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Abstract  
An. sacharovi and An. maculipennis are major malaria vectors in North of Iran. During the last 50 years, most of the 
main vector species have been under pressure of all four generations of insecticide. In this study, we carried out the 
susceptibility test on field-collected specimens of An. sacharovi and An. Maculipennis, followed by detection of  
knockdown resistance (kdr) mutation in segment 6, domain II of the voltage-gated sodium channel gene (VGSC), as 
an important resistance mechanism against pyrethroids. The total size of amplified fragment were 225bp in An. 
sacharovi and 216bp in An. maculipennis. These fragments were purified and sequenced. An point mutation 
involving a single A to G in the DDT-resistant strain was detected. This mutation appears to be homologous with 
those detected in An. sacharovi in Turkey. Comparison of VGSC gene based on nucleotide sequences indicated 93% 
similarity between An. sacharovi and An. maculipennis, but amino acid sequence did not change. Further analysis on 
exonI and exonII revealed that all nucleotide changes are similar in different specimens of An. sacharovi, expect in 
position 42 of 63Pars strain, which resulted in polymorphism within this species but with no amino acid change in 
different examined individuals.   
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Introduction  
The global strategy adopted by the World Health Organization (WHO) in 1992 recommended 
an integrated management of the disease, including selective vector control (WHO, 1993). 
Selective vector control is defined as: application of site-specific targeted use of different and 
cost-effective vector control methods alone or in combination to reduce human-vector contact 
(Etang et al., 2004). Pyrethroids are the only insecticides currently recommended by the World 
Health Organization for treatment of mosquito nets owing to their strong insecticidal activity at 
low concentrations and their low mammalian toxicity (Zaim et al., 2000). Pyrethroid-treated 
nets are effective in reducing malaria morbidity and mortality (Lengeler et al.,1996) and may 
also provide community protection through mass impact on vector mosquito populations, when 
used at a high coverage rate (Takken, 2002). 
There is evidence that massive use of DDT against cotton pests in the 1960s and 1970s was 
responsible for the selection of the kdr mutation (knock-down resistance) responsible for 
resistance to pyrethroids (Chandre et al., 1999). A point mutation (leucine to phenylalanine) in 
the S6 transmembrane segment domain II in the sodium channel sequence is associated with the 
kdr resistance in An. gambiae from West Africa (Martinez-Torres et al., 1998) and is 
characterized by a reduction in the intrinsic sensitivity of the insect nervous system to DDT and 
pyrethroids (Pauron et al., 1989). A second point mutation (leucine to serine) has also been 
reported in An. gambiae from East Africa and is responsible for high level of resistance to 
permethrin (Ranson et al., 2000). 
We studied the structure of sodium channel, especially exonI, II and intronII of An. sacharovi 
and                        An. maculipennis, which on the basis of previous studies in An. gambiae, 
should contain the possible kdr mutations. This goal has been achieved by carrying out the 
susceptibility test on field-collected specimens of An. sacharovi and An. maculipennis, followed 
by amplification of kdr mutation-containing region and its comparison with molecular evidence 
of kdr in An. gambiae (TTA to TTT) and (TTA to TTG) point mutation as described for         
An. sacharovi from Turkey.   
 
Experimental procedures  
An. sachrovi and An. maculipennis were collected from the field of Pars Abad and 
Meshkinshahr districts in Ardebil province. These Anopheles species were subjected to standard 
WHO susceptibility test and showed resistant to DDT. DNA from single specimens was 
extracted following the method of Collins (Collins et al., 1987 and 1988).  
 
kdr sequence determination 
PCR-mediated amplification of the VGSC gene (partial exonI, II and total of intronII) involves 
kdr region followed by purification of PCR products were carried out using procedures 
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developed in our lab (Djadid et al., unpublished data). Purified PCR products were sequenced 
from both directions. The VGSC sequence was aligned with published sequences from our 
previous works on other anopheles species and those representatives of the VGSC sequences 
downloaded from EMBL. The ClustalW and Megalign programs were used to align the VGSC 
gene sequence of Iranian Anopheles sacharovi and Anopheles maculipennis along with other 
Anopheles. In addition the phylogenetic tree was constructed by using Megalign program 
(1993-1995) based on nucleotide sequences of VGSC gene. 
 
Results and Discussion  
WHO routine susceptibility test carried out on specimens of An. sacharovi and An. 
maculipennis collected from Ardebil province, Iran revealed their resistance to DDT. 
PCR amplification of kdr mutation-containing region of segment 6 of domain II of the voltage-
gated sodium channel (VGSC) gene in An. sacharovi and An. maculipennis by using specific 
primers designed based                An. gambiae (Forward primer) and An. culicifacies (Reverse 
primer, Djadid and et al., unpublished data) VGSC gene, produced a 216bp fragment in An. 
maculipennis) and a 225bp band in An. Sacharovi (Fig. 1). 
Sequence analysis and alignment of sequences from An. maculipennis, An. gambiae and An. 
sacharovi showed a codon alterations (TTA to TTG) at the kdr mutation site in the DDT-
resistant specimens (Fig. 2), which is similar to that of pyrethroid-resistant An. sacharovi from 
Turkey (Luleyap HU, 2000).  
Alignment and comparison of exonI and exonII between An. sacharovi, An. maculipennis and 
other Anophlines have shown nucleotide differences, which did not led to amino acid 
substitution. 
The results revealed that Iranian An. sacharovi has the highest similarity (94%) to the An. 
stephensi, 86% with     An. gambiae and 84% with An. sacharovi in Turkey. An. maculipennis 
showed highest similarity values of 94% to VGSC sequence of An. punctipennis and similarity 
of 86% with An. gambiae. 
Comparison between An. sacharovi and An. maculipennis showed the degree of similarity at 
coding sequence of VGSC (exonI and exonII ) was 93% and 100% at the nucleotide and amino 
acid levels, respectively (Fig. 3). The analysis of exonI and exonII revealed that all nucleotide 
changes were similar in different specimens of An. sacharovi, expect in position 42 of Pars 
strain, which resulted in polymorphism within this species but with no change in amino acid.   
In conclusion, we found codon alterations (TTA to TTG) at the kdr mutation site in the DDT-
resistant specimens of Iranian An. sacharovi and An. maculipennis in north. Alignment analysis 
of coding sequence of VGSC gene (exonI and exonII) have shown several silent mutations, 
maybe due to conserve nature of VGSC and its major functional role in survival of insect 
vectors. Also, we found polymorphism in exonI of VGSC gene in different specimens of An. 
sacharovi. This molecular data confirmed the results of WHO routine susceptibility test carried 
out during the last years in the study areas. This study provides an exclusive picture of 
resistance status in Iranian malaria vectors.  
  
Nucleotide and protein sequence accession numbers 
The VGSC gene and protein sequences in An. sacharovi and An. maculipennis reported in this 
study will serve as first world records, which could be accessed in DDBJ, EMBL and GenBank 
under Accession numbers AY533849, AY820165, AY820166, AH014513, AY820167, 
AY820168, AH014514, AY820169, AY820170, AH014512 and protein accession numbers 
AAV70153, AAV70152 and AAV70151.  
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Fig. 1. Electerophoresis analysis of VGSC gene amplification in 
An. sacharovi and An. maculippenis by using primers dinF & 
Foru-R. Lanes 1-3: An. maculipennis, lanes 4-6, 8 and 9:  An. 
sacharovi, lane7: molecular weight marker (VI Roche) 

 1     2     3      4      5     6     7      8     9   10 
 

Fig. 2. kdr related mutation signals in An. sacharovi sequenced by A) forward primer  B) reverse primer 

A B

 

Fig. 3. Phylogenetic tree constructed based on VGSC gene in different Anopheline species  
120ansac: An. sacharovi, 96ansac: An. sacharovi, 63ansac: An. sacharovi, 357anste: An. stephensi, 
612anste: An. stephensi, 160anmac: An. maculipennis, ansact: An. sacharovi T, angam: An. gambiae  
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