CHAPTER III

RESULTS

1. Partial cDNA sequencing of the Ae. aegypti voltage-gated sodium channel gene

Partial sodium channel sequencing was carried out on two Ae. aegypti
strains, PMD-R and PMD, which are laboratory strains of permethrin resistance and
susceptible, respectively. Total RNA extracted from the two strains was used to
synthesize the first strand cDNA. Three DNA fragments encompassing 29 putative
amino acid mutations (Davies et al., 2007) were amplified from cDNA templates with
three pairs of specific primers. Single specific fragments were then purified and
directly sequenced (Figure 3.1). The nucleotide sequences of these fragments covered
a total of 2,410 nucleotides of the voltage-gated sodium channel gene including the
IS4 - 1S6 (768 bp), IIS1 - I1S6 (812 bp) and IIIS6 - IVS4 (830 bp) domains. The 1S4 -
IS6 domains sequences of the voltage-gated sodium channel gene were shown in
figure 3.2 and 3.3 and deposited in Genbank under accession numbers EU259807 and
EU259812. The cDNA sequences of IIS1 - IIS6 (Figures 3.4 and 3.5) and IIIS6 -
IVS4 (Figures 3.6 and 3.7) domains were also reported in Genbank under accession

numbers EU259808, EU259809, EU259810 and EU259811, respectively.
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Figure 3.1 Amplification of the Ae. aegypti voltage-gated sodium channel gene
from PMD-R (A) and PMD (B) strains. PCR products were amplified using 1S4-
6 _F and IS4-6 R primers, [IS1-6_F and IIS6_R primers and I1IS4-6_F and I1[S4-6_R
primers were shown in lane 1, 2 and 3 respectively. Markers (lane M) are 100 bp

DNA Ladder.
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ATCTCGCTGCATTGAGAACATTCAGGGTACTACGAGCTCTCAAAACAGTGG 51
L A AL RTVFIRV L RAULI KT V A 17

CCATCGTTCCAGGTCTCAAGACCATCGTCGGCGCTGTCATAGAGTCCGTTA 102
I vp GL KT I V GAV I E S VK 34

AGAATCTCAGAGATGTGATAATTTTAACAATGTTTTCGTTATCGGTGTTTG 153
N L R DV I I L TMTZFS UL S V F A 51

CTTTAATGGGGCTGCAGATCTACATGGGCGTGCTGACGCAGAAGTGCATCC 204
L™M FGENLY 0. T Y EME GV LFTWQO K SCEST _R 68

GGGAGTTCCCGATGGACGGTTCGTGGGGCAACCTGTCGGACGAGAACTGGG 255
E F P M DG S WG NL S D E N W E 85

AACGGTTCAACAATAACGACTCCAATTGGTACTTCTCGGAAACTGGAGACA 306
R F NNNDSNWYF S E TG D T 102

CGCCTCTTTGTGGGAACTCGTCGGGTGCTGGCCAATGCGAAGAAGGATATA 357
P L C GN S S GA G Q CEE G Y I 119

TTTGTTTACAAGGTTATGGAGATAATCCAAATTACGGGTATACAAGTTTCG 408
CF L JORGRW™ GED. SN P BN _#Y G WY T RESERF D 136

ATACTTTCGGATGGGCATTCTTATCTGCCTTTCGTCTAATGACCCAAGACT 459
T F G WA FL S A FRULMTQUDY 153

ATTGGGAGAATCTTTATCAACTGGTGTTACGATCAGCTGGACCGTGGCACA 510
W E N L Y Q L VL R S A G P W H M 170

TGCTCTTCTTCATTGTGATTATCTTCTTGGGTTCGTTCTACCTTGTAAATT 561
L F FSels V "D gl FBg oI, G S F Y LRIV N L 187

TGATCTTGGCCATTGTCGCCATGTCGTACGACGAACTCCAGAAGAGGGCCG 612
I LA I VA M S Y DETULOQI KR A E 204

AAGAGGAAGAGGCCGCCGAGGAAGAAGCGCTTCGGGAAGCGGAGGAAGCAG 663
E E E A A E E EALREAZEE A A 221

CTGCAGCGAAAGCGGCCAAACTCGAGGCCCAAGCGGCGGCAGCGGCGGCCG 714
A A K A AKULEW AUOQA AA AAA AN AN AN-A 238

CAGCCAACCCGGAGATCGCCAAGAGCCCGTCGGACTTTTCCTGCCACAGCT 765
A N P E I A K S P S D F S CH S Y

ACG 768

Figure 3.2 The cDNA sequences of the IS4 - IS6 domains of the Ae. aegypti
voltage-gated sodium channel gene from PMD-R and its deduced amino acid

sequences.
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ATCTCGCTGCATTGAGAACATTCAGGGTACTACGAGCTCTCAAAACAGTGG 51
L A ALRTU FRUVLRALI KTV A 19,

CCATCGTTCCAGGTCTCAAGACCATCGTCGGCGCTGTCATAGAGTCCGTTA 102
I VvV P G L KT I V GA V I E S V K 34

AGAATCTCAGAGATGTGATAATTTTAACAATGTTTTCGTTATCGGTGTTTG 153
N L R DV I I L TMU FSTL S V F A 51

CTTTAATGGGGCTGCAGATCTACATGGGCGTGCTGACGCAGAAGTGCATCC 204
L M G L Q I YMGUVULTQIZ KTCTIR 68

GGGAGTTCCCGATGGACGGTTCGTGGGGCAACCTGTCGGACGAGAACTGGG 255
E F P M DG S W G NL S D E N W E 85

AACGGTTCAACAATAACGACTCCAATTGGTACTTCTCGGAARACTGGAGACA 306
R F N NNDSNW Y F S E TG D T 102

CGCCTCTTTGTGGGAACTCGTCGGGTGCTGGCCAATGCGAAGAAGGATATA 357
P L ¢C GN S S GAGOQTCEEGYTI 119

TTTGTTTACAAGGTTATGGAGATAATCCAAATTACGGGTATACAAGTTTCG 408
€C JL Q IGF"Y G DEINY P aN. Y _G. YETEESHE F D 136

ATACTTTCGGATGGGCATTCTTATCTGCCTTTCGTCTAATGACCCAAGATT 459
Th FF.G WHRAWF #L.% A F [REL M T#Q.D aY 153

ATTGGGAGAATCTTTATCAACTGGTGTTACGATCAGCTGGACCGTGGCACA 510
W E N L Y Q L VL R S A G P W H M 170

TGCTCTTCTTCATTGTGATTATCTTCTTGGGTTCGTTCTACCTTGTAAATT 561
L F F ™=l I"RLLEG S "E W ILWV" N I 187

TGATCTTGGCCATTGTCGCCATGTCGTACGACGAACTCCAGAAGAGGGCCG 612
I L A I VA M S Y DETLQ KR A E 204

AAGAGGAAGAGGCCGCCGAGGAAGAAGCGCTTCGGGAAGCGGAGGAAGCAG 663
E E E A A EEEA ATLUREAEEAA 221

CTGCAGCGAAAGCGGCCAAACTCGAGGCCCAAGCGGCGGCAGCAGCGGCCG 714
A A K A A KULEWA AIOQA AA AA AA AN AMANA 238

CAGCCAACCCGGAGATCGCCAAGAGCCCGTCGGACTTTTCCTGCCACAGCT 765
A N P E I A K S P S D F S CH S Y

ACG 768

Figure 3.3 The cDNA sequences of the IS4 - IS6 domains of the Ae. aegypti
voltage-gated sodium channel gene from PMD and its deduced amino acid

sequences.
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GGTCCAACGTTCAAGGACAAGGCCCTGGAGTTCACGATGCGGATGATCGAC 51
G P T F KD KA AULEVFTMIRMTID T/

GTCTTCTGCGTGTGGGACTGCTGCTGGGTGTGGCTCAAGTTCCAGGAGTGG 102
vV F C Vv w D CCW VWL KVF Q E W 34

GTTGCCTTCATTGTGTTCGACCCGTTCGTCGAGCTGTTCATCACCCTGTGT 153
VA _ Fy IJVEF D B BEwV E L BT L C 51

ATCGTGGTCAACACGCTGTTCATGGCCCTGGATCACCACGATATGGACCCG 204
L. "V Vi NACT FEERENMSA gD HE H{D M#DESP 68

GACATGGAGCGGGCCCTCAAGAGTGGTAACTATTTTTTCACGGCGACCTTC 255
D M ERALIK S GNYVFFTA AT F 68

GCGATAGAAGCAACGATGAAGCTGATTGCGATGAGTCCCAAGTACTACTTC 306
A I E_ AT MK L I"A M S P#K YuY iE 102

CAAGAGGGCTGGAACATATTCGATTTCATCATCGTGGCGCTGTCGTTGCTC 357
Q E G W NTI F D F I I V A L S L L 119

GAGCTGGGTCTGGAAGGTGTTCAGGGATTGTCAGTATTACGTTCATTCCGT 408
E L GL E GV Q GL S VL R S F R 136

TTGCTTCGAGTGTTCAAGCTAGCGAAATCGTGGCCGACGTTGAACTTACTC 459
L L RV F KL AI K S WP TULNL L 153

ATTTCCATCATGGGTCGAACGATGGGTGCGTTAGGTAATCTGACGTTTGTG 510
I S I M GR TMGATLGNTLTF V 170

CTCTGCATTATCATCTTCATCTTTGCCGTGATGGGAATGCAGCTGTTCGGC 561
L C I ISLs=F TVENAFV) M Gy MsiQf Ll WEF G 187

AAGAACTACATCGACAATGTGGATCGCTTCCCGGACAAGGACCTGCCACGG 612
K N Y I DNV DU RV FUPDIKDTIL P R 204

TGGAACTTCACCGACTTCATGCACTCATTCATGATCGTGTTCCGGGTATTG 663
W N F T D F M H S FM I V F R V L 221

TGCGGCGAGTGGATCGAATCCATGTGGGATTGTATGCTTGTGGGTGACGTG 714
cCc G EwW I ESMWUDU CMTULV G DV 238

TCCTGTATTCCGTTCTTTTTGGCCACCGTAGTGATAGGAAATCTAGTAGTA 765

s ¢ I P F F L A TV VI GNILV YV 255
CTTAACCTTTTCTTAGCCTTGCTTTTGTCCAATTTCGGTTCATCCTC 812
L N L FLAULULTULSNTFG S S8 270

Figure 3.4 The cDNA sequences of the IIS1-IIS6 domains of the Ae. aegypti
voltage-gated sodium channel gene from PMD-R and its deduced amino acid

sequences.
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GGTCCAACGTTCAAGGACAAGGCCCTGGAGTTCACGATGCGGATGATCGAC 51
G P T F KD K AULE FTMURMMTID 17

GTCTTCTGCGTGTGGGACTGCTGCTGGGTGTGGCTCAAGTTCCAGGAGTGG 102
vV F C VvV W D CC W V WL K F Q E W 34

GTTGCCTTCATTGTGTTCGACCCGTTCGTCGAGCTGTTCATCACCCTGTGT 153
Vau!A B STV F DESPES VARER I SFEFTERT L C 51

ATCGTGGTCAACACGCTGTTCATGGCCCTGGATCACCACGATATGGACCCG 204
I vv NTULFMATULUDUHUHIDMD P 68

GACATGGAGCGGGCCCTCAAGAGTGGTAACTATTTTTTCACGGCGACCTTC 255
DM ERALI K SGNYFU FTA AT F 68

GCGATAGAAGCAACGATGAAGCTGATTGCGATGAGTCCCAAGTACTACTTC 306
Al EATMI K LI A MS P K Y ¥ F 102

CAAGAGGGCTGGAACATATTCGATTTCATCATCGTGGCGCTGTCGTTGCTC 357
@ E G W.ENNIaWF D Fj I T¥SV Al L _SEi S 119

GAGCTGGGTCTGGAAGGTGTTCAGGGATTGTCAGTATTACGTTCATTCCGT 408
E L G L E GV Q G L 8§ VL R S F R 136

TTGCTTCGAGTGTTCAAGCTAGCGAAATCGTGGCCGACGTTGAACTTACTC 459
L L RV F KILAIKSW P TILNUL L 153

ATTTCCATCATGGGTCGAACGATGGGTGCGTTAGGTAATCTGACGTTTGTG 510
I s I M GR TMGAULGNTULTF V 170

CTCTGCATTATCATCTTCATCTTTGCCGTGATGGGAATGCAGCTGTTCGGC 561
L ¢CI 1 I F I FA V MGMAOQIUL F G 187

AAGAACTACATCGACAATGTGGATCGCTTCCCGGACAAAGACCTGCCACGG 612
K N Y I DNV DR F P DK KDL P R 204

TGGAACTTCACCGACTTCATGCACTCATTCATGATCGTGTTCCGGGTATTA 663
W N F T D F M H S FM IV F R V L 221

TGCGGCGAGTGGATCGAATCCATGTGGGATTGTATGCTTGTGGGTGACGTG 714
cC G EWI ESMWUDU CMTULV G DV 238

TCCTGTATTCCGTTCTTTTTGGCCACCGTAGTGATAGGAAATCTAGTAGTA 765

s ¢ I P F FLATVVIGNILUVYV 255
CTTAACCTTTTCTTAGCCTTGCTTTTGTCCAATTTCGGTTCATCCTC 812
L NL F L A LULUL S NF G S S 270

Figure 3.5 The cDNA sequences of the IIS1-IIS6 domains of the Ae. aegypti
voltage-gated sodium channel gene from PMD and its deduced amino acid

sequences.
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TTCAAGCATTCAAAACAATGCGAACTCTTAGAGCACTGAGACCGCTACGTG 51
Q A F K TMURTLRAULIR P L R A 17

CCATGTCCCGTATGCAGGGTATGAGGGTTGTCGTCAATGCATTGGTACAGG 102
M S R MQGMWURVV VN ATULV QA 34

CTATACCGTCCATCTTCAACGTGTTATTGGTGTGTTTGATCTTTTGGTTGA 153
I P S I F NV L LV CULIUFWULI 51

TTTTCGCTATTATGGGTGTGCAGCTGTTTGCTGGCAAGTATTTTAAGTGCG 204
F A I M GV QL FA G K Y F K CV 68

TCGACAAGAACAAGACGACGCTGTCGCACGAGATCATTCCGGATGTGAACG 255
D K/N KT T L S H E I I P DepV N A 85

CGTGCGTCGCGGAGAACTACACGTGGGAGAACTCGCCGATGAACTTCGACC 306
c vA ENYTWENSPMNF D H 102

ACGTGGGGAAGGCGTACCTGTGTCTGTTCCAGGTGGCAACGTTCAAGGGCT 357
V GEK A ¥ L. Ci L F]Q VT AT F __K g6 W 119

GGATCCAGATCATGAACGACGCCATCGACTCGCGGGAGGTGGGAAAGCAGC 408
I Q I M NDATIDSRE V G K Q P 136

CGATTCGCGAGACCAACATCTACATGTACCTCTACTTTGTGTTCTTCATCA 459
T#9R; E% T N 1 YAEIMESYER TERY SLFEAVARFEERE I 1 153

TCTGCGGGTCGTTCTTCACGCTGAATCTGTTCATCGGTGTCATCATCGACA 510
Cc G S F FTULNUILFTIGV I I DN 170

ACTTCAACGAGCAGAAGAAGAAAGCCGGTGGCTCACTGGAAATGTTCATGA 561
F N E Q K K K A GG S L EMU FMT 187

CGGAGGATCAGAAAAAGTACTACAACGCCATGAAAAAGATGGGCTCGAAGA 612
E D Q K K Y Y NAMI K KMMG S K K 204

AGCCGCTGAAAGCTATTCCACGGCCTAGGTGGCGACCACAAGCAATAGTAT 663
P L K A I P R P RWR P QATI V F 221

TCGAAATAGTTACCAATAAGAAGTTCGACATGATCATCATGTTGTTCATCG 714
E I VvV T N K K F DMITIMULUFTI G 238

GGTTCAACATGTTGACGATGACGCTCGATCACTACAAGCAGACGGACACGT 765
F N M L TMTULDUHYKQTDT F 255

TCAGCGCGGTGCTAGACTATCTGAACATGATCTTCATCTGCATCTTCAGTA 816
S A VL DY L NMTIU FTICTIF S S 272

GCGAGTGTCTGATG 830
E C L M 276

Figure 3.6 The cDNA sequences of the IIIS4-IVS2 domains of the Ae. aegypti
voltage-gated sodium channel gene from PMD-R and its deduced amino acid

sequences.
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TTCAAGCATTCAAAACAATGCGAACTCTTAGAGCACTGAGACCGCTACGTG 51
Q A F K T MR TULURAULIRPL R A 17

CCATGTCCCGTATGCAGGGTATGAGGGTTGTCGTCAATGCATTGGTACAGG 102
M S R M QGMU RV V VN AILV Q A 34

CTATACCGTCCATCTTCAACGTGTTATTGGTGTGTTTGATCTTTTGGTTGA 153
I p S I FNVL L V CULTIFWIL I 51

TTTTCGCTATTATGGGTGTGCAGCTGTTTGCTGGCAAGTATTTTAAGTGCG 204
FAIMGVQLFAGI KYFIKCUV 68

TCGACAAGAACAAGACGACGCTGTCGCACGAGATCATTCCGGATGTGAACG 255
D K N KT TUL S HE I I P D V N A 85

CGTGCGTCGCGGAGAACTACACGTGGGAGAACTCGCCGATGAACTTCGACC 306
c v A ENY T WE N S P M N F D H 102

ACGTGGGGAAGGCGTACCTGTGTCTGTTCCAGGTGGCAACGTTCAAGGGCT 357
vV G K A Y LCULUVFQVA AT FK G W 119

GGATCCAGATCATGAACGACGCCATCGACTCGCGGGAGGTGGGAAAGCAGC 408
I Q I MNDA ATIUDSRE V G K Q P 136

CGATTCGCGAGACCAACATCTACATGTACCTCTACTTTGTGTTCTTCATCA 459
TRFR, E% T N TSpVe M Y PLEY F VEGE mE I8 0 153

TCTTCGGGTCGTTCTTCACGCTGAATCTGTTCATCGGTGTCATCATCGACA 510
%G S P F "0, TN, SE- T __GuiVe T#1 DN 170

ACTTCAACGAGCAGAAGAAGAAAGCCGGTGGCTCACTGGAAATGTTCATGA 561
F N E Q K K KAGGSULEMUFMMT 187

CGGAGGATCAGAAAAAGTACTACAACGCCATGAAAAAGATGGGCTCGAAGA 612
E D Q K K Y Y N AMI K KMG S K K 204

AGCCGCTGAAAGCTATTCCACGGCCTAGGTGGCGACCACAAGCAATAGTAT 663
P L K A I P R P R WU R P Q A I V F 221

TCGAAATAGTTACCAATAAGAAGTTCGACATGATCATCATGTTGTTCATCG 714
E I v T NI K K F DMTITIMTULF I G 238

GGTTCAACATGTTGACGATGACGCTCGATCACTACAAGCAGACGGACACGT 765
F NM L TMTUL DHY K QT D T F 255

TCAGCGCGGTGCTAGACTATCTGAACATGATCTTCATCTGCATCTTCAGTA 816
S A VL DY L NMTI U FTI CTI F S S 272

GCGAGTGTCTGATG 830
E C L M 276

Figure 3.7 The cDNA sequences of the IIIS4-IVS2 domains of the Ae. aegypti
voltage-gated sodium channel gene from PMD and its deduced amino acid

sequences.
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2. Sequence analyses of the Ae. aegypti voltage-gated sodium channel gene

The ¢cDNA sequences of three Ae. aegypti voltage-gated sodium channel
regions, IS4 - IS6, IIS1 - IIS6 and IIIS6 - IVS4 domains, from PMD-R and PMD
strains were translated to protein consisting of 255, 270 and 276 amino acids,
respectively (Figures 3.2 - 3.7). Comparison of the PMD-R amino acid sequence with
the susceptible PMD sequence showed 100% sequence identity for the sodium
channel regidns of IS4 - IS6 and IIS1 - IIS6 domains (Figures 3.8 and 3.9). For the
regions of IIIS6 - IVS4 domains, comparison of the amino acid sequences revealed
one amino acid substitution; Phenylalanine (F) in PMD strain is substituted by
Cysteine (C) in PMD-R strain (Figure 3.10). This substitution was due to a single
nucleotide change in the codon TTC to TGC in the IIIS6 coding region of the sodium
channel cDNA. The F to C mutation is at the amino acid position 1552 (F1552C)
which numbering is based on the sodium channel sequence of the Ae. aegypti
Liverpool strain (Figure 3.11).

This mutation was referred as F1534C in reference to the equivalent
mutation F1534C in the Musca domestica house fly Vsscl sequences (Genbank
accession number: AAB47604) (Ingles et al., 1996). The numbering of the amino acid
sequences and other mutations are also based on those of housefly sequences for
convenience and used throughout this text. In comparison with other stains, the
F1534C mutation is specifically found in PMD-R strain while the amino acid
Phenylalanine (F1534) is conserved among all three Ae. aegypti permethrin
susceptible strains, PMD, Liverpool and China. Figure 3.12 shows sequence

comparison between Ae. aegypti PMD-R strain from this study and the other
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arthropods and non-arthropods. The amino acid F1534 is also found conserved across
all the arthropods and non-arthropods.

From the sequence comparison (Figures 3.8 - 3.10), the PMD-R and PMD
strains both differ from the Liverpool susceptible strain (Genbank accession numbers:
XP_ 001657358 - 61, inclusive) at amino acid position 427, in having an Arginine (R)
rather than a Lysine (K). However a susceptible strain from China (GenBank
accession nurﬁber: AAT69681) also has an Arginine (R) at amino acid position 427.
The PMD-R and PMD sodium channel sequences also differ from the China
susceptible sequence at amino acid position 292, 295, 318, 377 and 773 but they are
identical to the Liverpool sequence. Therefore, these differences do not seem to be
related to insecticide resistance. None of the 29 putative amino acid mutations

(Davies et al., 2007) were detected in the PMD-R sample.
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Is4 IS5

& > -
> <

LAALRTFRVLRALKTVAIVPGLKT IVGAVIESVKNLRDVIILTMFSLSVFAIMGILQIYMG :
LAATRTFRVLRALKTVAIVPGLKT IVGAVIESVKNLRDVIILTMFSLSVFAIMGLOIYMG :
LAALRTFRVLRALKTVAIVPGLKT IVGAVIESVKNLRDVIILTMFSLSVFALMGIQIYMG :
LAATLRTFRVLRALKTVAIVPGLKT IVGAVIESVKNLRDVIILTMFSLSVFAIMGIQIYMG :

—

: ,VLTQKCI%EFPEDGSWGNLSDENWERFNNNDSNW%FSETGJTPLCGNSSGAGQCEEGYIC :
: VLTQKCIREFPMDGSWGNLSDENWERFNNNDSNWYFSETGDTPLCGNSSGAGQCEEGYIC :
Liverpool :
: VLTQKCIKEFPLDGSWGNLSDENWERFNNNDSNWEFSETGDTPLCGNSSGAGQCEEGYIC :

VLTQKC FPMDGSWGNLSDENWERFNNNDSNW;FSETGDTPLCGNSSGAGQCEEGYIC 5

292 296 319

Ip Is6

> P
NLYQLVLRSAGPWHMLFFIVIIFLG :
NLYQLVLRSAGPWHMLFFIVIIFLG :

LOGYGDNPNYGYTSFDTFGWAFLSAFRIMTQD!
LQOGYGDNPNYGYTSFDTFGWAFLSAFRIMTQODY

: LOGYGDNPNYGYTSFDTFGWAFL SAFRIMTQ)EWENLYQLVLRSAGPWMFFIVI IFLG :

LOGYGDNPNYGYTSFDTFGWAFLSAFRIMTQDFWENLYQLVLRSAGPWHMLFFIVIIFLG :
378

_—
SFYLVNLILAIVAMSYDELOKRAEEEEAAEEEALREAEEAAAAKAAKLEAQAAAAAAAAN

SFYLVNLILAIVAMSYDELQKRAEEEEAAEEEALREAEEAAAAKAAKLEAQAAAAAAAAN
SFYLVNLI LAIVAMSYDEIQ}QSAEEEEAAEEEALREAEEAAAAKAAKLEAQAAAAAAMN :
SFYLVNLILAIVAMSYDELQKRAEEEEAAEEEALREAEEAAAAKAAKLEAQAAAAAAAAN :

427

PEIAKSPSDFSCHSY :
PEIAKSPSDFSCHSY :
PEIAKSPSDFSCHSY :
PEIAKSPSDFSCHSY :

Figure 3.8 Alignment of the amino acid sequences of the Ae. aegypti voltage-

gated sodium channel protein, IS4 - IS6 domains, of PMD-R strain with that of
the susceptible strains, PMD, Liverpool and China strains. The amino acid

polymorphisms are shaded in gray and the amino acid positions are labeled according

to the house fly Vsscl sequences. The locations of putative transmembrane domains

(IS4, IS5 and IS6) and putative pore-forming domains (IP) are marked by solid bar

above the amino acid sequence.
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Figure 3.9 Alignment of the amino acid sequences of the Ae. aegypti voltage-
gated sodium channel protein, IIS1-1IS6 domains, of PMD-R strain with that of
the susceptible strains, PMD, Liverpool and China strains. The amino acid
polymorphism is shaded in gray and the amino acid position is labeled according to
the house fly Vsscl sequences. The locations of putative transmembrane domains

(IIS1, 1IS2, IIS3, 1S4, IIS5 and 1IS6) and putative pore-forming domains (IIP) are
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IISs1
GPTFKDKALEF IDVFCVWDCCWVWLKFQEWVAFIVFDPFVELFITLCIVVNTLFMA :
GPTFKDKALEF IDVFCVWDCCWVWLKFQEWVAFIVFDPFVELFITLCIVVNTLFMA
GPTFKDKALEFT IDVFCVWDCCWVWLKFQEWVAFIVFDPFVELFITLCIVVNTLFMA :
GPTFKDKALEF. IDVFCVWDCCWVWLKFQEWVAFIVFDPFVELFITLCIVVNTLFMA :
773
IIS2 IIS3
-> < > <

LDHHDMDPDMERALKSGNYFFTATFAIEATMKLIAMSPKYYFQEGWNIFDFIIVALSLLE :

LDHHDMDPDMERALKSGNYF FTATFAIEATMKL IAMSPKYYFQEGWNIFDFIIVALSLLE :
LDHHDMDPDMERALKSGNYFFTATFATIEATMKLIAMSPKYYFQEGWNIFDFIIVALSLLE :

L.DHHDMDPDMERALKSGNYFFTATFATEATMKLIAMSPKYYFQEGWNIFDFIIVALSLLE :

IIS4
—_— < > <
LGLEGVQGLSVLRSFRLLRVFKLAKSWPTLNLLISIMGRTMGALGNLTFVLCIIIFIFAV :

IIS5

LGLEGVQGLSVLRSFRLLRVFKLAKSWPTLNLLISIMGRTMGALGNLTFVLCIIIFIFAV :
LGLEGVQGLSVLRSFRLLRVFKLAKSWPTLNLLISIMGRTMGALGNLTFVLCIIIFIFAV :
LGLEGVQGLSVLRSFRLLRVFKLAKSWPTLNLLISIMGRTMGALGNLTFVLCIIIFIFAV :

IIP

——— & > —

: MGMQLFGKNYIDNVDRFPDKDLPRWNFTDFMHS FMIVFRVLCGEWIESMWDCMLVGDVSC :
: MGMQLFGKNYIDNVDRFPDKDLPRWNFTDFMHSFMIVFRVLCGEWIESMWDCMLVGDVSC :
: MGMQLFGKNYIDNVDRFPDKDLPRWNFTDFMHSFMIVFRVLCGEWIESMWDCMLVGDVSC :
MGMOQLFGKNYIDNVDRFPDKDLPRWNFTDFMHS FMIVFRVLCGEWIESMWDCMLVGDVSC

IIS6

IPFFLATVVIGNLVVINLFLALLLSNFGSS :
IPFFLATVVIGNLVVILNLFLALLLSNFGSS
IPFFLATVVIGNLVVINLFLALLLSNFGSS
IPFFLATVVIGNLVVINLFLALLLSNFGSS

marked by solid bar above the amino acid sequence.
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Figure 3.10 Alignment of the amino acid sequences of the Ae. aegypti voltage-
gated sodium channel protein, IIIS4-IVS2 domains, of PMD-R strain with that
of the susceptible strains, PMD, Liverpool and China strains. The F1534C
mutation is shaded in gray and the amino acid position is numbered according to the
house fly Vsscl sequences. The locations of putative transmembrane domains (IIIS4,

I1ISS5, 111S6, IVS1 and IVS2) and putative pore-forming domains (IIIP) are marked by
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IIIS4 IIISS

: thKTMRTLRALRPLRAMSR&QGMRVVVNALVQAIPSIFNVLLVCLIFWLIFAIMGVQLF =
QAFKTMBILRALRPLRAMSRMQGMRVVVNALVQAIPSIFNVLLVCLIFWLIEAIMGVQLF :
QAFKTMRILRALRPLRAMSRMQGMBVVVNALVQAIPSIFNVLLVCLIFWLIFAIMGVQLF 2
: QAFKTMBILRALRPLRAMSRMQGMRVVVNALVQAIPSIFNVLLVCLIFWLIFAIMGVQLF :

IIIP

s
: ;EKYFKCVDKNKTI‘LSHEII PDVNACVAENYTWENSPMNFDHVGKAYLCLFQVATFKGWI :
: AGKYFKCVDKNKTTLSHEIIPDVNACVAENYTWENSPMNFDHVGKAYLCLFQVATFKGWI :
AGKYFKCVDKNKTTLSHEIIPDVNACVAENYTWENSPMNFDHVGKAYLCLFQVATFKGWI :
: AGKYFKCVDKNKTTLSHEIIPDVNACVAENYTWENSPMNFDHVGKAYLCLFQVATFKGWI

IIIS6

: a;;;DAIDSREVGKQPIRETNIYMYLYFVFFII SFFTILNLFIGVIIDNFNEQKKKAGG :
: QIMNDAIDSREVGKQPIRETNIYMYLYFVFFIIEGSFFTLNLFIGVIIDNFNEQKKKAGG :
QIMNDAIDSREVGKQPIRETNIYMYLYFVFFIIEGSFFTLNLFIGVIIDNFNEQKKKAGG :
: QIMNDAIDSREVGKQPIRETNIYMYLYFVFFIIEGSFFTLNLFIGVIIDNFNEQKKKAGG :

F1534C
IVSsl

SLEMFMTEDQKKYYNAMKKMG SKKPLKATI PRPRWRPQAIVFEIVTNKKFDMIIMLFIGFN :

SLEMFMTEDQKKYYNAMKKMG SKKPLKAI PRPRWRPQAIVFEIVTNKKFDMIIMLFIGEN :
SLEMFMTEDQKKYYNAMKKMG SKKPLKAI PRPRWRPQAIVFE IVINKKFDMIIMLFIGFN :
SLEMFMTEDQKKYYNAMKKMG SKKPLKAI PRPRWRPQAIVFE IVITNKKFDMIIMLFIGFN

IVSs2
el < >

: MLTMTLDHYKQTDTFSAVLDYINMIFICIFSSECLM :
: MLTMTLDHYKQTDTFSAVLDYINMIFICIFSSECLM :
: MLTMTLDHYKQTDTFSAVLDYLNMIFICIFSSECLM :
: MLTMTLDHYKQTDTFSAVLDYLNMIFICIFSSECLM :

solid bar above the amino acid sequence.
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TAAGTAKARKVSAGVAAFQKASLSLPGS PFNLRRGSRGSHQFTIRNGRGRFVGVPGSDRK
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GQDYTDEAGKIKHHDNPFIEPVQTQTVVDMKDVMVLNDIIEQAAGRHSRASERG-~-~-~
SQDCTDEAGKIKHNDNPFIEPSQTQTVVDMKDVMVLNDIIEQAAGRHSRASDHGVSVYYF

I1s1
--EDDDEDGPTFKDIALEYILKGIEIFCVWDCCWVWLKFQEWVSEIVEDPEVELEL
PTEDDDEDGPTFKDKALEFTMRMIDVFCVWDCCWVWLKFQEWVAFIVFDPFVELFITLCI

aegypti Liverpool strain with that of M. domestica housefly Vsscl.
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Figure 3.11 Alignment of the sodium channel amino acid sequence of the Ae.

aegypti Liverpool strain with that of M. domestica housefly Vsscl (Continued).
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Figure 3.11 Alignment of the sodium channel amino acid sequence of the Ae.

aegypti Liverpool strain with that of M. domestica housefly Vsscl (Continued).

The deduced amino acid sequences of the 4e. aegypti sodium channel gene

of the Liverpool strain obtained from manual alignment of 3 VectorBase ID

AAEL004612, AAEL008297 and AAEL006019. The

locations of putative

transmembrane domains and putative pore-forming domains are printed on gray

background. The amino acid F1552 numbering based on the sodium channel sequence

of the Ae. aegypti Liverpool stain is shown with the underlined letters. The equivalent

amino acid F1534 in the house fly Vsscl sequences is printed on dark background.

The gaps (-) are introduced to maximize alignment.
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1:521 €<~ II1S6 ——m> 1561
Mosquito_PMD-R VGKQPIRETNIYMYLYFVFFII§GSFFTLNLFIGVIIDNFNEQKKKAGGS
3 Mosquito_albopictus VGKQPIRETNIYMYLYFVFFIIEGSFFTLNLFIGVIIDNFNEQKKKAGGS
8 House fly VDKQPIRETNIYMYLYFVFFIIEGSFFTLNLFIGVIIDNFNEQRRKAGGS
g Fruit fly VDKQPIRETNIYMYLYFVFFII%GSFFTLNLFIGVIIDNFNEQKKKAGGS
= German cockroach LHRKQPIRETNIYMYLYFVFFIIEGSFFTLNLFIGVIIDNFNEQRKKKAGGS
ﬁ Cattle tick KEDQPEYEANIYMYLYFVFFII§GSFFTLNLFIGVIIDNFNEQKKKAGGS
Silkworm VGRQPIRETNIYMYLYFVFFIIFEGSFFTLNLFIGVIIDNFNEQKKKAGGS
(7]
8 Squid IGDQPIKENSILMYLYFVLFIIEGSFFTLNLFIGVIIDNENQQKKGAGGS
8 Electric eel VEDQPIYEINVYMYLYFVIFIVEGAFFTLNLFIGVIIDNFNRQKQKLGGE
g Rat heart YEEQPQWEDNLYMYIYFVVFIIgGSFFTLNLFIGVIIDNFNQQKKKLGGQ
E Rat skeleton muscle KEEQPHYEVNLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQORKRKFGGK
1 Human heart YEEQPQWEYNLYMYIYFVIFIIEGSFFTLNLFIGVIIDNFNQQKKKLGGQ
5 Human skeleton muscle KEEQPQYEVNLYMYLYFVIFII§GSFFTLNLFIGVIIDNENQQKKKLGGK
= % * L2228 2 2 & 4 R 2 2 2222322222221 * ¥ %

Figure 3.12 Alignment of voltage-gated sodium channel sequences from Ae.
aegypti PMD-R strain with that from the other arthropods and non-arthropods
in the region of IIIS6 domain. The amino acid position 1534 is shaded and the
identical amino acids are indicated by asterisk (*). The numbers are shown in relation
to the housefly Vsscl sequence. Sodium channel sequences, Mosquito_albopictus
(dedes albopictus), House fly (Musca domestica), Fruit fly (Drosophila
melanogaster), German cockroach (Blattella germanica), Cattle tick (Boophilus
microplus), Silkworm (Bombyx mori), Squid (Loligo opalescens), Electric eel
(Electrophorus electricus), Rat heart (Rattus norvegicus) , Rat skeleton muscle
(Rattus norvegicus), Human heart (Homo sapiens), Human skeleton muscle (Homo
sapiens) have following accession numbers in the Genbank: AAT69680, AAB47605,
P35500, AAB82037, AAD23600, NP_001136084, AAA16202, P02719, P15389,

P15390, Q14524 and P35499, respectively.
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3. Genetic inheritance of the F1534 and C1534 alleles in Ae. aegypti

Data from adult permethrin susceptibility test were analysed by a plot of
time-mortality response. The log time- probit mortality line of the parental strains, the
F1 hybrids and the F2 backcrosses after exposure to 0.75% permethrin paper are
shown in Figure 3.13. Statistical data from the probit analysis are presented in table
3.1. The resistance ratio (RR) of the permethrin susceptible (PMD) and resistant
(PMD-R) strains was about 54 as determined by LTsp.

Data from larval permethrin susceptibility tests of the parental strains, the F1
hybrids and the F2 backcrosses were analyzed by a plot of concentration-mortality
response (Figure 3.14). Statistical data from the probit analysis are presented in table
3.2. The resistance ratio (RR) of the permethrin susceptible (PMD) and resistant
(PMD-R) strains was about 25 as determined by LCsy. The concentration-mortality
line of F1 hybrid mosquitoes shifts from intermediate toward, but does not reach, the
susceptible line with the RR reduced to about 2.94.

Sequencing of the amplified fragment from adults and larvae of F1 hybrid
progeny confirmed that they are heterozygous (F/C1534), suggesting that resistance is
highly associated with the homozygous point mutation. In addition, the calculated
degree of dominance (Stone, 1968) based on LCsg are -0.308 for PMD (F) x PMD-R
(M) and -0.347 for PMD (M) x PMD-R (F). All these results clearly suggest that
permethrin resistance in PMD-R strain is incompletely recessive. The LCsg values of
the F1 progeny obtained from both directions of crosses were similar as were the
backcrosses (Table 3.2) suggesting that there are no maternal effects or sex linkage,

and thus resistance is autosomally inherited.
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Figure 3.13 The log time- probit mortality line of the parental strains, the F1

hybrids and the F2 backcrosses after exposure to 0.75% permethrin paper.
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Figure 3.14 The log concentration-probit mortality lines (A) and log
concentration-mortality response curves (B) of the parental strains, F1 hybrids

and backcrossed individuals after exposure to permethrin.
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The offspring obtained from backcrossing the F1 progeny with either the male
or female resistant parents do not show a clear plateau curve between the
concentration-mortality lines of the resistant and F1 hybrid individuals at the 50%
mortality level (Figure 3.14B). In addition, estimated slopes of log concentration-
probit mortality plots were lower for backcross progeny than for the parental strains
and their F1 hybrid progeny (Table 3.2). These patterns suggest an increased genetic
variance in the backcross progeny compared with that of parental populations and F1
progeny. These genotypes possess varying levels of resistance which suggests
involvement of other factors or mechanisms (Georghiou, 1969).

In addition, the effect of the oxidase inhibitor, piperonyl butoxide (PBO), on
the efficacy of permethrin was evaluated in the F1 progeny with heterozygous
F/C1534 (Figure 3.15). The LCso values of F1 progeny when adding the PBO
synergist were reduced 2.4-fold and 2.0-fold for PMD-RS1 and PMD-RS2,

respectively compare to the original level.
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(n=7,df=6)

Figure 3.15 The log concentration —probit mortality lines of the parental strains,
F1 progeny after exposure to permethrin compare to those of the F1 hybrids
after exposure to permethrin with the PBO synergist. Toxicity of permethrin with

the PBO to F1 progeny was also shown.
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4. Development of TagMan SNP genotyping assay

The characteristic cycling graphs for each genotype are presented in Figure
3.16. An exponential increase of either the VIC or FAM fluorescence indicated‘ the
homozygous wild type (F/F1534) and the homozygous mutant (C/C1534),
respectively, whereas a simultaneous increase in both signals indicated the
heterozygous (F/C1534). Scatter plots of relative end point fluorescence intensities of
each sample (Figure 3.17) show a clear clustering for each sample group of
homozygous (C/C1534) mutant, homozygous (F/F1534) wild type and the
heterozygotes (F/C1534). The limit of detection for each genotyping was a 1:100

dilution, equivalent to 1 ng of DNA (Figure 3.18).



81

YES1O/M

sN084Zo1219Y *)) pue $£S 10/ snodAzowoy g ‘b 1.d/] snoSAzowoy *y are suoned ay [, parudsaid are sadAjousd [[e 10y Aesse uenbe]

oy woiy synsax jo sjoid uoneoyrdury “Aesse SurdAjousd gNS uepbe], Suisn Surdfouwdd DHESTA Y3 Jo UonRPA 9I°¢ dangiyg

Rquny 224>

/

AdMY 34

e

wees

Ay 3

0000y

100-00s

AT z)// —

0000

o0y

Re.

4 W

a0t W

Ay 4

i

000+ 0%

100004



82

200, — —

k @ Homozygous mutant (C/C1534)
A
1.60] 4l ,’0 - : ‘ FIC .. A Heterozygous mutant (F/C1534)
k“ A @ Homozygous wide type (F/F1534)
o5 -
¢ 120] SF ViR T al' SOV T PRI _| i [l NTC: No template control
. 0‘ A*
S
-~ %™ 9
0. | 11 |-NTC - |- E g
0.00
0.00 0.40 0.80 1.20 1.60 2.00 2.40 2.80
Allele F

Figure 3.17 Scatter plot of end point fluorescence intensities using the TagMan
SNP genotyping assay. In this example the TagMan assay was carried out on 43
genomic DNA samples and two no template negative controls. The VIC-labeled probe
hybridises with the F allele and is represented on the X-axis; the FAM-labeled probe

hybridises with the C allele and is represented on the Y-axis.
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Figure 3.18 Effect of sample dilution on fluorescence intensity. Curves show the
increase in fluorescence over time generated for mutant DNA of the following
concentrations from left to right: undiluted (original 100 ng DNA template), 1:2, 1:5,

1:10, 1:20, 1: 100 and 1: 200.
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5. Development of Allele Specific PCR (AS-PCR)

The wild type homozygous samples (F/F1534) gave a single 93 bp band, the
homozygous mutant samples (C/C1534) gave a single 113 bp band and the
heterozygous (F/C1534) samples gave both of those bands (Figure 3.19). The
sensitivity of this method was evaluated by testing with a set of DNA dilutions of
each genotype. The calculated limit of detection was at a 1: 100 dilution, equivalent to

1 ng of genomic DNA.
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Figure 3.19 Characteristic agarose gel and sensitivity test for the AS-PCR assay
for the detection of the F1534C mutation. Lane M: 100 bp DNA ladder; lane 1: 100
ng DNA template; Lane 2-6: dilutions of 1:2, 1:10, 1:20, 1:100 and 1:200,
respectively of the original 100 ng DNA template. A. Homozygous for F/F1534

allele, B. Heterozygous for F/C1534 and C. Homozygous for C/C1534.
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6. Comparison of DNA sequencing with the TagMan SNP and AS-PCR assays
In testing 150 known genotyped laboratory Ae. aegypti female mosquitoes,
the three methods were fully consistent (Table 3.3). For the wild caught mosquitoes,
of 85 samples tested, the TagMan SNP method was as good as DNA sequencing. The
AS-PCR, however, showed a discrepancy with the DNA sequencing for 2 out of 103
wild caught mosquitoes, although these two mosquitoes were scored the same by both
DNA sequencing and TagMan SNP. Thus, the AS-PCR apparently slightly

overestimated the mutant C1534 allele by 1.8%.



‘Burouanbas YN £q v€§10/d snodAzoey nq YO d-SV £q $£510/0 snodAzowoy sem s[dures auQ

‘Burousnbas YN £q $€S 1.4/ Sno84zowoy 1nq “YOd-SV £q v€510/4 snodAzoisiay sem s[dues suQ ,

87

€01/¢01 [474%% 87/8¢C £e/Te 68/58 (47044 87/8¢ S1/S1 [e10L
8/8 0/0 0/0 8/8 L/IL 0/0 0/0 LIL LS Sueles SeN
€2/€T 01/411 LIL 9/S 61/61 01/01 LIL U Ao Guedwe]
£e/ee 81/81 6/6 9/9 LT/LT 81/81 6/6 0/0 wsiq use], BN
6¢/6¢ 14%14! (494! e1/€l [4%[43 1404t (494! 9/9 Ao 1ejq Suery)
Surens jysned pliy
0S1/0S1 0€/0¢ 09/09 09/09 0S1/0S1 0€/0€ 09/09 09/09 [e10L
0€/0¢ 0/0 0/0 0€/0¢ 0€/0€ 0/0 0/0 0€/0€ SUBI[IQ MAIN
0¢/0€ 0/0 0€/0¢ 0/0 0¢/0¢ 0/0 0€/0¢ 0/0 SY-dNd
0€/0¢ 0/0 0¢/0¢ 0/0 0¢€/0¢ 0/0 0€/0¢ 0/0 1SY-ANd
0€/0€ 0€/0¢ 0/0 0/0 0¢/0¢ 0€/0¢ 0/0 0/0 d-dNd
0¢/0¢ 0/0 0/0 0€/0¢ 0¢/0¢ 0/0 0/0 0¢/0¢
[ej0L PESTIO/D peESTOM pesTA/A [eloL pESTO/D peS1O/A pesTa/A
(sojdures jo ‘ou) (sojdwres jo ‘ou) suea)S
dunuanbas vN@ /1 4Dd-SV Supuanbas yN( / Suidfjouad gNS uepybe],

‘Supuanbas YN

PIm sAesse YOHJ-SV pue NS Uebe ]l ay) wouy paureyqo uonenw DpeSTA Y 10j symsaa adLjousd yo uosuedwo) ¢°¢ IquL



88

7. Distribution of the F1534C mutation in Ae. aegypti populations

In the insecticide bioassay test of 2, 154 Ade. aegypti females from 14
localities in four regions of Thailand, only 41 (1.9%) insects died (susceptible) with
mortality rates ranging from 0 - 13.3%. Table 3.4 shows the genotyping results
determined from the 41 dead mosquitoes and 465 individuals randomly selected from
the 2, 113 survivors (resistant). The genotype frequencies of the dead and survivors
were signiﬁcahtly different (x> = 80.8, df = 2, p < 0.0001). The overall mutant allele
frequency was significantly higher in the survivor group (0.84) than the dead group
(0.56) (x*> = 52.1, df = 1, p < 0.0001).

Some of the survivor group possessed a homozygous wild type F/F1534
genotype (n = 19). We predicted that this may be due to a different mutation
undetectable by our primers. Hence, we sequenced the samples and found that all

~were homozygous for mutations V1016G and S989P in domain II. The former,
V1016G mutation, has been reported to confer permethrin resistance in Ae. aegypti
(Brengues et al., 2003). The serine to proline substitution at position 989 was due to a
previously unreported mutation in IIP, a nucleotide substitution at the first base in
codon 989 (TCC to CCC).

Figure 3.20 summarises the estimated genotype frequencies and distribution
of F1534C among 2, 267 mosquitoes of Ae. aegypti populations from 20 localities of
Thailand. The data were derived partly from the 14 populations (n = 2, 154) in table
3.4 together with 6 other populations that were genotyped but not tested by the
permethrin paper. As not all individuals in the survivor group from table 3.4 were
genotyped, we prevented any bias in the estimation of the population genotype

frequencies (Figure 3.20) by estimating the absolute number of genotypes in the
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survivor group by multiplying the determined genotype frequencies with the total
number of survivors. In a total of 2, 267 mosquitoes, the homozygous wild type
F/F1534 genotype was rarely observed, with estimated frequencies ranging from 0 —
0.31. The F1534C mutation was widely distributed with the heterozygous F/C1534
genotype ranging from 0 - 0.53 and the homozygous mutant C/C1534 genotype
ranging from 0.20 - 1.00. The estimated overall genotype frequencies of F/F1534,
F/C1534 and C/C1534 were 9.71%, 26.36%, and 63.93%, respectively and the
estimated mutant allele frequency was 0.77. Although the frequency of this resistance
mutation is, overall, high in Thailand, it appears to be lower in the Provinces of
Phetchaburi (sites Nongyapong and Phetchaburi city), Mae Hong Son (Mae Sariang)
and Chaing Mai (Mae Taeng and Chiang Mai city), indicating some geographical
variation in its distribution.

The F1534C mutation was also detected by AS-PCR in Ae. aegypti in the
neighboring countries of Myanmar (Yangon city) and Cambodia (Battambang town).
Four samples of de. aegypti from Myanmar were three homozygous mutant C/C1534
and one heterozygous F/C1534. All of ten samples from Cambodia were homozygous
mutant C/C1534. The result indicated that this resistance mutation is widespread in

Southeast Asia.
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Figure 3.20 Estimated frequency distributions of the homozygous wild type
(F/F1534), heterozygous (F/C1534) and homozygous mutant (C/C1534)
genotypes in Ae. aegypti in Thailand. For the populations from Table 3.4,
population genotype frequencies were estimated by combining the total numbers of
genotypes from the survivor and dead groups. These numbers were determined

directly for the dead group and estimated for the survivor group (see main text).
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8. Molecular variation of the IIP-IIS6 region of the Ae. aegypti voltage-gated
sodium channel gene

As we showed in table 3.4, the V1016G and S989P mutations in domain II
were observed in the resistance mosquitoes that were genotyped for the homozygous
wild type F/F1534 in domain III. To determine if both mutations in domain II co-
existed with F1534C mutation, we sequenced the IIP-IIS6 region in 33 survivors
homozygous for C/C1534 from Chiang Mai city (11), Lampang city (10) and Mae
Sariang District (12) (Table 3.5). None of them possessed either the V1016G or the
S989P mutation. We also sequenced the IIP-IIS6 region in 9 heterozygous F/C1534
individuals from Chiang Mai city (6) and Mae Sariang District (3) and found one of
the latter was heterozygous for V/G1016 and S/P989. In addition, we found that the
S989P mutation was always linked to the present of the V1016G mutation (Table 3.5)

The nucleotide sequences of the IIP-IIS6 region, including the exon 16, 17
and the intervening intron between exon 16 and 17 (Vectorbase ID AAEL006019),
were analyzed and shown in Figure 3.21. Two types of the intervening intron between
exon 16 and 17 were detected with the differences in both nucleotide sequences and
size. Based on the intron length differences, sequence were classified as haplotype
groups A (250 bp) and B (234 bp). Both groups were also separated by the nucleotide
sequence with a synonymous polymorphism (A to G) in exon 16 at the position 53.
The haplotype groups were previously identified in the sodium channel sequences of
Ae. aegypti from Brazil (Martins et al., 2009).

In a total of 55 permethin resistant sequences, 34.5% belonged to haplotype
group A which was mostly observed the homozygous V1016G and S989P mutations

(Table 3.5). The other sequences belonged to haplotype group B with no amino acid
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mutation in IIP-IIS6 region of sodium channel gene. However, all of haplotype group

B mosquitoes were found the F1534C mutation in IIIS6 region.
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W N F T D F M H S FM I VF RV L C G E
FGTGGAACTTCACCGACTTC TGCACTCATTCATGATCGTGTTCCGGGTATTGTGCGGCG
GGTGGAACTTCACCGACTTCATGCACTCATTCATGATCGTGTTCCGGGTATTATGCGGCG

Fhkhkhkhhkhhkhhkhkhkhhhkhhhhhhhhhhkhkhkhkhkhkhhkhhhkh kb hhhhhhdhkhrhhkd khkhhhhkh

W I E S M WDCMULUV GD Vs CTI P F F
AGTGGATCGAATCCATGTGGGATTGTATGCTTGTGGGTGACGTGTCCTGTATTCCGTTCT
AGTGGATCGAACCCATGTGGGATTGTATGCTTGTGGGTGACGTGTCCTGTATTCCGTTCT

*********t*&************************i**********ﬁ***********

S989P

L ATV VI GNTULV
TTTTGGCCACCGTAGTGATAGGAAATCTAGTAgtaagtattccgtttggaagttcatctg
TTTTGGCCACCGTAGTGATAGGAAATCTAGTAgtaagtattccgtttgggagttcttcta

khkkhkhkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhrhhhhhhhkhhhrhrhd *hhhdk *hkk

taaggctgactgaaagtaaattggagcgcacaacag-acctattatgctgtaa-ttcegtg
taaggctgactgaaagtaaattggagcgcacaacaagacctgttatgctgtaagttccag

khhkkhkhkhkhkhkhhhhhhkhkhhhhhhhhhhhhhhhkhhhd khkhkk Khhkhkhkhkhkhkhkhkhkk *kx *

—————— attcaactagtt-----acaaaagaccgttg---atcttgatag--catcaata
cactaaatttctcaggttgaattgcagtagttcaatcgaaatctcgaactttcattttga
* Kk * * * k * * * * * * *hkdkk Kk * kK *

ttagaggcgtgctagcagcgagcgaggggcgtaccaatttacttttagtcagtectttett

taacagcaatactagacgcg--catagaacatacaaatttacatatagtcagcctttcat
* Kk kK * kkkk * kK * * * hhkk hhkhkhkhkhkk Kk Khhkhkhkkhkk hhkhkk K

vV L N L F L
gcattctttcgtgctaaccgacaaattgtttcccactcgcacagGTACTTAACCTTTTCT
gcattctatcgtgctaaccgacaaattgtttcccacccgcacagGGACTTAACCTTTTCT

khkhkhkhkhkhk Khkhkhkhhhhhhhhhhhhhhhhhhhhhhddh *hhhhdhkrArdrhhkhhdhhhhhk

v1016G

A pLaL 1% S “NmF G 'S 1S!S LaiS* AP TaAT D N E
TAGCCTTGCTTTTGTCCAATTTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACG
TAGCCTTGCTTTTGTCCAATTTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACG

hhhkhkhhhkhhhhhhhhhhhhkhhhhhhkhddkhhhhhhhhhhhhdhhdhdrdhhhhhdhrhhhdd

T N K I A EA F NI RIS RV FSNWTIK S
AAACGAACAAGATCGCGGAGGCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGT
AAACGAACAAGATCGCGGAGGCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGT

dhhkhkhhkhhhhhhhhhhhhhkhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhddhhhhhhhdk

N I A NA L K F V KNI KL T S Q I A S
CGAACATCGCCAACGCGCTCAAGTTCGTGAAAAACAAGT[AACAAGCCAGATTGCGTCC |
CGAACATCGCCAACGCGCTCAAGTTCGTGAAAAACAAGTTAACAAGCCAGATTGCGTCC

khkkhhhkhhhhhhkhhdhhhhhhhhhhhhhhhhrhhhhhhhrhhhhhdhhhhhkdrhhhhhdhdk

Figure 3.21 (Figure Legend on next page)
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Figure 3.21 Sequences alignment of the ITP-IIS6 region of the Ae. aegypti sodium
channel gene. Nucleotides in upper case letters correspond to the coding region and
those in lower case refer to the intron. The gaps (-) are introduced to maximize
alignment. Nucleotide numbering at the bottom of each block refers to the sequence
showed in the alignment. The identical amino acids are indicated by asterisk (*).
Nucleotide at position 53, underlined, is synnonymoous polymorphic sites that differ
between haplotype A and B sequences. The numbering of amino acids is in
accordance with the house fly Vsscl sequence. The S989P and V1016G mutations are
marked by open and close arrowheads, respectively. Boxes regions indicate primer

positions.



