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A Chromatographic Study of the Systematic
Relationship within the Anopheles gambiae Complex*

D. W. MICKS,' A. REHMET,2 J. JENNINGS,2 G. MASON 3 & G. DAVIDSON3

In theplanning ofmalaria eradication programmesfor Africa, it is necessary to be able to
characterize and distinguish between various species of the Anopheles gambiae complex
in order to proceed on a sound and economic basis. However, at present there are no reliable
taxonomic methods for separating the sibling species which comprise Groups A and B.

The study reported was undertaken to investigate the possibility of differentiating
morphologically indistinguishable members of this complex on the basis ofchromatographic
patterns offluorescing components obtainedfrom extracts of adult mosquitos. The results
indicate that this biochemical taxonomic method can be used to characterize and differen-
tiate A. gambiae species that are indistinguishable by conventional taxonomy.

It has been demonstrated by Davidson (1964b)
that the Anopheles gambiae complex comprises five
mating-types which should be considered as full
biological species. Two of these are saltwater
species: A. melas from West Africa and A. merus
from East Africa. The remaining three types are
freshwater species: A, B and C. The A and B forms
possess different gene arrangements in their chromo-
somes, which is further evidence that they represent
biological species (Mason, 1964). Extensive mor-
phological investigations by Coluzzi (1964) revealed
that, whereas it was possible to distinguish between-
melas and merus strains and also between these and
the large group of freshwater forms, no real diffe-
rences between the A and B forms could be detected.
The C form has not yet been investigated.
As has been pointed out by Davidson (1964c),

accurate identification of the various members of
the A. gambiae complex will be of great importance
when the malaria programme in Africa reaches the
eradication stage. The field worker may well need
to know the identity of the particular species he
wishes to control in order to determine the best
approach to the problem (Davidson, 1964a).

In view of the obvious need for better taxonomic
methods by which to analyse the A. gambiae com-
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plex, a preliminary short-term research project
was undertaken to determine the applicability of
newer chromatographic techniques to the study
and comparison of members of this complex. The
limited initial study, carried out with living material
at the Ross Institute in London, demonstrated that
some members of this complex had different chro-
matographic patterns of fluorescing substances
obtained from whole mosquito extracts. These
results strongly suggested that it would be both
feasible and desirable to undertake a more thorough
comparative chromatographic study of as many
strains as possible in the A. gambiae complex. The
present paper describes the results of this investiga-
tion, carried out in Galveston, Texas.

MATERIALS AND METHODS

Mosquito strains
Adult specimens of the following strains of

Anopheles gambiae, obtained from the laboratory
colonies of the Ross Institute, were included in this
study:

Strain Group Origin Date ofcolonization
Arusha A Kisumu, Kenya Nov. 1962
Diesso ADiesso, Upper Volta 23 Oct.1963
GG A Gambia 20 Sept. 1962
Kad RR A Kaduna, Nigeria 30 March 1964
Lagos A Lagos, Nigeria 1951
Man RR A Man, Ivory Coast 24 March 1962
Pala A Pala, Upper Volta 17 Jan. 1963
Sass A Sassandra, Ivory Coast 8 May 1962
Sok A A(Sok 9, 11, 13, 6, 15)

Sokoto, Nigeria 18 Nov. 1964

1845 -181- 6



D. W. MICKS AND OTHERS

Strain Group Origin Date of
colonization

BK B Ambursa, W. Sokoto, Nigeria March 1956
Bobo Red B Bobo Dioulasso, Upper Volta 8 Feb. 1962
Dori B Dori, Upper Volta 18 Dec. 1963
Kano C/T B Kano, Nigeria 5 Sept. 1963
MAK B Makzan, W. Aden Protectorate Nov. 1962
PBI B Bumba, Tanganyika 15 March 1962
Sok B B (Sok 12) Sokoto, Nigeria 18 Nov. 1964
Som Red B Somaliland 21 Aug. 1962

Mosquito shipments
Because of restrictions on the importation of

A. gambiae into the USA, it was first necessary to
develop methods for shipping frozen material from
London to Galveston. Adult mosquitos separated
as to sex and strain were collected within 24 hours
after emergence and frozen alive in air-tight, labelled
polyethylene vials at the Ross Institute. When
enough mosquitos had been collected to constitute
a shipment, the vials were packed in dry-ice in a
box made of polystyrene foam and sent by air to the
laboratory in Texas. Upon delivery, the vials were
unpacked and at once placed in a freezer at -- 30°C.

Preparation and chromatographic analysis of extracts
Frozen specimens were quickly weighed, and

30 mg of material (24-30 adult mosquitos) were
extracted with chloroform-ethanol (Murthy& Micks,
1962), using compressed air to control the fluid flow.
One-dimensional chromatograms, developed in an

n-butanol-acetic-acid-water solvent (4: 1 :-5 by
volume), using Whatman No. 3MM filter-paper,
provided the best means of directly comparing the
different strains. Two-dimensional chromatograms,
developed with propanol-ammonium-hydroxide (2:1
by vol.) as the second solvent, were used to separate
the individual fluorescing compounds for accurate
fluorometry.
Chromatograms were removed from the light-

proof chambers and dried in the dark in a vacuum
cabinet for one hour. They were then taken into
a dark room for photography or fluorometry. When
a record in colour was desired, they were photo-
graphed immediately. Whereas during our earlier
studies, photographs were made using reflected
ultraviolet radiation, more recently we have
improved their quality by the use of transmitted
light, the sources being two long-wave (366 mu)
ultraviolet lamps (16 in x 4 in; 40.6 cm x 10.2 cm)
located in a viewing cabinet. The camera was placed
24 in (61 cm) above the chromatograms. Kodak
Ektachrome daylight film was used in conjunction
with a 2A filter; the exposure time was eight seconds

at f/8. Photographs were particularly advantageous
when comparisons were made between one-
dimensional chromatograms. However, visual estim-
ation of the amount of fluorescence is difficult,
especially when attempts are made to compare
results obtained at different times. Accordingly, the
following procedure was developed to make possible
the accurate quantitative comparison of fluorescing
components.

Two-dimensional chromatograms were examined
under ultraviolet radiation (366 mru) and the outer
limits of the fluorescing spots were quickly circled
in pencil. They were then numbered and 1-cm-
diameter centres were punched out and placed one
inch (2.5 cm) apart on low-fluorescing Scotch Magic
Mending Tape. The tape was attached to the drum
of the fluorometer. A rectangular plate with a
¼/4-in (0.64 cm) aperture shielded the sample compart-
ment. The range selector was positioned at 3X for
spots 4 and 10, and at lOX for the remaining spots.
A 7-60 primary filter, in combination with an
ND1O% filter, was used for all spots. A No. 3 filter
was the secondary filter used for spots 1, 5, 8, 9,
10, 11 and 12. Filter No. 2a was used for spots 3
and 4, and filter No. 4 for spot 2. Fluorescence
values were recorded automatically with a recorder
attached to the fluorometer.

RESULTS AND DISCUSSION

The studies of male and female specimens in the
first three shipments indicated that the degree of
fluorescence of several of the compounds changed
somewhat during periods of prolonged freezing.
Since the possibility exists that some of the apparent
differences between strains may be due to this
phenomenon, data obtained from those mosquitos
are not included in this report. Subsequent work
was confined to females, all of which were frozen
for the same time prior to chromatography.

Fluorescence curves of one-dimensional chroma-
tograms characterizing each of eight strains are
compared in Fig. 1. Several replicate chromato-
grams of two or more generations of each of these
strains were virtually identical and exhibited com-
plements of fluorescent components different from
other strains. Three strains (Sok A, Sok B and
PBI) were not included in the one-dimensional
studies because of the lack of sufficient material.
Several of the compounds that could be distinguished
visually by Rf value and colour exhibited relatively
weak fluorescence. Therefore, the fluorometer
recorded only five major fluorescence peaks (Fig. 1).
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FIG. 1. FLUOROMETRIC CURVES OF ONE-DIMENSIONAL CHROMATOGRAMS OF EIGHT STRAINS OF A. GAMBIAE,
COMPARING FIVE MAJOR PEAKS OF FLUORESCENCE

5 I1
FLUORESCENCE PEAKS

ww 60B41

Because of overlapping between the curves, no vertical scale has been given. The values of
the peaks are indicated in the text.

The RI values corresponding to the five peaks are 0.12, 0.24, 0.33, 0.47 and 0.70, respectively.

A comparison of the No. 1 peaks showed that the
fluorescence values ranged from a maximum of
41 for the Dori strain to 31 for both the Lagos and
the Pala strain. The second area or peak ranged
from 35 for the GG strain to 28 for Pala; the
remaining strains showed little variation. The No. 3
area occurred as a peak only in the BK strain, which
contained the largest quantity of this component;
the Diesso strain contained the least. The tracing
for the No. 4 fluorescence peak exceeded 100 in
chromatograms of GG, BK and MAK, and reached
100 in Pala. The Dori strain exhibited the lowest
peak (fluorescence value 84). Three A strains
(Diesso, Lagos and Sass) possessed equal quantities
of this component. The strains divided into three
groups with respect to component No. 5. GG,
Diesso and BK, with the highest values, were

essentially equal. Pala and Sass strains fluoresced the
least and the remaining three were grouped in an

intermediate position. Curves of the Diesso, Sass
and GG strains showed an extra peak between No. 4
and No. 5.

In general, the chromatographic components of
the Lagos strain fluoresced less than all the others,
whereas GG showed the greatest fluorescence over-
all. In this connexion, it is noted that the Lagos
strain has been colonized ten years longer than all
but one of the other strains. The Diesso, Lagos,
MAK and Pala strains are similar in configuration
but differ in quantity of fluorescence.
The values obtained upon fluorometric analysis

of the components present on each chromatogram
of each strain are listed in Table 1. It can be noted
that, for any given-strain of A. gambiae, the various

r
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TABLE 1

FLUORESCENCE VALUES FROM FEMALES OF TEN STRAINS OF ANOPHELES GAMBIAE COMPLEX
(TWO-DIMENSIONAL CHROMATOGRAMS)

Components a
Strain

I 2 3 5 10 11 12 A B

BK (B)

Diesso (A)

Dori (B)

GG (A)

Lagos (A)

MAK (B)

Pala (A)

21
13
14

21
17
19
17

20
14

14
17
19
20
18
18
17

23
17
19

17
12
14
16
17
14

,I, 2

24
27

18

24
17
23

21
26 b
28
28

32
38
36
52
45

36
33
57
51
46

55
43
38
51
28

38
32
41
39
40
36
30

47
48
52

36
42
39
52
45
27

42
21
24
20

20
23
21
26
24

24
21
22
15
15

16
19
22
22
17

16
20
16
22
16
22
22

25
22
25

19
19
23
21
21
25

80
67
62
62

59
42
34
41
44

73
67
65
42
38

39
36
49
61
52

52
51
41
65
45
59
65

34
61
62

45
43
40
38
40
62

38
31
30
36

41
42
35
40
39

36
37
29
27
24

29
37
39
40
31

31
35
31
33
28
30
35

36
38
40

32
33
26
34
34
31

33
28
28
30 b

40
34
37 b
37 b
36

31
33 b
40
28
30

42
40
39
22
24

24 b
24
18
25
25
24
31

32
40
57

25
26 b
28
26 b
26
24

17
19

30
28
28
21
27 b

25
26
36
17
19

26
25
25
30
22
27
25

22
26
25

25
24
23
23
24 b
26

21
19

23
17
19

21
16
15
16
16
15
19

19
16
23

19

Sass (A) _ _ 33 21 50 33 26 31
_ - 38 22 55 35 33 35 _
- - 33 14 36 25 25 19 _
- - 45 17 50 31 38 23 -
- - 40 18 42 30 30 18 _
- - 28 18 42 33 31 28 _

Sok (A) 19 16 49 24 44 38 29 22 18
12 21 44 20 34 33 26 21 19
- 19 42 25 58 39 37 31 22
- 18 36 20 37 36 30 b 26 -

Sok (B) 19 24 45 25 50 31 23 - 19
- - 36 24 b 40 37 42 _ 30

30 24 b 38 34 47 27

a Dashes indicate lack of a visible component.
b Mean value of cell substituted for missing data for purposes of computation.
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values for a particular component are remarkably
uniform. This degree of reproducibility is note-
worthy, considering that the heads, legs and wings
of some specimens break off while the frozen mos-
quitos are in transit. This could be expected to ac-
count for an occasional disparate value. Unques-
tionably, standardizing the freezing time at eight
weeks substantially increased the uniformity of
results, as compared with those not included in this
report.
The fluorescence values listed in Table 1 were

subjected to analysis with an IBM 1620 computer
in order to ascertain which fluorescent components
would provide the best basis for differentiation
between strains. Multiple discriminant analysis
determined that components No. 3, 5, 10 and 11
would be most useful for this purpose and that the
values for one or more additional spots would not
increase the degree to which any strain could be
distinguished from the others.
Means were calculated for each set of values

obtained for components No. 3, 5, 10 and 11 of
each strain. Histograms of these means, illustrat-
ing profiles for each of the ten A. gambiae strains
studied, were prepared (Fig. 2). These strains can be
grouped according to pattern similarities-namely,
GG (A), MAK (B) and Pala (A); Dori (B) and
Lagos (A); and Diesso (A), Sass (A), and Sok (A)
and Sok (B). Generally, strains having similar pro-
files can be distinguished by quantitative differences
in fluorescence. For example, the mean values for
the Diesso (A) strain are higher than those for the
Sass (A) strain. The BK (B) strain possesses the
most distinctive profile, which is unlike that of any
of the others.
A comparison between strains of each of the four

fluorescent components is shown in Fig. 3. Compari-
sons by means of the " t "-test indicate that six
strains are differentiated by fluorescent component 3,
two strains by fluorescent components 5 and 10
respectively, and one strain by fluorescent compo-
nent 11. Table 2 lists the significant differences in
mean fluorescence values by component number.
On the basis of the results obtained from the

strains of Anopheles gambiae included in this parti-
cular study, it can be concluded that seven of the
ten strains can be identified and distinguished from
the others. Thus it appears that fluorometric quan-
titation of fluorescing components present in the
extracts of female mosquitos provides a biochemical
taxonomic technique that will permit the identifica-

DIFFERENCES IN

Component No.

3

5

10

11

TABLE 2
MEAN FLUORESCENCE VALUES a

Strains

BK (B) <

Diesso (A) <

GG (A) >

Lagos (A) <

MAK (B) >

Pala (A) >

BK (B)W. <

Diesso (A) >

BK (B) >

Dori (B) >

Diesso (A) >

Dori (B)

Lagos (A)

MAK (B)
Pala (A)
MAK (B)

Sok (B)

MAK (B)
Pala (A)

Sass (A)

Sass (A)

Diesso (A)

Lagos (A)

Sass (A)

Diesso (A)

Pala (A)

Sass (A)

Sok (A)

Sok (B)

Sok (B)

Dori (B)

Lagos (A)

Pala (A)

Sass (A)

a Statistically significant at the 5 % level.

tion and differentiation of strains or populations of
A. gambiae. This has not been possible previously
with more conventional methods.
As yet, not enough strains have been studied in

depth to make it possible to determine whether or
not all of the Group A strains or those of Group B
have a particular combination or complement of
fluorescing components that might be group-
specific. Since the use of live, anaesthetized specimens
for extraction and chromatography may enhance
the sensitivity of this method, this investigation
will be extended in depth to living material.
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FIG. 2

HISTOGRAMS BASED ON FLUORESCENT COMPONENTS NO. 3, 5, 10 AND 11 ON TWO-DIMENSIONAL
CHROMATOGRAMS OF TEN STRAINS OF A. GAMBIAE

FIG. 3

COMPARATIVE FLUORESCENCE OF FOUR TWO-DIMENSIONAL COMPONENTS
STRAINS OF A. GAMBIAE

IN EXTRACTS OF TEN
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RtSUMt

Les auteurs ont traite par le chloroforme-ethanol des
femelles adultes de moustiques appartenant a diverses
souches, non discernables morphologiquement, du
complexe Anopheles gambiae. Les extraits ainsi obte-
nus ont ensuite e soumis a une analyse chromato-
graphique.
A 1'examen chromatographique sur papier en rayonne-

ment ultraviolet, sept A dix composants fluorescents ont
pu etre mis en evidence. Les courbes de fluorescence
different quantitativement d'une souche A l'autre. Les
valeurs obtenues en chromatographie bidimensionnelle
ont e enregistrees et traitees par calculatrice electro-

nique. Les resultats, apres analyse statistique, indiquent
que la plupart des souches (sept sur dix) peuvent etre
caracterisees et distinguees sur la base de differences
quantitatives entre quatre fractions fluorescentes. Au
cours d'examens successifs, les valeurs respectives des
divers composants sont apparues remarquablement
stables et reproductibles.
Pour les auteurs, 1'evaluation quantitative des fractions

fluorescentes par chromatographie constitue une methode
biochimique suire conduisant 'a la differenciation de
souches ou de populations du complexe A. gambiae,
impossible a obtenir par les procedes classiques.
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