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中文摘要

德國蜚蠊（Blattella germanica）雌蟲的發育、生殖及行為受到體內青春激素濃

度的調控。本研究即利用青春激素類似物－烯蟲酯（methoprene）施用於三日

齡的雌成蟲，並藉由抑制消除雜合技術（Suppression Subtractive Hybridization, 

SSH），找出施用烯蟲酯後特殊表現的基因。雜合後的cDNA資料庫，包含20

個特殊表現的基因片段，這些基因潛在受到青春激素濃度調控。與線上資料庫

比對的結果，其中9個基因片段，其中功能各涉及卵巢發育、能量補給、蛋白

產物合成、細胞分裂、解毒等，另外有11個基因則功能未知。功能已知的16號

基因，和能量調控有關，但尚未有更詳細的研究；再加上三個功能未知的基

因，共四個基因，由進一步研究得到更多資訊。藉由即時聚合酶連鎖反應

（real-time	 PCR）技術，確認這四個基因受到青春激素誘發表現，也顯示在不

同日齡的雌蟲間有不同的表現量；此外，在不同器官也有不同表現量，暗示著

可能各有不同功能。由於過去研究發現，青春激素濃度會間接調控德國蜚蠊雌

蟲的日週律動以及卵巢發育，因此我們也藉由RNAi技術，測試這四個基因是

否屬於調控日週律動或卵巢發育的調控因子。結果顯示，注射雙股RNA後，四

個基因的表現量降低，其中三個基因BGME02、BGME05及BGME16的表現量被

抑制之後，卵巢的發育減緩，但日週律動卻無明顯差異。因此我們認為這三個

基因是青春激素下游調控卵巢發育的基因，但不直接調控雌蟲的日週律動。

關鍵詞：德國蜚蠊、青春激素、日週律動、RNAi、抑制消除雜合法
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Abstract

Juvenile hormone (JH) is the major hormone controlling the development, 

behavior and reproductive cycles of the female German cockroach, Blattella germanica 

(L.) (Dictyoptera: Blattellidae). In this study, JH analog - methoprene was topically 

applied on 3-day old females before with Suppression Subtractive Hybridization (SSH) 

to identify  the genes that were particularly expressed. The SSH cDNA library composed 

with 20 distinctive sequences of genes. Nine of those genes were involved in ovarial 

development, energy  supply, protein synthesis, cell division or detoxification, and rest 

of genes possessed unknown functions. For functional studies, RNAi was used to 

knock-down the expression level of four genes, and dsBGME02, dsBGME05 and 

dsBGME16 injection inhibit  ovary development, but  RNAi of all four genes do not 

affect the locomotor rhythmicity. Based on these findings, we found three genes, which 

are BGME02, BGME05 and BGME16 mediated by  JH downstream regulation and 

ovary development, but do not participated in control of locomotion.

Keywords: Blattella germanica, Circadian rhythm, Juvenile Hormone (JH), RNAi, 

Suppression Subtractive Hybridization
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Introduction

Juvenile hormone (JH) is one of the major hormones in adult female German 

cockroach, Blattella germanica (L.) (Dictyoptera: Blattellidae), controlling the 

development (Gadot et al., 1989), locomotor behavior (Lin and Lee, 1998) and 

reproductive cycle (Belles et al., 1987). The JH level shows a cyclic pattern during 

reproductive cycle, it rapidly increases after emergence and suddenly decreases after 

formation of ootheca, and is remaining at low level until next gonadotrophic cycle 

(Chiang and Schal, 1994; Lin and Lee, 1998, Treiblmayr et al., 2006). 

The production of JH by corpora allata (CA) is regulated by  both internal and 

environmental stimuli (reviewed by  Schal, 1997), such as mating status (Gadot et al. ,

1989) and food quality  (Cooper and Schal, 1992a, 1992b). Suazo et al. (2009) used 

RNAi to silence the Bla g 1, digestion-related gene (Gore and Schal, 2004; 2005), the 

ovary development was inhibited. However, it can be rescued by applying JH. The 

results sugested that JH synthesis was regulated by nutrient condition. Moreover, by 

knock-down the expression of BgTOR gene, Maestro et al. (2008) found that the “target 

of rapamycin” (TOR) pathway mediated nutritional signal and JH synthesis in corpora 

allata of German cockroach. Furthermore, the starvation inhibited the Forkhead-box O 

(FoxO) transcription factor, which inhibited JH synthesis (Süren-Castillo et al., 2012). 

In female adult German cockroach, JH regulates not only the reproductive 

physiology, vitellogenesis and oocytes development (Tobe and Stay, 1985; Scharrer, 

1987; Gadot et al., 1991), but also behaviors such as sexual receptivity and locomotor 

activity (Liang and Schal, 1994; Schal and Chiang, 1995; Lin and Lee, 1996; Lin and 

Lee, 1998). When virgin female adults are sexually mature, their locomotor activities 
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become much higher and show arrhythmic patterns (Lin and Lee, 1996). Even though 

the allatectomized females do not show high locomotor activities, their locomotor 

activities can be rescued by JH analog apply (Lin and Lee, 1998).

Suppressing Subtractive Hybridization (SSH) is a technic that can identify  the 

differences in relative abundance of cDNA between two different cDNA samples 

(Diatchenko et al., 1996). In insects, SSH has been shown to be effective to identify the 

genes that differently express between two groups, such as the diapause-specific gene in 

the northern house mosquito (Culex pipiens) (Robich et al., 2007), the immune-related 

genes in kissing bug (Rhodnius prolixus) (Ursic-Bedoya and Lowenberger, 2007), 

greater wax moth (Galleria mellonella) (Seitz et al., 2003), tobacco hornworm 

(Manduca sexta) (Zhu et al., 2003), red flour beetle (Tribolium castaneum) (Altincicek 

et al., 2008), burying beetle (Nicrophorus vespilloides) (Vogel et al., 2011), locust 

(Zhang and Xia, 2009). In German cockroach, SSH was used to identify the genes 

related to choriogenesis (Irles et al., 2009), compare the difference of gene expression 

between wild-type and resistant strain (Pridgeon et al., 2003; Pridgeon and Liu, 2003). 

In this study, SSH will be used to identify  the genes that upregulated by juvenile 

hormone. Since the sexual maturation is synchronized with the fluctuation of JH titer 

(Chiang and Schal, 1994; Lin and Lee, 1998), in order to eliminate the age effect  on JH 

pathways, methoprene (JH analog) was applied on 3-day-old female adults to mimic the 

high level of JH (Zhu et al., 2009).

RNA interference (RNAi) is a molecular tool that can silence the complementary 

endogenous messenger RNA (mRNA) by appling exogenous double-stranded RNA 

(dsRNA). After RNAi was discovery in the nematode Caenorhabditis elegans (Fire et 
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al., 1998), the first successful RNAi experiment in insects is that downregulating the 

frizzled and frizzled 2 genes by dsRNA injection in Drosophila melanogaster 

(Kennerdell and Carthew, 1998), and it  was rapidly developed as a molecular tool that 

widely  applied in variety  orders of insecta and used to study the functional genomics 

and pest control (Huvenne and Smagghe, 2010; Burand and Hunter, 2013; Belles, 

2010), such as Diptera (Lum et al., 2003; Dietzl et al., 2007), Lepidoptera (Yu et al., 

2008; Terenius et al., 2011), Hymenoptera (Schluns & Crozier, 2007; Antonio et al., 

2008), Coleoptera (Arakane et al., 2004; Suzuki et al., 2008), Orthoptera (Dong and 

Friedrich, 2005), Hemiptera (Xu and Han, 2008), Isoptera (Zhou et al., 2008) and 

Blattodea, especially in Blattella germanica (Ciudad et  al., 2006; Maestro and Belles, 

2006; Maestro et al., 2008; Irles et al., 2009; Lee et al., 2009; Suazo et al., 2009; Huang 

and Lee, 2011; Süren-Castillo et al., 2012). There are three main methods of dsRNA 

delivery to insects: injection, feeding and soaking, although feeding and soaking are 

cheaper and easier than injection, dsRNA can immediately  into the hemolymph by 

injection and thus avoiding possible barriers, like gut epithelium or cuticle in feeding or 

soaking approach, on the other hand, researches can know the exact amount of dsRNA 

that injected, therefore, injection is still widely used for dsRNA delivery  (Yu et al., 

2013).

Although there are many studies investigating the physiology  that regulated by 

JH, JH regulatory  pathway at molecular level is largely unknown. It is our intention to 

use SSH to identify some genes that upregulated by  JH in this study. Since the JH 

regulates the reproduction and locomotor activity in female German cockroaches, we 

expected that we can obtain some genes that related with ovary development, energy 

metabolism through SSH. In order to speculate the possible function of target genes that 
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obtain through SSH, we knockdown the expression level of target genes by RNAi then 

measure the length of ovary and daily  locomotor activities, if the target genes related 

with ovary development or locomotor activity, then the RNAi would disrupt the normal 

condition of those two phenomenons. 
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Materials and Methods

Insect culture

The German cockroach, Blattella germanica (L.) were reared with water and dog 

chow in an environmental chamber under 28℃, and light-dark cycle of 16:8 h 

condition. Newly emerged adults were separated by sex.

Methoprene application

The reproductive cycle in German cockroach is regulated by JH. To mimic the 

effect of JH, 1mg of methoprene (JH analog) was dissolved in 200µl acetone as stock, 

and topically 20µl of stock applied on 3-day-old female adults (Comas, 1999) as the 

treated group, the control group are topically  applied with acetone only. In order to 

eliminate the daily fluctuation of gene expression, all samples were collected at 

Zeitgeber Time (ZT) 7-8 constantly.

Total RNA extraction

The total RNA samples were collected at  4 time points: ZT 3, 6, 18 and 24 after 

the methoprene topical application. Six individuals were collected at each time point  

for each group. The wings and legs of cockroaches were removed before putting in 1.5 

ml microcentrifuge tubes with 400 µl TRIzol® reagent (Invetrogen). The 

microcentrifuge tubes with samples were frozen in liquid nitrogen before homogenized. 

The samples were homogenized at the time when half of the reagent in the tube melted 

by using an electronic stirring on ice. Female German cockroach contained abundant of 

lipid and fat that can interfere with RNA extraction. Before extracting RNA the 

following pre-treatment was needed to remove most of fat from the sample: Added 400 
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µl chloroform and mixed well by vortex for 15 sec, then centrifuged at 6000 rpm for 5 

min at 4 ℃. Removed 350 µl from the lower layer, then added 350 µl chloroform. 

Mixed well by vortex for 15 sec, then centrifuged at 6000 rpm for 5 min at 4 ℃ again. 

Transferred 250 µl of the upper layer into a new microcentrifuge tube,  and added 250 

µl TRIzol® and extracted RNA according to the TRIzol® official protocol twice. 2 µg 

total RNA as template to synthesize cDNA by High-Capacity cDNA Reverse 

Transcription Kits (Applied Biosystems).

Gene expression comparison and cDNA library construction.

SSH was performed with the PCR-selected cDNA Subtraction Kit (Clontech) by 

following the manufacturer's protocols. The tester library was methoprene-applied 

group and driver library was acetone-applied group. After completed the SSH, the gene 

sequences were ligated with plasmid vectors and transformed into bacteria. 283 strains 

of tester and 28 strains of driver library were picked and sequenced. The results of 

sequencing were clustered by  CAP3 program, after then using BLASTx to search the 

database for homologous gene sequences.

Gene Cloning

The PCR products (50 µl) amplified by Taq DNA Polymerase (Super-Run Tag 

DNA Polymerase, PROTECH) with extra A-base at 3’-terminal were mixed with one-

tenth of the sample volume of 3 M sodium acetate and 5 times of the sample volume of 

99.8% ethanol. Incubated at -20 ℃ at least 2 h, and then centrifuged at 19000 g for 39 

min at 4 ℃. The supernatant  was discarded. The nucleic acid pellet was washed with 

70% ethanol, and then centrifuged at 19000 g for 10 min at 4 ℃. Repeated the washing 

steps again, then, discard the supernatant and dried the sample by a vacuum 
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concentrator. Finally, dissolved the nucleic acid by adding optimal volume of DEPC 

(diethyl pyrocarbonate)-treated H2O, and heated at 55 ℃ for 5 min. After purifying the 

nucleic acid sample with ethanol precipitation, the product was directly ligated into 

pGEM®-T Easy  Vector (Promega). One of 10 µl ligation product was added into the 

competent cell (ECOSTM, Yeastern Biotech), and heat-shocked it for transformation. 

The transformed cells were added into l ml LB (Lysogeny Broth) with 1 mg Ampicillin 

for at least  2 h before spreading them on medium. Medium with cloning bacteria was 

incubated at 37 ℃ for 8-14 hours.

RNA interference

The double-strand RNA of BGME02, BGME05, BGME07, and BGME16 was 

synthesized by MEGAscript® Kit (Applied Biosystems) following the manufacturer’s 

protocol. The double-strand (ds) RNA was diluted with DEPC-treated water into 3 µg/

µl. At ZT 7-8, 1µl dsRNA was injected into the cockroach between third and fourth 

abdominal sternites. Two control groups were injected with dsEGFP (exogenous 

enhanced green fluorescence protein) and DEPC-treated water (sham) respectively.

In order to identify the four genes that were involving in the JH regulated 

locomotion, dsRNA was injected into 1-day-old female German cockroaches, then 

recorded the locomotor activity by TriKinetics System individually  for 8 days. The 

cockroaches were kept separately in a glass tube (16 cm long, 2 cm wide) with food and 

water. The locomotion monitoring system was kept in an environmental chamber under 

28 ℃ and LD: 16:8 h conditions. Chi-sequare peridogram was use to analyze the 

rhythmicity of daily locomotion (Sokolove and Bushell, 1978).
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In order to identify the four genes that were involving in the JH regulated ovary 

development, dsRNA was injected into 1-day-old female German cockroaches. The 

length of basal oocytes of each ovariole was measured at 1- or 5- day  after injection. T-

test was used to compare the basal oocyte length between treated and control group.

Quantification of mRNA

The efficiency of each primer pairs for qRT-PCR was validated by establishing a 

standard curve with five serial dilutions. Triplicated PCR reactions were carried out in 

an ABI StepOne system (version 2.1), using SYBR® FAST qPCR Kit (KAPA). All sets 

of quantification include both non-template control reactions and a standard sample 

from cloned plasmid for normalization of data. The PCR program began with single 

cycle at 95 ℃ for 10 minutes, 40 cycles at 95 ℃ for 15 seconds and 60 ℃ for 60 

seconds. Afterward, the PCR products were heated to 95 ℃ for 15 seconds, cooled 

down to 60 ℃ for 15 seconds and heated to 95 ℃ for 15 seconds, in order to measure 

the dissociation curves and to determine an unique PCR product for each gene. 

Expression levels of each gene were calculated relative to the Blattella germanica actin 

expression level using ABI StepOne system.
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Results

Suppression Subtractive Hybridization

There were total 283 colonies that confirmed by  sequencing of PCR and were 

clustered by  CAP3 program into 20 contigs.  After comparing the sequences with NCBI 

database by BLASTx, the cDNA library was constructed (Table 1). Among the 20 

sequences, 7 sequences were no homology  to database and 4 sequences had no known 

function. The 3 sequences (BGME02, BGME05, BGME07) in the cDNA library 

without homology  and can be picked primer by Primer 3 program were chosen for 

functional study. In addition, BGME16 was also chosen to clarify its putative function 

in protein and carbohydrate metabolism which was found in Bombus terrestris (Table 

1). Since virgin females were highly active, which was synchronized with the increase 

titer of JH, BGME16 might be involved in energy supply  for locomotion or 

reproduction. Totally, the 4 genes were chosen as targets for functional study by RNAi 

and qRT-PCR.

Table 1. The cDNA library of 20 partial sequences obtained via SSH in female German cockroaches 

after acceleration of sexual maturation by topical application of methoprene (juvenile hormone 

analog).  
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Table 1. The cDNA library of 20 partial sequences obtained via SSH in female German cockroaches 

after acceleration of sexual maturation by topical application of methoprene (juvenile hormone 

analog).  

cluster ID Length 
(BP) Best BLASTx E-value of 

BLASTx Hit_accession 

BGME01_1 64 No homology - -

BGME01_2 237 unknown [Picea sitchensis] 8.00E-13 ABK26259.1

BGME01_3 205 hypothetical protein [Opisthacanthus 
cayaporum] 5.00E-06 CAX51406.1

BGME01_4 897 cytochrome oxidase subunit I 
[Microcerotermes sp.] 2.00E-25 AEI25867.1

BGME02* 344 No homology - -

9
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BGME03 344 vitellogenin [Blattella germanica] 7.00E-70 CAA06379.2

BGME04 325 60S ribosomal protein L18a 
[Triatoma infestans] 9.00E-44 ABR27953.1

BGME05* 468 No homology - -

BGME07* 335 No homology - -

BGME08 293 vitellogenin [Blattella germanica] 5.00E-06 CAA06379.2

BGME09 581 fibroblast growth factor 9 2.00E-53 EDM14369.1

BGME10 85 No homology - -

BGME11 103  similar to flightin CG7445-PA 
[Tribolium castaneum] 4.00E-17 XP_969293

BGME13 74 hypothetical protein 
[Blattella germanica] 1.00E-06 CAR94552

BGME14 618 cytochrome b 1.08E-79 YP_003002162

BGME15 710 No homology - -

BGME16* 395 Putative glycerol kinase 3 
[Bombus terrestris] 1.00E-170 XP_003393109

BGME17 190 No homology - -

BGME18 148 Peptidyl-prolyl cis-trans isomerase 
[Blattella germanica] 4.00E-101 P54985.1

BGME19 206 Parcxpwnx03 (function-unknwon) 
[Periplaneta americana] 3.00E-18 AAW57774

* For further studies.* For further studies.* For further studies.* For further studies.* For further studies.

Methoprene application induce the expression of 4 target genes

The expression level of the four target genes were induced significantly  by  adding 

methoprene on 3-day-old females (Fig. 1). The qRT-PCR results suggested these 4 

genes were not false positive result in SSH (T-test p= 0.05, 0.011, 0.02, 0.003 for 

BGME02, 05, 07, and 16 respectively).
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Fig. 1. The expression pattern of 4 novel genes: (A) BGME02, (B) BGME05, (C) BGME07, (D) 
BGME16 1 day after methoprene topical application on virgin female German cockroaches (t-
test, * p<0.05, ** p<0.01 N=3). 

Daily fluctuation of expression level of 4 target genes

The daily fluctuation of expression level of the 4 target genes in the first 

reproductive cycle were shown in Fig. 2. The relative expression level that compared 

with day 1 increased significantly in the first part of reproductive cycle and peaked at 

day 7. Then, it dropped significantly afterword. The fluctuation pattern was coincided 

with pattern of locomotor activity, the ovary development and JH titer.
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Fig. 2.  Daily fluctuation of expression level of 4 novel genes: (A) BGME02, (B) BGME05, (C) 
BGME07, (D) BGME16 during the first reproductive cycle of virgin female German 
cockroaches. (N=3)

Expression level of the target genes in internal organs

The gene expression levels of mRNA in 6 different organs (ventral nerve cord, fat 

body, head, legs, midgut and ovary) of 3-day-old female German cockroaches were 

shown in Fig.3. Although a few genes expressed nearly undetectable in some organs 

(like BGME07 in ovary and BGME16 in legs), the reference gene (actin) was detected 

in all organs. It indicated that the PCR results were reliable. All of the four genes 

showed different expression levels among organs (ANOVA p<0.01 and followed by 

HSD post hoc test). 

The differential expression of the target genes among various internal organs 

indicated potential functions of the genes. Higher expression of BGME02, BGME05 

and BGME16 in fat body than other organs implied its possible function in protein and 
12



carbohydrate metabolism, energy  supply, reproduction or detoxification which were 

related the physiological functions of fat body. However, the possible function of 

BGME05 and 16 in reproduction would become minimum because of less expression in 

ovary. The high expression level of BGME02 in midgut might imply its involvement in 

regulation of nutrient and energy intake which might lead to protein synthesis and 

energy supply from fat body for development of ovary.

Fig. 3. The expression level of four novel genes (A) BGME02 (B) BGME05 (C) BGME07 (D) 
BGME16 in various internal organs of 3-day-old virgin females. The relative expression level 
was quantified by qRT-PCR and compared with internal standard. VNC: ventral nerve cord. 
Different letters on the chart indicate significant differences (ANOVA, P<0.05; HSD for post 
hoc test, N=3).

RNAi reduce gene expression levels

The RNA interference method has been demonstrated to be effective in knocking 

down the 4 target genes (Fig. 4). The injection of double strand RNA significantly 

reduced the expression level of the 4 genes. This silencing effect could last for at least 5 

days (Fig. 4B).
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(A)

(B)

Fig 4. The gene expression levels of virgin female adult of the German cockroach (A) one and (B) five 
days after dsRNA injection on 3-day-old cockroaches. (N=6 for RNAi, N=3 for EGFP and sham, t-test 
p<0.01)

RNAi inhibit the Development of Ovary

14



The knockdown effect of injecting dsRNA of the 4 target genes on the 

development of ovary  was shown in Fig. 5. The RNAi did not cause the reduction in the 

length of oocyte after 2 day  of dsRNA injection. It look 5 days for dsRNA to reduce the 

growth of oocyte. The basal oocyte length of 7-day-old female cockroaches that  injected 

with dsBGME02, dsBGME05 and dsBGME16 were significant shorter than control 

group. However, dsBGME07 injection did not affect the basal oocyte length (Fig. 5B). 

These result indicated BGME02, 05 and 16 were involved in ovary development, but 

BGME07 was not.
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(A)

(B)

Fig 5. The silencing effect of the 4 target genes on ovary development of the German cockroach after 2 
days (A) or 5 days (B) injection of dsRNA on 1-day-old virgin females. (t-test p<0.05)
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RNAi affect the locomotor activity

When the 4 target genes were knocked down by  injecting dsRNA, the effects on 

locomotion were shown in Table 2. Even though the RNAi treated females did reduce 

the percentage of non-rhythmic locomotion from 75% to 41%, the statistic analysis did 

not show significant difference in reduction. This finding indicated the non-involvement 

of the 4 genes on circadian locomotion. The non-rhythmic locomotion was also 

demonstrated with the data of temporal distribution of locomotion. In addition, the total 

amount of locomotion remained the same after RNAi treatment. These results indicates 

the 4 genes did not involve in the regulation of locomotion and circadian clock.

Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)
Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)
Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)
Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)
Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)
Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)
Table 2. The effects of injecting dsRNA of the 4 target genes on locomotion of virgin femal cockroach. 
(t-test P>0.05)

Treatment
s

non-rhythmic 
locomotion (%) N

Temperal distribution of locomotion (%)Temperal distribution of locomotion (%)Temperal distribution of locomotion (%) Total 
activity 
(mean
±S.E.)

Treatment
s

non-rhythmic 
locomotion (%) N

Day 5 Day 6 Day 7

Total 
activity 
(mean
±S.E.)

control 75 12
62.0±4.66 62.70±4.34 59.26±5.3 1900.2±520

.5control 75 12
- - - -

dsBGME
02

41.67
ns 12

70.41±5 68.07±4.38 66.40±4.37 1822.1±380
.1dsBGME

02
41.67

ns 12
P=0.23 P=0.39 P=0.31 P=0.9

dsBGME
05

54.55
ns 11

70.57±5.13 69.0±4.48 66.41±4.46 2282.1±461
.1dsBGME

05
54.55

ns 11
P=0.24 P=0.33 P=0.32 P=0.59

dsBGME
07

50
ns 12

69.22 ±5.29 65.78 ±4.72 65.93 ±4.59 1635.6±360
.9dsBGME

07
50
ns 12

P=0.32 P=0.63 P=0.35 P=0.68

dsBGME
16

80
ns 10

64.79 ±4.5 62.62 ±4.49 60.61 ±3.98 2278±530.2dsBGME
16

80
ns 10

P=0.67 P=0.99 P=0.84 P=0.61

ns: not significant difference, Chi-squar p>0.05ns: not significant difference, Chi-squar p>0.05ns: not significant difference, Chi-squar p>0.05ns: not significant difference, Chi-squar p>0.05ns: not significant difference, Chi-squar p>0.05ns: not significant difference, Chi-squar p>0.05ns: not significant difference, Chi-squar p>0.05
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Discussion

During oogenesis of the German cockroaches, JH from CA is released to trigger 

the calling behavior (Lee and Wu, 1994; Lin and Lee, 1996) and ovary  development. 

Since the German cockroach posses cyclic reproduction, JH regulation shows cyclic 

pattern to meet the reproduction. It is assumed that some genes related with energy 

supply and protein synthesis should be expressed in this period. We obtain 20 partial 

sequences of genes that  were highly expressed after simulated the high concentration of 

JH (Table 1). They  are candidate genes to elucidate the molecular mechanisms of JH 

downstream regulation. 

Two of the twenty sequences (BGME03 and BGME08) belong to vitellogenin 

gene which can be translated into precursors of vitellins (the major egg yolk protein in 

insect) (Sappington and Raikhel, 1998). The function of vitellin was confirmed its 

relationship  with ovary development (Comas et al., 1999), and the complete sequences 

has been fully  cloned in the Geman cockroach (Comas et  al., 2000). Furthermore, the 

BGME09 is fibroblast growth factor 9, which involved in the regulation of embryonic 

development, cell proliferation and cell differentiation (Galzie et al., 1997). Besides, 

two genes are related with protein synthesis: 60S ribosomal protein L18a (BGME04) 

that encodes a ribosomal protein of the 60S subunit (Adams et al., 1992), and peptidyl-

prolyl cis-trans isomerase (BGME18) that participated in the process of protein folding 

and trafficking (Martinez and Hegardt. 1995). Moreover, one of those genes is 

cytochrome b (BGME14), a component of respiratory chain complex III (Esposti et al., 

1993), which related with ATP synthesis and energy  supply. All together, those function-

known genes meet our assumption that related with energy  supply  and protein synthesis, 

except the COXI, a detoxify  gene that higher expression in resistant pyrethroid resistant 
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strain of the German cockroaches (Pridgeon and Liu, 2003). The detoxify gene 

(BGME01_4) probably  was induced by  reacting to exogenous chemical (methoprene) 

rather than up-regulated by JH.

Three of eleven function-unknown genes (BGME02, BGME05, BGME07) which 

sequences are long enough to design primer, and putative glycerol kinase 3 (BGME16) 

were selected for functional study. Glycerol kinase 3 might participate in the utilization 

of glycerol that regulated by  JH. RT-PCR assay  showed those four genes expressed 

significantly higher after methoprene application (Fig. 1), and fluctuated during the 

reproductive cycle in female German cockroaches (Fig. 2), which means that those four 

genes highly express in normal condition rather than induced by chemical apply. The 

pattern of fluctuation of four genes are similar with concentration of JH, which keep  at 

low level after emerged, then increase after day 5 and show a peak at day  7, just before 

virgin female cockroaches form an ootheca at day 8, then immediately drop (Chiang et 

al., 1994; Treiblmayr et al., 2006).

In order to know the possible function of  those four novel genes, we used RNAi 

to knock-down the gene expression level. First of all, RT-PCR was used to confirm the 

efficiency of knock-down by RNAi. The results show that the expression level of those 

four genes significant lower than that of dsEGFP or sham control one day after injection 

of dsRNA (Fig. 4). In addition, the efficiency remain for five days at least (Fig. 4B). 

In German cockroach, JH stimulate the ovary development (Belles at al., 1987;  

Schal et al., 1993; Martin at al., 1995), and the titer of JH coincide with the size of basel 

oocytes in reproductive cycle (Chiang and Schal, 1994). Base on the success of inhibit 
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ovary development by  RNAi (Fig. 5), BGME02, BGME05, and BGME16 mediate by 

ovary development JH down-stream regulation. 

Previous studies show that the daily  activity coincide with JH level in 

reproduction cycle (Lee and Wu, 1994; Lin and Lee, 1998), and daily  locomotor pattern 

of female German cockroaches is not rhythmic as male cockroaches (Lee and Wu, 

1994; Lin and Lee, 1996). In addition, the ovariectomized female German cockroaches 

could free-run under constant dark condition, and corpora allata (CA) removing reduces 

the locomotor activity of the ovariectomized female, but the locomotor activity can be 

recalled by  absorb JH analog fenoxycard, which means that ovaries do not affect the 

locomotor activity, but  JH do (Lin and Lee, 1998). Although knock-down the expression 

level of BGME02, BGME05 and BGME16 by  RNAi could inhibit ovary development, 

RNAi do not affect the rhythmicity of locomotion or activity (Table 2). 

Since inhibition of ovary development might be caused by lacking of ovarial 

component or energy sulpply, the RNAi effect of BGME02, 05, and 16 only  on ovary 

development, but not on locomotion, implies the genes are involve in synthesizing 

component for ovary development rather than energy supply. However, it  is possible 

that these genes are involving in energy supply, but do not play  a critical role in 

regulation of daily locomotion.

In combination of expression level among various internal organs and silencing 

effect of RNAi, tentative function of the four target genes can be illustrated (Fig. 3 & 5).  

It has been found that the daily food intake of female adults increases with JH titer 

which coincides with the development of ovary  (Schal et al., 1994), and the gene 

expression of Bgl g 1 gene in midgut suggests its involvement in energy and nutrient 

uptake  (Suazo, et al. 2009). Based on the high expression level of BGME07 in fat body, 
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head and leg, but not in ovary  implies it  might be involving in nutrient uptake and 

energy supply, but not in ovary development. Since BGME02, BGME05, and BGME16 

express higher in fat body  than in other organs and their RNAi result in retardation of 

ovary development, the three genes are related with synthesizing component for ovary 

development. Although fat body is multi-functional including lipid and carbohydrate 

storage and utilization, detoxification, synthesis of protein and trehalose (McDougall 

and Steele, 1988), and amino acid metabolism (Arrese and Soulages, 2010), some of 

those functions have been confirmed to be regulated by JH in various insect species, 

such as glycolysis in silkworm (Bombyx mori) (Tian et al., 2010), fat-body metabolism 

in bumblebee (Bombus terrestris) (Röseler and Röseler, 1988) and in cockroach 

Periplaneta americana, Blaberus discoidalis (Wiens and Gilbert, 1965), synthesis of 

Vitellogenin (Vg) in burying beetles (Nicrophorus orbicollis) (Panaitof and Scott, 

2006), in locust  (Locusta migratoria) (Abu-Hakima, 1981), in mosquito Aedes aegypti 

(Deitsch et al., 1995), in German cockroach (Blattella germanica) (Wojchowski et al., 

1986, Martın et al., 1996; Comas et al., 2001), and Phospholipid synthesis in cockroach 

Leucophaea maderae (della-Cioppa and Engelmann, 1984). Therefore, these four genes 

play different roles in ovary development under regulation of JH.
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Appendix

Primer list

The primers used in experiments were designed by Primer3 software (http://

frodo.wi.mit.edu/), in order to select an optimal primer annealing temperature of 60℃.

Primer namePrimer name Primer sequence
Length of 

product (bp)

BGME02 F 5’ CATCTTCAGATGTTAGAAATAGCGTA 3’ 171BGME02

R 5’ ACCGGTGAGGTAAAAGCTGA 3’

171

BGME02
(for qRT-PCR)

F 5’ CTGCGCGAGAATTGCTGTGTTTCT 3’BGME02
(for qRT-PCR)

R 5’ AAAGCTGACACATGACACTCGC 3’

BGME05 F 5’ TGTCCAATGACTGAATTCTCTTG 3’ 202BGME05

R 5’ CGGAAGTGTTGGATACCAGAA 3’

202

BGME05
(for qRT-PCR)

F 5’ CTGGTATCCAACACTTCCGTCA 3’ 199BGME05
(for qRT-PCR)

R 5’ ATGGCTAACTGCTTCTGCTCCAAGA 3’

199

BGME07 F 5’ TTTGTTTTTCCATCGCATCA 3’ 181BGME07

R 5’ CGGTTTCGTTTACGAATGTGT 3’

181

BGME016 F 5’ CGTGGACCTTCGTATCTGCT 3’ 193BGME016

R 5’ CAGCTGCGTCTTGTCTCTTG 3’

193

BG_Actin_2 F 5’ TCTGGATCTGGCTGGTCGTGATTT 3’BG_Actin_2

R 5’ TCGAAGTCGAGGGCAACATAGCAA 3’

BGME02_T7
(for dsRNA 
synthesis)

F 5’ TAA TAC GAC TCA CTA TAG GGA GAC 
ATC TTC AGA TGT TAG AAA TAG CGT A 
3’

BGME02_T7
(for dsRNA 
synthesis)

R 5’ ACC GGT GAG GTA AAA GCT GAA GAG 
GGA TAT CAC TCA GCA TAA T 3’

BGME05_T7
(for dsRNA 
synthesis)

F 5’ TAA TAC GAC TCA CTA TAG GGA GAT 
GTC CAA TGA CTG AAT TCT CTT G 3’

BGME05_T7
(for dsRNA 
synthesis)

R 5’ CGG AAG TGT TGG ATA CCA GAA AGA 
GGG ATA TCA CTC AGC ATA AT 3’
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BGME07_T7
(for dsRNA 
synthesis)

F 5’ TAA TAC GAC TCA CTA TAG GGA GAT 
TTG TTT TTC CAT CGC ATC A 3’

BGME07_T7
(for dsRNA 
synthesis)

R 5’ CGG TTT CGT TTA CGA ATG TGT AGA 
GGG ATA TCA CTC AGC ATA AT 3’

BGME16_T7
(for dsRNA 
synthesis)

F 5’ TAA TAC GAC TCA CTA TAG GGA GAC 
GTG GAC CTT CGT ATC TGC T 3’

BGME16_T7
(for dsRNA 
synthesis)

R 5’ CAG CTG CGT CTT GTC TCT TGA GAG 
GGA TAT CAC TCA GCA TAA T 3’
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Sequences of gene fragments obtained via SSH in female German cockroaches 

after topical application of methoprene (juvenile hormone analog).

BGME01_1 GATTAGCGTGGTCGCGGCCGAGGTGCCAGGTTGGTTTCTATCTATAATAAAAT
TTAATATTTTA

BGME01_2

GATTAGCGTGGTCGCGGCCGAGGTATAAGACTAAATTACCTTAGGGATAACAG
CGTAATCTTTTTTGAGAGTTCTTATCAATAAAAGGGGTTGCGACCTCGATGTT
GGATTAAGATTAACATTAGGTGTAGAAGTTTAATTTGTTAGGTCTGTTCGACCT
TTAAAATCTTACATGATCTGAGTTCAAACCGGCGTGAGCCAGGTTGGTTTCTA
TCTATAATAAAATTTAATATTTTA

BGME01_3
GATTTCGAGCCGGCCGCCCGGGCAGGTCTTTTTTGAGAGTTCTTATCAATAAA
AGGGGTTGCGACCTCGATGTTGGATTAAGATTAACATTAGGTGTAGAAGTTTA
ATTTGTTAGGTCTGTTCGACCTTTAAAATCTTACATGATCTGAGTTCAAACCGG
CGTGAGCCAGGTTGGTTTCTATCTATAATAAAATTTAATATTTTA

BGME01_4

AAGCTTTTTTTTTTTATTTTGATTCTTTGGACATCCAGAAGTTTATATTTTAATTT
TACCAGGGTTTGGTATGATTTCTCATATCATTTGCCATGAAAGAGGTAAAAAG
GAAGCTTTTGGAAATTTAGGAATAATTTTTGCTATATTAGCAATTGGTTTATTAG
GATTTGTTGTTCGAGCTCATCATATATTTACTGTAGGAATAGACGTGGATACCC
GAGCCTATTTTACTTCAGCTACTATAATTATTGCTGTACCTCGGCCGCGACCAT
CGAGCGGCCGCCCGGGCAGGTACTAAAATATTAAATTTTATTATAGATAGAAA
CCAACCTGGCTCACGCCGGTTTGAACTCAGATCATGTAAGATTTTAAAGGTCG
AACAGACCTAACAAATTAAACTTCTACACCTAATGTTAATCTTAATCCAACATC
GAGGTCGCAACCCCTTTTATTGATAAGAACTCTCAAAAAAGATTACGCTGTTA
TCCCTAAGGTAATTTAGTCTTATAATCATTATAAATGGATCAAAATTCTATAAAT
TAATATTTATTAATAAAAAGAGTTATTTATATCTTCCTGTCACCCCAACAAAAA
ATTATAATTAATATTGCGAAACAAAACTAATCTAAAAATTATAATATTAAACTCT
ATAGGGTCTTCTCGTCCCATAACAATATTTAAGCTTTTTTACTTAATAATTAAAT
TCTAATAAAAATAATGAGATAGCTCATATTTCGTCCAACCATTCATTCCAGCCT
CTAATTAAGAAACTAATGATTATGCTACCTTTGCACGGTCAGGTTACCGCGGC
CCTTCAAAACCTCGGCCGCGACCACGCTAATCGAATTCCCGCGGCCGCCATG
CGGCCGGAGCTGGATGAGCTGATCAGCTAAAGTT

BGME02

TTATATTTCTTTGTAAATGAAAATAGACACATCTTCAGATGTTAGAAATAGCGT
ATACTGAAGACATAATTTTGTTATAACTGGGGAGGTAAGACATGACACATGAG
CTGCGCGAGAATTGCTGTGTTTCTCCGTTACTATGAACAGAAGAATGCTACTG
CGCATCGCGAGTGTCATGTGTCAGCTTTTACCTCACCGGTTCTACATCCAAAA
TATTTTTGTTATTTATGTTTATTATATTTCTGTAATAGTAGAATTCAATCAATGTAT
TTTGTTTATAGAGAATTATAAATTACTTTCAAATCAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAGCTT

BGME03

ACAACATTGCCATGCTACTAATAAACTTAGGAAGAACATTAAATTTCACTGTAT
TCCAAAGGGACCAATTGCTGAACACTGGCAGAACGTGGTGAGGAAAGGCAT
AAATCCTGATTTCACAAAGAAGACTGTCGACAAAGAATTGCCTGTAAACATC
CCTCTCAAGTGCGTAATCAATTAAGTAGTGTTCACAAAAAGACGTGGTTTAAT
GACAATCGAATAAACATTTTGATATATGTTACAATAAGTTAAACATATAAAATT
GTATAACATTATTTATAAATAATAAATTTATTGCATTTAATACTAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAGCTT

BGME04

AGAGACCTGAGTGTGTCAGGAGCTGTGACGCAATGCTATCGTGACATGGGAG
CTCGTCACAGGGCCCGAGCACATTCTATCCAGATCATTAAGGTGGAGAAGGT
GAAGGCCGCAAACTGCAGGCGTCCTTTGGTGAAACAATTTCACAACTCCAAG
ATCAGATTCCCCTTACCAAAGCGCATTCAACAGCGCAACCTGTTGCCACGCTT
CTCTGTAAGAAAGCCACGAACTTACTTTATGTAAATTTGTTAAAAGAAAATAA
ATATTTTGCAGAAATGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAGCTT

36



BGME05

TAAATAATGTGTCCAATGACTGAATTCTCTTGTAGAATATACAAAACATTTTAC
AGCAATCAATCATTTTCATTACACAAACTTGGGTAATATAGAGAATATGTGCCA
AATTCTGTCTTAAATAAAACAGTATTCAGATCTACTATGTGATGTGAGTATACA
GTTATTTTAATACCTTGGAACGTATTCATTCTGGTATCCAACACTTCCGTCATAA
CTACAAAAAACATTTAATGATTTTTTATGCATTCTCGCTTTGGTATAGATTTAGC
TGTCTTGGAGCAGAAGCAGTAGCCATTGGTTTATTTTAACTTTTTAAAATTATC
ACTATTTCAAATAAATAGCTWCTCTCATTTCTAGTCTTAACTATATAACGAAGA
AAAACAATTATTAATAACTTAATTTGATCTGAGCAAATACATGGATATTACATTA
ATCGAACTCTGAAATTTCACAGTTCAGAAATTTGTACTTTCTAACATTAAAATA
TCTGAGAGCATCTCATGGAACATGTGAAGAAATTAATGATTGCTTGAAAGCAC
AATCACTATCACGCATTGTTCTAATGAAAATATATTAACAAAAATTATTAAATTA
CATATTAATGTTTTTATGAATCACAATAATTCTCTTAGAGAAAATTTCTGATTGT
AGAATTTCGGTAACATGAATAGATGGATGAAATGAAAACTAGGAAAGCGGCT
ATAGTACCTTGGTATATGAAGGCAGTGAATTGCTAAAATAAAAGCTTTCATCCA
ATGTC

BGME07

GATTAGCGTGGTCGCGGCCGAGGTTTACGGGTTAAGCATGTGAGCGGTCACT
TCCTTGAAACGTAATATTACGGTCTTAGCAGCGAAAGGGTTAAGAATTTGTTT
TTCCATCGCATCATATTAAGTCATTTCATGTTACTTCATTGTAATCCCAGCTTAA
GACTTTATTTATTTTTCTTTTTCAGTTGGTAATAAAGTCAGGTGAAAAGGGTTT
ATATTTGGGTGCCAGTGTCGTCAGAATATTTTGTAATTGCTGTTACACATTCGT
AAACGAAACCGTTGAAAAATAAAATTTGCTTAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAGCTT

BGME08

ACCCTCTGAGCTGCTCCGGCCGCCATGGCGGCCGCGGGATTCGATTTCGAGC
GGCCGCCCGGGCAGGTGTCGCAACAGGAATGGTAAGAGGGTAGTTCTTCCTG
TTGAAATCCCAATACAATGCGAACCTGTTTTAAACTGAAATCCGATTCTTGTTA
ATGGACTTAATTTAAAAAATCTGACTTATGAAGAAAACTGGAATATTTTCAAA
AATTGAACTATTTATGTATTTAATAAATAAAGAATGATAGCAACTCGAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAGCTT

BGME09

GATTCACACTCCTAGCGCTCAGTCTCTCTCTCTCCTCTTCTCTCATGATAAATC
AAGCAAGTGGCCCTAGGCAGCCCTCCAGGAGGAGAAGCCTTTAAGTGCAGA
ACAAAATCAGCATATTCCCATCCAAGCCTCCATCATACATTATGCATGCGACAA
AGTTTGGCAACAGTGGAGCTGATGTGATGACACAGCGAATCAATAAGAACCC
ACCGCGTGAAACCTTTATAGTGGTTACTTTTTTAAGGGCTCAAGTGAAGAAAT
TGTCTTTGTCAACTTTGGCTTAGAATATCCTTATACAGTTCAGGTACTTTGTCG
GGGTCCACTGGTCTAGGTAAAAAATGTGTGAATTTCTGGTGCCGTTTAGTCCT
AGTCCCTTCTCTCGGGGTCCCATCTTTATTTAATGCAACATAGTATCGCCTTCC
AGTGTCCACGTGCTTATATAGGTTTGACGAGTACGTATTATACCAGTTTTCTTC
GAACTGTTCTCTGAATACACACTCTTGGGTTAGTTTTTCCTGTAAAAAGAAAA
AGAGGGAGAGCATTAGGAAAAATAGCTAATGCATGCTGGGCTTAAAATC

BGME10

TTAGCGTGGTCGCGGCCGAGGTACACGCCTCCACAATATTTAACTGGTTAGTG
TTTGGTAGCACATTGAATGTCAAAGCAGGCCAGAAAACATGGATTGTGGTGG
TGGTAGTGGTGAAGTGTTCATTCAATTCAAAGCCAAGGATTTGGGGGACTTCT
CATTCTTTTTTCTTCTTCTTCAAACATAATAATCATAATAATAGTAACCATTAAT
GAGAGAGTCTCTGTTCAAGATTTACACTCATTTGATGATGNCACCTAAAAAAA
GGAAAACACTGAAAAATGTCCAACAAATTTCCAAAACAATNTACCTGCCCGG
GCGGCCGCTCGAAATCACGAATTTCTGGATTCCGATACGTAACGCTNTGCAGC
TGCTT
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BGME11

TCTTCCCAGTCTCCAGTCGCTTACTAACAGGACTGAGCTCACGACGCTTGCG
GTGTGAACGTAGGAACGATGGCGGACGAGCCGGCGCCAGAAGCTCCACCTG
CAGAGGCAGCACCAGCTGAAAGCCTGCCACCACCACAGGCTTCCAAGAGCC
GTGACCCCAACCGCACTATCCTATTCAGACACTGGAGCCGTCCGACTCGCTTG
CAGTACAGATATCTGTATGACTACCGCCACAATTACTACGATGATGTAATTGAC
TACCTGGACAGGAAGACAAAGGGYATCTCCCGGGACATCCCTAGGGCACAGA
CTTGGGCTGAGCGCATGCTTCGCACATATAATAAGGACTTAACATCAGCAGCC
AACACAAGCAGATCAAGGGACATTGAACTCATCAGCAACATCCGTGCCAGCA
CCAATGTCTATAACTACCACAGCAAGGATTTCCTCTACAGGAAATATCCAGCT
CTTGCTCTTTGAATGAAGAAACAAACTGGCAATGTGTGGGGTGTACCTGAAT
TAGAATGACGAAAGAAAACCAGTAAATTTTTAACTGAACTATCCCTTTATCTG
CTTGGCTCATACTAAAACTTGTAAGAATGTTCTTTCACCCCACTCTTGAGGAC
TCAAAGCAATTTTCCAATGACAATTTTTCATTGAGTTTGCCTTTGAAGGATGTC
ATGTGCAGTCTTCAATGACTATAGAATGAAATGAACATCTCTTCATTTTTATGT
AATTTTCTTCTTTAACTGTTTTATGTTCAACACGAATATTTAAATTGGAACTTAT
GAACTATCCTCAGATGATTTGAAATTCCTGATGATTATAGTTGTCTTAGATTTGT
AGGGTGAAAGGAGTATATTTGATTTTCAAGTCATGATTGTGTACAGTTCTTCAT
CCATTGTATCACTGCCGAAGTTGATATTCACCCATTGAACTATACAATCCTAAT
AAAACATCATTTAGACACTGTATGAAACTAAGGATGACAAATGTATACTTGTC
ATTTRRAATAATAATGTCACAATACTAATRAMAGAAAAAAAAAAAAAAAAAA
AARWAAGTACTACTAG

BGME13

TTCGAGCGGCCGCCCGGGCAGGTACTTCCTAATATAAAATTTACTTCAGTAAA
TTACAGTAAATGATAATTTGAAATTTTTTATATTTGATGATTCTTCAGACTAGCA
GATCCAAACTGAGGATCCCCAAAAGCCCATTCAGCGGTGGATGAGGTGATGG
ATACCAGGGATATCCAGGGTAGTATGGTTTCGATTCTGCCACCAGGATCATTGC
GCCTAGCGCAATGAGTAAAACAAACAGGGAAGTCTTAGCATTCATTGTATTAC
CTCGGCCGCGACCACGCTAAGGGCGANTTCGCGCCGAA

BGME14

AAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTACTTAATTAAGTTATCTCAAATTT
TAGTTGTTGCTGGATATAAAATATAATATAGGAAATATAAAACAGTTAAAAGTT
GACCTGTAATAATATATGGTTCTTCAACAGGTCGAGCTCCAATTCATGTTAATA
AAATTACAATATTAACTATAATTCAAAATAGAACTTGGTTGATAGGATAAAATT
GTATTCCCCGGAAATTAGAAGTGTATAAAGGTAAAATAAATAAGATTGCAATT
GATATTACTAAAGCTATTACTCCTCCTAATTTATTAGGAATTGATCGTAAAATTG
CGTAAGCGAATAGGAAATATCATTCAGGTTGAATATGGACTGGTGTAACAAGA
GGATTTGCAGGGGTAAAATTATCTGGATCTCCTAAAATGTAAGGTTCCTTAAG
TGTTAGAATTGTTAATAATATAATTAATACAATAAAACCAAATGTATCTTTAATT
GAAAAATAAGGATGAAATGGAATTTTATCAATATTTCTATTTAATCCTAAAGGA
TTATTTGACCCTGTTTGATGAAGAAATAATAAATGAATTAAAACTATTGCACCT
GCCCCGGGCGGCCGCTCGAAATC

BGME15

TATTGGCGAAGTCGCATGCTCCGGCCGCCATGGCGGCCGCGGGAATTCGATTT
CGAGCGGCCGCCCGGGCAGGTCTTAAAATTTTATTGATAATATTTGGATCTTAA
ATGTTTAATTCTGATATTTCAAATTTATAATCGTGGTAATTGGAACTTTAAAACT
TTCACTCCTCATGTGACAAATTATTTACGCTGTTAAATGTTTTCATAAACTACA
CGAACATTGTTTCATTTCATGTAACTTAAGTAAAATGTATAACATTATGTATGTC
ACTTGTATTCACTTTTACATTTTTTATTGAAGCTGCTGAAATTCATTCTTTATGC
GTTTGTATTGTTTGCTTACTTTTTATTAAATCAATAAAGACGTGCTGATGACAA
AAAAAAAAAAAAAAAAAAAAACTTGAACCTCGGCCGCGACCACCCTAATCA
CTATTGAATTCACGGAATTCTGCAGGTCGACCATATGGGAGAGCTCCCAAAGC
GTTGGATGCATAGGATGAGTATTCTATATAGTCTCCTAAATAGCCTGGCGGCTC
GGGGTAATAGCTGTTTCCTGTGTGAAATGGGTATCCGCTCACAATTCCACACA
ACTACGAACCGACAGCCCAAATGTTAAGACTGTGGTGCCTAGGACCGAATAA
TTACATTATTGCTTGCTGCTTGCCCGATTGCCAACTTTAAGCCTGGCAAGCTGC
TGGATTAATGAAT
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BGME16

TTTTTTGAACGCACTATATTTAATATGCTGTGTATATGGAATTATTATACTAAATT
ATAACTTATTCGGATATAATTAGATACACGTGTTATATTTCTAACGTAAATTTATT
GTTTTATATGCTCGTTATTGTGAATACTCGCTCTTTTTATAAGTAATACCTTGTA
CGTTCGGCAATGATTAAAATCGATCGTCAGTGGAGGTTATGGTGTCCTACTTTT
GTGGATTTCTGTTTCTGAAGTGGATTTGAGAGAAGTAATATAAGAAGGCACAA
TGCCCGTTTCGTCAACCACAGCAAACAAGAAGAAGGATGCTCTTGTCGGAGT
CATCGTGGAAGGCACAGAGGAGGCGCGATTTGCGGTGTACAGAGCGGAAGA
GAGCGAGGAGTTGGTGTCGCATCGCATCTACATAAAGCAGATGACGCCGAGA
GAAGGCTGGTTGGAGCACGACCCGATGGAGATATTGCAGGCCGTGAACGAGT
GCATCAGGGCCGGGGTGGAGGCCCTGGGAGAAGCTCAACTACGGCGTGGAG
GACATCGTGACGATCGGGATCTCGAACCAGCGGGAGACGACGATCGCCTGGG
ACGTGTCGACAGGGGAGCCGCTCTACAACGCGATCGTGTGGTCCGACATCCG
CACAGACGCCACGGTGGACCACATTCTGGCCAAGGTGCCCGAGAACAGCAA
GGACGCCCTGATGCCGCTGTGCGGGCTGCCCGATCACGCCCCTATATTTAGCG
CGCTCAAGATGCGCTGGCTCATCGACAACGTGCCCGCCGTGCGCAGGGCCAT
GCGGGACCGACGATGCCGGTTCGGGACGGTCGACTCGTGGCTCGTGTGGAA
CCTCACGGGAGGCAAGGACGGGGGGCTCTTCATCACGGACGTGACCAACGC
CTCGCGCACCATGCTCATGAACATCGAGAGCCTCCAGTGGGACCCCGTGCTC
TGCCGCTACTTCAACATCTCTTCCAGCCTCCTCCCGGAGATCCGCAGCTCCTC
AGAGATTTACGGACACGTCACAGAGGAGCCCCTCAAAGGCGTGCCCATTTCC
GCCATTTTGGGCAACCAGCAATCATCCCTCATTGGAGAGAGGTGCTTCAACGT
CGGACAAGCCAAGGGCACTTACCGCAAGGGCTGCTTTCTCGTGTACAACACT
GGGTCGTCGCGAGTACATTCGACCCACGGATTAGAGACAACGGTGGCATATA
AACTGGGGAAAGATGCCCCAGCAGTGTATGCTCTGGAGGGCTCTGTGGCCGT
TGCAGGCAGCGCCATGAAGTGGCTTAAAGAAAACCTTAACGTCGTCAACGAA
GTCGGCGACATCGAAAGCGCTGCAGGGGAGGTGCCCTCGACTGGAGACGTG
TACTTTGTGCCTGCGTTTTCGGGGCTCTATGCCCCATACTGGAGGAAAGATGC
CAGAGGAATAATCTGTGGGCTGACCCAGTTTACAACCAAGCACCACATAATC
AGAGCGGCGCTGGAGTCGGTGTGTTTTCAGACCCGCGACATCCTCGAGTCAA
TGGCCAAAGACTGCAAGTGCCACCTGACCAAACTCCAAGTGGACGGCAAGA
TGACGGAGAACAAGTTGCTCATGCAGTTGCAGGCCGACATCTGCGGAATTCC
AGTCGAGCGAACCACGACTGATGTCAAGATGGATGCTCTTGGTGCGGCCATG
GCGGCCGGACAGGCGGAAGGCATCAATGTGTGGAATCTGGAGAAGGAGCCC
GACGGTCCGAGACCCACGAGGCGTTTATCCCACCACCAATCACGAAGAGCGC
GATGCACGATACACGAAATGGAAGATGGCCGTAGAAAAGGAGCTTGGGATGG
GCCACCACGAAAAAGTCGATTGCGATGACAGGTAAAATAACCGCTTCCGCTT
GAACCGACTCTGGAGAAAGTACAAAGTATTATCGTCACATGTGAAGCCGGAG
CCGTATCTGCCAAAAGCAAATAATTTTCATTTTAGCAGATATGAAGCTTCAATG
CAAATTAATCTGTGATTTTATGTGAAGTCACTTTCGGCAGTTGTGCCGTGTAA
ATATTTTACAAGTATTGAGATCTGAGTATTGTTTTTAAGGTCGTTATTGTTGTTC
TTGTTCTTATTTAATGTCTCAAGAGACAAGACGCAGCTGTTTGTTGTGTGAGA
GAGATTTTACCAAAGTTATGTGTTGTTATATTTAAAGAAAGTTTATTAGTTTTGT
ATTTTTTGTGCATGAGTTGATGATGATTGTATTTGGGATTTGTTTGAACCCCAA
AATAAATCTGATATTATT

BGME17
GATTAGCGTGGTCGCGGCCCTTCAAATAAATCAGTGGGCAGGTCATACTTTAT
ATATAAACAAAAAGAGATGTTTTTGTTAAACAGGCGAAAATAAAATTTGCCTA
ATTCCTAATAACTTATTACCAAAAATTAATTATTCCACTAATAATTTATACTAATT
TTACCTGCCCGGGCGGCCGCTCGAAATC

39



BGME18

CTAAATTGTTTAATTATTTATTTTCTTCAACTTACTTTGAATATGAAAAAAATTG
AACAAGCATATAGCGTTAGGAGTTTACCGCCAATGTGTTCTTTTCAGAGAATC
GGCATTGTGAGAGTGTTGCAGTCGAGTGTCTGTGAAGCTGTTCTTCGTAATTT
CAGTTCAATAATGGCTCACCCACGAGTATTTTTCGACATGAGTGCCGATGGGC
AGCCTGTAGGAAGGATTGTGATGGAGCTCCGAAGTGATGTTGTACCAAAAAC
TGCAGAAAATTTCCGGGCTCTATGTACAGGAGAGAAAGGATTCGGTTATAAG
GGTAGCACCTTCCATCGTGTTATTCCCAACTTCATGTGCCAGGGTGGAGACTT
CACTAATCACAATGGCACTGGTGGAAAGTCAATTTATGGAACAAAGTTTGAG
GATGAGAACTTCCAGCTGAAGCACACTGGTCCAGGAATCCTTTCCATGGCCA
ATGCTGGACCCAATACTAACGGAAGCCAGTTCTTCATCACCACTGCAAAAAC
CAGTTGGTTGGACAATCGACATGTCGTTTTTGGATCTGTTGTCGAAGGAATGG
ACGTTGTGAAGAAGTTGGAGTCATTGGGATCGCAGAGTGGACAAAACAAAC
AAGAAGATCGCAGTAGTGGACTGTGGACAAATTTAAAAACTTAAGCTAAATG
TTTTCCTTTCCAAATTGCAGCATTAACATATTCCTGTTTTAAAAGCTAATTTCCA
TATGGATATAAAAAATATAAGTCACGACTGCAGTGTTTGGCGTGGATAGGCCA
AGAACCATCATTCCATACCTAGTTATTTTTTCTGTTTAGGTGGTGGTATGCCAA
AGAACTAAATCAACAACAACATGCAAAACCTCTCAATGAATAGTTCAACATG
TCCTAGCCATTATTATTATAATAATAATAAATAATAATTATAGGTAGTTTATATGGT
TATTGAAGAATCTTGCTGTAAATGTTTCTGATGTCGGAGCATTATCTAAATGTG
ATATTCATTTAGGAATTAGTCCATGCAGAAAAATAGGATTCCTTTATTTTTAAAC
AACTTGTAGTTAACATGTTTGCTGTCACAAGTCTTCAAAATATACCTTGCAGTC
CAATTTTGTTAAAATGTGCGTGCATATACTAATGTTGAAAGCAAAGTTTAACA
AAGCATTCCCAAGAATGAAGTACGTGCTTTTTTTTAAAACGAGGGTTTAATTT
TCTATTGCCTCTTTTGTTCAATTTTTTTCATATTCAAAGTAAGTTGAAGAAAAT
AAATAATTAAACAATTTAG

BGME19

ATTTTAGTCGCCTATTTATTATAAAAGTGCAGTGATATAAAAAACAGTATACAG
CTATTTACAAATTCAGTCTTAAACTTAAAAATACTTTTTTCTTTACTGGCAATAT
CCATTGTAATTGCATGTGGCACCATCGGGACACTGGTAGTAACGTGCCTGAGC
TGGTACAGCCCTGCAGTTTCCTCCTATCGCAGTCTTGATGTAGCATGCATTACA
GCACTTGCATAATGCGCCGTCCGCTTTGAAAACGGTGCCATCTGGACAGTCA
GTTGCAGATTTTGGGGCACCGGTGCATTTTACTTGCAATTCTGTTTCACAAAC
TGTGGGGTCGTTACAGGTGGGAGGGAGTACAGCGTGTGAAACTGCAGCAAG
AAGAAGGAGACCCAAAGCTAGCTGGAACGTCTTCATCTTTTAATTAGTGGCTA
TTGTCC
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Sequences of gene fragments obtained via SSH reverse operation (methoprene 

application as driver, acetone application as tester).

A1

AGGCGAGTCGCATGCTCCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCC
CAACGCGTTGGATGCATAGCTTGAGTATTCTATAGTGTCACCTAAATAGCTTGG
CGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTC
CACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATG
AGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGG
GAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGG
CGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCT
CGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG
CCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCAT
AGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGT
GGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC
CCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCT
TTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTC
AGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCG
TTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA
CCTTCGGAAAAGAGTTGGTAGCTCTTGATCCGGCAACAAACCACCGCTGGTA
GCGGTGGTTTTTTTGTTGCAGCAGCAGATTACGCGCAGAAAAAAAAGATCCT
CAAGAAGAATCCTTGATTCTTTTTTCTTACGGGG

A2
AAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGTTTTTTT
TTTTTTTTTTTTTTTTTTTTTTGTTAATTTTTTGTTGAAAATGCAATTTCTTTTAT
CCCAAAAGCCTTTTACAGACTATGTCTAAACAAATAATTTTTAAACCAATAAA
ATATTGCACGGGATAACCCTTTAATAAATTTAATGGATAATT

A3
AAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTTTTTTTTTTTTTTTTTTTTT
TAAAAGTTTACCCTACAGTAAAAATGTAATAATTTTATTATTTCACAATGTATGT
ATATTTCACAATAAAAATAAATATACGTTATATTACGGGGAAAAATTTAAAAAT
TTTCTTGTATACAAAAATAAACCCCGGCCGCGACCCCCCTAATCACTAGG
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