suggestion has been made that evolution in this
group has proceeded by point mutation rather than chro-
mosomal "repatterning" 2. The mapping of enzyme loci
in Aedes aegypi and in two Culex species can be used to
locate the possible presence of repatterning events.

Table I shows where loci have been placed in linkage
groups in the three culicine species most thoroughly stud-
ied from a genetic standpoint. An intriguing feature of the
comparison is that if linkage groups II and III in Cule.r pi-
piens were switched, seven of eight loci correspond to
linkage groups established for Aedes aegypti. Further
similar comparisons will result in a more uniform nomen-
clature for chromosomes and linkage groups in the estab-
lishment of linkage maps of homologous loci among spe-
cies.

The linkage mop

Linkage information available from enzyme studies,
previously unpublished data, and a literature survey, pro-
vided the basis for a detailed linkage map of Aedes ce-
gypti (Figure 1). Sixty genetic markers (Table II) were as-
sociated with the three linkage groups, over a genetic map
totaling 156 units. Linkage group I has 22 markers as-
signed for a map spanning 44 units: group II has 21
markers spanning 80 units: group III has 17 markers
spanning 32 units. The markers were classed as morpho-
logical (35), enzyme (14), physiological (9), or lethal (2).

Included in Figure I were five morphological and nine
biochemical markers not previously described. A brief de-
scription of each follows.

Morphological loci

Cream-eye (r): linkage group 11. Data from J.M. Lich-
tenfels and G.B. Craig. The mutant was discovered by
W.L.. Kilama in a West African strain of the firtlost.s
subspecies. The mutant eye lacks pigment in the larval
and pupal stages, and the creamy-gray coloration persists
without darkening in the adult. This was found to be an

excellent marker with clear expression and complete pen-
etrance.

Prolapsis (pro): group III. Data from D.B. Taylor and
G.B. Craig. The mutant was discovered by C.E. Ma-
chado-Allison, Central University of Caracas. The homo-
zygous mutant is expressed in the larval stage as a contin-
uous outgrowth of the peritrophic membrane to a length
often exceeding that of the larva. The expression is best in
fourth instar larvae and responds well to selection, al-
though penetrance is incomplete. Genetic crosses indicate
close linkage with black-tarsus (1bit). Larval mortality in
selected stocks is greater due to entanglement with the
outgrowth.

Plum-eye (rur,"): group 1. Data from A.M. Berges and
G.B. Craig. The eye is a purple-brown color, darker than
rust-eye, but distinct from wild type. It is allelic to rust-
eye: expression is good and penetrance is complete.

Rosy-eye (ry): group II1. Data from J.L,. Petersen and
G.B. Craig. The mutant was discovered by R.P. McDon-
ald. The eye is pink to rose-colored and darkens progres-
sively with age in the adult. It is expressed only in individ-
uals homozygous for white-eye in linkage group I
(epistatic to white-eye). Rosy-eye is linked to black-
tarsus (it) with a crossover distance of 20 units between
them.

Sable-scale (.-'): group II. Observations of R.P. McDon-
ald and G.B. Craig. In homozygotes. all silver scales are
affected, appearing soot-covered and blackened. It is al-
lelic to spot-abdomen(s). This mutant is an excellent mar-
ker with consistent expressivity and complete penetrance.

knzylme loci

IThe phenotypes of these loci are described as they ap-
peared after electrophoresis, using polyacrylamide gels
and appropriately stained. Alleles were distinguished by
differential electrophoretic mobility. and analyses of allele
frequencies have been carried out in African populations
of Aedes Cegv,!ypi4

3'5'
59

. Details of electrophoretic tech-
nique and genetic data are available as well43.

Acid phosphatase (At(p-2: E.C. 3.1.3.2): group I. Differ-

Table I. Linkage associations of enzyme loci in three of the most studied culicine mosquito species

Linkage group

Species I I1 1* lIllt 111

Aerces Acp-2 (43) Idh-2 43) EST-6 (43.63) (;pi-I (43) Pvd-I (43)
aegy:pti Me-3 (57) I.dh-2 (43) G;PI)-I 43) Ik-2.3.4 (56)

Mdh-2 (43) PGM-2 (8.43) Odh-I (43)

Culex Lap-I (48) Gpi (10) EST- (18,44) Pld (9)
pipiens EST-2 (10)

Lap-I (7) Hk (10) P(;M (9)
Ad/h (45) (;PD (49})

Culex Amy (I) Ldh (I) Adh (I)
tritaenio-
rhynchus Idh (1) Aph ( )

* Compare with markers in starred linkage group III
t Compare with markers in starred linkage group II

(Note: Some loci were capitalized for ease in comparison)
. Numbers in parentheses refer to literature citations
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ent alleles vary in strength of expression in response to
the l-napththol acid phosphate substrate used. Heterozy-
gotes have somewhat indistinct banding, and are interme-
diate in migration to the parental bands. Clearest
expression occurs in pupae and teneral adults.

Glycerol 3-phosphate dehydrogenase ((Gpd-l;: E.C.
1.1.1.8): group 11. Banding phenotype appears in response
to glycerol 3-phosphate substrate as a single band in in-
bred homozygotes and distinct triple bands in hybrid het-
erozygotes. In the latter, the two fainter bands migrate at
the same rate as the two parentals with a denser hand in-
termediate between them. In backcross progeny, a 1:1
ratio of triple-banded heterozygote to single-banded ho-

mozygote phenotypes occur. indicating a genetic basis for
a dimeric enzyme structure. Clearest expression occurs in
adults. Three alleles are discernible, but only one is com-
monly seen.

Glucosephosphate isomerase (pi-1: E.C. 5.3.1.9);
group 111. The substrate used was fructose 6-phosphate,
with distinct parental and hybrid phenotypes as described
for Gpd-l. Clearest banding occurs in adults: five alleles
are found, usually in strains collected from sylvan habi-
tats.

Isocitrate dehydrogenase (dlh-2: E.C. 1.1.1.42): group
11. Findings corroborated by unpublished data of W.. Ta-
bachnick and J.M. Lichtenfels. The substrate is sodium

Table 11. Mutants of Aedes aegypti named and mapped to three linkage groups, with references since 1967; asterisks
in reference column indicate information presented in the text.

No. Symbol Mutant name Group References No. Symbol Mutant name Group References

I Acp-2
2 /,/p
3 hit

Acid phosphatase-2
black-palp
black-tarsus

4 bpdl black-pedicel
5 Bt Black-tergite
6 z bronze-cuticle
7 co compressed-antenna
8 (cr cream-eye
9 D1) Dieldrin-resistance

10 DI)T (2) DDT-resistance
11 DI)T 3) DDT-resistance
12 d. dark-scutum
13 Ist-6 Esterase-6
14 "' filarial suscepti-

bility. Br.gia

15 I'" lilarial suscepti-
bility. Waltone/lo
( Fole yellIa)
flexic auda,

16 hl filarial suscepti-
bility. Dirofilaria
repens

17 .f: fuzzy-scale
18 G Gold-mesonotum
19 gr grey-body
20 fpd-i- Glycerol-3-phos-

phate dehydro-
genase- I

21 Gpi-l Glucosephosphate
isomerase- I

22 h halteres
23 Ilk-2 Hexokinase-2
24 11A-3 Hexokinase-3
25 ik-4 Hexokinase-4
26 Illh-2 Isocitrate

dehydrogenase-2
27 ix intersex
28 I 1/) lethal
29 1 () /I lethal
30 I.dh-2 Lactate

dehydrogenase-2
31 Im. M sex

I 43,*
I11 3.15,26,41.56
111 4.15.21.25.26

35,40.42.64a.
67.69

11 12.15,41
11 34.50
1 3-6.20-22,41
I11I 15.26,56
!1 *
11 15.27.28.33
11 12.15.27.33.35
111 26.35.69
11 3.15,27
11 43.55.63
I 15.60.72

1 60

1 13

111 3.15.26.41.56
11 15
I 15
It 43,*

Ill 43.*

11 15.27
III 56
III 56
111 56
II 43.

II 15
1 71
1 71
1f 43.*

1 2-6.15.20,22.
40-42.46.
47.54,57.60.
64.71

32 MA' Distorter. sex-ratio
33 Mdh-2 Malate dehydro-

genase-2
34 Mc Malic-enzyme
35 min miniature-body

36 no nucleolar-organizer
37 (Odl/-I Octanol dehydro-

genase- I
38 pa pale-abdomen
39 pe palp-extended
40 Pgd- Phosphogluconate

dehydrogenase-I
41 Pet,- / Phosphogluco-

mutase- I
42 pls plasmodium

susceptibility
43 Ipl palp-antenna
44 prh proboscipedia
45 pro prolapsis
46 re red-eye

47

48
49
50

sl
52

53
54
55
56
57

r l rust-eye

rn
n

S

,s l

plum-eye
rosy-eye
spot-abdemen

s.'" sable-scale
Si Silver-mesonotum

.Wt

I/.

small-antenna
short-wing
Terminalia
tarsi-hooked
white-eye

58 Iva wart-palp
59 wsi withered-leg
60 !y yellow-larva

1 15.24.46,47

11 43,*
57

111 3.15,26.41.56.
65,67

111 4.21,40.67

111 43.*
I 15
1 22.54
Ill 43,*

11 8.43."
II 15.28

51
22.54

Ill *
1 3.4,6.15,23.

39-41.
51.54.57.64a

3.6.15.39,41,
51,54

I *

11 3.4.12.13.15.
21.25.27.33.
41.42,55.63.
69

11 *

11 15.21,28.33,
41.42,64a

1 20.54
1 64
1 15.23
111 15
1 2-6.15.21.22,

41.42.51.60,
65

11 15.27
111 15
11 8.15,27.33,55.

63.69.70
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isocitrate; inbred and hybrid phenotypes are similar to
those of Gpd-I. Two alleles are commonly found. There is
clear expression of bands in both pupae and adults.

Lactate dehydrogenase (Ldh-2; E.C. 1.1.1.27); group
11. The substrate is lactate acid. In inbred lines, the homo-
zygote usually is characterized by a dense band immedi-
ately preceded by a lighter staining band. In the hybrid, a
broad diffuse band of intermediate migration appears mid-
way between the parental controls. Good expression
occurs only in pupal and teneral adult stages.

Malate dehydrogenase (Mdlh-2: E.C. 1.1.1.37); group
II. With malic acid as the substrate, the banding pheno-
types are similar to those of Gpd-l. Three alleles are com-
monly found; expression is clearest in adult mosquitoes.

Octanol dehydrogenase (Odh-I: E.C. 1.1.1.73); group
II. Although octanol is the commonly used substrate,
other similar alcohols (such as hutanol) produces identical
phenotypes. The banding of inbred lines and hybrids is
similar to G;pd-l. but the banding is less clear being some-
what obscured by 'tetrazolium oxidase' activity. Two al-
leles can be distinguished-a slow allele in domestic,
man-associated populations. and a fast allele confined to
sylvan populations. Expression is best in pupae and ten-
eral adults.

Phosphogluconate dehydrogenase (Pgd- I/ E.C.
1.1.1.44); group Ill. The bands appear in response to 6-
phosphogluconic acid substrate. The patterns are similar
to those of (;pd-lI; however, each major band has an im-
mediately antecedent lighter band. These lighter bands
are associated with all bands of both homozygotes and
heterozygotes. indicating an epigenetic origin. Five alleles
are commonly found in sylvan populations. Expression is
best in newly emerged adults.

Phosphoglucomutase lI'gm-l: E.C. 2.7.5.1): group II.
Description of phenotypes and initial mapping was carried
out by Bullini, et al. Additional mapping with several
crosses confirmed their findings and fixed the locus rela-
tive to spot-abdomen, yellow-larva and three other en-
zyme markers.

Additional corlsiderationls

A few changes were necessary in the map of Craig and
Hickey '. One important enor was the placement of the
gene for larval resistance to DDT. Coker, in 1966 found
that this gene was located on the/fir side from Dieldrin-re-
sistance, across the spot-abdomen marker'2 . This was
Iater confirmed independently".

The linkage map model (Figure I) based on chiasma fre-
quency and chromosome length illuminates details of
marker distribution and provides a base for further inves-
tigation of chromosomal behavior. However, the markers
are not distributed evenly over the map. In linkage group
Ill, the 17 markers are clumped in a 44-unit map while the
model predicts an 80-unit map. This implies that I)
markers have not yet been found that delimit the ends of
linkage group 111, or 2) chiasmata occur in this chromo-
some at a rate lower than the model predicts. Neverthe-
less, the linkage associations of markers in Figure 1 are
probably correct, since most have been tested for linkage
several times. However, the placement of some loci rela-
tive to one another in a given group may not be correct.
The sources of such error are several: I) since all markers
were not tested relative to one another, and, given the de-
gree of crossover variability between crosses from one

cross to the next S, closely linked markers not tested in
the same backcross may not have been ordered correctly;
2) when single-pair crosses and controlled rearing proce-
dures are not used, or if markers are not fully penetrant or
difficult to score, exaggerated crossover values may be
obtained '5.27; 3) when loci are on opposite arms of a chro-
mosome and double crossovers cannot be scored, the dis-
tance will be underestimated 4355.53; 4) great differences in
crossovers between given markers from one strain to the
next have been observed, due possibly to the presence of
inversions or other factors interfering with crossover
rates 43.

Therefore, changes in the gene order presented here
will certainly be found, although this arrangement is as
correct as data from the literature and personal observa-
tion presently allow.

Summary

A new linkage map for Aedes aegypti was constructed
with a total of 60 markers. Thirty-two have been added to
the previously published 12-year-old map. Brief descrip-
tions are provided for five morphological and nine enzyme
markers not previously published. The markers span a
total map distance of 156 units: linkage group 1-17 loci
(22 markers) spanning 44 units; linkage group 11-20 loci
(21 markers) spanning 80 units; linkage group 111-17 loci
spanning 32 units.

Literature Cited

I. BAKER, R.H. and R.K. SAKAI. Male determining factor on
chromosome 3 in the mosquito, ('alex tritaenio rhynchuas. J.
lered. 67:289-294. 1976.

2. BIIALLA, S.C. White-eye, a new sex-linked mutant of
Aedes egypti. Mosq. News 28:380-385. 1968.

3. __. A crossover suppressor-enhancer system in the
mosquito. Aedes aegypti. Can. J. Genet. Cytol. 13:561-577.
1971.

4. _ .. Sex-linked translocations, semisterility and link-
age illierltions in the mosquito, Aede.s aegypti. (an. J. Genlet.
C'vtol. 15:9-20. 1973.

5. _ and G.B. CRAIG, JR. Bronze, a female-sterile mu-
tant of Aedes aegypti. J. Med. Eniomol. 4:467-476. 1967.

6. __. and _... Linkage analysis of chromosome I of
Aedes aegypti. Cal(n. J. enetr. Cvtol. 12:425-435. 1970.

7. __ and S. NARANG. Isozymes of Culex p. fiaigans.
Ill. Genetics of leucine-amino-peptidase. Submitted to Bio-
chem. enet. 1979.

8. BULLIN, L., A.M. GIRONI, A.P. BIANCHI BL.LINI, and
M. COLUZZI. Phosphoglucomutase gene in Aedes aegypti: a
fourth alle and preliminary linkage data. Biochem. Genet. 7:41-
44. 1972.

9. CHENG, M.L. and C.S. HACKER. Inheritance of 6-phos-
phogluconate dehydrogenase variants in Culex pipiens quinque-
tisciatus Say... Hered. 67:215-219. 1976.

10. __ and _ . The linkage relationships of 4 enzyme
loci in the mosquito, Culex pipiens L. Isozvme Bull. 10:55. 1977.

II. CHRIS1OPHERS, S.R. Aedes aegypti (L.) the Yellow Fever
Mosquito. Cambridge University Press, Cambridge. 1960.

12. COKER, W.Z. Linkage of the DDT-resistance gene in some
strains of Aedes aeyvpti (L.). Ann. Trop. Med. Parasit. 60:347-
356. 1966.

13. Cot uzzi, M. and G. CANCRINI. Geneticadellasuscettibilita
di Aedes aegvpti a )irofiliaria repens. Parassitolrgia 16:239-
256. 1974.

14. COMMISSION ON BIOCtHEMICAI. NOMENCI..AURE. Enzyme
Nomenclature. Elsevier. New York. 1972.

294



Munstermann and Craig: Genetics of Aedes aegypti

15. CRAIG, G.B., JR. and W.A. HICKEY. Genetics of Aedes
aegypri. In Genetics of Insect Vectors of Disease. J.W. Wright
and R. Pal, Eds. Elsevier. New York. p. 67-131. 1967.

16. _.__ - and R.C. VANDEHEY. Genetic variability in Aedes
aegypti (Diptera: Culicidae. I. Mutations affecting color pattern.
Ann. Entomol Soc. Am. 55:47-58. 1962.

17. ._, and W.A. HICKEY. Genetic variability in
populations of Aedes aegypri. Bull. WHO 24:527-539. 1961.

18. D SIORDEUR, E. Esterases in the mosquito Culerx pipiens
pipiens L.: formal genetics and polymorphism of adult esterases.
Biochrenm. Genet. 14:481-493. 1976.

19. DOBZHANSKY, T., F.J. AYALA, G.L. SEBBINS, and J.W.
VA.ENTINE. Evolution. W.H. Freeman, San Francisco. 1977.

20. I)UNN. M.A. and G.B. CRAIG, JR. Small-antenna, a sex-
linked mutant of Aedes aegvpti. J. Ilered. 59:131-140. 1968.

21. HI INN. E.. N. IORIMER., and K.S. RAI. Genetic ma-
nipulation of Aedes aegypli. II. A. cytogenetic study of radiation
induced translocations in DEHLI strain. In Proceedings ofl' the
XV International Congress of Entomology. J.S. Packer and D.
White, Eds. Entomological Society of America. College Park,
Maryland. p. 117-128. 1977.

22. HARIERG,. W.K. Palp-extended, a sex-linked and
sex-limited mutant of Aedes egspti. Mosq. News 35:34-41.
1975.

23. .. _._ and G.B. CRAI(G, JR. Gene-controlled morphologi-
cal differences in male genitalia of Aedes aegvpti and Aedes mas-
(trensis (Diptera: Culicidae). Mosq. News 33:206-214. 1973.

24. HICKEY, W.A. and G.B. CRAIG, JR. Genetic distortion of
sex ratio in a mosquito. Aedes egypti. Genetics 53:1177-1196.
1966.

25. HncItEN, J.M. and R.J. Wooo. A genetical investigation
of resistance to "knockdown" and "kill" by DDT in adults of
the mosquito Aedes atcgvypti 1.. ('ton. J. Genet. (Ctol. 16:177-
182. 1974.

26. ___ and _.. . Linkage of a gene for DDT-resistance
in adults of the mosquito Aedes aegypti. (an. J. Genet. (tol.
17:311-322. 1975.

27. __... and _ .. Linkage of the genes for DDT and
dieldrin resistance in larvae of the mosquito Aedes aegvpti. (Cn.
J. (;enet. (tol. 17:543-551. 1975.

28. KILAMA, W.L. and G.B. CRAIG. JR. Monofactorial in-
heritance of susceptibility to P'lamodliutn gallinacemtin in Aedes
ac,'pti. nn. Irop. Med. Plrosit. 63:419-432. 1969.

29. KIIZMIII.ER, J.B. Mosquito genetics and cytogenetics.
Rev. Brasil. Malariol. I)oencas. 7rop. 5:285-359. 1953.

30. ... __. Genetics, cytogenetics. and evolution of mosqui-
toes. Adv. Genet. 18:315-433. 1976.

31. L.EWONIIN, R.C. The Genetic Basis of Evolutionary
(Change. Columbia Univ. Press. New York. 1974.

32. .INnSI I Y. 1).1. and E.H. GREI. . Genetic Variations of
l)rosophila meianogaster. Carnegie Institution of Washington.
Pub. no. 627. 1968.

33. LOCKHARI. W.L., W. KLASSEN, and A.W.A. BROWN.
Crossover values between dieldrin-resistance and DI)T-resist-
ance and linkage group 2 genes in Aedes aegi-pti. ('tin. J. Genet.
('tol. 12:407-414. 1970.

34. MA('HArx-AI I isoN, C.E. Genetic differences among sub-
species of Aedes aegypti (L.) and their evolutionary implica-
tions. Ph.D. Thesis. University of Notre Dame. 1971.

35. MARGHAM, J.P. and R.J. WooD. A genetical study of
DDT resistance in the mosquito Aedes aegypti. Heredity 34:53-
59. 1975.

36. MA I IIN(;I.Y P.F. Genetical aspects of the Aedes aegvpti
problem. I. Taxonomy and bionomics. Anti. Trop. Med. Parasit.
51:392-408. 1957.

37. _. Genetical aspects of the Ades aegypti problem.
11. Disease relationships, genetics and control. Anti. Trop. Med.
I'arasit. 52:5-17. 1958.

38. MCCLEI AND. G.A.H. A preliminary study of the genet-
ics of abdominal colour variations in Aedes aegypti (1..) (Diptera:
Culicidae). Ann. Tirp. Med. Prt(sit. 54:305-320. 1960.

39. ... _ . Sex-linkage at two loci affecting eye pigment in

the mosquito Aedes aegypti (Diptera: Culicidae). ('an. J. Genet.
C',tol. 8:192-198. 1966.

40. McDONALD, P.T. and K.S. R^l. Correlation of linkage
groups with chromosomes in the mosquito, Aedes aegvpti. Ge-
netics 66:475-485. 1970.

41. McGIvERN, J.J. and K.S. RAI. A radiation-induced para-
centric inversion in Aedes aegypti (L.). J. Ilered. 63:247-255.
1972.

42. _ and _ . Sex-ratio distortion and directed alter-
nate segregation of interchange complexes in a mosquito. J.
Hered. 65:71-77. 1974.

43. MUNSTIERMANN, L.E. Isozymes of Aedes aegypti: pheno-
types, linkage, and use in the genetic analysis of two sympatric
subspecies populations in East Africa. Ph.D. Thesis, Univ. of
Notre Dame. 1979.

44. NARANG, S., S.C. BHALLA, and N. NARANG. Isozymes of
('ile .rp.Jatigans. 1. An esterase locus in linkage group III and its
variiability in natural populations. J. liered. 68:95-99. 1977.

45. , . .. and M. TAVARES-SOUZA. Iso-
zymes of Culex p. fatigans. II. Genetics of an alcohol dehydro-
genase. J. Med. Entomol. 14:479-483. 1977.

46. NEWTON, M.E., R.J. WOOD, and D.I.SOUIHERN. A cyto-
genetic analysis of meiotic drive in the mosquito, Aedes aegypti
(L.). enertic 46:297-318. 1976.

47. -__ __. and ___. Cytological mapping of the
M and D locus in the mosquito, Aedes aegypti (..). Genectica
48:137-143. 1978.

48. PASTEUR, N. Les leucine-amino-peptidases du moustique
('alex pipiens: genetique formelle d'un locus chez l'imago.
('onipt. Rend. Aco. Si. 'Paris 280:113-116. 1975.

49. _...... and E. Di. SIORDIUR. I.'a-glycero-phosphate-des-
hydrogenase du moustique ('ule.x pipiens: genetique formelle.
linkage et etude de populations. Genetica 46:319-326. 1976.

50. PTERsrN, J.L. Behavioral differences in two subspecies
of Aedes aegypti (L.) (Diptera: Culicidae) in East Africa. Ph.D.
Thesis, University of Notre Dame. 1977.

51. ... -J.R. LARseN, and G.B. CRAIG, JR. Palp-antenna. a
homeotic mutant in Aedes aegypti. J. Hered. 67:71-78. 1976.

52. R^I, K.S. Further observations on the somatic chromo-
some cytology of some mosquitoes (I)iptera: Culicidae). Ann.
Entoniol. Soc. Am. 59:242-246. 1966.

53. ___ and W.K. HA^RlERG. Aedes. In Handbook of Ge-
netics, Vol. 3. R.C. King. Ed. Plenum Publ. Corp., New York.
p. 311-345. 1975.

54. ROBERrs, J.R., JR. and W.K. HARt BERG. Proboscipedia,
a homeotic mutant inAede.s e,gypti. Mosquito News 39:348-359.
1979.

55. SA^U., S. H., P. GUPTAVANIJ, and G.B. CRAIG, JR. Ge-
netic variability at an esterase locus in Aedes aegypti. A nn. Ento-
mol. Soc. Am. 69:73-79. 1976.

56. TABACHNIC'K, W.J. Identification and linkage relation-
ships of three hexokinase genes in Aedes aegvpti. Bioc(hem.
Genet. 16: 571-575. 1978.

57. __ and J.M. LICH'I'ENFELS. I.inkage of malic enzyme
in the yellow fever mosquito Aedes aegypti. Isozvme Bull. 1:53.
1978.

58. , L. E. MUNSTERMANN, and J.R. PowEI i.. Genetic
distinctness of sympatric forms of Aedes aegypti in East Africa.
Etolution 33:287-295. 1979.

59. -_ and J.R. POWELI. Genetic structure of the East
African domestic populations of Aedes aegypti. Nttre 272:535-
537. 1978.

60. TERWEDOW, H.A. and G.B. CRAIG, JR. Wltonella flexi-
cauda: development controlled by a genetic factor in Aedes ae-
gvpti. Exp. Parasit. 41:272-282. 1977.

61. TEWFIK, H.R. and A.R. BARR. The salivary gland chro-
mosomes of Culex pipiens L. Mosq. New s 34:47-54. 1974.

62. __ and . Paracentric inversion in (Cler pipiens.
J. Med. Entomol. 13:147-150. 1977.

63. TREBATOSKI, A.M. and G.B. CRAIG, JR. Genetics of an es-
terase in Aedr tirvpri. IlilchenT. (;enet. 3:383-392. 1969.

64. UIPAI. D.K., C.F. CURIIS. and V.K. SONI. A new sex-

295



The Journal of Heredity

linked mutant short *ving in Aedes aegypti. Heredity 36:147- 150.
1976.

64A. VANDEHEY, R.C., K.S. BOOH, and M.G. LEAHY. Ge-
netics of Aedes aegrpti oviposition. Ann. EnLzomol. Soc. Am.
72:509-513. 1979.

65. VANDEHEY. R.C. and G.B. CRAIG(;, JR. Genetic variability
in Aedes aegypti (Diptera: Culicidae). II. Mutations causing
structural modifications. Ann. Entomol. Soc. Am. 55:58-69. 1962.

66. VED BRAT, S. and K.S. RAI. An analysis of chiasma fre-
quencies in Aedes aegypti. The Nucleus 16:184-193. 1973.

67. and _ . Cytological map of chromosome 3 in
Aedes aegypti. Genetics 74:283s-284s. 1973.

68. WHriE, M.J.D. Animal Cytology and Evolution. Cam-
bridge University Press. Cambridge. England. 1973.

69. Wooo, R.J. A comparative genetical study on DDTI resist-
ance in adults and larvae of the mosquito. Aedes aegypti ..
Genet. Res. 10:219-228. 1967.

70. _ . The influence of the locus on DDT resistance in
the mosquito Aedes uegypti L. Genet. Res. 16:37-47. 1970.

71. _ . Lethal genes on the sex chromosomes concealed
in a population of the mosquito Aedes aegypti L. Genetic
46:49-66. 1976.

72. ZIELKE, E. Untersuchungen zur Vererbung der Empfang-
lichkeit gegenuber der Hundefilarie Dirofilaria immitris bei (<ulex
pipiens fjtigans und Aedes esvypti. Z. Tropenmed. Prasit
24:36-44. 1973.

296


