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Embryonic lethal abnormal visual (elav) is a lethal

gene in Drosophila inducing the abnormal develop-

ment and function of nervous system. We cloned a Bm-

elav gene by bioinformatics and biological experiment,

based on sequence of ELAV protein and dbEST of

Bombyx mori. The full-length of Bm-elav cDNA is 1498

bp, contains a 906 bp open read frame (ORF) encod-

ing a precursor of 301 amino acid residues with a cal-

culated molecular weight of 34 kDa and pI of 8.99.

Bm-ELAV protein precursor contains three RNA rec-

ognition motifs (RRM) in 24~91, 110~177 and 222~295

bit amino acid residues respectively, and belongs to

RNA-binding protein family. Bm-ELAV shared vary-

ing positives, ranging from 56% to 60% (Identities

from 41% to 45%), with RRM from other species of

Xenopus tropicalis, Apis mellifera, Tribolium castaneum,

Branchiostoma belcheri and Drosophila. Gene localiza-

tion indicated that Bm-elav is a single-copy gene, gene

mapping within 12-chromosome from 7916.68 knt to

7918.16 knt region of nscaf2993. Spatiotemporal ex-

pressions pattern analysis revealed that Bm-elav ex-

pressed higher in most tested tissues and developmen-

tal stages in whole generation, such as silk gland, fat

body, midgut, hemopoietic organ and ovary, but almost

no expression in terminated diapause eggs. This sug-

gested that the expression of Bm-elav in early devel-

opmental embryonic stages might induce abnormal

development like in Drosophila. Cloning of the Bm-

elav gene enables us to test its potential role in con-

trolling pests by transferring the gene into field lepid-

opteran insects in the future.
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Introduction

The ELAV (embryonic lethal abnormal vision) protein is

a kind of mRNA binding protein which contains one or

more RNA recognition motifs and some affiliated motifs

(RRM) (Robinow et al., 1988; Burd and Dreyfuss, 1994).

There are more than 300 RRM RNA found from animal,

plant, epiphyte and bacteria. ELAV proteins were found in

some species of vertebrate and invertebrate, but not in

Lepidopteran. The elav was gene mapping within the

1B5-1B9 region of the X-chromosome (Campos et al.,

1987), and the gene expression is restricted to the nervous

system in D. melanogaster (Robinow and White, 1991).

The changes of elav gene expression can induce the

abnormal development and function of nervous system,

lead to disease or even death in Drosophila (Simionato et

al., 2007), and also in vertebrates (Good, 1995) and other

species (Antic and Keene, 1997). 

RIDL (release of insects carrying a dominant lethal) is a

technique for insect population control that relies on the

mass rearing and release of male insects which carry

lethal gene. These released insects compete for mates with

the wild males; any wild female mating a released male

has no progeny and so the population tends to decline

(Thomas et al., 2000). To demonstrate the feasibility of

RIDL, Thomas has attempted to construct the system in

D. melanogaster (Thomas et al., 2000). Gong describe the

construction of strains of the Mediterranean fruit fly (med-
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fly) harboring dominant lethal genes (LA656, LA928) that

causes lethality in early developmental stages of the het-

erozygous progeny but has little effect on the survival of

the parental insects (Gong et al., 2005). There are more

than 60% of agricultural insect pest species belong to Lep-

idoptera, which are significant to influence agricultural

production. In order to discuss RIDL in Lepidoptera, we

have to clone and spatiotemporal expression analysis of

their lethal gene. In this paper, we reported the cloning

and characterization of a full-length of elav gene from B.

mori, a central model for Lepidoptera, based on the silk-

worm database such as dbWGS, dbEST and dbProtein,

analyzed the configuration and function by bioinformatics

methods and biological experiments, such as RT-PCR,

molecular clone and expression.

Materials and Methods

Materials

The extensive used genetic variety C108 of B. mori were

preserved in our laboratory, hatched and reared under

standard condition at 25±2°C, 70~85% RH and 12L: 12D

photoperiod with mulberry leaves. Different stages of

silkworm and tissues were collected and immediately fro-

zen in liquid nitrogen, and stored at –75°C until use. The

fat body and ovary of larvae were dissected respectively

on the third day and the sixth day in fifth instar, also the

first day in spin stage, the third day and the sixth day in

pupae. The silk gland, midgut, and hematopoietic organ

(HO) of larvae were dissected respectively on the sixth

day in fifth instar. The eggs were collected at 0.5 hour and

30 hours after oviposition, and the 30 hours age of acti-

vated eggs treated by hydrochloric acid at 20 hours after

oviposition.

BamHI, HindIII and M-MLV Reverse Transcriptase

were from Promega (USA). Taq DNA Polymerase, dNTP,

protein molecular weight calibration kit, diethypyrocar-

bonate (DEPC), PCR Clean-up kit, RNAiso Reagent, and

pMD19-T Vector were purchased from TaKaRa (Japan).

Primer synthesizing and gene sequencing were completed

by Shanghai Sangon Biological Engineering Technology

& Services Co., Ltd.

RNA extraction

Total RNA was extracted from B. mori eggs, pupae, and

tissues of larvae by the Trizol reagent (Invitrogen, USA)

and was treated with RNase-free DNase (Promega, WI).

RNA quality and concentration were checked by agarose

gel electrophoresis (DYY-63, Six-One electrophoresis

Apparatus Corporation, China) and spectrophotometer

analysis using measured absorbance at 260 nm (DU-730

Nucleic Acid/Protein Analyzer. Beckman Coulter, USA),

and the RNA samples were stored at –75°C until use.

In silico cloning

Using program of tblastn in the National Center for Bio-

technology Information (NCBI), blasting the B. mori EST

data, based with the ELAV protein of Drosophila as a que-

rying probe (NCBI: AAW47499). Extend the highly

homologous contig with program of Seqman in DNAstar,

obtained the longest highly homologous sequence. The

putative cDNA sequence of elav is assembled to the

dbEST of B. mori. 

Full-length cDNA cloning and sequencing

A partial cDNA fragment of Bm-elav was cloned by RT-

PCR using a sense and antisense degenerate primer pair

(Primer 1 and Primer 2, Table 1) designed based on the

putative cDNA sequence. Full-length cDNA synthesis

was performed with Invitrogen life technology (GeneR-

acerTM kit) for the rapid amplification of cDNA end

(RACE). For 3'-RACE, RNA was reversely transcribed

with 3'-RACE Oligo dT Primer (Table 1), and was per-

formed with two pair primers (3' Sense Primer, 3' Anti-

Sense Primer; 3' Nested Sense Primer, 3' Nested Anti-

Sense Primer), and designed and synthesized based on the

partial cDNA fragment of Bm-elav and the Kit. For 5'-

RACE, RNA was reversely transcribed with the 5'-RACE

Oligo Primer. Based on the partial cDNA fragment of Bm-

elav, the two gene-specific primers (5' Anti-Sense Primer,

5' Nested Anti-Sense Primer) were designed and synthe-

sized. The first round of PCR was performed with Gen-

eRacerTM 5' Primer and 5' Anti-Sense Primer. The PCR

product was diluted 10-fold for the second round of

amplification with primer GeneRacerTM 5' Nested Primer

and 5' Nested Anti-Sense Primer. All the primers used in

RACE are listed in Table 1.

By aligning the partial cDNA fragment with 3'-RACE

and 5'-RACE product sequences on seqMan of DNAstar,

the full-length cDNA of Bm-elav was deduced and ampli-

fied. All the PCR products were purified using the TaKaRa

Agarose Gel DNA Purification Kit (TaKaRa, China),

ligated to pMD 19-Tvectors (TaKaRa, China), transformed

into E. coli strain and sequenced with ABI 3730XL DNA

sequencer (ABI, USA).

Spatiotemporal expression analysis of elav in B. mori

Semi-quantitative RT-PCR was used to investigate elav

spatiotemporal expression profiling in B. mori. Total RNA

(0.1 µg~5 µg) derived from different stages B. mori eggs,

and tissues of larvae and pupae, were subjected to Reverse

Transcription (RT). The first-strand cDNA was synthe-

sized using an M-MiLV RT Kit (Fermentas, EU), accord-
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ing to the manufacturer's directions. The PCR amplifi-

cation was performed with gene-specific primers (Primer

3 and Primer 4, Table 1). 

At the same time, B. mori actin3 (A3) gene was also

used in RT-PCR in parallel with the elav, using primers

A3F (5'-CCCCATCGAACACGGAATCG-3') and A3R

(5'-CGCTCGGCAGTGGTAGTGAA-3'), which amplified

a fragment of 404 bp from A3 as the control under the

same conditions. The each PCR amplified product was

electrophoresed in a 1.0% agarose gel in the 1× TBE

buffer. The fluorescent differential display (FDD) gel was

scanned on the gel documen system (Tanon 25000, China)

and were analysed the integrated optical density (IOD)

with the Tanon gel image system (GIS) software package

(Tanon Company, China).

The RT reaction conditions were 30oC for 10 minutes,

42oC for 1 hour and 70oC for 10 minutes with 3'-anchored

oligo (dT)18 primers (Table 1). The conditions of PCR

were pre-denaturalized at 94oC for 2 minutes, then

repeated 30 cycles (94oC for 50 s, 50oC (Bm-elav)/56oC

(A3) for 50 s, 72oC for 60 s), finally extended at 72oC for

20 minutes.

Bioinformatics resource and analyses software

The analysis of the deduced amino acid sequence and its

comparison with published sequences of ELAV protein

were performed with blastp (Standard Protein-Protein

BLAST) and the ELAV database on the NCBI site (www.

ncbi.nlm.nih.gov), also the DBD (Database of Biological

Databases/Bioinformatics Databases), PDB (Protein Data

Bank) and EST (Expressed Sequence Tags) of B. mori.

Chromosome Location was based on silkMAP program of

SilkDB (silkworm.genomics.org.cn). The conserved domains

were searched with RPS-BLAST (Search the Conserved

Domain Database) on NCBI and with PROSITE-Protein

families and domains on the ExPASy Proteomics Server.

The dendrogram tree was aligned with MEGA3.1 using

neighbor-joining method. The tool of Seqman for in Silico

Elongation and the tool EditSeq ORF are from DNA Star

program. 

Results

Cloning of the full-length gene of B. mori elav

Based on the conserved region of the Drosophila ELAV

protein as a querying probe (NCBI: AAW47499), in silico

cloned a putative cDNA sequence of Bm-elav from the

EST silkDB. We found 6 ORF, and the longest one con-

tains 807 bp in the putative cDNA sequence, by tool of

EditSeq ORF from DNA Star program. 

We amplified and sequenced a fragment of 1001 bp

(named Bm-elav-F1) from fat body of B. mori larva (Fig-

ure 1), by RT-PCR method using a sequence specific

primer pair (Primer 1 and Primer 2, Table 1) designed

based on the putative cDNA sequence. The nucleic acid

sequence homology is 100% between Bm-elav-F1 and

nt50-nt1050 of silkDB WGS (NCBI: EF154238.1 GI:

119732354) (plus/plus). Subsequently, by aligning the

partial cDNA fragment with 3'-RACE and 5'-RACE prod-

uct sequences (Fig. 1) on seqMan of DNAstar, the full-

length cDNA of Bm-elav was deduced. That was 1498 bp

and contained a 906 bp ORF encoding a precursor of 301

amino acids with a calculated molecular weight of 34 kDa

Table 1. Primers used in the cDNA cloning, and prokaryotic expression of Bm-elav gene

Function Primer Primer sequence (5�3)

Amplification cDNA 

fragment

Primer 1 CTGAAGAATCGCCTACCA

Primer 2 TGCAACTGCGTGTAAAGT

Spatiotemporal expression 

analysis

Primer 3 CCTACCAAACTCATTGTC

Primer 4 TGCAACTGCGTGTAAAGT

Rapid amplification of 

cDNA ends (RACE)

3'-RACE Oligo dT Primer GCTGTCAACGATACGCTACGTAACGGCATGACAGTG(T)24

3' Sense Primer CTATTGCACGGTCAACCTCTCTCTG

3' Anti-Sense Primer GCTGTCAACGATACGCTACGTAACG

3' Nested Sense Primer GGCTGAAACAAACAACGCACTGAAT

3' Nested Anti-Sense Primer CGCTACGTAACGGCATGACAGTG

5'-RACE Oligo Primer CGACTGGAGCACGAGGACACTGACATGGACTGAAG-

GAGTAGAAA

GeneRacerTM 5' Primer CGACTGGAGCACGAGGACACTGA

5' Anti-Sense Primer AACTGCATCGTCCGGACGTGTGT

GeneRacerTM 5' Nested Primer GGACACTGACATGGACTGAAGGAGTA

5' Nested Anti-Sense Primer CATCATATCCTGGGTCATGACTTCAG
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and pI of 8.99. 

Alignments in DBD of B. mori (www. ncbi.nlm.nih.gov)

by tool of Blastn, finally, we know the full-length Bm-elav

gene sequence includes 1498 bp, only comprise 1 exon

and no intron (Fig. 2). Homology results shows, there are

no GAPs, and the percent similarity is 100% among full-

length Bm-elav cDNA and nt 815-nt2277 of WGS

(BABH01005825.1), and nt 21831-nt 20369 of WGS

(AADK01001405.1). 

Chromosomal localization analysis result showed, the

chromosome loci of Bm-elav gene identified in the 12-

chromosome, might be related to BGIBMGA010585-TA

Fig. 1. Results of RT-PCR and rapid amplification of cDNA

ends (RACE) for Bm-elav gene of Bombyx mori. The arrow

refers is a fragment of Bm-elav gene, a fragment of cDNA by

RT-PCR in lane one, 5' UTR by 5' RACE in line two, 3' UTR

by 3' RACE in line three. M is marker of DNA molecular

weight.

Fig. 2. Complete cDNA sequence of Bm-elav gene. The CDS is 906 nt (from nt 13 to nt 918), 5'-UTR is 12 nt, and 3'-UTR is 580

nt, including a canonical polyadenylation signal sequence (AATAAA) (shown in underlined black typeface) and poly A tail (shown

in black italics). The RNA recognition motifs (RRM) sites are shown on gray background.

Fig. 3. Chromosome location of the Bm-elav genes in Bombyx

mori. Chromosome location was based on silkMAP program

and blastn program of SilkDB (silkworm.genomics.org.cn).

The chromosome loci of Bm-elav gene identified in the 12th

linkage group (chromosome) and the localization about 7917 k

(from 7916.68 k to 7918.16 k) of nscaf2993 in B. mori. 
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Fig. 4. Multiple alignments of the amino acid sequence of Bm-ELAV (Bm-E) with those of other ELAV proteins. The alignment

was performed with the Clustal W program by using published sequences of Dm-N: Drosophila melanogaster (AAF48215), Cp-C:

Culex pipiens quinquefasciatus (XP_001866463), Am-N: Apis mellifera (XP_394166), Tc-R: Tribolium castaneum (XP_971256),

Bb-E: Branchiostoma belcheri (BAB62225), Xl-E: Xenopus laevis (AAH94189) and Hs-S: Homo sapiens (EAW58584). Gaps

were introduced for optimal alignment and maximum similarity between all compared sequences. The identical amino acids among

all the aligned sequences are shown on a black background and asterisks, the similar amino acids among all the aligned sequences

are shown on a grey and colon, the similar amino acids among all the aligned sequences of vertebrates are shown on dot. RNA rec-

ognition motifs (RRM) sites are shown on double lines.
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gene cluster, the localization gene mapping within from

7916.68 knt to 7918.16 knt region of nscaf2993 in 12-

chromosome in B. mori. Other more, because the Bm-elav

gene only locates to one site in nscaf2993 in SilkDB, indi-

cating that Bm-elav belonged to a single copy gene family

(Fig. 3). 

Homology analysis

Like RNA recognition motifs (RRM) protein from most

of the existing species, the deduced amino acid sequence

of Bm-ELAV contained three RRM sites in 24~91,

110~177 and 222~295 amino acid residues (Fig. 2). It

suggested Bm-ELAV protein pertain to the Elav family of

RNA-binding proteins same as in Drosophila. This above

results was researched from Prosite database and Blocks

database in BCM query servergroup. The database search

using animal Elav database (ElavDB) and analysis with

blastp showed that the deduced amino acid sequence of

Bm-ELAV had high homology with many existing animal

Elav. The full-length of Bm-ELAV protein had Identities

with those of Drosophila melanogaster, Culex pipiens

quinquefasciatus, Apis mellifera, Tribolium castaneum,

Branchiostoma belcheri, Xenopus laevis, Homo sapiens

(from 41% to 45%). And had higher positives with them

(from 56% to 60%) (Fig. 4). 

The dendrogram tree analysis indicated that ELAV from

animals were divided into two groups (Fig. 5). One group

contained six members from insecta, one group contained

five members from vertebrate animals, and they all belong

to the RNA binding protein family.

The insecta group divided into two branches. The first

branch contained three members from B. mori and Droso-

phila, the second branch contained three members from

D. melanogaster, Apis mellifera and Tribolium castaneum.

The proteins in the second branch that were found in neu-

rons belong to a new ELAV paralogue and a kind of neu-

ronal proteins. 

Fig. 5. A dendrogram of ELAV protein was drawn using the

Clustal W program. The sequences of used in the analysis were

downloaded from NCBI, and the accession numbers were De-

E: Drosophila ezoana (AAW47499), Dre-E: Drosophila recens

(ABN10621), Bb-E: Branchiostoma belcheri (BAB62225),

Dr-E: Danio rerio (NP_571524), Xl-E: Xenopus laevis

(AAH94189), Mm-E: Mus musculus (AAK74152), Hs-E:

Homo sapiens (EAW58584), Dm-N: Drosophila melanogaster

(AAF48215), Am-N: Apis mellifera (XP_394166), Tc-R: Tri-

bolium castaneum (XP_971256).

Fig. 6. Spatiotemporal expression of Bm-elav gene analysed by

RT-PCR in Bombyx mori. HO means hemopoietic organs. 1-3

respectively means the third day, the sixth day and the spinning

stage of 5th instar larvae. 4 and 5 respectively means the third

day and the sixth day of pupae. 6 and 7 respectively means 0.5

hour and 30 hours age of egg. 8 means the 30 hours age of acti-

vated eggs treated by hydrochloric acid at 20 hours after ovipo-

sition. The data in the figure is the average plus or minus

standard deviation of integrated optical density (IOS).

Table 2. Expression of Bm-elav gene in Bombyx mori

Developmental stage 1 2 3 4 5 6 7 8

Ovary 0.06±0.02 0.12±0.11 0.18±0.07 0.37±0.19 0.54±0.22

Fat body 0.23±0.17 0.30±0.16 0.28±0.20 0.22±0.10 0.06±0.06

Midgut 0.15±0.02 0.21±0.01 0.45±0.15

Silk gland 0.22±0.08 0.23±0.12 0.27±0.14

HO 0.20±0.21 0.17±0.16 0.23±0.23

Eggs 0.93±0.09* 1.78±0.29* 0±0.00

HO means hemopoietic organs. 1-3 respectively means the third day, the sixth day and the spinning stage of 5th instar larvae. 4 and

5 respectively means the third day and the sixth day of pupae. 6 and 7 respectively means 0.5 hour and 30 hours age of egg. 8 means

the 30 hours age of activated eggs treated by Hydrochloric acid at 20 hours after oviposition. The data in the figure is the average

plus or minus standard deviation of integrated optical density (IOS); and * means there is an obvious difference to the control.
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It was also obvious that the dendrogram tree had genus-

specific features, for example, two members of Droso-

phila had a closer relationship with each other than with

the Bombyx, and species of the same genus were clustered

into one group. The results of the analysis is highlighted

that Bm-ELAV was together with ELAV from Droso-

phila, indicating that Bm-ELAV had a closer relationship

with Drosophila than with other genus of animals.

Spatiotemporal expression analysis of Bm-elav 

To investigate the Bm-elav expression pattern in various

tissues at different developmental stages of B. mori, total

RNA was isolated from eggs, silk gland, fat body, midgut,

hemopoietic organ and ovary, respectively. Designed

primes a Bm-elav3 and Bm-elav4 according to the cDNA

sequence of Bm-elav, and using Actin3 as control, we got

a band of 1001 bp from Bm-elav and a fragment of 404 bp

from A3 after RT-PCR. The results of semi-quality PCR

showed that Bm-elav expressed higher in silk gland, fat

body, midgut, hemopoietic organ and ovary from the 5th

instar larvae to pupae stage, and also in eggs at 0.5 hour

and 30 hours after oviposition in 25oC, but almost no

expression in terminated diapause eggs at 30 hours after

oviposition (Fig. 6 and Table 2).

Discussion

This is an effective method by using genetic lethal sys-

tems to get some candidate genes, further more to identify

and validate of gene functions, according to analysis of

the expression profiling of gene and protein. But there are

no more reports about this method in Lepidopteran,

because the higher cost and longer research period, other

more, is sort of perfect lethal systems.

In silico cloning is a new strategy of gene cloning devel-

oped with the development of genome, EST projects and

bioinformatics. This is a very expeditious and lower cost

research method to forecast and clone sequences of can-

didate genes, by bioinformatic analysis (Wei et al., 1998;

Gill and Sanseau, 2000). This method can be widely pro-

moted to laboratory with general conditions, and even

extended to the agricultural technology sector and agri-

cultural enterprises. 

The silkworm (Bombyx mori) is an important source of

livelihood for subsistence farmers engaged in silk pro-

duction in many countries. It is believed to be a central

model for lepidopteran genomics and genetics, and sec-

ond only to fruit fly (D. melanogaster) (Adams et al.,

2000) as an insect model for genetic, owing to their ease

of rearing, the availability of mutants from genetically

homogeneous inbred lines, and the existence of a large

body of information on their biology (Goldsmith, 1995).

As many basic physiological processes of insects are con-

served through evolution, study of silkworm will help fur-

ther elucidate the function of gene homologs and facilitate

studies of insect domestication, morphogenesis, endocri-

nology, reproduction, behavior and immunity. The silk-

worm is the only Lepidopteran whose genome has been

sequenced, which makes the research of functional genes

of Lepidopteran much more convenient (Xia et al., 2004;

Mita et al., 2004, Miao et al., 2005). 

Some proteins, which are involved in controlling other

gene expression at both transcriptional and posttranscrip-

tional levels, play important roles in development. Elav

protein is one of these proteins, which participates in

genes post-transcriptional regulations including splicing

of pre-mRNA, cellular localization and stability mainte-

nance of RNA in Drosophila. Other more, conservative

amino acids in the Elav protein (RRM motif) are essential

for RNA binding, but the specific binding depends on

other factors (Burd and Dreyfuss, 1994). In most species,

elav gene occurs in almost all insect tissues, such as eggs,

fat body, midgut, hemopoietic organ and ovary (Borgeson

and Samson, 2005). Like other RRM RNA-binding pro-

teins, the Elav proteins have been found to be involved in

many key physiological activities. Expression deficiency

or mutations of these proteins may result in developmen-

tal disorders or tumors in both human and animals (Burd

and Dreyfuss, 1994; Good, 1995; Antic and Keene, 1997).

In this paper, we expeditious cloned and analyzed an

elav gene from B. mori by the above method, based on the

sequence of ELAV protein of Drosophila and SilkDB of

EST, protein and genome, also researched chromosome

loci of Bm-elav gene and its spatiotemporal expressions

pattern. The spatiotemporal expressions pattern analysis

revealed that Bm-elav expressed in most tested tissues and

developmental stages in whole generation, but almost no

expression in terminated diapause eggs (early embryonic

developmental stage). This enables us to test whether it

has a potential role in controlling pests by transferring the

gene into lepidopteran pests in the future.
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