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Identification of Species Related to Anopheles
(Nyssorhynchus) albitarsis by Random Amplified
Polymorphic DNA-Polymerase Chain Reaction
(Diptera: Culicidae)

Richard C Wilkerson/*, Thomas V Gaffigan, José Bento Lima”

Department of Entomology, Walter Reed Army Institute of Research, Washington, DC 20307 US.A. *US.
Army Medical Research Unit - Brazil, Instituto de Biologia do Exército, Rua Francisco Manuel 102, 20911-270
Rio de Janeiro. RJ, Brasil

Species-specific Random Amplified Polymorphic DNA-Polymerase Chain Reaction (RAPD-PCR)
markers were used to identifv four species related to Anopheles (Nyssorhynchus) albitarsis Lynch-
Arribalzaga from 12 sites in Brazil and 4 in Venezuela. In a previous study (Wilkerson et al. 1995),
which included sites in Paraguay and Argentina, these four species were designated “47, “B”, “C"
and {2 [t was hypothesized that species A is An. (Nys.) albitarsis, species B is undescrrbed, species
(" is An. (Nys.) marajoara Galvdo and Damasceno and species D is An. (Nys.) deancorum Rosa-
Freitas. Species D, previously characterized by RAPD-PCR from a small sample from northern Argen-
tina and southern Brazil, is reported here from the type locality of An. (Nys.) deaneorum, Guajarad-
Mirim, State of Rondonia, Brazil. Species C and D were found by RAPD-PCR to be sympatric at
Costa Marques, State of Rondonia, Brazil. Species A and (C have vet to be encountered at the same
locality. The RAPL markers for species C were found to be conserved over 4,620 km; from lguape,
State of Sdo Paulo, Brazil 1o Rio Socuavo, State of Zulia, Venezuela. RAPD-PCR was determined 1o be

an effective means for the identification of unknown specimens within this species complex.

Kev words:

The Albitarsis Complex of dnopheles subgce-
nus Nvssorhayvnchus (Albitarsis Subgroup of
Linthicum 1988) is known to include a number of
cryptic species (Kreutzer et al. 1976, Steiner et al.
1982, Rosa-Freitas et al. 1990, Narang et al. 1993).
Most recently, using Random Amplified Polymor-
phic DNA - Polymerase Chain Reaction (RAPD-
PCR). Wilkerson et al. (1995) demonstrated the
existence of four species in the Albitarsis Com-
plex in Brazil, Argentina and Paraguay. Mem-
bers of this complex have been incriminated as
important vectors of malaria parasites (reviewed
by Rosa-Freitas et al. 1990) but, because members
of the complex are difficult to identify by mor-
phology, 1t 1s not known which species might be
responsible for transmission in a given area. QOur
objective was to 1dentify members of the Albitarsis
Complex by RAPD-PCR from additional locali-
tics and obtain reared associated sibling voucher
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- 1dentification

specimens for turture morphological studies.
Becuase of i1s simplicity, the use of morphologi-
cal characters 1s desirable as an aid to research in
vector biology. biogeography, malaria epidemiol-
ogy, malaria drug and vaccine trials and ultimately
develop methodologies and strategies for malaria
control. In addition, RAPD-PCR was investigated
as a possible means for routine identifications in
lieu of morphological identification keys.

At present, there are three valid species in the
complex: An. (Nys.) albitarsis Lynch-Arribalzaga,
1878 (Paraguay, southern Brazil and Argentina);
An. (Nys.) deaneorum Rosa-Freitas, 1989 (State
of Rondonia, Brazil);, and An. (Nys.) marajoara
Galvao and Damasceno, 1942 (Costa Rica to Bo-
livia). Wilkerson et al. (1995) designated the taxa,
characterized by RAPD-PCR, as species A, B, C
and D. They hypothesized that species A is 4n.
(Nys.) albitarsis sensu stricto, species B is
undescribed, species Cis An. (Nys.) marajoara and
species D 1s An. (Nys.) deaneorum. RAPD ge-
netic markers tound by Wilkerson et al. (1995)
were used to identify specimens collected at addi-
tional sites in Brazil and Venezuela. A summary
of the distnibution of the species and photo docu-
mentation of these markers is presented (Figs 1-
16; Tables I-111).
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RAPD (Williams et al. 1990, Welsh &
McClelland 1990) 1s a PCR-based technique which
has proven to be a quick and effective means of
identifying genetic markers. This technique per-
mits numerous markers to be assayved on DNA
extracted from a single mosquito. Instead of us-
Ing primer pairs as in traditional PCR, RAPD re-
actions use a stngle short primer (usually 10 bases
in length) of randomly chosen sequence. For a
RAPD band to be produced, the primer needs to
match a binding site that 1s within approximately
2-3 kilobase pairs of another oppositely oricnted
binding sitc so that the single oligonucleotide can
prime replication in both the forward and reverse
directions. A typical RAPD reaction produccs
multiple amplification products, each represent-
ing a discrete genetic locus, which can be resolved
easily by agarose gel electrophoresis. RAPD-PCR
has shown promise for usc in a wide variety of
organisms including bacteria, higher plants, ver-
tebrates, and invertebrates including mosquitoes
and other 1nsects. It has been used as a tool for
genetic mapping; strain, species and population
identification and systematics (Hadrys et al. 1992,
Chapcoetal. 1992, Black et al. 1992, Kambhampati
¢t al. 1992, Williams et al. 1993, Bowditch et al.
1993, Permring ¢t al. 1993, Gawel & Bartleit 1993,
Wilkerson et al. 1993, Wilkerson ct al. 1995).

MATERIALS AND METHODS

Identification - Peyton ¢t al. (1992) provide a
definition of the subgenus Nyssorhynchus. Spe-
cies 1n the Albitarsis Complex have hindtarsomere
5 without a basal dark band and vein 1A mostly
palc-scaled (Argyritarsis Scction) and sternum |
with a distinct row of white scales on each side
with posterolateral scale tufts beginning on seg-
ments [l or I'V. The sister specics An. braziliensis
(Chagas) has tufis beginning on segment I [see
Linthicum (1988) for additional immature char-
acters}.

Specimen preservation - Adults and larvae used
in DNA analysis were initially frozen in liqud ni-
trogen and transported to our laboratory on dry ice
where they were maintained at -70°C. Larval and
pupal exuviae were collected from individually
reared adults and preserved in 80% ethanol and
held for slide mounting. Each individually reared
specimen was given a unique code number that as-
sociated it with other progeny of a single female
and also associated it with a pin-mounted adult.

Source of specimens - Collection localities of
F1 progeny broods used in this study are given in
Table I along with those presented in Wilkerson et
al. (1995). Associated specimens retained for
morphogical study are deposited in the National
Museum of Natural History, Smithsonian Institu-

tion, Washington DC; US Army Medical Research
Unit, Rio de Janeiro; Instituto Oswaldo Cruz, Rio
de Janeiro, and the Nucleo de Pesquisa Taxondmica
e Sistematica em Entomologia Médica (INUPTEM)
at the Universidade de Sdo Paulo.

Fxperimental procedures - DNA Isolation.
Individual larvac or adults were ground with a
plastic pestle in microcentrifuge tubes in 200 pl
extraction buffer (100mM Tris pH 8.0, 100mM
EDTA, 100mM NaC(Cl); proteinase K was then
added to 200 pug/ml and SDS to 0.5%. Afier incu-
bation at 55°C for 3 to 12 hr, RNase was added to
a final concentration of 100 ug/ml and incubated
at room temperature for 30 min. The solution was
extracted once with an cqual volume of phenol/
chloroform/isoamyl alcohol (25:24:1, equilibrated
with 10 mM Tnis pH 8.0, ImM EDTA) by heating
to 55°C for 10 min with periodic mixing of phases.
After brief centrifugation in a microcentrifuge, the
supernatant was extracted with chloroform/
1soamyl alcohol (24:1) as above. The supernatant
was collected, 2 volumes (400ul) 95% ethanol
were added to it, and the solution stored at - 20°C
for 15 min to precipitate the DNA. The DNA was
pelleted (15,900 x g in a microcentrifuge for 4
min), washed with 700 pl 70% ethanol, dried un-
der vacuum, and dissolved in 100 pul 10 mM Tris
pH 7.5, ImM EDTA. Typical viclds were 0.5 1o
6.5 ng DNA per individual. RAPD PCR amplifi-
cation. Detalled procedures are discussed in
Bowditch et al. (1993). Total reaction volumes of
25 pl were used with the following final concen-
trations: 11 mM Tns-HCI (pH 8.3); 50 mM KClI;
1.9 mM MgCl12; 0.1 mg/ml BSA: 0.1 mM each of
dATP, dCTP, dGTP and TTP; 0.24 pmol/ul (6
pmol) primer, 0.2-4.0 ng/ul iecmplate DNA: and
(0.02-0.06 U/l (0.5-1.5 units) Tag DNA poly-
mcrase. PCR conditions. A Perkin-Elmer Cetus
model 480 thermocycler was used for all reactions
with the following parameters: onc min denatur-
ation at 94°C followed by 45 cycles of one min at
94°C, annealing one min at 35°C and clongation
two min at 72°C, all with minimum ramp times.
Agarose gel electrophoresis. Using standard meth-
ods (Sambrook ¢t al. 1989), amplification prod-
ucts were analyzed using a USA Scientific “Extra
Wide” mimt honizontal system (cat. no. 3488-0000)
which uses 100 ml 1.5% agarose minigels with
0.8 pug/ml ethidium bromide run at 50 volts/25
milliamps for about 3 hr in TBE (89mM Tris base,
89mM boric acid and 2ZmM EDTA, pH 8.3).
Amplification products were observed and photo-
graphed using short wave (312 nm) ultraviolet
light. Molecular weight standards were provided
by lambda DNA digested with Hind III, and
O X174 DNA digested with Hae 111 (New England
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Biolabs). The approximate molecular weight of
amplification products was calculated using a pro-
gram written for Lotus 1-2-3 by AF Cockburn,
United States Department of Agriculture,
Gainesville, Florida, USA. Oligonucleotide prim-
ers. All primers were 10 bases in length. Primers
were purchased from Operon Technologies,
Alameda CA. Primers discussed in the text have
the following sequences (5'-3"): BI16,
TTTGCCCGGA, B0O5, TGCGCCCTTC;, DOL,
ACCGCGAAQGG, C07, GTCCCGACGA: B02,
TGATCCCTGG; A01, CAGGCCCTTC; C19,
GTTGCCAGCC; Cl16, CACACTCCAG; C15,
GACGGATCAG; Bll, GTAGACCCGT; Al2,
TCGGCGATAG; A08, GTGACGTAGG.

Based on the results of Wilkerson ¢t al. (1995)
(Figs 2-13) the following primers were used to am-
plify species-specific markers for identification of
unknown specimens: Sp A, primers A01, B16, (2
markers); Sp B, primers C07, B02, C15 (4 mark-
crs), Sp C, primers AO1. C16, C19, DO1 (7 mark-
crs), and Sp D, primers A12, DO1 (3 markers). In
addition, the presence or absence of shared bands
produced by primers B05 (species A,C). C19 (spe-
cies A,B.D) and DO1 (species C,D) were also taken
1into consideration (Table IT). In order 1o make di-
rect companison with previous results, known speci-
mens were run with all unknowns. To minimize
the number of reactions needed for an identifica-
tion, a “best guess” of a species identity was first
made based on published and unpublished analy-
scs of morphological characters [¢.g. larval seta 3-
C branched 1n 4An. (Nys.) deaneorum (Rosa-Freitas
1989) or length of basal dark band on hindtarsomere
2 and the relative length of the prehumeral dark
spot (unpublished data)], or based on what is al-
ready known about the distributions of the species
(c.g. species A 15 only recorded from southern Bra-
zil, Bolivia, Paraguay and northern Argentina while
species B has not been recorded from western Bra-
zil}). A species-specific primer was then used for
the suspected species. Those matching were veri-
fied with one or two additional species-specific
pnimers. Those that didn’t match were tested with
a next “best guess”. Figure 14 shows species C
pnmer Al2 run with a series of spectmens from
Venczuela (lanes 4-18) and a single specimen from
the State of Bahia, Brazil (lane 3). The known speci-
men of species C is in lane 2 from the type locality
of An. (Nys.) marajoara, 1lha de Marajo, State of
Para, Brazil. The specimen in lane 3 that did not
match was then run with species B primers with
which 1t did match (not shown). Figure 15 shows a
sertes of specimens from the type locality of 4n.
(Nys.) deaneorum, Guajara-Mirim, State of Rond6-
ma, Brazil (lanes 3-11 and 13) which, when run with
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species D primer Al2, compared positively with a
known species D from Guaira, State of Sdo Paulo,
Brazil (lane 2). The specimens that did not match
(lanes 12 and 14-19) from Peixoto de Azevedo, State
of Mato Grosso, Brazil are among those run with
species C primer C19 shown in Fig. 16 (lanes 3-9).

RESULTS

Based on genetic markers determined by
Wilkerson et al. (1995) (Figs 2-13; Table II) we
were able to identify the four known species be-
longing to the Albitarsis Complex from an addi-
tional 12 sites in Brazil and 4 in Venezuela (Table
I. Fig 1). An additional eight individuals of spe-
cles A, 41 of species B, 108 of species C and 26 of
specics D were identified. All {(except nine spe-
cies C) represent separate progeny broods with as-
sociated larval and pupal skins and pinned adults.
To carry out 1dentifications we used ten of the 12
primers used by Wilkerson et al. (1995) (Table 11:
Figs 2-13). These primers produced correlated
markers as follow: A(3), D(3), B(4) and C(7).
These data validate previous results (Wilkerson ct
al. 1995) with some variation (Table III).

Although 1t 1s preferable to use absolutely
“fixed” markers for identifications, in reality this
1s probably not possible when one uses larger
samples and/or widely scparated populations. It
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Fig. 1. summary of geographical distribution of the four known
species in the Albitarsis Complex determined by RAPD-PCR.
Presumed 1dentities (see text) of species are as follow: A =
albitarsis; B = undescribed, C = marajoara and; D = deaneorum.
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TABLE 1

Identification of Albitarsis Complex by RAPD-PCR ¢ RC Wilkerson et al.

Summary of collection localites for Albitarsis Complex species identified by Random Amplified Polymorphic

State/ [Locality Coordinates [Date Speﬁies(n) Map Ref
Province
BRAZII.
Rondonia“ Costa Marques 12°28'S 64°16'W 28-111-92 C(16), B(3) 13
Rondbénia“ Guajara-Minim 10950'S 657 20°'W 26-VI1I-92 IX23) 12
Para“ Beiem 17278 48-20W }-X-92 B(2) 8
Para“ Primavera (0756'S 47°06'W 16-X-92 B(5) 9
Mato Grosso” Matupa. Pcixoto 10°23'S 34°54W 20-1V-93 C(29). B(12) 14
de Azevedo
Bahia* itaquara 13726'S 39-°56'W 30-[-93 13(9) 15
Ceara* Fortaleza 3743'S 38°30°'W 8-111-93 B(11) [1
Ceara“ Parapaiba 3725°S 39713'W G-11-93 13(13) 10
Santa Catarnina“ Massaranduba 26735'S 48758'W 8-1-93 A(R) 26
Kio de Janeiro¥ Morro da Pancla 22'58'S 43°21'W 19-193 13(1) 18
Amarzo.aas” Manaus 27°53'S 607 15'W 16-XI11-93 C(34) 7
Sde Pauio [lha Comprida 24°42.8'S 47731 O'W 9-11-89 C(18) 24
Sao Paulo 6 km SW Registro 24°36.8'S 47553 I'W 26-[-92 A(30), B(19) 25
Sdo Paulo Ponte Melo Peixoto  22939.05'S 33-01'W i0-11-92 A(l) [7
PPara Capanema 1°24'S 47V 1 1I'W VIII-93 C(8). B(1) 6
Para [tha de Marajo F-00'S 49-30W VII-91 C(43) 5
Parana santa Helena 24556™S 534-23W 30-[-92 A5, DD 20
Parana nr. (ruaira 24704'S 34" 15'W [-11-92 A(CL2), B(D, IX4) 19
Fspinto Santo Agua Branca 187595 40744'W 20-1-92 B(1) 16
VENEZUELA
Zula“ Rio Socuavo 854N 72" 3IR'W 22-1X-92 C(16) ]
Zulia¢ Tres Bocas 78 34N 72-38'W 24-1X-92 C() 2
Cojedes Finca Rosa Blanca  9.6"N 68.9°W 26-VI1-91 C(10) 4
[3arias Castilla 825N 70"38W 14-1X-92 C(2) 3
PARAGUAY
Alto Parana Rio Acaray 25°29'S 54742"W 4-11-92 A(D 22
Alto Parana Hernandanas 25-22'S 54745'W 6-H-92 A(8), 13(6) 21
Alto Parana nr. National Airport  {(not known) 8-11-92 B(9) 23
ARGENTINA
Misiones Pasadas 27-23'S 55753'W 30-1-92 A(12) 27
Corrientes 90km W Posadas (not known) 31-1-92 AL, D(2) 28
Corrientes Corrientes 27288 59-50'W 31-1-92 A(D), D(2) 29
Corrientes [1km W Mercedes  29Y12'S 58°05'W 1-TE-92 A(5) 31
Corrientes Santa Tome 287335 36-03'W 2-T1-92 A(8) 30
Buenos Aircs Baradero 33°48'S 59-30'W 6-11-92 A(22) 32

DNA - Polymerase Chain Reactton

a: collection localities presented here for the first time, others appear in Wilkerson (1995).

sion about assigning individuals to their respec-
tive genetically defined taxa. A comparison of
the {requency of diagnostic markers between
Wilkerson et al. (1995) and the present study show
some differences. The (.38 kbp band produced by

1s not critical for the effective usc of RAPD mark-
ers, to have100% fixed markers, but to have nearly
fixed markers that are correlated. As long as all
the exceptional missing markers do not correspond
1n a single individual, there should be no confu-
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Fig. 2: RAPD amplifications of Albitarsis Complex species A
with primer B16. Arrow on right indicates fragment of ap-
proximately 1.75 kbp. Lance 1. DNA size standard; 2-3.
Baradero, Argentina: 4, Registro, Brazil. S, Santa Tome, Arg,:
0. Posadas, Arg.. 7. Corrientes, Arg. 8, Mereedes, Arg.; 9,
near Santa Helena, Braz:il, 10, near Guaira, Brazil 11,
Melo Peixoto, Brazil,

Ponte

1 2 3 4 5 6 7 8 9

3 4 5 6 7 8 9 1011

1 2

Fig. 30 RAPD amphtications of Albstarsis Complex species A
with primer BOS. Arrow on lefl indicates fragment of ap-
proximalely 1.75 kbp. Lanc 1, DNA size standard; 2-3.
Baradero, Argentina: 4. Registro, Braz:l, 5, Santa Tomé, Arg.;
0, Posadas, Arg.. 7. Corrientes, Arg. 8, Mercedes, Arg.; 9,
near Santa Helena, Brazil, 10, near Guaira, Brasil: 11, Ponte
Melo Peixoto, Braril.

T 12 13 14 15 16 17 18

Fi1g. 4: RAPID amplifications of Albitarsis Complex species with primer DO1. Lanes 2-5. species A; 6-9. species B; 10-14, species C;
15-18. species D. Arrows on left indicate fragments of approximately 2.32 kbp (all species) and 1.42 kbp (species A and B); arrows on
right indicate fragments of approximately 0.96 kbp (species D), 0.80 kbp (species C and D) and 0.55 kbp (species C). Lane 1, DNA
size standard (see Fig. 2); 2-3, Baradero, Argentina; 4, 6-7, Registro, Brazil: 5, 17. 18, near Guaira, Brazil: 8-9. 15, Hemandarias,
Paraguay, 10-12, [lha de Marajo, Brazil, 13-14, [guape, Brazil; 16, 90 km W Posadas, Arg.

primer CO7 and the 1.88 kbp band produced by
primer BO2 were missing in a small percentage of
specimens reported here for the first time. Also,
the 1.41. 1.22 and 0.85 kbp bands produced by
primer AO0! for species C were found in slightly
lower frequencies than before. Wilkerson et al.
(1993) reported that only one individual out of 61
had two of the three bands missing. In the present
study, two of 108 also lacked these same two bands

(1.22 and 0.85 kbp). However, the other four spe-
cies C markers tested for by primers C16, D01
and C19 were present in both individuals.

The 1.00 kbp marker produced by primer C15
in species B was the only one found to be abscnt
In a significant proportion of individuals compared
to the previous study (100%, 15/15 vs 68.3%, 28/
41). In addition, a 1.41 kbp band produced by
this pnmer which was not recognized as a poten-



726 Identification of Albitarsis Complex by RAPD-PCR ¢ RC Wilkerson et al.

1 2 3 4

- & 7 8 9 10 1

Fig. 5: RAPD amplifications of Albitarsis Complex species B
with primer C07. Arrow indicates fragment of approximately
0.41 kbp. Tane 1, DN A size standard (see Fig. 2); 2-5, Registro,
Brazil; 6-10, Hernandarias, Paraguay; 11. Aguia Branca, Fspirito
Santo. Brazil.

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10 11

Fig. 6: RAPD amplifications of Albitarsis Complex species B
with primer B02. Arrow indicates fragment of approximately
1.88 kbp. Tanc 1, DNA size standard (sce Fig. 2); 2-5, Registro.
Brazil: 6-10, Hemandarias, Paraguay; 11, Aguia Branca, Espirito
Santo, Brazil.

11 12 13 14 15 16 17 18 19 20

Fig. 7: RAPD amplifications of Albitarsis Complex species with pnmer AO1. Lanes 2-11, species C; 12-19, species A. Arrows on left
indicate fragments of approximately 1.41, 1.22 and .85 kbp (species C); arrow on nght indicates fragment of approximately 2.03 kbp
(species A). Lanes 1, 20, DNA size standard (see Fig. 2); 2-11, [guape, Brazil. 12-15, Baradero, Argentina; 16-17, Registro, Brazil;

18-19, Hemandarias, Paraguay.

tially usetul species-specific marker becausce of its
inconsistent brightness, was actually consistently
present and recognizable 1n all individuals tested.
A possible homologous 1.41 kbp band was seen
in four of fificen species C. but further testing was
not done to verify its sizc.

Twenty-three progeny broods from the type
locality of An. (Nys.) deaneorum matched for all
three markers previously determined for species
D. Even though the initial specics D sample from
northern Argentina and southern Brazil was small
(n = 9), these markers were also present in the

larger sample (n = 26) from two localities in the
Statc of Rondonia, Brazil.

A distance of approximatcly 2,400 km was
previously reported (Wilkerson et al. 1995) be-
tween populations of species C. With the addi-
fion of specimens of specics C from Venezuela,
the maximum distance we have found between
populations exhibiting the same diagnostic mark-
crs 1s now approximately 4,620 km (Iguape, State
of Sdo Paulo, Brazil to Rio Socuavo, State of Zuha,
Venezuela),

speccics C and D were sympatric at Costa
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12 13 14 1516 17 18 19 20

Fig. 8: RAPD amplifications of Albitarsis Complex species with pnmer C19. Lanes 2-7, species C; 8-11, species A; 12-15, species B;
16-19, species . Arrows on left indicate fragments of approximately 1.172 and 0.88 kbp (species C); arrow on right indicates
tragment of approximately 1.30 kbp (species A, B and D). Lanes | and 20, DN A size standard (see Fig. 2). 2-4, [lha de Maraj6, Brazil;
5-7, Iguape, Brazil; 8, Posadas, Argentina; 9, Baradero, Arg.; 10-13, Registro, Brazil, 14-15, Hernandanias, Paraguay; 16-17, 90 km

W Posadas, Arg.; 18-19, near Guaira, Brazil.

1 2 3 4 5 6 7 8 ¢ 10 11 12 13 14

A

Fig. 9: RAPD amplifications of Albitarsis Complex species C with primer C16. Arrow indicates fragment of approximately 0.993
Kbp. Lanes 1 and 14, DNA size standard (see Fig. 2); 2-5, Ilha de Marajo, Brazil, 6-9, Iguape, Brazil; 10-13, Capanema, Brazil.

Marques, State of Rondonia, Brazil. These two
species had been collected previously in the same
human and bovine bait collections (Klein & Lima
1990). With this finding, all possible pairs of spc-
cies, except species A and C, have been found to
be sympatric at some locality. The site near Guaira,
State of Parana, Brazil remains the only site
sampled with three of the species occurring to-
gether (A, B, D).

DISCUSSION
Using RAPD-PCR we have begun to solve parts

of the Albitarsis Complex puzzle. However, the
relation of most previous epidemiological, biologi-
cal and morphological studies to our results can-
not be determined with certainty (also discussed
in Wilkerson et al. 1995). Many have attempted
to corrclate malaria transmission with behavior
and/or relative length of the dark portion of
hindtarsomere 2 (reviewed by Rosa-Freitas &
Deane 1989 and Rosa-Freitas et al. 1990). Some
of the studies demonstrated a correlation, while
most were ambiguous. These attempts had their
basis in early observations regarding malaria trans-
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16 17 18 19 20

Fig. 14 RAP amplifications ol Albitarsis Complex species with primer C15. Tanes 2-7. speaies 120 8B-13_species AL 14-19, species
13 Arrow on lefl indicates tragment of approsimately 1.2 kbp (species Dy, armows on night indscate fragments of approximately 1.G0
Kbp and 141 kbp (specics By and 0.86 Kbp (species Ay Tanes T and 20, DNA size standard {(see g 2) 2-3. 90 km W Posadas.
Argentina. 4, 6. 9. Corrientes, Arg: 5013 near Guaira, Brazil. 7. 120 near Santa Helena, Brazil, &, Posadas, Arp.. 10, Baradero, Arg.:

i1 14-16. Repustro, Brazl: 17-19 Hermandanas, Paraguay.

T2 3 4

5 6 7 8B 9

10 11 12 13 14 15 14 17 18 19 20

Fig. 11: RAPD amplifications of Albitarsis Complex species with primer B11. Lanes 2-9, species D, 10-14, species A; 15-19, species
B. Arrow on lefl indicates fragment of approximately 1.26 kbp (species 1) Lanes 1 and 20, IDNA size standard (sce Fig. 2); 2-3, 90
km W Posadas, Argentina; 4, 7-9, 14, near Guaira, Brazil; 5, Cornientes, Arg.; 6, near Santa Helena, Brazil, 10, Posadas, Arg.; 11,
Mercedes, Arg.. 12, Baradero, Arg.. 13, 15-16, Registro, Brazil, 17, Aguia Branca, Espirito Santo, Brazil: 18-19, Hernandarias,

Paraguay.

mission and biting-resting behavior. Galvao and
Damasceno (1944) regarded An. (Nys.) alhitarsis
albitarsis as exophilic, not related to malara trans-
mission and to have 77-84% of hindtarsomere 2
dark. The only specimens we have seen that agree
with this description of hindtarsomere 2 arc de-
scribed here as species A, “true” An. (Nys.)
albitarsis. At the same time, Galvio and
Damasceno (1944) described as new An. (Nys.)
alhitarsis domesticus, regarding it as endophilic,

rclated to malaria transmission and to have 36-
50% of hindtarsomere 2 dark. As a basis for their
description they contrasted domesticus 10 An.
(Nys.) albitarsis albitarsis. An. (Nys.) albitarsis
domesticus was later synonymized under An. (Nys.)
marajoara by Linthicum (1988). Since the type
locality for both species is the same, and because
no lype specimens apparently exist for An. (Nys.)
albitarsis domesticus to refute this, we agree with
Linthicum’s synonymy (previously rcported in
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tag. 12 RAPD amphifications of Albitarsis Complex species D
with primer Al2. Arrow on feft indicate fragment of approxi-
mately 1.09 kbp. [ane 1. DNA size standard {sce Fig. 2, 2-3, 90
km W Posadas, Argentina; 4, 6, Cornentes, Arg.; 5, 8-10, near
Guaira, Brazil;, 7. near Santa Helena, Brasal
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1 2 3 4

Fig. 13: RAPD amplifications of Albutarsis Complex species D
with primer AUB. Arrows on left indicate fragments of approxi-
mately 1.41 and 1.09 kbp. Lane 1, DNA size standard (see Fig.
2); 2-3, 90 km W Posadas, Argentina; 4, 6, Comentes, Arg.; 5, 8-
10, near Guaira, Brazil; 7. near Santa lHelena, Brazil.

10111213 14 1516 17 18 19

Fig. 14: screen of unknown Albitarsis Complex specimens with species C pnimer Al12. Lanes 1 and 19, DNA size standard (see Fig.
2); lane 2, llha dc Marajo, Para, Brazil, type locality of An. (Nys.} margjoara; lane 3, Itaquara, Bahia, Brazil; lanes 4-18, Rio
Socuavo, Zula, Venezuela. When the specimen from [taquara was run with species B primers C07, B02 and C135, it matched other

specimens of species B.

Wilkerson ¢t al. 1995). Even though there is a
temptation to use such a useful descriptive name as
“domesticus” for members of this complex that en-
ter houses and transmit{ malana, it should no longer
be used stnce there may be several species which fit
thas description, to which none the name “domes-
ticus” can be applied. After samphing 18 widely
separated populations in Brazil, Rios et al. (1984)
also came to the conclusion that it was impossible
to separate the two putative subspecies, An. (Mys.)
albitarsis albitarsis and An. (Nvs.) a. domesticus,
using these same “traditional” characters.

Anopheles (Nys.) marajoara sensu Linthicum
(1988) is based primarily on specimens from
Panama, not the type locality, I1ha de Maraj6, Bra-
z11. He included all specimens that he studied,
except An. (Nys.) albitarsis s.s., ranging from
Costa Rica to southern Brazil, under the name An.
(Nys.) marajoara, including those that were later
described as An. (Nys.) deanorum. His discussion
points out the great variation he found which
strongly suggests that he was dealing with a mix-
ture of taxa.

Previous cytogenctic and molecular studics
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Fig. 15: screen of unknown Albitarsis Complex specimens with species D primer A12. Lanes 1 and 20, DNA size standard (sce Fig.
2); Lanes 3-11, and 13, Guajara-Mirim, Ronddnia, Brazil, type locality of An. (Nvs.) deaneorum, lanes 12 and 14-19, Peixoto de

Azevedo, Mato Grosso, Brarsl.

1 2 3 4 5 6 7 8 9

101112 13 14 1516 17 18 1?2 20

Fig. 16: screen of unknown Albitarsis Complex specimens with species C pnimer C19. Lanes 1 and 20, DNA size standard (sec Fig.
2): lane 2. ilha de Marajo, Para, Brazil, type locality of An. (Nys.) maraqjoara;, lanes 3-19, Peixoto de Azevedo, Mato Grosso, Brazil.
Includes specimens not matching markers for species D primer Ai2 given in INg. 135.

have oflcred some insight into understanding this
complex. It 1s not clear how these findings relate
to those presented here because 1n most cases
voucher specimens are not availablc for compari-
son. Kreutzer ¢t al. (1976) found three chromo-
somally differentiated populations, “C" in Colom-
bia and Venezuela and two others. B, and B, rang-
ing from Rio de¢ Janeiro to Belém and just north of
Ilha de Maraj6. We do not believe that we have
vet sampled their population ~C”. Steiner et al.
(1982). using isozyme analysis, found three “ge-
netically diffcrentiated” populations at silcs [rom
Sdo Paulo to just west of Marajo 1sland based on
12 allozyme loci and chromosome analysis, Ac-

cording to their map, species “a” and “b” wcre

found near the coast and “b” was also found 1n-
land but, according to their Tablc II, “a” was also
found with “b” inland at Logoa (sic, Lagoa?) Fcia.
An additional discrepancy failed to show species
“b” at Araraquara, sympatric with their species
“¢”. These possibly correspond to “B;” and “B,”
of Steiner et al. {1982). Howcver, we were not
able to locate published information on chromo-
somes cited in their analysis. In a study of 10
populations Rosa-Freitas et al. (1990) found no
morphological differences, cxcept tor 4n. (Nys.)
deaneorum, but through 1soenzyme analysis con-
cluded that there were five “groups™ in Brazil and
Argentina. Narang et al. (1993) compared four
populations in the Albitarsis Complex in Brazil
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Summary of Randon Amplified Polymorphic DNA
markers used to identify species of the Albitarsis

Complex
Primer  Approximate A B C D
kbp
B16 1.75 +4 - -
BO3S 1.74 + — + -
D01 2.2-2.3 + + . +
(.96 - - — +4
0.80 -~ - + +
.55 — — +4 —
CO7 (.38 - +4 -
B0O2 1.88 +49 —
A0 2.03 +4 - -
1.41 — — +4 —
1.22 - t9
() 85 . _ +d .
C19 1.30 t + — +
1.17 —~ — +4 -
(.88 — +4 —
Cl6 (.99 — +4 -
Cl15 1.41 — +4 - -
1.24 - - - +4
1.00 +4 -
0.86 +4 - : -
B11 1.78 + 1 +
1.26 — - 14
Al2 1.29 — - +4
1.09 — +4
AQ8 1.09 — - 14
a: specles specific markers; +: marker in common to

more than one species;

. marker not present species
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using 18 allozyme loci and mitochondrial DNA
restriction fragment length polymorphisms. They
reported that two morphologically distinct taxa
existed, An. (Nys.) deaneorum and An. (Nys.)
marajoara, the latter made up of 2 or 3 biochemi-
cally recognizable forms. One of the forms of An.
(Nys.) maragjoara was sympatric with An. (Nys.)
deaneorum at Costa Marques, State of Rondénia,
and the other one or two forms of An. (Nys.)
marajoara, depending on inierpretation, were from
[guape, State of Sdo Paulo, and from its type lo-
cality of Maraj6 Island, State of Para. The Iguape
specimens are the same as those used by us in the
present study (species C) and may represent a spe-
cics responsible for a malaria outbreak in Iguape
reported by Schiavi (1945). As reported here the
two species from Costa Marques {C, D) are prob-
ably An. (Nys.) marajoara and An. (Nys.)
deaneavrum.

RAPD-PCR has proven to be effective in sepa-
rating cryptic Anopheles species and for identify-
ing unknown specimens. It has the potential for
use as a routine diagnostic tool for identification
of Anopheles sibling species, but because of the
sensitivity of RAPD-PCR to changing experimen-
tal conditions, care should be taken in its use (Wil-
liams et al. 1993, Black 1993). It has the advan-
tage of relatively low initial investment of time
for determining species-specific markers when
compared to designing and testing custom-made
species-specific PCR primers based on known
nucleotide sequences.

TABLE Il

Ihagnostic primers used for identification of Albitarsis Compelex species and comparison fo
Wilkerson (1995) results

Wilkerson (1995) Present study

_Spf.:cies Primer Appox. I{bp_
A BO5 1.74
Bl6 1.75
A0l 2.03
B CO7 (.38
B2 1.88
C15 1.00
1.41
C Cl6 0.99
1301 .55
AD1 1.41
1.22
0.85
C19 1.17
0.88
D Al2 1.29
1.09
D1 0.96

121/121 (100%)
81/82 (98.8%)
118/118 (100%)

32/32 (100%)
35/35 (100%)
15/15 (100%)
15/15 (100%)

63/63 (100%)
42/42 (100%)
59/61 (96.7%)
58/61 (95.1%)
59/61 (96.7%)
58/58 (100%)
58/58 (100%)

9/9 (100%)
9/9 (100%)
9/9 (100%)

&/8 (100%)
8/8 (100%)
8/8 (100%)

40/41 (97.5%)
38/41 (92.6%)
28/41 (68.3%)
41/41 (100%)

66/66 (100%)
29/29 (100%)
1/108 (84.3%)

86/108 (79.6%)

100/108 (92.3%)
84/84 (100%)
84/84 (100%)

26/26 (100%)
26/26 (100%)
26/26 (100%)
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