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MEVINGY:

Iso-female lines (isolines) of Anopheles aconitus collected from Mae Hong
Son, Phet Buri and Chiang Mai Province were successfully identified to karyotypic forms.
The results of identification revealed that An. aconitus Form B (X, X,, Y,) was obtained
from 4 and 48 isolines in Phet Buri and Chiang Mai Province, respectively, and Form C
(X,, X,, Y,;) was recovered from 3 and 41 isolines in Mae Hong Son and Chiang Mai
Province, respectively.

Comparative morphometric and morphological studies of eggs under
scanning electron microscope (SEM) were undertaken in the three strains of two
karyotypic forms of Anopheles aconitus, i.e., Form B (Chiang Mai and Phet Buri strains)
and Form C (Chiang Mai and Mae Hong Son strains). Morphometric examination
revealed the intraspecific variation with respect to the float width [36.77 + 2.30 WUm
(Form C: Chiang Mai strain) = 38.49 + 2.78 UUm (Form B: Chiang Mai strain) = 39.06 +
2.37 Um (Form B: Phet Buri strain) > 32.40 + 3.52 lUm (Form C: Mae Hong Son strain)]
and number of posterior tubercles on deck [2.40 + 0.52 (Form B: Phet Buri strain) = 2.70
+ 0.82 (Form B: Chiang Mai strain) < 3.10 + 0.32 (Form C: Chiang Mai strain) = 3.20 +
0.42 (Form C: Mae Hong Son strain)], whereas the surface topography of eggs among
the three strains of two karyotypic forms were morphologically similar.

Comparing band to band on the same arm of ovarian nurse cell polytene
chromosomes of An. aconitus Form B (Phet Buri: 4 isolines) and C (Mae Hong Son: 3
isolines, Chiang Mai: 20 isolines) to the standard chromosome mapping of An. aconitus
Form B (Chiang Mai: 20 isolines), no major chromosomal rearrangements that related to
the karyotype variations were demonstrated. The investigations on allelic frequencies of
4th stage larvae and adult females of 3 (Form C: Mae Hong Son), 4 (Form B: Phet Buri),
41 (Form C: Chiang Mai) and 48 (Form B: Chiang Mai) isolines suggested that An.
aconitus Form B and C of all strains have similar allelic frequencies. This was observed
at 10 isoenzymes 16 loci in 4th stage larvae, and 11 isoenzymes 13 loci in adult females.
Hybridization tests among the four laboratory-raised isolines of An. aconitus Form B
(Chiang Mai and Phet Buri) and C (Chiang Mai and Mae Hong Son) employed by
induced copulation. The results of crosses indicated that they were genetically

compatible, providing viable progeny and completely synaptic salivary gland polytene



chromosomes. The complete sequences of rDNA internal-transcribed spacer 1 and 2
(ITS1, ITS2), and partial sequences of mitochondrial cytochrome ¢ oxidase subunit |
and Il (COI and COQll), and D3 regions from genomic DNA of An. aconitus Form B and
C were identified. The results show that the consensus sequences of the five loci of the
two forms are consistent with those of mosquitoes in the genus Anopheles. No
intraindividual variation was detected, but intrapopulation variation was present with
polymorphic sequences in some forms for each gene examined. The variation rates
were approximately 0.15 to 0.8%. Based on evidence of no pre- and post-mating
isolations, and nearly identical of DNA sequences of ITS1, ITS2, COIl and COIl, and D3
regions between An. aconitus Form B and C, we conclude that they are conspecific
cytological races in the Thai population.

Four laboratory-raised colonies of two karyotypic forms of Anopheles
aconitus, i.e., Form B (Chiang Mai and Phet Buri strains) and C (Chiang Mai and Mae
Hong Son strains), were experimentally infected with Plasmodium falciparum and P.
vivax using an artificial membrane feeding technique and dissected 8 and 12 days after
feeding for oocyst and sporozoite rates, respectively. The results revealed that An.
aconitus Form B and C were susceptible to P. falciparum and P. vivax, i.e., Form B
(Chiang Mai and Phet Buri strains/P. falciparum and P. vivax) and Form C (Chiang Mai
and Mae Hong Son strains/P. vivax). Comparative statistical analyses of the oocyst
rates, average number of oocysts per infected midgut and sporozoite rates among all
strains of An. aconitus Form B and C to the ingroup control vectors, An. minimus A and
C, exhibited mostly no significant differences, confirming the high potential vector of the
two Plasmodium species. The sporozoite-like crystals found in the median lobe of the
salivary glands, which could be a misleading factor in the identification of true
sporozoites in salivary glands were found in both An. aconitus Form B and C.

The seasonal abundance and nocturnal biting activity of Anopheles
aconitus, the secondary vector of malaria in Thailand, were investigated during January
2005 to February 2006. Seasonal changes in abundance were mainly influenced by
monthly rainfall, with a major peak occurring from August to November. This species
preferred to bite on animals rather than humans, and favored biting humans outdoors

more than indoors. The biting activity on both humans and animals exhibited high



densities at dusk and/or evening, but there were very low and erratic bitings throughout
the remaining night-hours. Thus, a unique unimodal pattern, with a peak occuring during
1800-2000 hours was clearly seen in An. aconitus. Overall, the parous rate was 51.19%
(35.85-75.00%). During the major peak of abundance (August to November), a high
parous rate that ranged from 42.86-61.57 was observed. Out of 1,198 dissected
stomaches, only 0.17% (2/1,198) were found infected with oocysts. There were no

sporozoites detected in any of the 1,198 mosquito-dissected salivary glands.
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Fig 1 Metaphase karyotypes of An. aconitus Form B and C (Giemsa staining).Testis
chromosomes; Form B: (A) Chiang Mai strain, showing X1, Y2-chromosomes; (B) Phet Buri
strain, showing X2, Y2-chromosomes; Form C: (C) Chiang Mai strain, showing X1, Y3-chromo-
somes; (D) Mae Hong Son strain, showing X2, Y3-chromosomes. Ovary chromosomes: (E)
showing homozygous X1, X1-chromosomes, (F) showing homozygous X2, X2-chromosomes,
(G) showing heterozygous X1, X2-chromosomes. Note, all types of X-chromosomes were found

in all forms and strains of An. aconitus.



Table 1 Comparative adult characters of An. aconitus Form B and C

Characters Form B* Form C**
No. (%) No. (%)
Palpus
Subapical dark band present (both) 25(65.79) 23 (71.88)
Subapical dark band absent (one) 5(13.16) 6 (18.75)
Subapical dark band absent (both) 8 (21.05) 3(9.38)
Proboscis
Entirely pale on distal 0.3-0.5 23 (60.53) 20 (62.50)
Partially pale on distal 0.3 11 (28.95) 12 (37.50)
Entirely dark 4(10.52) 0 (0)
Wing
Humeral pale spot absent (both) 36 (94.74) 31 (96.88)
Humeral pale spot present (one) 1(2.63) 1(3.12)
Humeral pale spot present (both) 1(2.63) 0(0)
Presector pale spot absent (both) 33 (86.84) 32 (100)
Presector pale spot present (one) 1(2.63) 0(0)
Presector pale spot present (both) 4(10.52) 0(0)
Median pale spot on vein R, present (both) 34 (89.47) 30 (93.75)
Median pale spot on vein R, absent (one) 2(5.26) 2(6.25)
Median pale spot on vein R, absent (both) 2(5.26) 0(0)
R base without dark scales (both) 38 (100) 32 (100)
Vein 1A with 3 dark spots (both) 35(92.11) 30 (93.75)
Vein 1A with 2 dark spots (one) 1(2.63) 1(3.12)
Vein 1A with 2 dark spots (both) 2(5.26) 1(3.12)
Vein 1A with pale fringe (both) 30 (78.95) 24 (75.00)
Vein 1A with dark fringe (one) 5(13.16) 4 (12.50)
Vein 1A with dark fringe (both) 3(7.89) 4 (12.50)
Leg
Fore tarsi with pale band at joints (both) 38 (100) 32 (100)

* 38 specimens examined, ** 32 specimens examined



Table 2 Mean distribution of coeloconic sensillae on antennal segments of An. aconitus Form B

(n=38), and C (n =32).

An. aconitus Form

Antennal Segment B C t
X £sSD X £ sD
(range) (range)

1 4261 1.06 4251134 0.050*
(3-6) (2-6)

2 476 £ 1.02 4.94 1 0.98 0.266*
(3-7) (3-8)

3 4.87 F0.81 5.13 1091 0.636*
(3-6) (3-7)

4 476 X 0.71 4.4710.76 0.417*
(3-6) (3-6)

5 4.08 = 0.85 4.09 1 0.82 0.643*
(2-6) (2-6)

6 3.61 £ 1.00 3.69 £ 0.78 0.075%
(2-6) (2-5)

7 2.74710.83 2.19 % 1.09 0.092*
(1-4) (0-4)

8 0.71 £ 0.65 0.94 1+ 0.72 0.727*
(0-2) (0-2)

9 0.24  0.49 0.16 £ 0.37 0.112*
(0-2) (0-1)

10 0.03F0.16 0 0.064*
(0-1) (0)

11 0.05 £ 0.23 0 0.007%*
(0-1) (0)

12 0.0310.16 0.031+0.18 0.808*
(0-1) (0-1)

13 0 0 0

0) (0)

*P > 0.05, **P <0.05



Table 3 Comparative mean numbers of coeloconic sensillae per antenna, palp ratios, and wing

dimensions of An. aconitus Form B (n=38) and C (n = 32)

An. aconitus ~ Average coeloconic ~ Average palp ratio Wing dimension (range)
Form sensillae per antenna (range)** Length (mm)*** Width (mm)****
(range)*
B 30.13 £ 4.95 0.74 £ 0.05 1.31 £ 0.04 0.49 £0.02
(20-39) (0.56-0.83) (1.19-1.37) (0.43-0.52)
C 29.88 1 4.26 0.75 1 0.04 1.30 £ 0.06 0.48 £0.02
(21-39) (0.64-0.85) (1.54-1.37) (0.43-0.50)

*t=0.541, P> 0.05
**t=0.421, P> 0.05
**%t=0.177, P> 0.05
*xAxE = (0.499, P> 0.05



Table 4 Setal branching on larvae of An. aconitus Form B and C

Characters Form B* Form C**
X *SD X £sb
(range) (range)
2-C
L 7.58 £ 3.49 9.16 £3.29
(0-15) (1-14)
R 7.68 T 3.42 8.84 £ 3.08
(0-15) (0-14)
3-C
L 3.66 £2.13 3281 1.67
(0-7) (0-8)
R 3.13%£1.95 4121+ 1.86
(0-7) (1-9)
4-C
L 3.00 £ 0.99 3.03 £ 1.00
(1-6) (1-5)
R 3.0310.79 3251072
(1-5) (2-5)
3-T
L 11.82 = 2.66 11.84 2.10
(8-18) (8-15)
R 11.82 £ 2.67 12.00 = 2.30
(6-18) (8-16)
O-1v
L 1.24 +0.49 1.41 £ 0.50
(1-3) (1-2)
R 1.32 +0.53 122+ 0.42
(1-3) (1-2)
0-V
L 1.42 £ 0.50 1.50 £ 0.51
(1-2) (1-2
)
R 1.45 1 0.50 1.47 X051
(1-2) (1-2)
O-VI
L 1.34 1 0.48 1.50 £ 0.51
(1-2) (1-2)
R 1.61 £ 0.64 1.53 £ 0.51
(1-3) (1-2)

* 38 specimens examined
** 32 specimens examined
L = Left, R = Right
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Table 5 Morphometric measurements and counts of float ribs and tubercles of eggs of An. aconitus Form B (Chiang Mai and Phet Buri strains) and C (Chiang Mai

and Mae Hong Son strains).

Eggs of An. aconitus Form*

Experiments

CM

PB

CM

MS

Measurements

Entire length

Width included floats

Float length

Float width

Counts

No. float ribs

No. anterior tubercles

No. posterior tubercles

361.99 + 24.38
(334.80-404.20)
141.10 £ 14.90
(126.09-179.18)

309.05 * 15.39
(280.45-331.28)
38.491+ 278
(34.78-43.75)

16.90 & 1.37
(15-19)
2.40 % 0.52
(2-3)
2.70 £ 0.82
(2-4)

367.32+ 19.22
(337.53-395.87)
137.93 £ 16.58
(112.51-166.68)

322.11 £ 9.63
(302.11-331.28)
39.06 = 2.37
(35.42-43.75)

15.50 = 1.51
(13-18)
270X 0.48
(2-3)
2.40£0.52
(2-3)

359.61+ 2524
(329.19-400.03)
142.51 £ 4.30
(137.51-150.01)

316.48 £ 19.31
(279.19-337.53)
36.77 £ 2.30
(33.34-39.59)

16.40 £ 1.78
(13-19)
3.00 £ 0.47
(2-4)
3.10%£0.32
(3-4)

370.03 + 21.66
(312.52-389.61)
136.68 £ 5.57
(129.18-145.85)

313.57 £ 18.77
(270.85-335.44)
32.40 * 3.52
(25.00-37.50)

15.60 = 1.26
(14-17)
2.90 £ 0.32
(2-3)
320X 0.42
(3-4)

Mosquito strain; CM: Chiang Mai, MS: Mae Hong Son, PB: Phet buri.

*Ten samples for each strain.

Measurements in Am + 3D, range in parenthesis.



Figs 3-8 Whole eggs: (3) Lateral aspect, anterior end (a), posterior end (p)(x 270), (4) ventral
aspect, anterior end (a), posterior end (p)(x 270), (5) Dorsal aspect, anterior end (a), posterior end
(p)(x 270). (6) Anterior end, showing irregularly jagged tubercles on the deck and three large,
rosette-shaped tubercles (x 3,500). (7) Posterior end, showing irregularly jagged tubercles on the
deck and two large, rosette-shape tubercles (x 3,500). (8) A higher magnification of the large,

rosette-shaped tubercle, surrounded by a sclerotized ridge and raised border (x 10,000).



Figs 9-14 (9) A higher magnification of the irregularly jagged tubercles on the deck (x 12,000).
(10) Irregularly jagged tubercles on the deck and area covered by the float, and outer chorionic
tubercles covered with a membrane-like sheet between the frill (fr) and detachment point of the
float (dpf). Note, that the cluster of tubercles adjacent to the detachment point of the float more or
less form a wavy border (wb) (x 850). (11) A higher magnification of the irregularly jagged
tubercles on the area covered by the float, and outer chorionic tubercles covered with a
membrane-like sheet between the frill and detachment point of the float (x 1,500). (12) A higher
magnification of the irregularly jagged tubercles on the area covered by the float (x 5,000). (13) A
higher magnification of the outer chorionic tubercles covered with a membrane-like sheet
between the frill and detachment point of the float (x 8,000). (14) Outer chorionic tubercles from

the torn membrane-like sheet between the frill and detachment point of the float (x 540).



Figs 15-20 (15) The inner surface of the frill (fr), showing its sclerotized, ridge-like texture with
picket-like ribs (x 8,000). (16) The outer surface of the frill (fr), showing its smooth surface and
parallel brick-like texture along its entire length (x 8,000). (17) The anterior end, showing the
micropylar orifice surrounded by a smooth collar with an irregular outer margin (x 3,700). (18)
Outer chorionic tubercles at the anterior third of the egg, showing irregular bases partially
covered with a membrane-like sheet (x 3,500). (19) Outer chorionic tubercles in the middle of the
egg, showing irregular bases that were almost completely covered with a membrane-like sheet (x
3,500). (20) Outer chorionic tubercles from the torn membrane-like sheet in the middle of the egg,

showing irregular bases and flattened-surface (x 7,000).
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Table 6 Enzyme and buffer systems used for isozyme studied of An. aconitus Form B and C.



Enzyme Enzyme Buffer Stage
Classification system

number

1.2.3.1 Aldehyde oxidase (ALDOX) | A
3.1.1.1 Esterase (EST) | A L
4212 Fumarate hydratase (FUM) | A
53.1.2 Glucosephosphate isomerase (GPI) | A L
2.7.1.1 Hexokinase (HK) Il A L
1.1.1.42 Isocitate dehydrogenase (IDH) Il A L
1.1.1.27 Lactate dehydrogenase (LDH) [, 1l A L
1.1.1.40 Malic enzyme (ME) | A L
1.1.1.8 a-Glycerophosphate dehydrogenase (a-GPD) Il L
5422 Glucosephosphomutase* (GPM) [ A
1.2.1.37 Xanthine dehydrogenase (XDH) | A
1.1.1.37 Malate dehydrogenase (MDH) | A
3.1.3.2 Acid phosphatase* (ACPH) | L, A
3.1.3.1 Alkaline phosphatase* (ALP) | L
3.4.11 Peptidase (PEP) | L
1.1.1.44 6-phosphogluconate dehydrogenase** (6-PGD) [, 11 A
1.1.1.30 Hydroxybutyrate dehydrogenase** (HBDH) | A
1.1.1.73 Octanol dehydrogenase** (ODH) | A
3.4.1.1 Leucine aminopeptidae (LAP) | L

Buffer system | = 0.005M Tris-0.0384 M, Glycine pH 8.3; Il = 0.067 M Tris-0.022 M citric acid pH 7.1
(one-fourth dilution before use), L = larva, A = adult

* very faint band ** no band
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XDH of adult An. aconitus Form B and C from Chiang Mai (CM), Mae Hong Son (MS) and

Phet Buri (PB).
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Table 7 Allele frequencies (allele numbers) observed at 10 isozymes 16 loci in 4" stage larva An.

aconitus Form B and C from Chiang Mai, Mae Hon Son and Phet Buri.

No. Loci Allele Chiang Mai Mae Hong Son Chiang Mai Phet Buri

Form B Form B Form C Form C

1 Es 100 0.78 (56) 0.33(2) 0.89 (52) 1.00 (6)
=5 104 0.22 (16) 0.67 (4) 0.11(6) 0 (0)

2 Idh-2 100 0.80 (16) 1.00 (6) 0.83 (15) 1.00 (0)
105 0.15 (3) 0(0) 0.11(2) 0 (0)
108 0.05 (1) 0(0) 0.06 (1) 0 (0)

3 Lap-2 100 0.92 (22) 1.00 (6) 0.83 (10) 1.00 (6)
102 0.08 (2) 0(0) 0.17 (2) 0 (0)

4 Lap-3 100 1.00 (44) 1.00 (6) 1.00 (26) 1.00 (6)

5 Lap-4 100 1.00 (44) 1.00 (6) 1.00 (26) 1.00 (6)

6 Lap-5 100 1.00 (44) 1.00 (6) 1.00 (26) 1.00 (6)

7 Lap-6 100 0.73 (32) 1.00 (6) 0.83 (20) 1.00 (6)
102 0.27 (12) 0(0) 0.17 (4) 0(0)

8 Ldh-1 100 1.00 (16) 1.00 (6) 1.00 (20) 1.00 (6)

9 Ldh-2 98 0.11 (6) 1.00 (6) 0.04 (2) 1.00 (6)
100 0.89 (48) 0(0) 0.96 (46) 0 (0)

10 Me 100 1.00 (24) 1.00 (6) 1.00 (12) 1.00 (6)

1" Gpi 100 0.82 (18) 1.00 (6) 0.78 (14) 1.00 (6)
105 0.18 (4) 0(0) 0.22 (4) 0 (0)

12 Gpd 100 0.96 (25) 1.00 (6) 1.00 (14) 1.00 (6)
102 0.04 (1) 0(0) 0(0) 0 (0)

13 Acp 95 0.25(2) 0.67 (4) 0.29 (4) 0.75 (6)

100 0.75 (6) 0.33 (2) 0.43 (6) 0.25(2)
102 0(0) 0(0) 0.28 (4) 0 (0)

14 Alp 98 0.40 (4) 0(0) 0.14 (2) 0.50 (2)

100 0.60 (6) 1.00 (4) 0.86 (12) 0.50 (2)

15 Pep-1 100 0.86 (12) 0(0) 0.40 (4) 0.33(2)

102 0.14 (2) 1.00 (6) 0.60 (6) 0.67 (4)

16 Pep-2 100 1.00 (10) 1.00 (6) 1.00 (4) 1.00 (4)




Table 8 Allele frequencies observed at 11 isozymes 13 loci in adult An. aconitus Form B and C

from Chiamg Mai, Mae Hon Son and Phet Buri.

No. Loci Allele Chiang Mai Mae Hong Son Chiang Mai Phet Buri
Form B Form B Form C Form C
1 98 0.07 (4) 0 (0) 0.11 (6) 0 (0)
dox-1 100 0.78 (42) 1.00 (6) 0.78 (42) 0.67 (4)
102 0.15 (8) 0(0) 0.11(6) 0.33 (2)
2 Aldox-2 98 0(0) 0.67 (4) 0.10 (4) 0.33(2)
100 1.00 (54) 0.33(2) 0.90 (40) 0.67 (4)
3 Est-5 100 0.81 (63) 0.33(2) 0.83 (43) 1.00 (6)
104 0.19 (15) 0.67 (4) 0.17 (9) 0 (0)
4 Fum 95 0.60 (6) 0.33(2) 0.33 (6) 0 (0)
100 0.40 (4) 0.67 (4) 0.67 (12) 1.00 (6)
5 Hk 100 1.00 (28) 1.00 (6) 1.00 (12) 1.00 (6)
6 Ldh-2 100 1.00 (44) 1.00 (6) 1.00 (42) 1.00 (8)
7 Mdh-1 100 1.00 (4) 1.00 (4) 0.75 (3) 1.00 (4)
105 0 (0) 0(0) 0.25 (1) 0 (0)
8 Mdh-2 100 1.00 (4) 1.00 (4) 1.00 (4) 1.00 (4)
9 Me 100 1.00 (4) 1.00 (4) 1.00 (4) 1.00 (4)
10 Gpm 95 0 (0) 0(0) 0.04 (1) 0 (0)
100 0.85 (34) 1.00 (6) 0.88 (23) 1.00 (6)
105 0.15 (6) 0 (0) 0.08 (2) 0 (0)
1" Gpi 100 0.80 (40) 1.00 (6) 0.86 (48) 1.00 (6)
105 0.20 (10) 0 (0) 0.14 (8) 0 (0)
12 Xdh 99 0.10 (2) 0 (0) 0.60 (12) 0 (0)
100 0.90 (18) 1.00 (6) 0.40 (8) 1.00 (6)
13 Idh 95 0 (0) 0 (0) 0 (0) 0.37 (3)
100 1.00 (12) 1.00 (6) 1.00 (10) 0.63 (5)




2.5 M3N1 hybridization tests
1841 hybridization tests 53 1319¢9 An. aconitus JUuUY B 1indaniaioslninas
89 An. aconitus 3111V B 1IndanTamysiFuazuny ¢ ndaiamesluinaziigesdon
AMMATUDY Choochote e al. (1998) Wa fertile hybrids (Table 9) (ta2 complete synapsis of
salivary gland polytene chromosomes (Fig 24) “ﬁlvl@s])ﬂm reciprocal (L8 back crosses (L&l aal¥ifiy
»

’JIWEJQ An. aconitus qi,ﬂLL‘]J‘]J B uay C il post-mating isolation N9 sympatric Q& allopatric

strains

2.6 MsAnyuUSeuNey DNA sequences
Cellular DNA isolation: 18%1mM3anA Cellular DNAs (genomic DNAs and

mitochondial DNAs) Y0383 An. aconitus H3leN01Y 3-7 Tu F98s linenudeauiney uaz

3

%

QQGI’JPE) Tagly DNeasy® Tissue Kit (Qiagen) daueaalily Table 10 Cellular DNAs VOIY
Y . 9 g
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DNAs fada ldsanua Iy 134 4 °c e 16 lumsdnuse 1/
Determination of ribosomal DNA (rDNA) ITS2 sequences. 11013 amplify aIu
] 9
rDNA ITS2 910 gDNA vodganiana lad1eduTagd® PCR el PCR reaction mix (50 LLI)
Uszneoudis 1.5 mM MgCl,, 20nM dNTPs, 50ng each primer (ITS2A 5°-
TGTGAACTGCAGGACACAT-3> and ITS2B  5-TATGCTTAAATTCAGGGGGT-3’),
platinum Tag DNA polymerase High Fidelity (Invitrogen) and DNA sample Uszana 0.1 daun
o ﬁﬂhlﬁal} PCR condition ﬁclﬁlgf)ﬁe U9 1 Denaturation at 95°C , 5 mins V1N 2 Denaturation at
94OC, 1 min YU 3 Annealing at SIOC, 1 min YU 4 Extension at 720C, 2 mins (Gﬁﬁfu‘ﬁ 2-4
9 1
1UIU 30 501) YN 5 Extension at 720C, 10 mins
naannssuneuIUIAUee ITS2 PCR products mmqm@iazﬁ’s UU 1% agarose gels
9
WU YAV ITS2 PCR products Y8INGY An. aconitus Form B 4ag Form C MfIQuazia
= ] 1 Y @ . = Ay Y Y [ o v A F% .
e "lmmﬂmmu ﬂ\illﬁﬂ\ﬂu Fig 25 “]NWa‘VIhlﬂﬁ’f)ﬂﬂﬁi’)ﬂﬂllNﬁﬂ]f’]ﬂﬁ”lﬂ‘umﬁ‘l/luﬁﬂ\ill'ﬂu Fig

26



Table 9 Cross mating among isolines of An. aconitus Form B and C.

Cross Total egg Embryonation  No. hatched No. pupation No. emergence No. females and males from Sex ratio
(No.)* rate** (%) (%) (%) total emergence (%) Female/male

Female x Male Female Male

Parental crosses

BC xBC 151(62,89) 90 131 (86.75) 107 (81.68) 101 (94.39) 59 (568.42) 42 (41.58) 1.40

BP x BP 197 (92, 105) 88 166 (84.26) 148 (89.16) 144 (97.30) 66 (45.83) 78 (54.17) 0.85

CCxCC 184 (86, 98) 72 123 (66.85) 113 (91.87) 109 (96.46) 59 (54.13) 50 (45.87) 1.18

CM x CM 170 (79, 91) 89 138 (81.18) 112 (81.16) 108 (96.43) 47 (43.52) 61 (56.48) 0.77

Reciprocal crosses

BC x BP 169 (55, 114) 89 139 (82.25) 128 (92.09) 111 (86.72) 46 (41.44) 65 (58.56) 0.71

BP x BC 217 (65, 152) 90 189 (87.10) 166 (87.83) 151 (90.96) 77 (50.99) 74 (49.01) 1.04

BC xCC 159 (77,82) 80 121 (76.10) 110 (90.91) 107 (97.27) 51 (47.66) 56 (52.34) 0.91

CCxBC 162 (67,95) 89 135 (83.33) 112 (82.96) 112 (100) 45 (40.18) 67 (59.82) 0.67

BC xCM 158 (61,97) 75 112 (70.89) 104 (92.86) 104 (100) 43 (41.35) 61 (58.65) 0.70

CM xBC 164 (81,83) 86 136 (82.93) 125 (91.91) 120 (96.00) 69 (57.50) 51 (42.50) 1.35

Back crosses

(BC x BP)F, x BP 156 (57,99) 94 142 (91.03) 139 (97.89) 136 (97.84) 81 (59.56) 55 (40.44) 1.47

BC x (BC x BP)F, 186 (88,98) 88 151 (81.18) 128 (84.77) 126 (98.44) 76 (60.32) 50 (39.68) 1.52

(BPxBC)F, xBC 189 (94,95) 76 134 (70.90) 121 (90.30) 121 (100) 52 (42.98) 69 (57.02) 0.75

BP x (BP x BC)F, 162 (67,95) 88 133 (82.10) 124 (93.23) 119 (95.97) 44 (36.97) 75 (63.03) 0.59




Table 9 Cross mating among isolines of An. aconitus Form B and C. (Continue)

Cross Total egg Embryonation  No. hatched No. pupation No. No. females and males from Sex ratio
(No.)* rate** (%) (%) emergence total emergence (%) Female/male

Female x Male (%) Female Male

(BC x CC)F,xCC 170 (79,91) 79 122 (71.76) 115 (94.26) 113 (98.26) 68 (60.18) 45 (39.82) 1.51

BC x (BC x CC)F, 181 (83, 98) 89 147 (81.22) 137 (93.20) 137 (100) 71(51.82) 66 (48.18) 1.08
(CCxBC)F, xBC 210 (65, 145) 92 181 (86.19) 157 (86.74) 157 (100) 88 (56.05) 69 (43.95) 1.28

CC x (CC x BO)F, 160 (58, 102) 87 131 (81.88) 102 (77.86) 102 (100) 53 (51.96) 49 (48.04) 1.08
(BCxCM)F, xCM  165(79,86) 91 144 (87.27) 128 (88.89) 128 (100) 62 (48.44) 66 (51.56) 0.94
BCx (BCxCM)F,  256(84,172) 88 220 (85.94) 205 (93.18) 191 (93.17) 84 (43.98) 107 (56.02) 0.79
(CMxBC)F,xBC  163(67,96) 74 116 (71.17) 91 (78.45) 89 (97.80) 40 (44.94) 49 (55.086) 0.82
CMx(CMxBC)F, 169(76,93) 81 135 (79.88) 127 (94.07) 122 (96.06) 59 (48.36) 63 (51.64) 0.94

BC: An. aconitus Form B (Chiang Mai strain), BP: An. aconitus Form B (Phet Buri strain), CC: An. aconitus Form C (Chiang Mai strain), CM: An. aconitus Form C (Mae Hong
Son strain)
*Two selective egg-batches of inseminated females from each cross.

**Dissection from one hundred eggs.



Fig 24 Salivary gland polytene chromosome of F1-hybrid 4th stage larvae of An. aconitus:(A)
Form B female (Chiang Mai strain) x Form B male (Phet Buri strain), (B) Form B female(Chiang
Mai strain) x Form C male (Chaing Mai strain), (C) Form B female (Chiang Mai strain) x Form C
male (Mae Hong Son strain). All the crosses yielded complete synapsis in all arms, except
floating, heterozygous inversion (INV) on 2L (C), which was found in only one preparation from
the F1-hybrid 4th stage larvae of Form B female (Chiang Mai strain) x Form C male (Mae Hong

Son strain).



Table 10 Number of isolated cellular DNAs and DNA sequences of An. aconitus Form B and
Form C

Isolines Isolated DNA sequences4
gDNAs

Female' Male’ ITS2 ITSI D3  COI
Form B
Aa001B 1 - v - v -
Aa016B 1 - v - - -
Aa024B 1 - v - - -
Aa031B 1 - 4 - 4 -
Aa039B 1 - 4 - 4 -
Aa077B P’ P v v v v
Aa079B P’ P’ - - v -
Aa084B i P’ v - v v
Aa090B I’ - v - - -
Aa095B I’ - v - - -
Form C
Aa032C 1 - 4 - - -
Aa033C 1 - v - - -
Aa035C 1 - - - - -
Aa037C 1 - - - - -
Aa075C I’ P’ - v v v
Aa083C P P? v - v v
Aa088C I’ I’ - - v -

"'Number of isolated gDNA females. *Number of isolated gDNA males. * Genomic DNAs
extracted in this time. * Obtained DNA sequences from 5’ 9 3’. A dash (-) indicates no data

available.
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Fig 25 ITS2 PCR products of An. aconitus Form B and Form C on a 1% agarose gel. Lanes are 1, control; 2,
female Aa077B; 3, female Aa079B, 4, female Aa084B; 5, male Aa077B; 6, male Aa079B; 7, male
Aa084B; 8, female Aa075C; 9, female Aa083C; 10, female Aa088C; 11, male Aa075C; 12, male
Aa083C; 13, male Aa088C; 14, An. minimus A; and 15, An. sinensis. Molecular masses (MW) are in

kilodalton on the left.

Aa00IB vttt i e T e T e e et e 64
Aa0l6B vttt i i i e T e e T e e e 64
Ra024B it e e e T e T e e 64
RAa031B vttt e e e e T e T e e e e 64
Ra039B i e e T e T e e et 64
Ra0T77B vttt i e T e e T e e e 64
Ra084B v it e e e e Covinnnnni T 65
RAa090B ittt e e Covinninii T e i i i e 66
Ra095B i i i e Covnniiii T e e et e 65
Ra032C it e T e e T e e e e e 64
RAa033C i e e T e T e e e e 64
Aa083C it e e T e T e e e e 64
con TGTGAACTGCAGGACACATGAACACCGAC ACGTTGAACGCAT ATgGCGCATCGGACGTTTAAAC

Aal001B ...... T e T T et e e e 127
Aa0l6B ...... E N T e e T e e e e e e 127
Aa024B ...... T e T e e T e e e e e 127
Aa031B ...... T e T e e et T e e e i e e 127
Aa039B ...... T e T e e e T e e e e e e e 127
Aal077B ...... T e e T e T e e et e e 127
Aa084B ...... Covnnnnn Tt i T e e et e 130
Aa090B ...... Covinnnn T i e i e Gt e e 131
Aa095B ...... Coviiiii i Tt T e e e e e 130
Aal032C ...... T e N e 127
Aa033C ...... E N N T e e et e e 127
Aa083C ...... T e T e e e T e e e e e e 127
con CCGACC GATGTACACATT CTTGAGTGCCTACCAAATCC TTGTTACACAAATACATAACTACAG

Aa00IB .t ittt it T e e e et e e e e e 192
Aa0l6B ..ttt T e ettt et e e e 192
Ra024B .ot T e e ettt i e e e 192
Ra03IB vttt T e e ettt e e e e 192
Ra039B ..ttt T e e e et e e e 192
RAa077B ittt T e e et ettt e e e e 192
Ra084B ...ttt et e e i e e i e 196
RAal90B . .iiiii i T e e ettt e e e e 196
RAa095B ..t et e i e e e e 196
Aa032C ..t e T e ettt e et e e e 192
Ra033C ..ot T e e ettt e i e e 192
Ral083C vttt T e e ettt e e e e 192
con GACGGGCGTGCTACACAGTC AAGTGAAACATTCCGGGCGAGCAGCCCGCCACGGAAGTCACTGGA

2= 0 2 258

2= T O = O 258



S O 258

= 2 258
NG 0 258
2= Y O = 258
2 262
2= S 02 A.. 262
N 1= 262
2= Y 0 258
2= 3 L 258
= 2 L 258
con CGTACACGCTGTCGGACTGTGCATCTTGGCGTGCTTGGTTCCACACCCAGAGCGGGGTGAACCECG

RAa001B v ittt AG. i iiiiinnn e T e 320
Aa0l6B . ..iiiii it AG. . it iiii e e T e e e 320
Ra024B ..ot AG. it T e T e e e 320
Ral031B .t ittt AG. . iiiin, T e T e 320
Ra039B ittt AG. it i T T e e 320
= = T AG. it iii T e T e e 320
RAa084B ..ttt AG. i iiin, T e T e e e 324
Ral090B . .iiiiiiii i i T e e e T e T e e e 322
Ra095B ...t R e AGC. ... 325
Aal032C ..t e T e e e Covnnnin T e e e 319
RAa033C it e AG. it iii, T e T e e e 320
Ral083C ..ttt T e e e Covinnn T e e 319
con GGCGCTGAAAAGGTAAGGCAG TACAATCTTGTACACC AGGGTACAGC GTCAAGTCGCACG

2= Y 0 2 386
= Y 2 386
= 386
N G 386
2= Y 0 ) 386
Ra0T7 7B vttt e e e T e e e i e i e 386
= 2 390
N 0 388
N 1 391
2 385
2= 3 386
= 2 L 385
con GGTCGAACTTCGGCTATGGACGACCTGAGAACCCCGGCAGCCTACTAACACCAGGCTAGCCGATCC

RAal01B vttt e e e e T e e e et e e e e 451
Ra0l6B vttt e e e T e e e et e e e e 451
Ra024B v vt e e e T e et et i e e e 451
Ra031B vttt e e e T e e T i 451
Ral39B it e T e e et i e e e e 451
Ra07 7B vttt e e e A e e e e e e e 452
Ra084B v ittt e e e T 455
Ral90B .t it e T e T...C.Govviiiiia.. 453
Ra095B it e T e e e e e e e e e 456
Ra032C it e e e T e e et e e e e e 450
RAal033C i e e T e i Cuneiiiiii e 451
Ral83C it e e T e et e e e 450
con GGGTCCAGGGGTTACGCATCATCCGGCCGA GTCGTGTAACACGTGCAAC CaTACGCATGGACCC

= O 2 517
= Y 2 517
= 517
=G 517
Aal039B ......... e e ettt e e e e e e e e e 516
= = 518
= L 521
= 0 519
S 2 522
= 3 516
2= Y 0 T 517
= 516

con TACTTGCTTtCCTTTCGCATATGTAGGCCTCAAGTGATGTGTGACAACCCCCTGAATTTAAGCATA



Fig 26 Alignment of the ITS2 DNA sequences of An. aconitus Form B (Aa001B, Aa016B,
Aa024B, Aa031B, Aa039B, Aa077B, Aa084B, Aa090B, and Aa095B) and Form C
(Aa032C, Aa033C, and Aa083C). Each dot in the alignment indicates that the sequence
is identical with that of the consensus sequence (con), and a dash denotes a deletion with

respect to the other sequences. Numbering refers to the nucleotide sequences.

Determination of rDNA ITS1 sequences: 111013 amplify @72U rDNA ITS1 2910 gDNA
YogaNana 1ad19A1 Tae3% PCR A4il PCR reaction mix (50 LUI) 1/5no1@18 1.5 mMMgCL,
20nM dNTPs, 50ng each primer (ITS1-18S 5’-CCTTTGTACACACCGCCCGT-3’ and ITS1-6S

5’-GTTCATGTGTCCTGCAGTTCAC-3’), platinum Tag DNA polymerase High Fidelity

=1

(Invitrogen) and DNA sample Uszana 0.1 dnanald PCR condition nl¥Ae Yuh

(¢]

4 v 4 [
Denaturation at 95°C , 5 mins YU 2 Denaturation at 94OC, 1 min Y49 3 Annealing at 53 °C, 1

Y 1 Yy 9 v Y ]
min YUT 4 Extension at 72OC, 2 mins (cﬁﬁfuﬁ 2-4 91UIU 30 59U) YU 5 Extension at 72°

C,
10 mins

lanlSeuiiouuuiaues ITS1 PCR products UDIGILAAZAD U 1% agarose gels WU
YUIAUDY ITS1 PCR products YBINGY An. aconitus Form B 1iag Form C %@ﬁaﬁuaxﬁmﬁa i
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Fig 27 ITS1 PCR products of An. aconitus Form B and Form C on a 1% agarose gel. Lanes are
1, control; 2, female Aa077B; 3, female Aa079B, 4, female Aa084B; 5, male Aa077B; 6,
male Aa079B; 7, male Aa084B; 8, female Aa075C; 9, female Aa083C; 10, female
Aa088C; 11, male Aa075C; 12, male Aa083C; 13, male Aa088C; 14, An. minimus A,

and 15, An. sinensis. Molecular masses (MW) are in kilodalton on the left.



Ra0T7 7B it e e e e e e e Tt e e e e e e e e 66

RalT75C i e L 66
con GTTCATGTGTCCTGCAGTTCACATTCAGACGCGCG TTAGCTGCGGTCTTCATCGATCCATGAGCC
N = 132
2= Y O T 132
con GAGTGATCCCCTGCCTAGGGTTTCAACAATTGTGTACAAGTCCTCAGGAATTGCTTCCATCGGACA
2= Y O = 198
= s T 198
con CCTCTCTCTCCCAGATCGCATCGACTAAGTTGCCTTTGCCGTGCGCGATCGACCTTTGGACACCTC
= = 264
= o T 264
con CTCTTCTTGTTAGAACTGGGGCTGAGTTCACGGTTTTTACACTCGGAACGGACAGCAAGACCATGC

= = T 330
N 330
con ACTTCCTTGCTGCCGACCGACTCGCAACGTTTTGTGTGAAGGAAAAAGCCGACGTGCGTCACCACC
N = 396
2= Y O T 396
con CATCTCCAGGGGTTTGTGTTAGAGTTTTTTTTTAACTCTATTAATGGCCACATCGTTTGATTAACT
N = AL e e 462
2= Y O T I 462
con TGTCAACTCGATTGGTCTTTCTCTTATACGGTGATCTGGGACTAGCC GAAACCTTGCTACCGTTC
2= Y O = 528
2= G T 528
con TGTT CGCGTTGCTAGGAATAGCCGACTTCAGCAACCGTAACCCATATAGTTCGTGCACGAAGCGA
= = 594
= o T 594
con ACAACTTTGCCTCGGTGCTTTTTACACCGTAGTGTAATACTCTCTCCGGTTTTGTGATCGGTAATG

= = T 660
N T 660
con ATCCTTCCGCAGGTTCACCTACGGAAACCTTGTTACGACTTTTACTTCCTCTAAATCATCAAGTTC
Ra0T7 7B it e e e e e e e L 726
RalT75C i e e e A e i e e e 726
con GGTCAACTTCGGCCATGCCTACTGCAGCTCACGGA GAACCGCGGCAGGTGTGCCTCCAGAGACCT
= = 772

2 G T 772

con CACTAAATAATCCATCGGTAGTAGCGACGGGCGGTGTGTACAAAGG

Fig 28 Alignment of the ITS1 DNA sequences of An. aconitus Form B (Aa077B) and Form C
(Aa075C). Each dot in the alignment indicates that the sequence is identical with that of the
consensus sequence (con), and a dash denotes a deletion with respect to the other sequences.

Numbering refers to the nucleotide sequences.



Determination of rDNA D3 sequences: 11013 amplify @1 rDNA D3 910 gDNA VB4

]
I [

ganana lad19duTaeds PCR &1 PCR reaction mix (50 pl) Usznouals 1.5 mMMgCL,
20nM dNTPs, 50ng each primer (D3a 5’-GACCCGTCTTGAAACACGGA-3’ and D3b 5’-
TCGGAAGGAACCAGCTACTA-3’), platinum Tag DNA polymerase High Fidelity (Invitrogen)
and DNA sample Uszinm 0.1 ﬂ’ﬁu‘ﬁﬁﬁlﬂ"lg]} PCR condition ﬁi%}ﬁﬂ sf}luﬁ 1 Denaturation at
95°C , 5 mins Gl%luﬁ 2 Denaturation at 94OC, 1 min Gf}luﬁ 3 Annealing at SSOC, 1 min Gf}luﬁ 4
Extension at 72OC, 2 mins (“1%’1%141?; 2-4 311U 30 591) Gflajuﬁ 5 Extension at 720C, 10 mins
nasnnseuneyviaves D3 PCR products ‘llﬂﬁfgﬂllﬁiﬁzﬁ’) UU 1% agarose gels
W31 YAV D3 PCR products YBANGY An. aconitus Form B 18 Form C quﬁaﬁuazﬁmﬁﬂ

] 1 @ [ 9 . £ Ay v Y @ o v A F% .
Tiinanareiu aeuaas13u Fig 29 Swma lddeandesnunavessrauuaiivaas 1314 Fig 30
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Fig 29 D3 PCR products of An. aconitus Form B and Form C on a 1% agarose gel. Lanes are 1,
control; 2, female Aa077B; 3, female Aa079B, 4, female Aa084B; 5, male Aa077B; 6,
male Aa079B; 7, male Aa084B; 8, female Aa075C; 9, female Aa083C; 10, female
Aa088C; 11, male Aa075C; 12, male Aa083C; 13, male AaO88C; 14, An. minimus A,

and 15, An. sinensis. Molecular masses (MW) are in kilodalton on the left.

2= Y 0 2 66
= 2 66
= G 2 66
N = 66
2= Y O ) 66
o 2 66
= o T 66
N 66
2= Y 0 66
con GACCCGTCTTGAAACACGGACCAAGAAGTCTATCTTGCGCGCAAGCCAATGGGTATTGGGCGGTAC

2= T 0 2 132
= 2 132



= Y € ) 132

= = T 132
Aa079B ..... et i it i e e e e e e e e e e e 132
2= Y O 2 132
= T 132
= 2 L 132
N T 132
con GCCGCtTCGAACTGGTAACCCACAGGCGAAGACAAATCGAGTGTTGCGGGATTACGGGTTCGGCCG

a0 LB vttt e e e e et e e e e e e e e e 198
2= Y 0 2 198
2= Y 0 ) 198
= = 198
= = T 198
N 198
2= T O T 198
= 2 L 198
= 198
con ATGGCGCAAGCCTTCGTCGGGCCCCTCCATCCCAGGGTGTTCCGTTACGGGTGCTTGCACCCAGTG

= O 264
NG 264
2= Y 0 ) 264
= = 264
= = T 264
o 264
2= Y O T 264
= 2 L 264
= 264
con GACATCCCCGGAGTGCGTATGATGTGACCCGAAAGATGGTGAACTATGCCTGATCAGGTCGAAGTC

= O 330
NG 330
NG 0 330
2= Y O = 330
= ) 330
= L 330
N T 330
2 L 330
= 330
con AGGGGAAACCCTGATGGAGGACCGAAGCAATTCTGACGTGCAAATCGATTGTCAGAGTTGGGCATA
2= O 2 375

2= 2 T 375

N G = 375

2 2 T 375

2= )= T 375

= = T 375

RAa0 75 e e e e e e e e e 375

Ra083C vt e e e e e e e 375

2= 1 375

con GGGGCGAAAGACCAATCGAACCATCTAGTAGCTGGTTCCTTCCGA

Fig 30 Alignment of the D3 DNA sequences of An. aconitus Form B (Aa001B, Aa031B,
Aa039B, Aa077B, and Aa084B) and Form C (Aa075C, Aa083C, and Aa088C). Each dot
in the alignment indicates that the sequence is identical with that of the consensus
sequence (con), and a dash denotes a deletion with respect to the other sequences.

Numbering refers to the nucleotide sequences.

Determination of mitochondrial DNA (mtDNA) COII sequences: 111713 amplify au

1 9
COIl 910 mtDNA vosgendana lad1eduTagds PCR A3l PCR reaction mix (50 LAI)



Usznoudls 1.5 mMMgCl,, 20nM dNTPs, 50ng each primer (LEU-COIl 5’-
TCTAATATGGCAGATTAGTGCA-3" and LYS-COII 5’-ACTTGCTTTCAGTCATCTAATG-
3°), platinum Tag DNA polymerase High Fidelity (Invitrogen) and DNA sample U5z1101 0.1
a ’Ju“ﬁﬁ ﬁﬂvlé) PCR condition ﬁi%ﬁ@ Gﬁjuﬁ 1 Denaturation at 95°C , 5 mins %uﬁ 2 Denaturation
at 94OC, 1 min Gi'?uﬁ 3 Annealing at 420C, 1 min %"’uﬁ 4 Extension at 72OC, 2 mins (61(3'1%1‘!1?; 2-4
U 30 501) Gflajuﬁ 5 Extension at 720C, 10 mins

1NNMsTeuneuvuIAved COIl PCR products medqm@iazﬁ’a UU 1% agarose gels
WU YUIAVBY COIL PCR products YBINGY An. aconitus Form B 4ag Form C ﬁqﬁaé’uaxﬁa
die AU ez linana1aAY PCR products Y04 An. minimus A Wag An. sinensis fauaad1lu

. & ~ 9 [ o o W ~ Y .
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Fig 31 COII PCR products of An. aconitus Form B and Form C on a 1% agarose gel. Lanes are
1, control; 2, female Aa077B; 3, female Aa079B, 4, female Aa084B; 5, male Aa077B; 6,
male Aa079B; 7, male Aa084B; 8, female Aa075C; 9, female Aa083C; 10, female
Aa088C; 11, male Aa075C; 12, male Aa083C; 13, male Aa088C; 14, An. minimus A,

and 15, An. sinensis. Molecular masses (MW) are in kilodalton on the left.
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con GAACTGTATTACCAGCAATTATTTTAATATTTATTGCATTCCCTTCTCTACGACTTTTATATTTA
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con ATAGACGAAATTAATACTCCTTCTATTACTTTAAAATCAATTGGACATCAATGATATTGAAGTTA
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= = 516
= L 520
S T O =T 520
2= T 0 520
con TAAACGGATTTCGTTTATTAGATGTAGATAATCGAATTGTTTTACCTATAAATAATCAAATTCGA
N = 581
2 585
2= s T 585
2= 2 L 585
con ATTTTAGTTACTGCAACTGATGTTTTACATTCATGAACAGTTCCTTCCTTAGGAGTAAAAGTAGA

= = T 646
S O 650
2 S T 650
= 2 L 650
con TGCAACTCCTGGACGTTTAAATCAAATTAATTTTTTAATTAATCGACCAGGTTTATTTTTTGGAC
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= = 770
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= o L 774
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con AATTATTTTATTAAATGAATTACTTCTATAACTAATTCATTAGATGACtGAAAGCAAGT

Fig 32 Alignment of the COIl DNA sequences of An. aconitus Form B (Aa077B and Aa084B)
and Form C (Aa075C and Aa083C). Each dot in the alignment indicates that the

sequence is identical with that of the consensus sequence (con), and a dash denotes a



deletion with respect to the other sequences. Numbering refers to the nucleotide

sequences.

Determination of mtDNA AT-rich sequences: $1M3 amplify @71 AT-rich 910
mDNA vesgaiiafialdinadulaeds PCR §ail PCR reaction mix (50 pLI) Ysznoudas 1.5
mMMgCl,, 20nM dNTPs, 50ng each primer (TM-N-193 5°-TGGGGTATGAACCCAGTAGC-3’
and SR-J-14233 5’-AAGAGCGACGGGCGATGTGT-3’), platinum Tag DNA polymerase High
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Fig 33 AT-rich PCR products of An. aconitus Form B and Form C on a 1% agarose gel. Lanes
are 1, control; 2, female Aa077B; 3, female Aa079B, 4, female Aa084B; 5, male
Aa(Q77B; 6, male Aa079B; 7, male Aa084B; 8, female Aa075C; 9, female Aa083C; 10,
female AaO88C; 11, male Aa075C; 12, male Aa0O83C; 13, male Aa0O88C; 14, An.

minimus A; and 15, An. sinensis. Molecular masses (MW) are in kilodalton on the left.



TAACCGCAGTAGCTGGCACAAATTTTACCAATACTATATATTATTACTAATTCAAAATTTCTTTTATAATTAATATTAATTACTGC
GAATAAATAAAAAATAATTAATTTTTAAAATTAAAAATAATTCACACAAAAATTTACATGTAAAATAAAATAATAATAAAATATTT
AACTAGAAGTAGAAATAATATTATAATTAATTCAAAAACATAANNNTTTTTTTNTTATATAATATATTATTAAANNTATATTTTAA
TAATTTATATNAAAAATTAANNTNNATATAATTTATTAATTTATTTANNNATAAATTTTTATANNNGTNACAATTCTTCTAATNAA
TTTNCCCCTATTTTTTTTTTTTTTNNNNNTTTAAAATCAAANANATTTAATTTTAANNNNTTAAATNTGATTNATTATTGNNNTAA
AAGTTTAATNNTAATTTAATTTTNNNNNNNNNNTATAATTATTTATTTTAAGTAAATTATTCTAATAGTTAATTAAANNNNNNNNN
TTTTCCAGTATATATATATAGATATATTTATATTATATATAATNNATTTANNNTATATATGTATATTTTTAATATAAATTTATTAA
TTATTAATAAATACTTTTTTTTTTCAAATATAAGACTAATAGGTTTATAAATAATATTACCCATTTTATATAAATATATTATCTAA
TAAATGTTTATATAAATATATAAATCATTTATATAATAATTAATAATTTTGTTCCGTTTTTTTTAATTTTTATTTTAAATATTAAA
ATTAAAAAAAATAAAAAAAAATGAATTGCCTGATAAAAAGGATTACCTTGATAGGGTAAATCATGAAAT

Fig 34 AT-rich region; incomplete sequence.

Determination of guanylate cyclase intron (gua) sequences: 1013 amplify T gua
910 gDNA voagananialddnadnlagdt PCR @il PCR reaction mix (50 L) Usznoudie 1.5
mMMgCl,, 20nM dNTPs, 50ng each primer (GUA1 5’-TATGGCGAAGAACGTCATGATGGG-

3’ and GUA2 5’-CGAACAGGCAGTAGCGCGGCAT-3"), platinum Tag DNA polymerase High
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Fig 35 Gua PCR products of An. aconitus Form B and Form C on a 1% agarose gel. Lanes are 1,
control; 2, female Aa077B; 3, female Aa079B, 4, female Aa084B; 5, male Aa077B; 6,
male Aa079B; 7, male Aa084B; 8, female Aa075C; 9, female Aa083C; 10, female
Aa088C; 11, male Aa075C; 12, male Aa083C; 13, male AaO88C; 14, An. minimus A; and

15, An. sinensis. Molecular masses (MW) are in kilodalton on the left.



CACGGAAGCGATGAAAATTACCATCGGAATCCGGCGTGACGGGNCTCCATNTCATCCATTCGAGGCTCCATTCGACGGGTGTCATC
GGTAACCGNNNGNNNNNGAAGTAAAATTACCTTCGTAGGCGTGAATCGGAA

Fig 36 gua intron region; incomplete sequence.
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Table 11 The oocyst rates of An. dirus B, An. minimus A and C and 4n. aconitus Form B and C after feeding on blood containing gametocyte of P. falciparum and P. vivax, all dissected 8

days after feeding.

Mosquito species

An. minimus An. aconitus Form

Malaria species An. dirus B A C
CM PB CM MS

P. falciparum
Oocyst rate (No.) 100 (20/20) 91.67 (11/12) ND 62.50 (5/8) NS 80.00 (8/10) NS ND ND
Average No. oocysts per 84.75+ 45.53 18.64 £ 22.61 ND 31.40 % 21.85NS 19.63 + 25.14 NS
Infected midgut (range) (19-182) (1-81) (2-35) (1-79)

P. vivax

Experiment 1
Oocyst rate (No.) 100 (7/7) 100 (5/5) ND 100 (5/5) ND 60.00 (3/5) NS ND
Average No. oocysts per 69.71 + 26.82 18.00 + 6.93 ND 10.00 = 6.04 ND 433+ 493~ ND
Infected midgut (range) (39-118) (11-27) (4-19) (1-10)

Experiment 2
Oocyst rate (No.) 90.00 (9/10) 83.33 (5/6) ND 66.67 (4/6) NS ND ND 66.67 (4/6) NS
Average No. oocysts per 522+t 3.73 2.00 £ 1.41 ND 1.00% 0.00 ND ND 6.00 & 3.46*
Infected midgut (range) (1-11) (1-4) (1) (3-9)

Experiment 3
Oocyst rate (No.) 100 (11/11) 81.82 (9/11) 50.00 (5/10) NS ND 50.00 (2/4) NS ND ND
Average No. oocysts per 126.18 £ 55.92 2278+ 15.18 7.80 £ 8.23NS ND 19.50 = 12.02 NS ND ND
Infected midgut (range) (34-223) (2-54) (1-22) (11-28)

Mosquito strain; CM: Chiang Mai, MS: Mae Hong Son, PB: Phet Buri.
Oocyst rate: NS, P> 0.05, *, P < 0.05 (Fisher exact test).

Average No. oocysts per infected midgut: NS, P> 0.05, *, P < 0.05 (t-test, two-sided). ND: not done.



Table 12 The oocyst and sporozoite rates of An. dirus B, An. minimus A and C and An. aconitus Form B and C after feeding on blood containing gametocyte of P.

falciparum and P. vivax, all dissected 12 days after feeding.

Mosquito species

An. minimus An. aconitus Form
Malaria species An. dirus B A C B C
CM PB CM MS

P. falciparum

Oocyst rate (No.) 100 (23/23) 100 (11/11) ND 96.30 (26/27) 95.00 (19/20) ND ND

Average No. oocysts 85.00 + 26.41 545+ 3.86 ND 13.35 % 15.60 28.58 = 28.42 ND ND
per (39-145) (1-15) (1-54) (2-90)

Infected midgut (range)

Sporozoite rate (No.) 95.65 (22/23) 100 (11/11) ND 70.37 (19/27) NS 45.00 (9/20) * ND ND
P. vivax
Experiment 1

Oocyst rate (No.) 100 (4/4) 100 (2/2) ND ND ND 100 (4/4) ND

Average No. oocysts 28.00 £ 25.07 5501 4.95 ND ND ND 9.75 %+ 4.03 ND
per (6-64) (2-9) (5-14)

Infected midgut (range)

Sporozoite rate (No.) 100 (4/4) 100 (2/2) ND ND ND 100 (4/4) ND
Experiment 2

Oocyst rate (No.) 15.79 (3/19) 11.11 (1/9) ND 16.67 (2/12) ND ND 14.28 (2/14)

Average No. oocysts 1.33 = 0.58 1.00 & 0.00 ND 2.00E 1.41 ND ND 1.00 £ 0.00



per (1-2) (1

Infected midgut (range)

Sporozoite rate (No.) 80.00 (16/20) 33.33 (3/9)

Oocyst rate (No.) 100 (17/17) 66.67 (12/18)

Average No. oocysts 33.53 1+ 20.12 292+ 1.24
per (7-77) (1-5)

Infected midgut (range)

Sporozoite rate (No.) 100 (17/17) 77.78 (14/18)

ND

39.13 (9/23)

2.89 F 1.83
(1-6)

52.17 (12/23) NS

(1-3)

16.67 (2/12) NS

ND

ND

ND

ND

75.00 (9/12)

2.89 X215
(1-7)

66.67 (8/12) NS

ND

ND

ND

ND

1

14.28 (2/14) NS

ND

ND

ND

Mosquito strain; CM: Chiang Mai, MS: Mae Hong Son, PB: Phet Buri.

Sporozoite rate: NS, P> 0.05, *, P <0.05 (Fisher exact test, Xz-test for only experiment 3). ND: not done.



Fig 37 Salivary glands of An. aconitus Form B. (A) Showing free flow P. vivax sporozoites from
the squashed salivary glands. Note, the regular spindle-shaped sporozoites (small arrow).
(B) Showing sporozoite-like crystals inside the median lobe of salivary glands (small
arrow). (C) Showing free flow sporozoite-like crystals from the squashed salivary glands.

Note, the irregular, long or short, crystals with blunt or tapered end(s) (small arrow).



