CHAPTER 111

RESULTS

1. Mosquito fearing
1.1 Observation on the life duration, hatchability, pupation and emergence

An iso-female line colony of Thai strain 4An. campestris-like Form E was
successfully established under laboratory conditions for more than 40 generations.
Detailed life duration of eggs, larvae, pupae, adult females and males of Fi-, Fs-, Fio-,
Fy- and F3p-progenies is summarized in Table 1. Observation of the life cycle and
developmental period of An. campestris-like Form E from the laboratory-raised iso-
female line colony (Fy, Fs, Fig, Fa0, F30), demonstrated that the average eggs per
deposited female (observation on 20 gravid adult females) were 213.87 + 96.49 (19-
307), 238.17 + 72.74 (20-296), 201.23 + 55.03 (57-265), 235.23 + 59.50 (100-302)
and 236.80 + 71.20 (58-308) in Fy, Fs, Fiq, F2o and F3, respectively. The duration of
egg-hatching was 2-4 days, in which the percentage embryonation and hatching was
81-99% and 78-96%, respectively. The larval instars matured in 8-10 days. Pupation
duration ranged from 2-3 days, and more than 80% of first instar larvae eventually

pupated. More than 85% of pupae successfully emerged as adults.
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1.2 Feeding ability

Results of direct feeding ability on white rat in a 30 x 30 x 30 cm cage, and
artificial feeding ability on bovine heparinized-blood in a paper cup (8.5 cm in
diameter and 11 cm in depth), of female An. campestris-like Form E at different ages
ranging from 1 to 10 days, demonstrated that in the cage, adult females aged of 3, 4, 5
and 6 days were successful in feeding on the blood of white rats, with feeding rates of
30%, 39%, 62% and 43%, respectively. Interestingly, the adult females aged 3, 4, 5,
and 6 days succeeded in artificial feeding on bovine heparinzed-blood in the paper
cup at higher rates than direct feeding on white rat in the cage in all experiments by

yielding feeding rates of 62%, 68%, 78% and 61%, respectively (Table 2).

1.3 Ability of free mating in a 30 cm cubed cage

In order to determine the adaptive stenogamy of An. campestris-like Form E,
the newly emerged females and males co-habitated at a ratio of 150:300, in a 30 x 30
x 30 cm cage for one week. The results indicated that An. campestris-like Form E
failed to mate freely in the cage at a 0% insemination rate (from experiments repeated
3 times). Additionally, in current studies of various strains, An. campestris-like Form
B (Kamphaeng Phet: F;;) and E (Sa Kaeo: F;;, Chanthaburi: F;,, Ayutthaya: F,,
Maha Sarakham: Fj¢, Udon Thani: F;;, Khon Kean: F;;, Mukdahan: F,o, Prachuap
Khiri Khan: F;o Chumphon: F) failed to copulate freely in a 30 x 30 x 30 cm cage as

determined by 0% insemination rates, indicating strong eurygamy.



30

‘Juowradxa Yoes J0J sa[ewaj NP (0 | «

(%05) 05
(%87) 8
(%Lp) LY
(%89) 8
(%19) 19
(%8L) 8L
(%89) 89
(%29) 79
(%$7) §T

(%z1) Tl

(%z1) Tl
(%¥1) ¥1
(%91) 91
(%¥0) ¥T
(%EP) €v
(%29) 79
(%6¢) 6€
(%0€) 0¢
(%L1) LT

(%€1) €1

01

(%) sojewdy paj AJ|nyssaoans ‘oN

¥BUIP3QJ [BIOYIIY

(%) serewa) paJ AJ[nyssaoons "ON

x3UIPa3J 10211

oouddiows Joye Ae(

" W0 aNI[-Stysaduvd “uy

Jo sage juaiayyip wouy poo[q paurreday suraoq uo AJjiqe Suipasy [erolue pue 9880 WO ()¢ X O X (€ B Ul Jel 9)1ym uo AJijiqe Sulpady 1031 T dqeL



31

1.4 Ability of male in artificial mating

The artificial mating ability of An. campestris-like Form E is demonstrated in

Table 3. The best age for artificial mating in male was 5-days-old. Nonetheless, males

aged 4 to 8 days old could be used satisfactorily.

Table 3 Artificial mating ability of An. campestris-like Form E males.

Day after emergence*

No. successfully mated

No. insemination (%)

females (%)

1 11 (36.67) 0 (0)

2 23 (76.67) 18 (78.26)
3 23 (76.67) 18 (78.26)
4 30 (100) 24 (80.00)
5 30 (100) 26 (86.67)
6 28 (93.33) 23 (82.14)
7 28 (93.33) 24 (85.71)
8 28 (93.33) 23 (82.14)
9 26 (86.67) 16 (61.54)
10 23 (76.67) 11 (47.83)

*Thirty males for each experiment.
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1.5 Ability of eggs deposition

In the case of puting 20 gravid adult females of An. campestris-like Form E in
a 30 x 30 x 30 cm cage, fewer numbers of eggs were obtained from the oviposition in
a plastic cup (9.7 cm in diameter and 11.5 cm in depth), i.e., 0, 0, 279, 0 and O eggs
per cup were obtained in experiment 1 (Fs), IT (Fyo), III (F;s), IV (F2) and V (F3),
respectively. In the case of forced laying of eggs by placing 20 gravid adult females in
a plastic cup C replicates) in the same size and conditions as used in the cage, a
massive number of eggs, i.e., 1,273, 1,318, 1,705, 2,180 and 1,501 eggs per cup, were
recovered for experiment I (Fs), IT (Fyo), III (F;s), IV (Fy9) and V (F3p), respectively
(Figure 3A). Thus, in rearing An. campestris-like Form E and other sibling species
members of An. barbirostris complex in our laboratory, this method has been used

routinely up until now.

1.6 Rearing condition for chromosome preparation

The results of comparison between rearing condition for a high yield of
chromosomes by using 10 larvae per tray and routine rearing conditions by using 80
larvae per tray indicated that the former yielded higher percent outcomes than the
latter in all experiments, i.e., metaphase chromosomes-experiment I: 10 larvae
(87.50%)/80 larvae (33.33%), experiment II: 10 larvae (75.00%)/80 larvae (30.00%),
experiment IIl: 10 larvae (77.78%)/80 larvae (30.00%); salivary gland polytene
chromosomes-experiment I: 10 larvae (80.00%)/80 larvae (50.00%), experiment II: 10
larvae (66.67%)/80 larvae (50.00%), experiment III: 10 larvae (100.00%)/80 larvae

(66.67%).
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2. Metaphase karyotype characters

A total of seventy-one isolines of An. campestris-like Form B, E and F from
Chiang Mai, Kamphaeng Phet, Ayuttaya, Udon Thani, Khon Kaen, Mukdahan, Maha
Sarakham, Chaiyaphum, Sa Kaeo, Chanthaburi, Prachuap Khiri Khan and Chumphon
provinces, derived from both human-biting and animal-biting female mosquitoes,
were established in the insectary. Cytological observation of F,- and/or F,-progenies
of the 71 isolinés demonstrated three forms of metaphase karyotypes, i.e., Form B (X3,
Y,), E (Xi, Xs, X3,Ys) and F (X,, X3, Y) (Figure 4). Form B was found in three
isolines from Chiang Mai (human biting: HCmB18, HCmB20) and Kamphaeng Phet
(animal biting: AKpB1); Form E was obtained in thirty-nine isolines from Chiang
Mai (human biting: HCmE12, HCmE14, HCmE15), Kamphaeng Phet (human biting:
HKpE1l), Ayuttaya (AAyE7, AAyE8, AAyE9), Udon Thani (animal biting: AUdE2,
AUdE6), Khon Kaen (animal biting: AKkE4, AKKES, AKKES), Mukdahan (animal
biting: AMKE1, AMKE2), Maha Sarakham (animal biting: AMsE1, AMsE2, AMsE3,
AMsE4, AMsES5), Sa Kaeo (human biting: HSKE2, HSKE3, HSkE4, HSKE9, HSKE10,
HSKE15, HSkE17), Chanthaburi (human biting: HCtE1, HCtE2, HCtE7, HCtE14,
HCtE17, HCtE18, HCtE19, HCtE20, HCtE21), Prachuap Khiri Khan (animal biting:
APKE2), and Chumphon (animal biting: ACpE1l, ACpES, ACpE6); and Form F was
recovered in twenty-nine isolines from Udon Thani (animal biting: AUdF3, AUdF4,
AUdF5), Khon Kaen (animal biting: AKkF1, AKkF2, AKkF3, AKkF7, AKkF9),
Chaiyaphum (animal biting: ACiF1), Ayuttaya (animal biting: AAyF2, AAyF3,
AAyF5, AAyF6), Sa Kaeo (human biting: HSkF1, HSkF12), Chanthaburi (human

biting: HCtF3, HCtF4, HCtF6, HCtF8, HCtF9, HCtF10, HCtF11, HCtF12, HCtF13,
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HCtF16), Prachuap Khiri Khan (animal biting: APkF1, APkF3, APkF4), and
Chumphon (animal biting: ACpF2).

In consideration of new karyotypic forms, X5, X3, Y sex chromosomes were
exhibited. The X, and X3 chromosome had a submetacentric shape resembling that of
the sex chromosomes of An. barbirostris Form A, B, C and D. The Y chromosome
had a large subtelocentric (acrocentric) with a considerable portion of
heterochromatin present in the short arm, and it was similar in size to the X,
chromosome. The Y¢ chromosome was quite different from Y,
(subtelocentric/acrocentric), Y, (submetacentric), Y; (large
submetacentric/metacentric) and Y, (medium metacentric) chromosomes of An.
barbirostris Form A, B, C and D, respectively, and the Y (telocentric) chromosome of
An. campestris and Ys (small metacentric) chromosome of An. campestris-like Form
E. Thus, the X, X3, Y sex chromosomes represent a new Karyotype, tentatively

designated as Form F (Figure 4).
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I 1 X, Y

Figure 4 Metaphase karyotypes of An. campestris-like Form B, E and F (a-e). Form
B: a Kamphaeng Phet strain, showing X, Y> chromosomes; Form E: b Chumphon
strain, showing X3, Y5 chromosomes; ¢ Sa Kaeo strain, showing X3, Ys chromosomes;
Form F: d Udon Thani strain, showing X, Y chromosomes; e showing homozygous
X5, X, chromosomes; f Diagrams of representative metaphase karyotypes of An.

campestris-like Form F.
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3. Crossing study

Details of hatchability, pupation and emergence of parental, reciprocal and F;-
hybrid crosses among twelve isoline strains of An. campestris-like Form B, E and F
are displayed in Table 4. Observation on the hatchability, pupation, emergence, and
adult sex-ratio of parental, reciprocal and F;-hybrid crosses revealed that all crosses
yielded viable progenies, and no evidence of genetic incompatibility and/or post-
mating reprodﬁctive isolation was observed among twelve isoline strains of An.

campestris-like Form B, E and F.
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4. DNA sequences and phylogenetic analysis

DNA sequences were determined and analyzed for the ITS2, COI, and COII
regions of the twenty-eight isolines of An. campestris-like Form B, E and F from
twelve provinces in Thailand (Table 5). All isolines showed the same length for the
ITS2 (1,651 bp), COI (658 bp) and COII (685 bp). Each species of An. barbirostris
Al, A2, A3, A4 and An. campestris-like had different length for the ITS2 region
(Saeung et al,‘2007; 2008; Suwannamit et al, 2009). All isolines from the present
study, including the new karyotypic form, had the same length for the ITS2 region as
that of An. campestris-like in the previous studies. To reveal the evolutionary
relationship among the three karyotypic forms of An. campestris-like, neighbor-
Joining trees were made (Figure 5-7). The trees for ITS2, COI and COII separated
twenty-eight isolines of An. campestris-like Form B, E and F from the other species,
with strongly supported bootstrap probabilities (98-100%). But, in the clade of An.
campestris-like of the trees, the isolines of Form B, E, and F were nested.
Additionally, averages genetic distances within and between the karyotypic forms
were listed in Table 6, indicating low intraspecific variation (0.001-0.004) both within

and between the forms for the three regions.
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Figure 5 A phylogenetic trees of An. campestris-like Form B, E and F (CAM) based
on molecular analysis of ITS2. The tree was generated by neighbor-joining analysis.
Numbers on the nodes indicate probabilities based on 1,000 bootstrap replicates. A
probability of more than 50% is shown. Branch lengths are proportional to genetic

distance (scale bar).
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Figure 6 A phylogenetic trees of An. campestris-like Form B, E and F (CAM) based
on molecular analysis of COI. The tree was generated by neighbor-joining analysis.
Numbers on the nodes indicate probabilities based on 1,000 bootstrap replicates. A

probability of more than 50% is shown. Branch lengths are proportional to genetic

distance (scale bar).
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Figure 7 A phylogenetic tree of An. campestris-like Form B, E and F (CAM) based

on molecular analysis of COII. The tree was generated by neighbor-joining analysis.

Numbers on the nodes indicate probabilities based on 1,000 bootstrap replicates. A

probability of more than 50% is shown. Branch lengths are proportional to genetic

distance (scale bar).
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Table 6 Average genetic distance within and between the An. campestris-like Form

B, E and F for the ITS2, COI and COII regions.

ITS2 COI coll
Within Form
B 0.001 0.004 0.001
E , 0.002 0.004 0.002
F 0.002 0.003 0.002
Between Forms
B-E 0.002 0.004 0.001
B-F 0.002 0.004 0.001

E-F 0.002 0.003 0.002
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S. Morphological studies of eggs, larvae, pupae and adults under light
microscope

The characteristics for morphological investigations of eggs, larvae, pupae and
adults were depending upon the standard description of Reid (1968), and Harrison and
Scanlon (1975). A total of 71 material samples of eggs, larvae, pupae and adults of F;-
and/or Fp-progeny derived from 71 isolines were used for examination. Comparative
morphology of ‘larvae, i.e., summation of branches of seta 5-1 (6-9), 5-1II (11-17) and
5-VII (8-16), and seta 13-1 (14-31), 13-II (17-25), 13-1II (13-24) and 13-IV (8-14);
and pupae, i.e., seta 2-1II (10-19), 2-VI (20.3-30.0 branches), and 2-VII (10-18); and
adults, i.e., color of wing (light- and dark-winged type), pale sterna scales, and hind
tarsal pale band, the results of examination revealed that all characteristics were

cryptic differentiation among An. campestris-like strains and/or karyotypic forms.

6. Morphological studies of eggs under scanning electron microscopy

The morphological feature and exochorionic sculpturing of An. campestris-
like Form B, E and F was generally similar (Figure 8, 9), and no account of species
specific characteristics that could be used to differentiate and/or characterize under
SEM. The eggs were boat-shaped, with a somewhat broader anterior or head-end
(Figure 8A). Viewed laterally, the contour of the entire egg was concave on the
morphologically dorsal surface and convex on the ventral surface (Figure 8B). The
middle region of each egg side was dominated by a float with approximately 31 ribs.
Viewed dorsally, there was a bare area, which was surrounded by the two longitudinal
bands of a sclerotized ridge-like frill; this bare area is called the deck. The deck was

continuous for the whole length of the egg and slightly constricted near the midline
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(Figure 8A). At each end of the egg on the dorsal surface were large-lobed tubercles
that ranged from 4-5 in number. Large-lobed tubercles on the anterior and posterior
ends were rosette-shaped, giving rise to 6-7 lateral lobes, and surrounded by a
sclerotized ridge and raised border (Figure 8C). The tubercles on the deck were
irregularly jagged and surrounded by other much smaller, irregular tubercles (Figure
8D). The inner surface of the frill was of a sclerotized, ridged-like texture and marked
by picket like-ﬁbs (Figure 9A); the outer surface was smooth with a parallel brick-like
texture along its entire length (Figure 9B). The exochorionic sculpturing appears as
more or less regularly hexagonal reticulum. The reticulum is found throughout the
entire egg except at the deck. It is formed by membrane like-wall enclosing many
small, less prominent tubercles (Figure 9C). Downward to the anterior end, the
micropylar orifice could be seen clearly. It was surrounded by a smooth collar that
had an irregular outer margin about 6 spurs that extended radially toward the central

orifice (Figure 9D).
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Figure 8 Egg surface topography of An. campestris-like under scanning electron
microscope (SEM); whole eggs: (A) dorsal aspect, anterior end (a), posterior end (p)
(x 230). (B) Lateral aspect, anterior end (a), posterior end (p) (x 250). (C) Anterior
end, showing irregularly jagged tubercles on the deck and four large, rosette-shaped
tubercles (2,200). (D) A higher magnification of the irregularly jagged tubercles on

the deck (x 7,000).
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Figure 9 Egg surface topography of An. campestris-like under scanning electron
microscope (SEM): (A) the inner surface of the frill (fr), showing its sclerotized,
ridge-like texture with picket-like ribs (x 3,500). (B) The outer surface of the frill (fr),
showing its smooth surface and parallel brick-like texture along its entire length (x
3,500). (C) The exochorionic sculptering in the middle of the egg, showing more or
less regularly hexagonal reticulum with membrane like-wall enclosing many small,
less prominent tubercles. (D) The anterior end, showing the micropylar orifice

surrounded by a smooth collar with an irregular outer margin (x 3,300).
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7. Salivary gland polytene chromosome investigation

When comparing bands on the same arm of X-chromosome and autosomes
(2R, 2L, 3R and 3L) among 12 strains of An. campestris-like Form B (Figure 10), E
(Figure 11) and F (Figure 12), no major chromosomal rearrangement that related to
the strains and/or karyotypic variations were demonstrated. In addition, the
homosequential synapsis salivary gland polytene chromosomes of Fi-hybrid larvae

from the crosses among An. campestris-like forms were good supportive evidence.
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Figure 11 Complete set of salivary gland polytene chromosomes of An. campestris-

like Form E (C = Centromere, L = Left arms, R = Right arms, X = X-chromosome).



S

Figure 12 Complete set of salivary gland polytene chromosomes of An. campestris-

like Form F (C = Centromere, L = Left arms, R = Right arms, X = X-chromosome).
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8. Malaria susceptibility test

Details of oocyst and sporozoite rates are shown in Table 7 and 8. The 100%
oocyst rate and 93.33% sporozoite rate, and 100% oocyst rate and 85.71-92.31%
sporozoite rates obtained from An. cracens (the outgroup control mosquito-vector)
from experimental feedings of blood containing gametocytes of P. falciparum and P.
vivax, respectively, indicated that all feedings were conditional experiments, which
reflected on the prdper density and maturity of infective gametocytes in infected
blood.

In the experimental feedings of P. falciparum, represented An. campestris-like
Form E (Chiang Mai strain) and F (Udon Thani strain) were refractory to P.
falciparum by providing 0% oocyst and sporozoite rate, while 100% oocyst and
93.33% sporozoite rates were obtained from the out group control mosquito-vector,
An. cracens (Table 7).

In the experimenfal feedings of P. vivax (Table 8), comparative statistical
analyses of the oocyst rates and average number of oocysts per infected midgut of 4n.
campestris-like [oocyst rates: Form B (100%) and (66.67%), and E (100%) and
(100%), 8 and 14 days, respectively, after feeding; average number oocyst per
infected midgut: Form B (77.60) and (20.75), and E (131.00) and (42.00), 8 and 14
days, respectively, after feeding], and An. cracens, an efficient control-vector,
exhibited no significant difference (p > 0.05). Likewise, the sporozoite rates of An.
campestris-like [Form B (66.67%) and E (64.29%), 14 days after feeding], did not
differ significantly from An. cracens (p > 0.05). The characteristics of oocysts in
midguts and sporozoites from squashed salivary glands of An. cracens and An

campestris-like Form E are shown in Figures 13 and 14, respectively.
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An. campestris-like Form E (Sa Kaeo strain) and F (Ayuttaya strain): the
oocyst rates of An. campestris-like Form E [experiment II (60%) and III (40%), 8
days after feeding; experiment II (33.33%) and III (0%), 14 days after feeding] and F
[experiment II (40%) and III (20%), 8 days after feeding; experiment II (12.50%) and
IIT (0%), 14 days after feeding], and the average number of oocysts per infected
midgut of An. campestris-like Form E [experiment II (20.33) and III (2.50), 8 days
after feeding; experiment II (12.20) and III (0), 14 days after feeding] and F
[experiment II (8.50) and III (1.50), 8 days after feeding; experiment II (2.50) and III
(0), 14 days after feeding], were lower than An. cracens, an efficient control-vector, in
all experimental studies. Comparative statistical analyses of the oocyst rates and
average number of oocysts per infected midgut between An. cracens and An.
campestris-like Form E and F, 8 days after feeding, were performed. The results
demonstrated that only the oocyst rates between An. cracens and An. campestris-like
Form F (experiment III) differed significantly (p < 0.05), whereas only the average
number of oocysts per infected midgut between An. cracens and An. campestris-like
Form E and F (experiment III) did not differ significantly (p > 0.05). Comparative
statistical analyses of the oocyst rates and average number of oocysts per infected
midgut between An. cracens and An. campestris-like Form E and F, 14 day after
feeding, were not done because during this period the mature oocysts from the
midguts of An. cracens ruptured and yielded unreliable results. It was interesting to
note that different stages of oocyst development could be observed in An. campestris-
like Form E and F, when compared with An. cracens. Most of the oocysts recovered
from An. cracens, 8 and 14 days after feeding, showed a mature stage of development,

with a wheel-shaped pattern of sporozoites inside cysts, while in An. campestris-like
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Form E (Sa Kaeo strain) and F (Ayuttaya strain), all of the investigated oocysts had
abnormal development, with retaining stages and some forming melanin inside cysts.
The sporozoite rates of An. campestris-like Form E and F (experiment II and IIT) were
0% 14 days after feedings. The results revealed that only An. campestris-like Form B
and E strain from Chiang Mai province were proven to be the efficiently potential

vector for P. vivax.
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