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Effects of Sound Stress on Physiological Processes of the American Leafminer,
Liriomyza trifolii; and Proteomic Analysis
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ABSTRACT: This study investigated the adverse effects of sound treatment on physiological processes of the American leafminer,
Liriomyza trifolii, during several developmental stages. Larval feeding activity was analyzed by measuring feeding tunnel length. It was
significantly suppressed by sound treatment (5,000 Hz, 95 dB). Sound treatment delayed the pupal period at 315 - 5,000 Hz and
prevented adult emergence at 1,000 - 5,000 Hz. Female oviposition was also inhibited by the stress sound treatments. However,
phototactic adult movement was not affected by sound treatment. Pupae treated with 5,000 Hz showed marked changes in protein
patterns analyzed by two dimensional electrophoresis. MALDI-TOF analysis of specific protein spots indicated that trafficking protein
particle complex I, triosephosphate isomerase, hypothetical protein TcasGA2_TC013388, polycystin-2, paraneoplastic neuronal
antigen MA1, and tropomyosin I (isoform M) were predicted in the control insects and disappeared in the insects treated with sound.
By contrast, DOCKO9, cytoskeletal keratin II, and FOF1-ATP synthase beta subunit were predicted only in the sound-treated insects.
Furthermore, stress sound significantly increased the susceptibility of L. #ifolii to insecticides. These results suggest that physiological
processes of L. trifolii are altered by sound stress, which may be exploited to develop a novel physical control tactic against L. trifolii.
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Fig. 1. Effect of sound treatment on larval feeding activity of
Liriomyza trifolii. Leaves oviposited by females were exposed to
sound treatment until pupal development. Feeding activity was
analyzed by measuring feeding tunnel length. (A) Vibration
effect on the feeding activity. (B) Effect of sound treatment (5,000
Hz, 95 dB) on feeding activity. Each treatment was replicated 10
times. Different letters above standard deviation bars indicate
significant difference among means at Type | error = 0.05 (LSD
test).
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Fig. 2. Effect of sound treatment on pupal development of
Liriomyza trifolii. Newly molted pupae were exposed to sound
treatments until adult emergence. Emergence rate (A) and pupal
period (B) were replicated three times with 10 pupae per
replication. Different letters above standard deviation bars
indicate significant difference among means at Type | error = 0.05
(LSD test).
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Fig. 3. Effect of sound treatment (95 dB, 5,000 Hz) on phototaxis
behavior of adult Liriomyza trifolii. (A) Diel rhythm of adult
emergence. Shaded area indicates scotophase. (B) Preference
test of L. trifoliibetween dark and light chambers in each time at
photophase. Each treatment used 100 adults. (C) Effect of sound
treatment on the phototaxis behavior. Each treatment used 100
adults with three replications at photophase. Different letters
above standard deviation bars indicate significant difference
among means at Type | error = 0.05 (LSD test).

= F3/dE B o (Fig. 3B), 53] B717F AlHRef o)
3 2234 0] Sukof| H|a) EQITKF = 9.00; df =8, 18; P

<0.0001). o] 342 5,000 Hz 2] AEF 2 guf 2719
A5 H3lsEA] oFkEHFig. 3C).

ofm 2]z}l =we] o] A 9 Akt Eo] RAESIAL, o]
gt AE A Suo] A antE BAFTKFig. 4). ofH g7t
A2 = Bl G ofl 7P A At Ao 2 UrebThFig.
4A). 2EH ALt o g)7kel 2l e] o] Aol gk
= T3 th(Fig. 4B). 5FF F opl| 2|7kl = a2 oA &t mie 7}
oF3 7j o] UL Altoh=t] 2B Aguke] Fukrt 5ol
ulz} 7F451d, 5,000 Hz o3 AJojl=2 7] o]5}e] Alet4=E 7]
=3

(A)
100
80
g
c 60
K]
2
,§- 40
20
0
Proximal Distal
Location on leaf
(B)
5
Q@
©
£
<
(=2}
(2]
w

0 100 315 630 1,000 2,000 5,000
Sound frequency (Hz)

Fig. 4. Effect of sound treatments on female oviposition of
Liriomyza trifolii. (A) Preference of oviposition site on the leaf. Leaf
was longitudinally halved into proximal and distal regions from
the leaf stalk. A total of 100 ovipositions were analyzed. (B) Number
of eggs per female was analyzed for 5 days at 25°C under different
sound frequencies at 95 dB. Each treatment consisted of more than
10 females. Average number of laid eggs by a female was
calculated. Different letters above standard deviation bars indicate
significant difference among means at Type | error = 0.05 (LSD test).
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Fig. 5. Effect of sound treatment (95 dB, 5,000 Hz, 24 h) on pupal proteins of Liriomyza trifolii. Arrows indicate specific proteins of control

(LtC) and sound treated (LtT) larvae, respectively. Each treatment used 300 /g proteins extracted from approximately 200 pupae. (B)
MALDI-TOF analysis of the specific protein spots and MASCOT predictions.
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Fig. 6. Effect of sound treatment (95 dB, 5,000 Hz) on insecticidal
susceptibility of Liriomyza trifolii against spinosad. Leaves
infected by L. trifoliiwere soaked into different doses of spinosad
for 1 min. Mortality was measured at 3 days after treatment (DAT).
(A) Dose-response without sound treatment. (B) Effect of sound
treatment on the insecticide susceptibility at 15.62 ppm. Each
treatment used 10 larvae and was replicated three times. Different
letters above standard deviation bars indicate significant
difference among means at Type | error = 0.05 (LSD test).
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