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Abstract: Differential display technique was applied to study the effect of allyl disulfide or diallyl

disulfide (DADS) from the essential oil of garlic, Allium sativum L., on the genomes of Sitophilus oryzae

and Callosobruchus chinensis, especially on the defense genes. Chitinase primer was used as arbitrary

primer to discover the response of insect immune system to application of DADS. After the two species

were subjected to DADS, total RNA was extracted from them. Extracted RNA was utilized in first strand

synthesis using oligo dT primers. cDNA was obtained using chitinase degenerate primers to investigate

the insect response to application of DADS. Results showed that many different RNAs were expressed

in some treated insects and disappeared in others. In addition, some genes were over expressed in the 2nd

and third treatments, while it was slightly expressed in the first and the last treatments. For more

confirmation, total soluble protein was extracted form the treated and non-treated insects and visualized

on 12% SDS-PAGE. Results of SDS-PAGE showed that new protein bands in different molecular weights

were appeared. These results confirmed the results obtained by the differential display technique.

Key words: Differential display technique, garlic oil, diallyl disulfide, Sitophilus oryzae and

Callosobruchus chinensis

INTRODUCTION

Plants and plant products have been shown to

display not only their pharmacological benefits but also

other biological properties including pesticidal

activities. Insecticidal activity of Allium , its extracts

and Allium sulfur volatiles has been widely

studied . Many studies assessed repellent[48 ,18 ,19 ,15 ,31 ,26 ,37 ,4 ,1]

effects of plant sulphur compounds on insects .[46 ,35 ,5]

The study of the negative effects of Allium  has

included research on insect physiology . Allium spp[3 ,44 ,31]

showed pesticidal effects  most often linked to volatile[2]

substances derived from sulfur amino acids. The

acaricidal activity of Allium has received only minor

attention. However investigators have demonstrated the

repellent effect of garlic extracts on Tetranychus

urticae mites  and on human ticks Ixodes ricinus . It[8] [9]

is noteworthy that a patent (EP 0426802B1) involved

the use of garlic extracts for protection of honeybees

against Varroa jacobsoni . Furthermore, nematicidal[14]

activity of Allium has been reported against the root

knot Meloidogyne incognita. Interestingly, it has been

shown that tomato plants can be protected by dipping

the roots in a 25 ppm allicin solution for 5 minutes .[17]

Interestingly, Chung  reported that allyl disulfide[1 1 ]

exhibited antioxidant activity against free radical

damage. It scavenged hydroxyl radicals and was a lipid

peroxidation terminator. Singh and Porter  indicated[41]

that compounds containing an allyl-disulfide or allyl- 

sulfhydryl group are most likely responsible for the 

inhibition of cholesterol synthesis and that this

inhibition is likely mediated at sterol 4 -methyl

oxidase. Dugravot et al  reported that the toxicity of[13]

DMDS (a compound containing an allyl-disulfide 

group) in C. maculatus is due to disruption of the

cytochrome oxidase system of their mitochondria.

Exposure to DMDS increased glutathione S-transferase

(GST) activity in C. maculatus adults and larvae. This

finding implies that induced GST is involved in

C. maculatus tolerance to DMDS. Bose et al[6]

indicated that the allyl groups are critical for the

mGSTP1-inducing activity of DADS. Disulfide groups

were either ineffective or moderately active in

increasing mGSTP1. Kim et al  indicated that[2 2 ]

treatment with DADS caused increase in the glutathione 

S-transferase (GST) conjugating activity toward 1- 
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chloro-2,4-dinitro- benzene. Huard et al  reported that[21]

DADS have been demonstrated to improve gap-

junctional intercellular communication (GJIC). Its effect

on REL cells can be explained by its ability to enhance

the amount of Cx 43 and also to diminish the level of

glycosylated proteins. Bottone et al  reported that[7]

DADS could suppress neoplastic cell growth and

induces apoptosis. They examined the effects of DADS

on various cancer cell lines to better understand its

effect on apoptosis and apoptosis-related genes. DADS-

induced apoptosis and nonsteroidal anti-inflammatory

drug-activated gene (NAG-1) protein expression appear

to occur via p53 (tumor suppressor gene). Teyssier et

al  suggested that DADS is preferentially metabolized[45]

to allicin by CYP2E1 in human liver. However the

minor participation of other CYP forms and flavin-

containing monooxygenases is likely.

RNA fingerprinting using arbitrarily primed PCR

(RAP)  and a similar method  allow the[49 ,50 ] [25 ,52]

semiquantitative simultaneous comparison of the

abundance of several hundred randomly sampled

RNAs. In RAP first-strand cDNA synthesis by reverse

transcriptase is initiated from an arbitrarily chosen

primer at sites in the RNA that best match the primer.

Second-strand synthesis is initiated by extension of the

same arbitrary primer at sites of adequate match on the

first-strand cDNA product by using Taq polymerase.

The products of cDNA synthesis are then amplified by

PCR and displayed on a gel as a fingerprint

representing between 10 and 50 RNAs, depending on

the choice of arbitrary primer. The differences in

pattern produced by a primer in different RNA

populations reflect abundance differences in the

individual RNAs. Many fingerprints can be displayed

on a single gel, allowing the simultaneous comparison

of abundance for several hundred RNAs. In other

studies, RNA fingerprinting has been used to identify

transcripts that are aberrantly regulated in human

tumors , differentially expressed during mouse brain[25 ,52]

development , or differentially expressed during[28]

peroxide stress in Salmonella . In this study, authors[51]

demonstrated that RAP fingerprinting could be used to

differentiate RNAs from different insect species and

also from one insect species exposed to different

treatments.

MATERIALS AND METHODS

Insects: Experiments were conducted with two stored

product insect species, S. oryzae and C. chinensis. In

case of S. oryzae, weevils were reared on wheat or rice

under controlled conditions at 27 ± 1 °C and 65 - 70%

RH and 12L: 12D photoperiod. Rearing density was

100 adults per 300 g of wheat .[29]

In parallel, a culture of C. chinensis was reared on

cowpeas or beans for more than 20 generations under

controlled conditions at 25 ± 1 °C and 60 - 65% RH

and 16L: 8D photoperiod. Rearing density was 100

adults per 500 g of beans .[47]

Extraction and Analysis of Essential Oil of Garlic:

Essential oil of garlic was kindly supplied by Biology

Department, Faculty of Education, Alexandria

University. Allyl disulfide and other active compounds

were isolated from the essential oil by gas

chromatography (GC).

GC analyses were performed with a Hewlett

Packard HP 5890 Series II unit with a SGE BP20

column (25 m X 0.33 mm i.d., film thickness 0.5 µm)

operated in conjunction with a HP 3396 Series II

integrator. The carrier gas was helium at a flow rate of

2.0 ml/ min. The oven temperature was increased from

80 to 220 °C at 5 °C per minute. GC-MS was

performed on a VG Quattro mass spectrometer (VG

Biotech, Altrinchham, UK) operating at 70 eV

ionization energy. The GC column in this case was

DB-Wax (column 60 m X 0.32 mm i.d., film thickness

0.5 µm) and run with a temperature program of 35 to

220 °C at increments of 3 °C per minute. Allyl

disulfide and other active compounds were identified

by comparing their GC retention time to that of

standards and by comparison of their mass spectra,

either with standards or published spectra .[23]

Experimental Design: S. oryzae and C. chinensis were

tested for the novel genes expressed due to contact

toxicity of DADS against their adult stage. Adults of

both S. oryzae and C. chinensis were topically treated

with four different concentrations of DADS (9375,

3750, 1875 and 234.37 ppm in case of S. oryzae and

230, 115, 57.5 and 28.75 ppm in case of C. chinensis)

for different exposure periods 24, 48 and 72 h.

Differential display technique and protein banding

pattern were used to follow up the changes in mRNA

and protein patterns. 

Rna Extraction Total RNAs of S. oryzae and C.

chinensis were extracted using RNAeasy kit according

to manufacturer's instructions (QIAGEN). The RNA

was dissolved in DEPC-treated water, quantitated

spectrophotometrically and analyzed on 1.2% agarose

gel.

Reverse  Transcription  of RNA: Reverse

transcription reactions  were  performed using oligo dT

primer (5 -TTTTTTTTTTTTTTT-3 ). Each 25 µl\ \

reaction mixture containing 2.5 µl of 5x buffer with

2MgCl , 2.5 µl of 2.5 mM dNTPs, 1 µl of 10 pmol
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primer, 2.5 µl RNA and 0.2 µl reverse transcriptase

enzyme. PCR amplification was performed in a thermal

cycler (Eppendorf) programmed at 95 °C for 5 min, 42

°C for 1 hr, 72 °C for 10 min and a soak at 4 °C.

Differential Display Using Chitinase Primers: 2.5 µl

from each RNA was mixed with 5 µl of 2x reverse

transcription  mixture  containing  50 mM Tris-HCl

2(pH 8.3), 50 mM KCI, 4 mM MgCl , 20 mM

dithiothreitol, 2.5 µl dNTPs (each at 4 mM), 1 µl oligo

dT primer (Promega), 13 µl of RNAase free water and

1 µl (50 unit/ µl) of murine leukemia virus reverse

transcriptase and then incubated at 37 °C for 1 hr.

After this reaction, 23 µl of Taq DNA polymerase

reaction mixture containing 10 mM Tris HCl (pH 8.3),

225 mM KCI, 4 mM MgCl , 2 µl degenerate chitinase

forward primer (5`-GAYTTRTGGGAATAY CC-3`),

and 1 unit of Taq polymerase (AmpliTaq, Perkin-

Elmer) were added to the product of reverse

transcriptase and cycled first in a 9700 thermal cycler

(Perkin-Elmer) programmed at 94 °C for 5 min, 56 °C

for 5 min, and 72 °C for 5 min, followed by 40 cycles

at 94 °C for 1 min, 56°C for 1 min, and 72°C for 2

min. Reaction was then incubated at 72 °C for 10 min

for final extension . Two µl of loading dye was added[9]

prior to loading of 10 µl per gel pocket.

Electrophoresis was performed at 80 Volt with 0.5 x

TBE buffer in 1.5% agarose gel. Gel was stained in

0.5 µg/ ml (w/ v) Ethidium bromide solution and

destained in deionized water. Finally, gel was

visualized  and p ho to grap hed  by us ing  gel

documentation system.

RESULTS AND DISCUSSIONS

Results:

Differential Display Using Chitinase Primer: As the

identification of novel genes and their proteins was the

main objective in this study, we used differential

display technique to discover the genetic variation

between treated and control insects. In order to

deliberate on the defense genes in treated insect,

arbitrary chitinase primer was used detecting both

increased and decreased gene expression. One or more

of these bands might be appeared as mRNA in the

total RNA isolated from the cell. Figs. (1A, 1B & 2)

and Table (1) show the results of differential display of

cDNA bands of adult S. oryzae and C. chinensis

treated with different concentrations of DADS for

different exposure periods 24, 48 and 72 h. The total

number of cDNA bands (genes) resolved in 1.5 %

agarose gel for both control and treated samples was

15 and 13 bands in case of S. oryzae and C. chinensis,

respectively  (molecular  size  ranged from 283 to 

Fig. 1: Differential display using chitinase primer for

adult S. oryzae treated with different

concentration of DADS for 24, 48 and 72

hours. A: Adults exposed to different

concentrations 3750, 1875, 9375 and 234.37

ppm of DADS, respectively, for 24 h (Lanes:

1-4) and 48 h (Lanes: 5-8). B: Adults exposed

to the same concentrations for 72 h (Lanes:

9-12). M: 1 k bp ladder DNA marker (From

1000-100 bp), Cont.: Control. Arrows refer to

the expressed bands due to the effect of

DADS.

Fig. 2: Differential display using chitinase primer for

adult C. chinensis treated with different

concentrations of DADS (28.75, 57.5, 115 and

230 ppm, respectively) for 72 h (Lanes: 1-4).

M: 1 k bp ladder DNA marker (From

1000-100 bp), Cont.: Control. Arrows refer to

the expressed bands due to the effect of

DADS.

1190 bp). Only 12 and 10 bands were observed in

control S. oryzae and C. chinensis, respectively (Figs.

1A, 1B, 2 & Table 1). Three bands were differentially

expressed in both treated species. Several common

bands (molecular sizes ranged from 310 to 977 bp in
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Table 1: Effect of different concentrations and period of treatments DADS on gene expression of C. chinensis adults.

Period (Hours) Concent. (ppm) M olecular sizes of cDNA bands in base pair 

-------------------------------------------------------------------------------------------------------------------------------------

283 380 404 454 515 580 611 681 975 990 1007 1015 1190

 24 h Control + - + - + - + + + + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 28.75 + - + + + + + + + + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 57.5 + - + - + + - - + + - - +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 115 + - + + + - + + + + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 230 + - + - + - + + + + + + +

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 48 h Control + - + - + - + + + + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 28.75 + - + - + - + + + + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 57.5 + - + + + - + + + + - - +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 115 + + + + + - - - + + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------

 230 + - + + + - + + + + + + +

case of S. oryzae and from 283 to1190 bp in case of

C. chinensis) were observed in all concentrations of

DADS (genes were turned on). On the other hand,

bands of 205 and 853 bp molecular sizes were

recorded in control S. oryzae and C. chinensis,

respectively, and disappeared in treated insects (a gene

was turned off). At the concentration of 1875 ppm,

different bands with different molecular sizes (152, 255

and 496 bp) were appeared with control as well as

with treated S. oryzae at all exposures. They

disappeared with other DADS concentrations.

Meanwhile, at the concentrations of 32.25 ppm for 72

h exposure, 62.5 ppm for 24 & 48 h exposure and 115

ppm for 24 h exposure, bands of 380, 580 and 430 bp

molecular sizes, respectively, were expressed in

comparison to control C. chinensis. In addition, two

bands of molecular sizes 555 and 1058 bp were

common in both control and C. chinensis insects

treated with115 ppm of DADS at all exposure times.

Furthermore, bands with molecular sizes of 412, 1011

and 1030 bp in case of S. oryzae and with molecular

sizes of 486 and 430 bp in case of C. chinensis

exhibited irregular patterns of expression without an

obvious relation to either concentration or exposure

periods. Finally, a band of 1097 bp molecular size was

detected only at 62.5 ppm of DADS after 48 h in case

of C. chinensis (may be due to enhancement of the

insect immune system). Generally the results of

differential display revealed that many down-regulated

(turned off) and up-regulated genes (turned on) were

observed in both S. oryzae and C. chinensis with

different treatments and exposure times.

Protein Banding Pattern (SDS-PAGE): Results of

SDS-PAGE of adult S. oryzae and C. chinensis

exposed to different concentrations of DADS for

different exposure times 24, 48 and 72 h were shown

in Figs. (3A & 3B). It is clear that the insects treated

with different concentrations of DADS exhibited similar

protein patterns with more or less increased intensity of

some protein bands. Interestingly, two highly expressed

protein bands with molecular weights (45 and 21 KDa)

were observed in all treated insects. In addition, a band

of molecular weight 21.1 KDa was appeared in case of

the S. oryzae. 

Fig. 3: SDS-PAGE of the adult S .oryzae and C.

chinensis exposed to different concentrations of

DADS (the same concentrations used in

differential display)  for different exposure

times. A: Adult C. chinensis exposed for 24,

48 and 72 h. B: Adult S. oryzae exposed for

24 and 48 h. M: Low range protein marker

(97, 66, 45, 30 and 20 KDa).  Arrows refer to

the expressed bands due to the effect of

DADS.
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Discussion: RNA fingerprinting has been used to

identify transcripts that are aberrantly regulated in

human tumors , differentially expressed during[25 ,52]

mouse brain development , or differentially expressed[28]

during peroxide stress in Salmonella . Meanwhile,[51]

Liang et al reported that differential display has been[2]

developed as a tool to detect and characterize altered

gene expression in eukaryotic cells and Dimopoulos et

al  have successfully used the differential display[4]

technique to screen for mRNAs specifically expressed

in adult males, females, and midgut tissues of blood-

fed and unfed females. A differential RNA display

(DRD) approach has been reported for the isolation of

rapid turnover mRNAs, many of which may be

in teresting candidate oncogenes , has been[ 1 6 ]

successfully used to isolate a novel gene expressed in

human lung , for the identification of novel genes[27]

expressed in wound healing , for comparison of gene[42]

expression to identify key mechanisms of the

development of Melipona scutellaris  and successfully[39]

used to identify 31 known genes and 12 unknown

esterases, which were differentially expressed between

the relative normal and dystrophic muscle from the

same LGMD patient. In addition, Sturtevant  reviewed[43]

many applications of differential display in medical

mycology and Mong et al  reported that the success[30]

of their study and many other studies which have

employed the DD-PCR approach is due to the power

of the technique, which resides in the PCR step, which

permits the amplification of cDNA from as little as 200

ng of total RNA. Furthermore, Ramalho-Ortigão et al[36]

applied differential display reverse transcriptase-PCR

and randomly amplified polymorphic DNA-PCR to

characterize 32 differentially expressed mRNAs from

sugar, blood fed and Leishmania-infected sand fly.

Generally, the results of differential display revealed

that many down-regulated (genes turned off) and up-

regulated bands (genes turned on) were detected.

Because DD-PCR allows for the simultaneous

amplification of multiple arbitrary transcripts, it is a

powerful genetic screening tool for complicated

dynamic tissue processes, particularly when multiple,

limited-sized samples are involved .[42]

Diallyl disulfide (DADS), a sulfur compound from

garlic has been shown to exert many biological effects:

nematicidal activity , acaricidal activity , pesticidal[17] [8 ,14 ,9]

effects , insecticidal activity  as well as antioxidant[2] [10 ,11]

activity against free radical damage. DADS scavenged

hydroxyl radicals and was a lipid peroxidation

terminator . Inhibition of cholesterol synthesis ,[11] [41]

disruption of the cytochrome oxidase system of

mitochondria and increased GST activity ,[1 3 ,6 ,2 2 ]

diminishing the level of glycosylated proteins  and[21]

induction of apoptosis and apoptosis-related genes[7]

were published as effects or interactions of DADS on

mammalian cells.

In our results, the common bands that observed in

all concentrations of DADS are possibly due to

increased glutathione S-transferase (GST) activity ,[13 ,6 ,22]

due to induced apoptosis and apoptosis-related genes[7]

and/ or due to enhancement of the insect immune

system. On the other hand, the bands that recorded in

controls and disappeared in treated insects may be a

result of inhibitory effects of DADS which contains

both allyl and disulfide groups , due to antioxidant[41]

activity  and/ or due to diminishing the level of[11]

glycosylated proteins in insects treated with DADS .[21]

Meanwhile, the bands that appeared in control as well

as in treated insects may be corresponded to various

genes involved in cellular processes such as

differentiation, proliferation, exocytosis and/ or

myofibril assembly . It is note worthy to mention that[4]

the bands which were expressed on treating C.

chinensis with some concentrations of DADS

(disappeared in control) are possibly due to disruption

of the cytochrome oxidase system of their

mitochondria . Dugravot et al  reported that[13] [13]

exposure to DMDS increased glutathione S-transferase

(GST) activity in C. maculatus adults. This finding

implies that induced GST is involved in C. maculatus

tolerance to DMDS . [13]

The results of protein banding were in consistence

with the results of DD-RT PCR to confirm the

induction of insect immune response in different ways

due to the application of DADS. These protein bands

may represent GST proteins , apoptotic proteins[13 ,6 ,22] [7]

and/ or defensive proteins. 

REFERENCES

1. Amonkar, S.V. and E.L. Reeves, 1970. Mosquito

control with active principle of garlic. J. Econ.

Entomol., 63: 1172.

2. Auger, J., S. Dugravot, A. Naudin, Abo-Ghalia, D.

Pierre, E. Thibout, 2002. Possible use of Allium

allelochemicals in integrated control. IOBC wprs

Bulletin, 25: 295.

3. Bekkaoui, A. and E. Thibout, 1992. Rôle des

s u b s t a n c e s  c u t i c u l a i r e s  n o n  v o l a t i l e s

d’Acrolepiopsis assectella (lep.: hyponomeutoïdae)

dans la reconnaissance de l’hôte par les

parasitoïdes Diadromus pulchellus et D. Colaris

(Hym.: Icheumonidae). Entomophaga, 37: 627.

4. Bhatnagar-Thomas, P.L. and A.K. Pal, 1974.

Studies on the insecticidal activity of garlic oil. II.

mode of action of the oil as a pesticide in Musca

domestica nebulo Fabr. and Trogoderma granarium

Everts. J. Food Sci. Technol., 11: 153.



J. Appl. Sci. Res., 3(2): 161-168, 2007

166

5. Bhuyan, M., B.N. Saxena and K.M. Rao, 1974.

Repellent property of oil fraction of garlic, Allium

sativum L. Indian J. Exp. Biol., 12: 575.

6. Bose, C., J. Guo, L. Zimniak, S.K. Srivastava, S.P.

Singh, P. Zimniak and S.V. Singh, 2002. Critical

role of allyl groups and disulfide chain in

induction of Pi class glutathione transferase in

mouse tissues in vivo by diallyl disulfide, a

naturally occurring chemopreventive agent in

garlic. Carcinogenesis, 23(10): 1661.

7. Bottone, Jr. F.G., S.J. Baek, J.B. Nixon and T.E.

Eling, 2002. Diallyl disulfide (DADS) induces the

antitumorigenic NSAID-activated gene (NAG-1) by

a p53-dependent mechanism in human colorectal

HCT 116 cells. J. Nutr., 132: 773.

8. Boyd, D.W. and D.R. Alverson, 2000. Repellency

effects of garlic extracts on two-spotted spider

mite, Tetranychus urticae Koch. J. Entomol. Sci.,

35: 85.

9. Catar, G. Bratislav, 1954. Lekarské Listy, 34:

1004. 

10. Chiam, W.Y., Y. Huang, S.X. Chen and S.H. Ho,

1999. Toxic and antifeedant effects of allyl

disulfide on Tribolium castaneum (Coleoptera:

Tenebrionidae) and Sitophilus zeamais (Coleoptera:

Curculionidae). J. Econ. Entomol., 92(1): 239.

11. Chung, L.Y.,  2006. The antioxidant properties of

garlic compounds: Allyl cysteine, alliin, allicin, and

allyl disulfide. J. Medicinal Food, 9(2): 205. 

12. Dimopoulos, G., A. Richman, A. Torre D., F.C.

Kafatos and C. Louis, 1996. Identification and

characterization of differentially expressed cDNAs

of the vector mosquito, Anopheles gambiae. Proc.

Natl. Acad. Sci., 93: 13066.

13. Dugravot, S., E. Thibout, A. Abo-Ghalia and J.

Huignard, 2004. How a specialist and a non-

specialist insect cope with dimethyl disulfide

produced by Allium porrum . Entomologia

Experimentalis et Applicata, 113(3): 173. 

14. Ferari, S. and J. Auger, 1996. What is the true

odor of cut Allium? Complementary of various

hyphenated methods: gas chromatography-mass

spectrometry and  h igh-perfo rmance liquid

chromatographymass spectrometry with particle

beam and atmospheric pressure ionization

interfaces in sulphenic acids rearrangement

components discrimination. J. Chromatogr. A: 750.

15. Flint, H.M., N.J. Parks, J.E. Holmes, J.A. Jones

and C.M. Higuera, 1995. Test garlic oil for control

of the silverleaf whitefly, Bermisia argentifolii

Bellows and Perring (Homoptera: Aleyrodidae) in

cotton. Southw. Entomol., 20: 137.

16. Gonsky, R., J.A. Knauf, R. Elisei, J.W. Wang, S.

Su and J.A. Fagin, 1997. Identification of rapid

turnover transcripts overexpressed in thyroid

tumors and thyroid cancer cell lines: use of a

targeted differential RNA display method to select

for mRNA subsets. Nucleic Acids Research., 25:

(19): 3823.

17. Gupta, R., N.K. Sharma 1993. A study of the

nematicidal activity of allicin – an active principle

in garlic Allium sativum L. against root- knot

nematode, Meloidogyne incognita (Kofoid and

White, 1919) chitwood. Int. J. pest Management.

39: 390.

18. Ho, S.H., L. Koh, Y. Ma, Y. Huang, K.Y. Sim ,

1996. The oil of garlic, Allium sativum L.

(Amaryllidaceae), as a potential grain protectant

against Tribolium casteneum (Herbst) and

Sitophilus zeamais Motsch. Postharvest Biol.

Technol., 9: 41.

19. Hori, M., 1996. Settling inhibition and insecticidal

activity of garlic and onion against Myzus persicae

(Sulzer) (Homoptera: Aphididae). Appl. Entomol.

Zool., 31: 605.

20. Huang, Y., S. Chen X. and S.H. Ho, 2000.

Bioactivities of methyl allyl disulfide and diallyl

trisulfide from essential oil of garlic to two species

of stored-product pests, Sitophilus zeamais

(Coleoptera: Curculionidae) and Tribolium

castaneum  (Coleoptera: Tenebrionidae). J. Econ.

Entomol., 93(2): 537.

21. Huard, C., N. Druesnel, D. Guyonnet, M. Thomas,

A. Pagniez, A.M. Le Bon, P. Martel and C.

Chaumontet, 2004. Diallyl disulfide (DADS)

e n h a n c e s  g a p - j u n c t i o n a l  i n t e r c e l l u l a r

communication by both direct and indirect

mechanisms in rat liver cells. Carcinogenesis.,

25(1): 91.

22. Kim, S.G., H.C. Chung and J.Y. Cho, 1996.

Molecular mechanism for alkyl sulfide-modulated

carbon  tetrachloride-induced hepatotoxicity: the

role of cytochrome P450 2E1, P450 2B and

glutathione S -transferase expression. Drug

Metabolism and Disposition, 277(2): 1058.

23. Lee, B.H., P.C. Annis, F. Tumaalii and S.E. Lee,

2004.  Fumigant  toxicity of Eucalyptus blakelyi

and Melaleuca fulgens essential oils and 1,8-

Cineole against different development stages of the

rice weevil Sitophilus oryzae. Phytoparasitica,

32(5): 498.

24. Liang, P., L. Averboukh and A.B. Pardee, 1993.

Distribution and cloning of eukaryotic mRNAs by

means of differential display: refinements and

optimization. Nucleic Acids Research., 21(14):

3269.



J. Appl. Sci. Res., 3(2): 161-168, 2007

167

25. Liang, P. and A.B. Pardee, 1992. Differential

display of eukaryotic messenger RNA by means of

the polymerase chain reaction. Science, 257: 967.

26. Lundgrene, L., 1975. Natural plant chemicals

acting as oviposition deterrents on cabbage

butterflies (Pieris brassicae L., P. rapae L. and P.

napi.). Zool. Scripta, 4: 253.

27. Lurton, J., T .M. Rose, G. Raghu and A.S.

Narayanan, 1999. Isolation of a gene product

expressed by a subpopulation of human lung

fibroblasts by differential display. Am. J. Respir.

Cell Mol. Biol., 20: 327.

28. McClelland, M., K. Chada, J. Welsh and D. Ralph,

1993. Arbitrary primed PCR fingerprinting of RNA

applied to mapping differentially expressed genes.

EXS., 67: 103.

29. Michael, D.T., C.P. Tom and F.C. James 2006.

Imaging and automated detection of Sitophilus

oryzae (coleoptera: curculionidae) pupae in hard

red winter wheat. J. Econ. Entomol., 99(2): 583.

30. Mong, J.A., C. Krebs and D.W. Pfaff, 2002.

Perspective: Micoarrays and differential display

PCR: Tools for studying transcript levels of genes

in neuroendocrine systems. Endocrinol., 143(6):

2002.

31. Nasseh, M.O., 1981. Zur Wirkung von

rohextratken aus Allium sativum L. Auf

Frassktivität und metamorphose von Epilachna

varivestis Muls (Col.: Coccinellidae). Z. Ang.

Entomol., 92: 464.

32. Nasseh O.M. and M.A. Al Furassy, 1992.

Versuche zur bekaempfung der Kartoffelmotten

Phtorimaea operculella (Zell.) (Lep., Gelichiidae)

mit chemischen und natuerlichen insectizen in der

republic yemen. Anz. Schaedlingskd. Pflanzen.

Umwelt, 65: 157.

33. Park, I.K. and S.C. Shin, 2005. Fumigant activity

of plant essential oils and components from garlic

(Allium sativum) and clove bud (Eugenia

caryophyllata) oils against the Japanese termite

(Reticulitermes speratus Kolbe). J. Agric. Food

Chem., 53(11): 4388.

34. Park, I.K., K.S. Choi, D.H. Kim, I.H. Choi, L.S.

Kim, W.C. Bak, J.W. Choi and S.C. Shin 2006.

Fumigant activity of plant essential oils and

components  from horseradish (Arm oracia

rusticana), anise (Pimpinella anisum) and garlic

(Allium sativum) oils against Lycoriella ingenua

(Diptera: Sciaridae). Pest Manag Sci., 62(8): 723.

35. Prokopy, R.J., R.H. Collier and S. Finch, 1983.

Leaf color used by cabbage root flies to

distinguish among host plants. Science, 221: 190.

36. Ramalho-Ortigão, J.M., P. Temporal, D.M.P. de

Oliveira, A.F. Barbosa, M.L. Vilela, E.F. Rangel,

R.P. Brazil and Y.M. Traub-Cseko, 2001.

Characterization of constitutive and putative

differentially expressed mRNAs by means of

expressed sequence tags, differential display

reverse transcriptase-PCR and randomly amplified

polymorphic DNA-PCR from the sand fly vector

Lutzomyia longipalpis. Mem Inst Oswaldo Cruz,

Rio de Janeiro, 96(1): 105.

37. Renapurkar, D.M. and P.B. Deshmukh, 1984.

Pulicidal activity of some indigenous plants. Insect

Sci. Appl., 5: 101.

38. Saha, P., P. Majumder, I. Dutta, T. Ray, S.C. Roy

and S. Das, 2006. Transgenic rice expressing

Allium sativum leaf lectin with enhanced resistance

against sap-sucking insect pests . Planta.,

223(6):1329.

39. Santana, F.A., F.M.F. Nunes, C.U. Vieira,

M.A.M.S. Machado, W.E. Kerr, W.A. Silva Jr. and

A.M. Bonetti, 2006. Differentially displayed

expressed sequence tags in Melipona scutellaris

(Hymenoptera, Apidae, Meliponini) development.

Anais da Academia Brasileira de Ciências, 78(1):

69.

40. Shen, Z., M. Denton, N. Mutti, K. Pappan, M.R.

Kanost, J.C. Reese and G.R. Reeck, 2003.

Polygalacturonase from Sitophilus oryzae: Possible

horizontal transfer of a pectinase gene from fungi

to weevils. J. Insect Sci., 3: 24.

41. Singh, D.K. and T.D. Porter, 2006. Inhibition of

sterol 4 -methyl oxidase is the principal

mechanism by which garlic decreases cholesterol

synthesis. J. Nutr. 136: 759S. 

42. Soo, C., D.N. Sayah, X. Zhang, S.R. Beanes,  I.

Nishimura, C. Dang, E. Freymiller and K. Ting,

2002. The identification of novel wound-healing

genes through differential display. Plast. Reconstr.

Surg., 110(3): 787.

43. Sturtevant, J., 2000. Applications of differential-

display reverse transcription-PCR to molecular

pathogenesis and medical mycology. Clinic.

Microbiol. Rev., 13(3): 408.

44. Suryakala, G., B. Kishen Rao, S.S. Takur and P.

Nagaraja Rao, 1984. Juvenomimetic activity and

insecticidal activity of extracts from Allium sativum

and Butea monosperma on Spodoptera litura

(Lepidoptera: Noctuidae). Zool. Jb. Physiol., 88:

113.

45. Teyssier, C., L. Guenot, M. Suschetet and Le` Ne

M. Siess, 1999. Metabolism of diallyl disulfide by

human liver microsomal cytochromes p-450 and

f la v in -c o n ta in in g  m o n o o x y g e n a s e s .  D r u g

Metabolism and Disposition, 27(7): 835.



J. Appl. Sci. Res., 3(2): 161-168, 2007

168

46. Trematerra, P. and V. Lanzotti, 1999. The activity

of some compounds extracts by Allium on stored-

product insects Oryzaephilus surinamensis (L.),

Sitophilus oryzae (L.) and Tribolium castaneum

(Herbst). J. Pest. Science, 72: 122.

47. Wäckers, F.L., 2003. The effect of food

supplements on parasitoid-host dynamics. 1st

International Symposium on Biological Control of

Arthropods. USDA-Forest Service FHTET-03-05.

p 226.

48. Weissling, T.J., T.M. Lewis, L.M. McDonough and

D.R. Horton, 1997. Reduction in Pear psylla

(Homoptera:Psyllidae) oviposition and feeding by

foliar application of various materials. Canad.

Entomol., 129: 637.

49. Welsh, J., K. Chada, S.S. Dalal, R. Cheng, D.

Ralph and M. McClelland, 1992. Arbitrarily

primed PCR fingerprinting of RNA. Nucleic Acids

Res. 20(19): 4965.

50. Welsh, J., C. Petersen and M. McClelland, 1991.

Polymorphisms generated by arbitrarily primed

PCR in the mouse: application to strain

identification and genetic mapping. Nucleic Acids

Res., 19(2): 303. 

51. Wong, K.K. and M. McClelland, 1994. Stress-

inducible gene of Salmonella typhimurium

identified by arbitrarily primed PCR of RNA. Proc

Natl Acad Sci., 91(2): 639. 

52. Wong, K.K. and M. McClelland, 1992. A BlnI

restriction map of the Salmonella typhimurium LT2

genome. J. Bacteriol., 174: 1656.

53. Zhang, Y., J. Ye, D. Chen X. Zhao, X. Xiao, S.

Tai, W. Yang and D. Zhu, 2006. Differential

expression profiling between the relative normal

and dystrophic muscle tissues from the same

LGMD patient. J. Transl. Med., 4(1): 53.


