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ABSTRACT: Phylogenetic relationships among south Indian Aphthona species using the
cytochrome c oxidase subunit 1 mitochondrial gene (COX1 or COI) is reported. This study confirms
colour polymorphism in Aphthona: A. tamila and A. glochidionae; A. marataka and A. macarangae,
respectively, could be confirmed as colour morphs. Aphthona phyllanthae is the most diverged
taxon according to the genetic distance. © 2020 Association for Advancement of Entomology
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INTRODUCTION

The flea beetle genus Aphthona Chevrolat includes
over 350 species distributed in the Old World
(Konstantinov et al., 2002). The species among
this genus are ecologically diversified, occuring in
a wide range of bio geographical areas from lowland
rainforests to high-altitude coniferous hills and
deserts to sub-arctic environments. This flea beetle
genus is important in the biological control of
invasive weed plants of the spurge family
Euphorbiaceae (Roehrdanz et al., 2009). Being
monophagous, they are ideal candidates in biological
control of these weeds. Most studies on Aphthona
species have focused on morphological and
behavioural data (Prathapan and Konstantinov
2003, 2011), only little molecular work has been
published to date.

Only one species-level phylogeny of Aphthona has
been published so far, that primarily considered the
molecular phylogenetic analysis of five Aphthona
species introduced to North America for biological
control of leafy spurge (Roehrdanz et al., 2011).
Molecular systematics of Indian Aphthona spp. was
never attempted. Hence, this study was carried out.

MATERIALS  AND  METHODS

A total of 25 specimens of adult Aphthona belonging
to nine species (Fig. 2-10) were collected from
different locations in south India among which, two
specimens showing slight genital variation were
designated as A. chrozophorae 1 and A.
chrozophorae 2 (Table 1). Total genomic DNA
was isolated from the collected specimens using
DNA easy column method (Cockburn et al., 1996;
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Reineke et al.,1998) using Qiagen, DNA easy;
Blood and TissueKit as per the manufacturer’s
instruction. The DNA was quantified using
spectrophotometric method (Gallagher et al., 2006).

The cytochrome c oxidase subunit 1 mitochondrial
gene (COX1 or COI) was amplified using the
forward primer with DNA sequence 5'-CATGGGG
AATGCTTAGATGC-3' and reverse primer with
DNA sequence 5'-AAACTTTCAGGGTGACC
AAAAA-3'. The PCR reaction mixture consisted
of 2 nanogram of genomic DNA (1 l), 1 l each
forward and reverse primers at a concentration of
10 M, 2.5 l of dNTPs (2 mM), 2.5 l 10X reaction
buffer, 0.20 l Taq polymerase (5 U/l) and 16.8
l H2O. The PCR profile consisted of an initial
denaturation step of 5 min at 95oC, followed by 30
cycles of 10 sec at 95oC, 10 sec at 55oC and 1 min
at 72oC and ending with a final phase at 72oC for 3
min. The PCR product was sequenced from both
ends using the Sanger’s sequencing (Sanger et al.,
1975) method at Rajiv Gandhi Centre for
Biotechnology (RGCB), Trivandrum. The forward
and reverse sequences were alligned using
ClustalW (http://www.ebi.ac.uk/Tools/msa/
clustalw2). After removing the forward and reverse
primer sequences, the consensus sequence was
taken for the analysis. The percentage of each
nucleotide in the COI codon of Aphthona was
determined by MEGA X software. A phylogenetic

tree was constructed using MEGA software with
ten sequences obtained, in order to understand the
intrageneric genetic diversity among the species of
southern Indian Aphthona. For this tree,
Chrysomela aeneicollis was chosen as the
outgroup.

RESULTS

A total of 25 Aphthona specimens were
investigated in this study out of which, nine were
distinct morpho-species (Table1; Fig. 2-10). All of
the samples yielded good quality DNA having A

260
/

A
280

 ratio in the range of 1.8-2.0, which gave good
amplicons in the PCR with a product size of 680bp.
The phylogenetic tree illustrating relationships
between the species of south Indian Aphthona
species is provided (Fig.1). Using the Neighbour-
Joining technique, evolutionary background was
inferred. The optimal tree shows the distance of
the branch being equivalent to 3.3. The evolutionary
distances have been calculated using the technique
Maximum Composite Likelihood and are in the
number of base substitutions per unit. There were
11 nucleotide sequences in this study. The inclusion
of codon positions was 1st+2nd+3rd+Noncoding.
For each sequence couple, all unclear locations
were deleted (pairwise deletion option). In the final
dataset there were a total of 844 positions. The
genetic distance between the species was

Sl. no Species name Host Plant Location

1 A. bombayensis Phyllanthus amarus Vellayani, Kerala

2 A. chrozophorae 1 Croton sp. Munnar, Kerala

3 A. chrozophorae 2 Croton sp. Munnar, Kerala

4 A. glochidionae Glochidion zeylanicum Ponmudi, Kerala

5 A. macarangae Macaranga peltata Vellayani, Kerala

6 A. mallotae Mallotus philippinensis Dandeli, Karnataka

7 A. marataka Macaranga peltata Mattupettti, Kerala

8 A. nigrilabris Euphorbia hirta Vellayani, Kerala

9 A. phyllanthae Phyllanthus emblica Vellayani, Kerala

10 A. tamila Glochidion zeylanicum Pampadum Shola, Kerala

Table 1. Details of species collected
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Fig. 1. Intragenomic phylogenetic tree of south Indian Aphthona spp.

calculated using MEGA (Tamura et al., 2013)
software by kimura 2 modelling (Kimura et al.,
1980) as depicted in table 2.

DISCUSSION

Based on prior cladistic research, Aphthona is
defined by three synapomorphic characters: elytron
length / width ratio below 2.85; anterior portion of
the metanotal ridge connected below the centre of
ridge b-1; and setae on the ventral side of the first

sinuate metatarsomere (Konstantinov, 1998).
Aphthona species are specialized phytophagous
insects, as with most flea beetles. Most of them
feed on crops from 11 distinct families (Nowierski
et al., 2002).

From the genomic DNA, mitochondrial genes were
amplified using selected primer. The amplification
product was 700 bp in size; the same was used to
generate sequences. The sequences were analyzed
using BLAST (Altschul et al., 1990). The genetic

Chrysomela_
aeneicollis

A. bombayensis 0.295185

A. chrozophorae_2 0.306005 0.22637

A. chrozophorae_1 0.309262 0.226399 0.00341

A. glochidionae 0.32423 0.20086 0.25555 0.25384

A. mallotae 0.310312 0.211074 0.209836 0.214217 0.20297

A. nigrilabris 0.279839 0.217638 0.195807 0.215064 0.196102 0.204721

A. macarangae 0.320594 0.221219 0.197176 0.208616 0.195192 0.090091 0.21095

A. phyllanthae 3.65206 3.6038 3.45497 3.45377 3.33880 2.84769 2.98418 3.0598

A. tamila 0.267043 0.18270 0.23447 0.24313 0.13205 0.21412 0.21983 0.20680 3.21757

A. marataka 0.32281 0.22121 0.19883 0.20861 0.19696 0.21317 0.21947 0.091659 3.0598 0.20836

Table 2. Genetic distance between south Indian Aphthona species.

Molecular phylogeny of south Indian Aphthona species
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Figs. 2-10. Aphthona spp. 2. A. bombayensis; 3. A. chrozophorae; 4. A. glochidionae; 5. A. macarangae;
6. A. mallotae; 7. A. marataka; 8. A. nigrilabris; 9. A. phyllanthae; 10. A. tamila

G. M. Vishnu et al.



5

distance in the specified matrix ranges from 0.003
to 3.652. It is confirmed that, A. phyllanthae (Fig.9)
is the most diverse species among the southern
Indian Aphthona. The genetic distance between
the species that created the same clade is as follows:
the genetic distance between A. glochidionae and
A. tamila is 0.132; genetic distance between A.
chrozophorae and A. chrozophorae 2 is 0.003
and distance between A. marataka and A.
macarangae is 0.090. If genetic distance between
two sequences is less than 0.2, then those species
are considered as same (Vogle et al., 1993).
Hence, based on these observations of genetic
distance, the aforesaid species can be considered
as synonymous as they exhibit 99 percent sequence
similarity. In Aphthona, the species group is
determined by morphological characteristics,
predominantly based on the morphological colour.
The colours range from non-metallic yellow to
metallic bright shades (Fig.2-10). There are no
intermediate colouring patterns. Based on the
genetic distance between the southern Indian
Aphthona spp. calculated by kimura2 model, the
species A. marataka (Fig.7) which is a bright
metallic green coloured beetle, found in higher
altitude habitats is identified to be synonymous with
A. macarangae (Fig.5) which is yellow non-
metallic in colour and inhabits lower altitude regions.
The same applies to the metallic black species A.
glochidionae (Fig.4) which inhabits high altitude
areas, which is synonymous with the yellow non-
metallic species, A. tamila (Fig.10) These species
also share a significant quantity of resemblance
morphologically. The presence of colour morphs
within the Aphthona genus was not recognized until
now. Similar kind of polymorphism in the subfamily
Chrysomelinae of Chrysomelidae was reported by
Van Noort, 2013. Thus, these species are recognized
as colour morphs depending on morphological
analysis and molecular information gathered from
this study.

 ACKNOWLEDGMENTS

We express our gratitude to Dr. K. D. Prathapan,
Department of Agricultural Entomology, College of
Agriculture, Kerala Agricultural University,
Vellayani, Thiruvananthapuram) for his kind
assistance in providing the specimens used in this

study. We also thank the Kerala Agricultural
University for funding this study.

REFERENCES

Altschul S.F., Gish W. and Miller W. (1990) Basic local
alignment search tool. Applied Acarology  41:
169–181.

Cockburn A.F. and Fritz G.A. (1996) Isolation and
purification of insect DNA. In: Clapp J.P. (eds)
Species Diagnostics Protocols. Methods in
Molecular Biology 50. Humana Press. pp 15-23.

Gallagher S.R. and Desjardins P.R. (2006) Quantitation
of DNA and RNA with absorption and
fluorescence spectroscopy. Current Protocols in
Molecular Biology 76(1): 1-34.

.Kimura M. (1980) A simple method for estimating
evolutionary rates of base substitutions through
comparative studies of nucleotide sequences.
 Journal of Molecular Evolution 16(2): 111-120.

Konstantinov A.S. and Lingafelter S.W. (2002) Revision
of the Oriental species of Aphthona Chevrolat
(Coleoptera: Chrysomelidae). Entomological
Society of Washington, DC. 103 pp.

Konstantinov A.S. (1998) Revision of the Palearctic
species of Aphthona Chevrolat and cladistic
classification of the Aphthonini (Coleoptera:
Chrysomelidae: Alticinae). Associated
Publishers, Gainesville. 354 pp.

Lunt D.H., Zhang D.X., Szymura J.M. and Hewltt O.M.
(1996) The insect cytochrome oxidase I gene:
evolutionary patterns and conserved primers for
phylogenetic studies. Insect Molecular Biology
5(3): 153-165.

Nowierski R.M., Zeng Z., Schroeder D., Gassmann A.,
FitzGerald B. C. and Cristofaro M. (2002) Habitat
associations of Euphorbia and Aphthona
species from Europe: development of predictive
models for natural enemy release with ordination
analysis. Biological Control 23(1): 1-17.

Prathapan K.D. and Konstantinov A.S. (2003) The flea
beetle genus Aphthona Chevrolat (Coleoptera:
Chrysomelidae) of Southern India, with
descriptions of seven new species. Proceedings
of Entomological Society, Washington 105(1):
154-179.

Prathapan K.D. and Konstantinov A.S. (2011) A New
Species-Group in Aphthona Chevrolat
(Coleoptera: Chrysomelidae) with a Description
of a New Species from Southern India.
Coleopteran Bulletin 65(4): 329-335.

Molecular phylogeny of south Indian Aphthona species



6

Reineke A., Karlovsky P. and Zebitz C.P.W. (1998)
Preparation and purification of DNA from insects
for AFLP analysis. Insect Molecular Biology 7(1):
95-99.

Roehrdanz R., Olson D., Fauske G., Bourchier R., Cortilet
A. and Sears S. (2009) New DNA markers reveal
presence of Aphthona species (Coleoptera:
Chrysomelidae) believed to have failed to
establish after release into leafy spurge.
Biological Control 49: 1–5.

Roehrdanz R., Bourchier R., Cortilet A., Olson D. and
Scars S. (2011) Phylogeny and genetic diversity
of flea beetles (Aphthona sp.) introduced to
North America as biological control agents for
leafy spurge. Annals of the Entomological
Society of America 104: 966-975.

Sanger F. and Coulson A.R. (1975) A rapid method for
determining sequences in DNA by primed
synthesis with DNA polymerase. Journal of
Molecular Biology 94(3): 441-448.

Tamura K., Stecher G., Peterson D., Filipski A. and Kumar
S. (2013) MEGA6: molecular evolutionary
genetics analysis version 6.0. Molecular Biology
and Evolution 30(12): 2725-2729.

Van Noort T. (2013) Colour polymorphism in the leaf
beetle genus’ Oreina’ (Doctoral dissertation,
Université de Neuchâtel).

Vogler A.P., Desalle R., Assmann T., Knisley C. B. and
Schultz T.D. (1993) Molecular population
genetics of the endangered tiger beetle Cicindela
dorsalis (Coleoptera: Cicindelidae). Annals of the
Entomological Society of America  86(2): 142-152.

(Received December 21, 2019; revised ms accepted February 04, 2020; printed March 31, 2020)

G. M. Vishnu et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


