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Abstract DNA methylation is a branch of epigenetics that has been getting broad recognition and receiving extensive
attention in recent years because of its important function in modulating gene expression and its association with many
physiological and biochemical processes in living organisms. Their high species abundance, metamorphic development and
complex phenotypes make the insects a useful group in which to explore the function of DNA methylation. DNA methylation
in insects is mainly mediated by DNA methyltransferases (Dnmts), which vary greatly in different species. Most insects
possess Dnmtl but lack Dnmt3, which are responsible for maintenance and de novo DNA methylation, respectively. Dnmt2
(also termed TRDMT1) is ubiquitous among insects but its ability to bind DNA is weak. An overall low level, as well as
spatio-temporal patterns of DNA methylation, are observed in insects. In insect genomes, DNA methylation is predominantly
located in gene exons to functionally enhance gene expression, with higher methylation levels in evolutionarily conserved and
extensively expressed genes, and lower levels in specifically expressed genes. The major methodologies currently used in the

study of insect DNA methylation are summarized as bioinformatics-based prediction and experimentally-based techniques that
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include methylation specific restriction enzyme assays (MSRE), methylation sensitive amplified polymorphism (MSAP) and

genomic sequencing. This paper summarizes methyltransferases in insects, the distribution and evolution of DNA methylation,

as well as available methodologies used in current studies. It provides a synthesis of important updates and potential

applications, and novel ideas and technologies for further research in this area.

Key words insect, DNA methylation, Dnmts, evolution, methodology

DNA DNA
DNA
S- S-adenosylmethionine SAM
5
Bestor 2000 DNA
DNA

Hare and Taylor 1985 Suzuki and Bird 2008

DNA
DNA
DNA
DNA Field
et al. 2004 DNA
DNA
DNA
DNA

1 EHDNABELFEZEE(Dnmts)

DNA DNA methyltransferases
Dnmts 3

Dnmtl Dnmt2  Dnmt3 Dnmtl

DNA

Bestor and Verdine 1994 N
DNA DNA methylation
associated protein 1 DMAPI Rountree
et al. 2000 DMAPI Dnmt1

Lee et al.

2010 Dnmt2 tRNA

DNA Bestor 2000
tRNA Dnmt2
Dnmt2 tRNA
1 tRNA aspartic acid methyltransferase 1
TRDMT1 Dabeetal 2015 Dnmt3 3
Dnmt3a Dnmt3b Dnmt31
Dnmt3a Dnmt3b
Dnmt31
Dnmt3a  Dnmt3b
2009
Ko et al. 2005
Dnmts
1.1 RHEAFREYME Dnmts
Glastad et al. 2011  Dnmts
Dnmt31
Dnmts
Apis mellifera
Linnaeus Wang

et al. 2006 Schaefer and Lyko 2007

Dnmt1 2

Walker
Pogonomyrmex barbatus Smith

Dnmts Werren et al. 2010 Smith et al. 2011

Nasonia vitripenneis

Solenopsis invicta Buren

Dnmts 1
Dnmtl
Bombyx mori
Linnaeus Dnmt3
DNA Xiang et al. 2010
Dnmtl

Mitsudome et al. 2015
RNAi

Dnmt3



- 1084 -

Chinese Journal of Applied Entomology 52

F1 RATEYH DNA BELHEBE (Dnmts) WERRHYE

Table 1 Types and numbers of DNA methyltransferases (Dnmts) in different insect species

Species Dnmtl Dnmt2 Dnmt3 Reference
Hymenoptera
Apis mellifera Linnaeus 2 1 1 Glastad et al. 2011
Nasonia giraulti Darling 1 1 1 Kronforst et al. 2008
Solenopsis invicta Buren 1 1 1 Glastad et al. 2011
Nasonia vitripennis Walker 3 1 1 Glastad et al. 2011
Pogonomyrmex barbatus Smith 1 1 0 Smith et al. 2011
Hemiptera
Acyrthosiphon pisum Harris 2 1 2 Glastad et al. 2011
Nilaparvata lugens Stal 2 1 2 Zhang et al. 2015
Lepidoptera
Bombyx mori Linnaeus 1 1 0 Xiang et al. 2010
Plutella xylostella Linnaeus 1 1 0 You et al. 2013
Coleoptera
Tribolium castaneum Herbst 1 1 0 Glastad et al. 2011
Diptera
Drosophila melanogaster Meigen 0 1 0 Glastad et al. 2011
Anopheles gambiae Giles 0 1 0 Glastad et al. 2011
Dnmt3 Dnmt3 Young et al. 2006 Spada et al. 2007 Song et al.
2012 C- 6
Kucharski et al. 2008 DNA motif motif
Dnmtl  Dnmt3 CpG motif motif motif motif motif
Drosophila motif SAM
melanogaster Meigen Glastad et al. 2014 motif C-
= 2009
12 R Dumts OEHIR SR Walsh et al. 2010
Dnmt1 Dnmtl
N- C-
DNA DMAPI N- Mitsudome et al. 2015
Nuclear localization DMAPI PCNA
signal NLS Proliferating cell Dnmtl
nuclear antigen PCNA Dnmtl
Replication focus targeting sequence Dnmtlc Acyrthosiphon
RFTS CXXC 2 pisum Harris  Dnmtla  Dnmtlb
Dnmtl Polybromo BAH 1 A Pradhan 2008
Fatemi et al. 2001 Lee and Skalnik 2005 Dnmt1
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Fig.1 Structural comparison of the DNA methyltransferases (Dnmts) in different insect species and human
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Table 2 Methodologies used in the study on insect DNA methylation

Insect species Methodology Samples used Research focus Reference
DNA Robinson et al. 2011
Locusta migratoria Linnaeus
DNA Wang et al. 2014a
L.migratoria
DNA Krauss et al. 2009
Medauroidea extradentata
von Wattenwyl PCR
Lyko et al. 2010
Apis mellifera Linnaeus
DNA Bonasio et al. 2012
Camponotus floridanus Buckley
DNA Xiang et al. 2010
Bombyx mori Linnaeus
DNA Feliciello et al. 2013
Tribolium castaneum Herbst
DNA Beeler et al. 2014
Nasonia vitripennis Walker
Loetal. 2012
Coptotermes lacteus Froggatt
Zhang et al. 2014
Sogatella furcifera Horvath
Snell-Rood et al. 2013
Onthophagus gazelle Fabricius
Weiner et al. 2013
Bombus impatiens Cresson
Weiner et al. 2013
Polistes dominula Christ
Dolichovespula Weiner et al. 2013
maculate Linnaeus
3 DNA Boerjan et al. 2011
Schistocerca gregaria Forskal PCR
DNA Walsh et al. 2010
Acyrthosiphon pisum Harris
PCR Methylation specific PCR  MS-PCR
DNA Hughes and Jones 2007
DNA 322 FHRUABRYESSH
>5 ug DNA Methylation sensitive amplified
DNA polymorphism MSAP

Amplified fragment length
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