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Abstract

The mosquito Anopheles nili is widespread across tropical Africa and appears to be the
major vector of malaria in some rural forested areas of central Africa. Here we describe the
isolation of 11 microsatellite polymorphic loci from the A. nili genome, displaying a high
among-individual diversity (0.58-0.96) in samples from west Africa. Two loci displayed a
significant departure from Hardy-Weinberg proportions across all samples, suggesting a
substantial frequency of null alleles. The remaining nine loci are good candidates for

further genetic studies in this species.
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Anopheles nili (Theobald) (Hamon & Mouchet 1961) appears
to be the major vector of malaria in some rural forested
areas of central Africa, with entomological inoculation
rates reaching 100 infective bites per person and per year
(Carnevale et al. 1992). Larvae of A. nili are typically found
in vegetation or in dense shade along the edges of streams
and large rivers. The extensive morphological, ecological
and ethological variations among A. nili populations have
been reported by many authors (Gillies & De Meillon 1968;
Carnevale ef al. 1992; Brunhes et al. 1999) suggesting that
A. nili is a species complex. This species complex includes
A. nili sensu stricto, which is anthropophilic and displays
several morphological variants (Gillies & De Meillon 1968),
the recently described A. carnevalei (Brunhes et al. 1999) as
well as the rare zoophilic and highly exophilic A. somalicus
characterized by slight differences observable only at the
larval and pupal stages (Gillies & De Meillon 1968; Gillies
& Coetzee 1987). The development of methods allowing
precise characterization of genetic variation and popu-
lation structure will improve our understanding of A. nili
transmission patterns. In this work we describe the first
microsatellite loci from A. nili s.s., the most widespread
species of the complex.
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Microsatellite loci were isolated as described by Estoup
et al. (1993) using the detailed protocols of A. Estoup and
O. Martin (available at http://www.inapg.inra.fr/dsa/
microsat/microsat.htm). Genomic DNA was extracted
from a pool of 20 A. nili s.s. specimens and totally digested
by Sau3A. Size-selected fragments (400-900 bp) were
ligated into the pUC18 vector (Pharmacia) digested by
BamHI and plasmids were used to transform XL1-blue
competent cells (Stratagene). Approximately 3000 recom-
binant clones were transferred onto Hybond-N+ nylon
membranes (Amersham) and screened with an equal
mixture of (TC);, and (TG),, digoxigenin-end-labelled
oligonucleotide probes (Boehringer Mannheim). Plas-
mid DNA from 69 positive clones was purified using a
QIAprep Spin Miniprep Kit™ (Qiagen) and the inserts were
sequenced on an ABI 310 sequencer (Applied Biosystems)
with the universal pUC18 primers PU 5-GTTTTCCCAGT-
CACGACGTTGTA-3" and PR 5-TTGTGAGCGGATAA-
CAATTTC-3 and the BigDye™ Terminator Cycle Sequencing
Kit (Applied Biosystems). The polymerase chain reaction
(PCR) primers were designed flanking 22 microsatellite
sequences using the software PRIMER 3 (Rozen & Skaletsky
2000). Primer pairs were chosen to amplify short (100260 bp)
PCR products.

Microsatellite variability was analysed using 30 indi-
viduals from Cameroon, 10 from Burkina Faso and seven from

© 2003 Blackwell Publishing Ltd



PRIMER NOTE 395

‘suonerndod unpim spenprarpur 3uoure AJISISAIP ‘I ‘Dinjeradwa)
Surpesuue uogoear ureyp asexswkod ° 1 ‘oz1s uonendod ‘N “Aousyep 93034201939 (GO0 > J) YULIYIUSIS © 9j0Udp s1ajorIeyd Pog (F861) WeYID0D) 3 I, Surmof[oy pajewnss axe SLy

L £-OVVDIDVOVDIOLNYYD-,G

€v1'0 €89°0 €¥I0 9 2980 1€C0 9 6640 ¥CI'0 0¢ ¢eC—00C 4! TS SLT9eslv ,€-LODDYOIVYYIVYOYILD-,S fov)  ¥eIv
€-DDDOVDDODLIYOLLIOO-S

Iro L0 8¥v0°0 L Ge8'0 €420 9 80 G600 6¢ 881991 6 9S  04T9¢S[V ,£-DYDDODDODDVOVYOVOY-S  {(O¥)Iv(0¥)0D% (oY) €1
,£-DODDLLYODIOLOLLOVOY-,G

100 V440 LL00 L 8640 ¥01°0 L €940 ZLST'0 8¢ Lel-¢ecl 8 TS €L29¢sIV ,€-DDDOVILOIOVYODIDILLYY -, R672) B} o Y4
L €-DDDIOVOLINOLOVODVOVY-,G

0€T°0 698°0 8410 L V.40 9%F°0 L €060 T1S0°0 8¢ £91—-4cl 8L G5 8/79¢s[V ,/€-ODYDLYDLOLODLLOOLOL-, S "or) 964
,£-OODLLLYOVOLLLLLODLYDO-,S

£20°0 GLL0 Te00—- S 1280 €¥00— £ 8/8°'0 0500 O0¢ 10c—-¢9/1 €l 9S  9/79¢S[V ,€-D0DIOYIDIDINVIOLIVINL-,G ) qrid
L €-DDDIDIVYDODDINIOLI-,S

Y070 €680 <¢I'0— £ €240 £Le00— 8 898°0 S¥1'0 0¢ 6CC—S61 8 9S  TLT9ES[V ,€-D00VDLVYIODLYODLILL-,S bv) eIV
LE-DOLLYDILIODDLOLLIOODL-, G

80T°0 796'0 6ST0 L 8¢6'0 ¢€¥00— ¥ 8160 €600 0¢ 991-¥11 (44 66  8979¢sIV ,€-O0YD0DIONYYIDLLIOD-S  “(OL)OV (LoD '(0L) LTVl
L E-VDIOVOVIOVIODDOVOD-,S

9400 ¢s6'0  S00—- £ 996’0 S1C0 8 96'0 9¢00 Z¢ €ec—oLl 8¢ TS LLT9ESIV /E-DIY OOV ODOOVL-,S f@o)ra'' o) 1vd
C-DOVYYILIODIOIOLLIVD-,G

6600 76’0 6800 L 0L6'0 S¥1°0 6 €16'0 4800 O0O¢ LL1-S11 6l IS 6979¢S[V ,€-DLOVYDIYOVODLLIOD-,S 8Lwo) 08d1
£-DVDIOYDIOVYY.IOVOD-,S

€600 8640 G/00— £ 2980 LI¥0 8 1940 £E00 0€ 00C-¢6 cl IS PLT9ES[V (£-LLIDDIOIOYOOOLLI~G  &(I19)20%(o)wn" (19) 143
L,£-DODLILIOYILODIVIOLOIOID-,S

<900 9¢/0 810— £ €890 6¢¥0 9 9¢L’0 ¥900 6¢ 861-¥/41 6 9¢  1/79¢SIV RO ALV ALIS IS O30 3) o)} (w0) €101

Sy -1 Sy N IuI)-1 Sy N W1 iy N dq) seEIEe (Do) ‘ou saouanbas rourn ] jpow jeaday  snoo

o8uer az1s jo  °p orsseoy
nv QII0AL,P 310D ose, euppng uooIwe) APV ON

1111 Sajaydoity JO 00T SI[[9JESOIOTW [ JO SONSLIdOeIRY)) T d[qeL

© 2003 Blackwell Publishing Ltd, Molecular Ecology Notes, 3, 394-396



396 PRIMER NOTE

Cote d’'Ivoire. DNA was isolated from single specimens
following Collins et al. (1987). The shortest primer (or the
forward primer if both were of the same size) had a 19-base
extension at its 5" end with the sequence 5-CACGACGTT-
GTAAAACGAC-3" (Roy et al. 1996). This sequence is
identical to an IR-labelled (LI-COR dye; IRD-700 or IRD-800)
universal M13 forward primer (Steffens et al. 1993). The
PCR amplifications were carried out in a 20-uL reaction
volume from approximately 5-10 ng of template DNA.
The reaction mixture contained 1x PCR buffer (Eurogentec),
200 um each ANTP, 1.5 mm MgCl,, 50 pmol of the primer
with M13 tail, 100 pmol of the nontailed primer, 10 pmol
of IR-labelled M13 forward primer and 1 U Goldstar Taq
Polymerase (Eurogentec). Amplifications were performed
using a Mastercycler gradient thermocycler (Eppendorf)
under the following conditions: an initial denaturation
at 94 °C for 4 min followed by 30 cycles of 30 sat 94 °C,30 s
at the annealing temperature (T,; Table 1) and 30 s at 72 °C
and a final elongation step of 2 min at 72 °C. Amplified
fragments were separated on 6.5% polyacrylamide
denaturing gels using a LI-COR (IR2 LI4200S2G). The size
of the alleles was determined relative to the amplified
clone size, loaded on the gel every six lanes. If necessary,
two or more runs were performed to verify the allele
typing by re-ordering the samples.

Fifteen of 22 pairs of primers flanking microsatellite
sequences showed repeatable and scorable results. The num-
ber of alleles detected varied from eight to 28. The presence
of null alleles was tested for each locus in each sample
using GENEPOP version 3.3 (Raymond & Rousset 1995).
Four loci displayed a high and systematic homozygote
excess, indicating that null alleles were present at a high
frequency. These four loci were discarded. For the remain-
ing 11 loci, heterozygote deficiency was not apparent for
the overall estimate of Fg across populations, except for loci
A14 and 1A27 (Table 1). Linkage disequilibrium between
all pairs of loci was not detected (P > 0.05, Fisher’s exact
test) when using GENEPOP. At least nine highly polymorphic
loci without apparent heterozygote deficiency are thus
available for population genetics studies of A. nili in Africa.
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