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Mosquito vitellogenin genes: Comparative sequence
analysis, gene duplication, and the role of rare
synonymous codon usage in regulating expression

Jun Isoe1 and Henry H. Hagedorn
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Ae. aegypti, Culex quinquefasciatus
Anopheles albimanus

Ochlerotatus atropalpus
Toxyrhynchites amboinensis

Aedes polynesiensis
Aedes albopictus Ochlerotatus triseriatus

Table 1

Species Reproduction Vg L* References

Aedes
Stegomyia

Aedes aegypti

Aedes polynesiensis

Aedes albopictus

Ochlerotatus
Ochlerotatus atropalpus

Protomacleaya
Ochlerotatus triseriatus

Culex
Culex

Cules quinquefasciatus

Toxorhynchites
Toxorhynchites

Toxorhynchites amboinensis

Anopheles
Nyssorhynchus

Anopheles albimanus

Materials and Methods

Aedes; Ae.
aegypti Stegomyia aegypti, Ae. albopictus

St. albopictus

Genomic DNA library construction

Cx.
quinquefasciatus

Oc. atropalpus
Tx. amboinensis

Sau

Bam

Ae.
aegypti

An. albimanus
Ae. polynesiensis Ae.

albopictus Oc. triseriatus

Screening genomic DNA libraries
Ae. aegypti

Ae.
aegypti

Oc. atropalpus Cx. quinquefaciatus
Tx. amboinensis An. albimanus

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Ae. polynesiensis Ae. albopictus Oc.
triseriatus

Ae.
aegypti Oc.
atropalpus Ae.
polynesiensis

Ae. albopictus Vg-A1,
Oc. triseriatus

Cx. quinquefasciatus
Tx. amboinensis

; An. albimanus

Determination of intron and 3'
untranslated region sequences

Ae. aegypti

Table 2
Ae. aegypti

Primer Sequence

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Gene expression pattern in Ae. aegypti by
real-time PCR

Ae.
aegypti

Sequence analysis

Ae. aegypti

Anopheles gambiae

Results
Cloning of vitellogenin genes

Ae. aegypti

Ae. aegypti
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Figure 1 Aedes aegypti

Ae.
aegypti

Ae. albopictus, Ae.
polynesiensis, Oc. atropalpus, Oc. triseriatus, Cx.
quinquefasciatus, Tx. amboinensis An.
albimanus

Ae. aegypti

Ae. aegypti

Structure and sequence of the Ae. aegypti
vitellogenin genes

Ae. aegypti

Ae. aegypti

Table 3
Aedes aegypti

1 2 3
Vg-A1
Vg-B
Vg-C
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Figure 2 Aedes
aegypti

Ae. aegypti
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The vitellogenin genes of eight other
mosquito species

Ae. aegypti
Oc. atropalpus

Cx. quinquefasciatus

Ae. aegypti
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polynesiensis Ae. aegypti
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An. albimanus Tx.
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Ae. aegypti
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Ae. aegypti

Ae. aegypti

Ae. aegypti

Table 4

1 2 3 4 5 6
1 Ae. aegypti C
2 Oc. atropalpus C
3 Cx. quinquefasciatus C1
4 Cx. quinquefasciatus C2
5 Tx. amboinensis C
6 An. albimanus C

Amino acid composition of vitellogenin
proteins

Cx. quinquefasciatus

An. albimanus

Ae. aegypti

Ae. aegypti
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Table 5

Amino acid single letter code
GENES A C D E F G H I K L M N P Q R S T V W Y Total

Mosquitoes
Aedes aegypti

Aedes aegypti

Aedes aegypti

Ochlerotatus atropalpus

Ochlerotatus atropalpus

Culex quinquefasciatus

Culex quinquefasciatus

Toxyrhynchites amboinensis

Anopheles albimanus

Anopheles gambiae

Other insects
Apis mellifera

Athalia roase

Antheraea pernyi

Antheraea yamamai

Apis mellifera

Blattella germanica

Bombyx mori

Graptopsaltria nigrofuscata

Leucophaea maderae

Lymantria dispar

Periplaneta americana (Vg-1)

Periplaneta americana (Vg-2)

Pimpla nipponica

Plautia stali (Vg-1)

Plautia stali (Vg-2)

Plautia stali (Vg-3)

Riptortus clavatus

Samia cynthia ricini

Oc. atropalpus
An. gambiae

Ae. aegypti

Conservative and non-conservative amino
acid substitutions in Ae. aegypti Vg

Ae. aegypti
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Table 6 Aedes aegypti

Amino acid single letter code

GENES
Accession

#
A C D E F G H I K L M N P Q R S T V W Y Total
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#
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Figure 3
Aedes aegypti Ae. aegypti

Synonymous codon usage

An. albimanus) Tx.
amboinensis)

D. melanogaster
S. cynthia ricini
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Figure 4 (Part 1) Aedes aegypti

Ae. aegypti
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Figure 4 (Part 2) Aedes aegypti

C. elegans

Ae. aegypti

Ae. aegypti

Table 7

Nonsynonymous substitutions

Mosquito Vg genes compared Conserved
Moderately
conserved

Moderately
radical

Radical Total
Synonymous
substitutions

L

Comparisons between Ae. aegypti genes
Ae. aegypti Ae. aegypti
Ae. aegypti Ae. aegypti
Ae. aegypti Ae. aegypti

Comparisons between mosquito Vg-C genes
Ae. aegypti Ae. atropalpus
Ae. aegypti Cx. quinquefasciatus 1
Ae. aegypti Cx. quinquefasciatus 2
Ae. aegypti Tx. amboinensis
Ae. aegypti An. albimanus

Ae. atropalpus Cx. quinquefasciatus 1
Ae. atropalpus Cx. quinquefasciatus 2
Ae. atropalpus Tx. amboinensis
Ae. atropalpus An. albimanus

Cx. quinquefasciatus 1 Cx. quinquefasciatus 2
Cx. quinquefasciatus 1 Tx. amboinensis
Cx. quinquefasciatus 1 An. albimanus
Cx. quinquefasciatus 2 Tx. amboinensis
Cx. quinquefasciatus 2 An. albimanus

Tx. amboinensis An. albimanus

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Figure 5 Aedes aegypti

Figure 6 Aedes aegypti
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Table 8

Organisms Order Family # Accession ENC GC3s GC% # AA
Anopheles albimanus Vg-C
Caenorhabditis elegans
Drosophila melanogaster
Drosophila melanogaster
Drosophila melanogaster
Athalia roase
Anopheles gambiae
Culex quinquefasciatus Vg-C1
Aedes aegypti
Aedes aegypti
Pimpla nipponica
Culex quinquefasciatus Vg-C2
Ichthyomyzon unicuspus
Aedes aegypti
Ochlerotatus atropalpus Vg-B
Ochlerotatus atropalpus Vg-C
Anthonomus grandis
Fundulus heteroclitus
Apis mellifera
Graptopsaltria nigrofuscata
Riprotus clavatus
Toxorhynchites amboinensis Vg-C
Gallus gallus
Plautia stali
Leucophaea maderae
Fundulus heteroclitus
Blattella germanica
Plautia stali
Plautia stali
Lymantria dispar
Periplaneta americana
Antheraea yamamai
Periplaneta americana
Antheraea pernyi
Bombyx mori
Samia cynthia ricini

An. gambiae

An.
gambiae

An. gambiae

Ae. aegypti

)

An. albimanus, Ae. aegypti Cx.
quinquefaciatus
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Table 9 Aedes aegypti

Genes Accession # ENC GC3 (%) GC (%) # AA
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Genes Accession # ENC GC3 (%) GC (%) # AA

An. albimanus
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Table 10 Anopheles gambiae

Ribosomal Proteins Accession # ENC GC3 (%) GC (%) AA length

Anopheles gambiae

Ae. aegypti

Oc. atropalpus Tx. amboinesis

Tx. amboinensis
Oc. atropalpus,

An. albimanus

Ae. aegypti

Ae. aegypti
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Figure 7 Anopheles gambiae

p
Vitellogenin gene expression in Ae.
aegypti

Figure 8
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Table 11 Aedes aegypti Anopheles gambiae

Aedes aegypti Anopheles gambiae
Overall Bottom 15% TOP 15% Vitellogenins Ribosomal protein genes

Codons N (%) RSCU* N (%) RSCU N (%) RSCU N (%) RSCU N (%) RSCU
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Table 12

Ae. aegypti Oc. atropalpus Cx. quinquefasciatus Tx. amboinensis An. albimanus
Amino Acid Codon Vg-A1 Vg-B Vg-C Vg-Ba Vg-Ca Vg-C1 Vg-C2b Vg-C Vg-C

Ae. atropalpus
Cx. quinquefasciatus

Discussion
Sequence analysis of vitellogenin genes in
Ae. aegypti
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Figure 9 Aedes aegypti

Ae. aegypti

Figure 10 Aedes aegypti
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Ae. aegypti

Sequence analysis of vitellogenin genes in
other mosquitoes
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quinquefasciatus

G. gallus C. elegans

Cx. quinquefasciatus

Cx.
quinquefasciatus

An. albimanus Tx. amboinensis

Cx. quinquefasciatus Tx,
amboinensis, An. albimanus

X. laevis
C. elegans (

D. melanogaster Ae.
aegypti

Ae. aegypti
Ae. aegypti

Amino acid composition
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Ae.
aegypti

Ae.
aegypti

Cx. quinquefasciatus

Ae.
aegypti

Oc. atropalpus

Cx.
quinquefasciatus

Synonymous codon usage

E. coli S.
cerevisiae

D. melanogaster

An. albimanus

An. albimanus
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D. melanogaster

An. albimanus

An. albimanus

An. gambiae

Ae. aegypti
Cx. quinquefasciatus

Oc. atropalpus Tx.
amboinensis

Tx. amboinensis,

Tx. amboinensis

Vitellogenin gene expression in Ae.
aegypti
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Appendix 1

Ae. albopictus, Oc. triseriatus, and Ae.polynesiensis.
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