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ABSTRACT

The diversity of phytophagous scarabaeid beettas frarious geographical locations of India and @dprecanut,
coconut, groundnut, millets, mulberry, neem, sopbsagarcane and vegetables) was explored. Théebegtre
morphologically identified and characterised for C@ene fragment using specific primers. Sequenedyais and
divergence among the species was assessed. Geategdsion numbers were obtained for the speciekedular
sequence information from NCBI revealed relatedrniess| the collected scarabaeids, accurately age@ed by
their morphological characters. Phylogenetic tresséd on Maximum-Likelihood method was drawn orb#sés of
multiple sequence alignment to assess the geneltitedness, with those reported elsewhere in thedwdhe
genus Anomala and Protaeta sp. formed distinct edadith high boot strap values. The studies indictie
relevance of DNA sequencing to match different $owwh beetles and address ambiguities in morphoéigic
identification, while the information on speciesvatisity and abundance would help plan strategias fest
management.
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INTRODUCTION

The family scarbaeidae is the second largest famiilly more than 30,000 species recorded worldwide About
2500 species are reported from India [2] and a ritgjof these are phytophagous (sub families Mdioae,
Rutelinae, Dynastinae and Cetoninae) [1, 3]. Thétdmbetles and their grubs cause extensive datoafgeit crops,
vegetables, ornamental plants, plantation croptupes turf and meadow grasses, lawns, golf coursed forest
trees [4,5].Adults of the sub-family Melolonthinae and Ruteknare pre-dominantly leaf feeders [6yhere as
those of Cetoniinae feed on flowers and fruits, arel popularly referred to as flower beetles, prefztar, sap or
juice of ripening fruits and vegetables. Member®gnastinae usually attack stems or roots of fglaGrubs of
Melolonthinae, Rutelinae and Dynastinae commonfgrred to as whitegrubs are often soil dwellingl aause
extensive damage to the roots of cereals, legusmeall fruit plants, shrubs and trees [8,9.10].ndi&, the white
grubs are pests of national importance [11,12].

The scarab fauna of India is very rich and divemsel has not been explored to a greater extentteBeeat
information on the diversity of the beetles of Ctisgarh [13], Madhya Pradesh [14-17], Himachaldeshn [18],
North western ghats [19,20% documented. Integrated intensive farming systand climate change had resulted
in depleting biodiversity and habitat degradatiamich had necessitated for an inventory of spedidmess of
insect pests, their cataloguing and documentatidme occurrence and distribution of beetles in edéht
geographic and ecosystems is imperative to utatetstheir ecology to formulate effective stratsgfer their
management.
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An authentic classification of species is a pradigite for research in ecology and biodiversityck af taxonomic
understanding has been a major impediment to thdysand management of scarabaeid beetles. Proper
identification of the species and knowledge of rthaistribution, geographical variation, populatidgnamics,
feeding and reproductive behavior are the firsjpstén developing environmentally compatible/sustbla
integrated pest management strategies. ldentificadf scarabaeid species is a challenging tasktaueariable
morphological differences among species and ddiime among the immature forms, the grubs and sdult
Morphological identification keys are often effegtionly for a particular life stage or gender [2The use of
taxonomic keys often requires proficiency to avaidccuracy for those similarities which cannot kesiky
deciphered.

The indistinctness due to high similarity in morfdgy is overcome by application of molecular tecfuas. In the
identification of scarabaeid beetles, although fifieation keys are available, uncertainties ard#i sbmmon
especially for many unexplored species from thpit®[22]. Molecular markers for effective identdiion, linking
the grubs and adults are currently available [2]3,B#icient Mitochondrial DNA (mtDNA) -based methsdh the
delineation and identification of scarabaeid spebi&ve been reported [25-27].

Taxonomic databasing [28] and species richnessarfibaeid beetles needs to be ascertained due thnimution
of biodiversity. Hence, studies were contemplatedassess the diversity of scarabaeids from diffenzop
ecosystems and geographic locations with theirtifedetermined through morphogical characters enadecular
tools.

MATERIALSAND METHODS

Field survey and collection of scarabaeid beetles

The diversity of scarab beetles depends on thdadility of food for larvae and adult, weather cdiwhs and soil
type. Collection of scarab beetles was made rahdbmhand picking and light trapping. Grubs werdlected
from a soil depth of 0.25-0.5 nm in cultivateddi® The beetles were collected during May- Jwhesh is the
major activity period to assess the diversity. Pogulations were collected from different stated gaographical
locations of the country from various trees andpgptants (arecanut, coconut, groundnut, mulberijlets, neem,
soybean, sugarcane and vegetables).

Collection of adult beetlesusing light traps

Light traps were used for four months (May — Seftento collect the beetle populations. The lighps were
placed in the centre of the fields at a heightlwfu 3 metre above the ground and operated bet#&enPM to
5:00 AM to attract the scarabaeid beetles whictpasitively heliotactic in nature.

The light trap comprised of PVC plastic funnel &f@n in height, and 30 cm. diameter. The bottormedizr of the
funnel was 5 cm. The rain shed cone for protedtmegbulb was fixed at 17 cm above the funnel wlith thelp of
three white metal sheets. The diameter of the shed cone was 20 cm. The light source consisted I5f5-watt
incandescent light bulb with copper wire choke. Tight trap had three baffles (30 cm x 10 cm), pthat a
uniform distance of 10 cm around the circumferemickinnel. The baffles were fixed to emit light forimly in all
directions without any interference, when the le=etire attracted to light they collide with baffeesd fall into the
trap. A nylon bag was attached to the bottom of finnel for collection of beetles. The collectezktles were
preserved in a vial containing 70% alcohol and iatkethe laboratory for morphological identificatio

I dentification of the beetles

The scarab adults and grubs collected from laredleated from different locations were identifiatp to the genus
level at the Department of Entomology, Universitly Agricultural Sciences, Bangalore and the Divisioh
Entomology, Indian Agricultural Research Institutisw Delhi, based on the keys and charactersllisyg29- 33].
Adult beetles were identified based on the morphickl characters such as body size, colouratiafasea sculpture
and male genitalia, while the grubs were differaet] based on the color, size of the cephalic ¢apsumber and
form of dorsal sensorial maculae of the last ardemere, distribution, stridulatory structures in tmaxilla and
mandible , raster pattern arrangement of brisiled hairs on the underside of the abdomen, shamaifslit
(crescent,Y shaped, strongly Y shaped), shapesiaedf the respiratory plates, proportions of eaain of legs and
tarsungulus size [5,34,35].

Molecular characterisation of beetles

Extraction of genomic DNA

Total genomic DNA was isolated using the methodcdeed by[36]. The insects were washed thoroughly in
double distilled water. Total genomic DNA was igethfrom the leg portion of the insect. The cleamect leg
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portion was homogenized in 1.5 ml appendorf tube in 500 ul Bf (Tris-EDTA-pH 8), with hand pestle and the
homogenate was centrifuged at 10,000 rpm for 10utesin cooling centrifuge (%@). The supernatant was
discarded and the pellet was dissolved in 500f lpsis buffer (400 pl of TE and 100 pl of 5% SD&)ljowed by
the addition of 6 pl of Proteinase K, and the solutvas incubated at 85 for one and half hours. A mixture of
120 pl phenol chloroform isomyl alcohol (25:24:1asvadded and the tubes vortexed for 30 secondshand
centrifuged for 10 minutes at 10,000 rpm in coolegtrifuge. The upper aqueous layer was carefidhysferred in
to fresh tube, without disturbing the protein lagéthe interphase. Isopraponal (500 pl) was @dadl¢his aqueous
layer and stored at % overnight and then centrifuged at 7000 rpm fomfifutes. The supernatant was discarded
and the pellet was washed with 70% alcohol aaterIthe acohol was drained out, the pellet wasddand
dissolved in 30 pl of TE-I was stored at 20after checking on 0.8% agarose gel and visuakdfesa staining with
ethidum promide.

PCR amplification of COI gene fragment

The DNA obtained from beetle samples was used tigquliiying a portion of mitochondrial COI gene fragnt,
using the primer€O1 forward F: 5-GGTCAACAAATCATAAAGATATTGG-3) and reverse primeiCO1 R:
5-TAAACTTCAGGGTGACCAAAAAATCA-3’). The primers were procured from M/s Eurofins Limited,
Bangalore. The protocol d87] was followed. Each reaction mixture of @b consisted of 2.5l of 10X PCR
buffer, 2.0ul MgCI2 (2.5 mM), 0.2ul dNTPs (200uM), 1 ul of TagPolymerase (LUAl), 1 ul of each of forward
and reverse primer sequenceg) df DNA, and 16.3ul of distilled water.

The amplification was carried out in thermal-cyg[BioRad, USA), following PCR conditions of denatiion at
94°C for 60 sec; annealing at 54°C for 90 sec axtgnsion at 72°C for 90 sec (30 cycles, plus atiaini
denaturation at 94°C for 1 min and a final extengio72°C for 8 min). PCR-amplified products weteified using
Bioneer's PCR purification Kit_(www.Bioneer.com)h& amplified products were run on 2% agarose g¢aingd
with ethidium bromide) with DNA ladder (100 bp). I&a&vere visualized in a gel doc system.

Sequence analysis and data inter pretation

The most commonly used method of DNA sequencinthésdideoxy method or chain termination method. The
amplified products o€OIl gene were got sequenced at M/s. Eurofin Pvt Ltd, Bamigal TheCOIl gene sequence
data was retrieved in the form of Chromatograms/e&# individuals from each species were sequeraret!
chromatograms were subjected to VSQB8] to evaluate the reliability of the data, and gaplity fragments
were used to construct a consensus sequence forsaamle. Chromatograms were edited to discard garabs
bases, and edited sequences were aligned by usingasic Local Alignment Search Tool (BLASWith the
sequences of same or related genera retrieved tihhermucleotide database (PUBMED) of National Ceffibre
Biotechnology Information (NCBI). The sequence tataas submitted to NCBI and accession numbers were
obtained. Consensus sequences of COI partiad gere multiple aligned using Clustal W (ver. 1.839].
Neighbor joining phylogenetic tree was drawn byngsiMeg Align’ program of ‘Lasergene’ software pacle
(DNASTAR Inc., USA).

Phylogenetic Analysis

The Blast search analysis (http://www.ncbi.nlimgdv) was done to compare all the sequences of &bk g
sequences available in the Gene bank data baslegehgtic tree was constructed using characterdblslseimum-
Likelihood method based on the Tamura-Nei model.[3B8EGA-5 bioinformatics tool was used to construct
phylogenetic tree and the genetic relatedness leettle isolates was analyzed [57]. The bootstraysis using
1000 iterations was done to test the accuracy gliogeny. Constructed phylogenetic tree was visedligsing tree
viewer program.

RESULTSAND DISCUSSION

Collection of scarabaeid beetles

The collection of the beetles was restricted tophgtophagous group, belonging to the subfamilietdvbnthinae,
Rutelinae, Cetoniinae and Dynastinae. The populatibscarabaeids were collected from different gaphical
locations in the country from the following states

Andhra Pradesh : Tirupathi

Arunachal Pradesh : Pasighat

Himachal Pradesh : Shimla

Karnataka : Agumbe, Bagalkot Baloge, Chintamani, Chikkaballapur, Gudalur, Hublangalore,
Shimoga and Sringeri

Meghalaya : Shillong, Tondon

Tamilnadu : Dindigul, Dharmapuigsur, Nagercpoil, Ooty,Valparai and
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Yercaud

Uttar Pradesh

| dentification of the beetles

The collected adult beetles were identified basethe morphological characters up to the genud.l@Ve beetles
were distinguished based on antennae, mandibles|laea size, colouration of surface, male gengtalind size of
cephalic capsule. Identity of the grubs was basethe shape of the anal slit, raster pattern, gaament of bristles
and hairs (palida), spiracles and legs. The itleofi the grubs from the collections made from Hagious crops
belonged to sub families Melolonthidae, Rutelin@etoniinae and Dynastinae. These were primarilfgidihtiated
by the raster pattern and anal slit. The grubs @blonthinae had a Y shaped anal slit with vagyiaster pattern
(inverted V, lemon shaped and circular fashionpi@ll). In the dynastids, rutelinids and cetonifds anal slit is
transverse (crescent shaped) with a triangulastergPlate 2). The adult rutelinidae were promilyetifferentiated

based on the tibial claws with two setae (Plate -3)

Plate 1

Plate 2

1. Anal slit and raster pattern in Melolonthinae
2. Anal slit and raster pattern in cetoniinae, dymestiand rutelinae
3. Tarsal claw with two setae in rutelinid

: Aligarh, Kushgal and Kapatganj

Plate 3

Table 1. Scarabaeid beetles (family: Scar abaeidae) collected from various geographical locations

11

S.No. | State L ocation Code Source Identity Sub family

1 Uttar Pradesh Aligarh Aliig-SC-1 Millets Apogonia clypeata | Melolonthinae
2 Alig-Sc-2 Millets Orphnussp Orphninae

3 Alig-Sc-3 Apogoniasp Melolonthinae
4 Alig-Sc-4 Apogonia sp. Melolonthina
5 Kapatganj Kpt-Sc-3 Adoretus sp, Rutelinae

6 Kpt-Sc-4 Apogonia Melolonthinae
7 Kpt-Sc-8 Troxsp. Trogidae

8 Kushinagar Kshn-SC-1| Light trap| Alissonotum piceum | Dynastinae

9 Arunachal Pradesh | Pasighat Phas-Sc-1 Light trap Protaetia affinis Cetoniinae

10 Phas-Sc-3 Light trap| Protaetia affinis Cetoniinae

11 Phas-Sc-8 Oxycetonia versicolol Cetoniinae

12 Phas-Sc-9 Oxycetonia versicolof Cetoniinae

13 Phas-Sc-10 Oxycetonia versicolol Cetoniinae

14 Phas-Sc-11 Anomalasp. Rutelinae

15 Phas-Sc-12 Oxycetonia versicolol Cetoniinae

16 Phas-Sc-13 Adoretus sp. Rutelinae

17 Phas-Sc-25 Omthophagusp. Scarabaeinae
18 Himachal Pradesh | Shimla Smla-Sc-1 Potato Anomala dimidata Rutelinae

19 Smla-Sc-2 Malodera Melolonthinae
20 Smla-Sc-3 Maloderasp. Melolonthinae
21 M eghalaya Shillong Shil-Sc-1 Anomalasp. Rutelinae

22 Shil-Sc-2 Anomala sp., Rutelinae

23 Shil-Sc-3 Apogoniasp., Rutelinae

24 Shil-Sc-4 Adoretus sp, Rutelinae

25 MGH-SC-1 | Lighttrap | Anomola albopilosa | Rutelinae

26 MGH-SC-2 Protaetia brevitarsis | Cetoniinae

27 Kar nataka Bangalore Das-Sc-5 Schizonychap. Melolonthinae
28 Das-Sc-4 Copris sp. Scarabaeinae
29 Das-Sc-6 Anomala sp. Rutelinae
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30 Das-Sc-7 Malodera sp. Melolonthinag|
31 Das-Sc—8 Anomala sp. Rutelinae

32 Das-Sc-9 Schizonychap. Melolonthinae
33 Das-Sc-10 Anomalasp. Rutelinae

34 Das-Sc-11 Anomala sp. Rutelinae

35 Das-Sc-12 Anomala sp. Rutelinae

36 Das-Sc-13 Anomala sp. Rutelinae

37 Das-Sc-14 Anomola Rutelinae

38 Das-Sc-15 Leucopholis Melolonthinae
39 Das-Sc-16 Adoretus sp. Rutelinae

40 Das-Sc-17 Orphinussp. Orphninae
41 Das-Sc-18 Adoretus sp, Rutelinae

42 Das-Sc-29 Leucopholis Melolonthinae
43 Slv-Sc-2 Amolala sp. Rutelinae

44 Hessaraghatta Hessar-Sg-2 Apogonia sp. Melolonthinae
45 Yellahanka Yella-Sc-1 Adoretussp Rutelinae

46 Sringeri Sring-SC-1]  Light trap) Anomola singularis | Rutelinae

47 Shimoga Shim-SC-1 Millets Schizonycha ruficolli§ Melolonthinae
48 Tamilnadu Ooty Ooty-Sc-2 Anomala Rutelinae

49 Ooty Ooty-Sc-10 Anomalcholasp. Rutelinae

50 Ooty Ooty-Sc-11| Light trap| Heterorrhina elegans| Cetoniinae

51 Ooty Ooty-Sc-13 Anomala Rutelinae

52 Ooty Ooty-SC-14 Light trap| Protaetia brevitarsis | Cetoniinae

53 Gudalur G-Sc-1 Light trap| Protaetia brevitarsis | Cetoniinae

54 Gudalur G-Sc-2 Protaetia brevitarsis | Cetoniinae

55 Andhra Pradesh Tirupathi Tpt-Sc-2 Holotrichia sp. Melolonthinae
56 Tpt-Sc-3 Holotrichia floflava Melolonthinae
57 TPT-SC-5 Pigeon pea Protaetia brevitarsis | Cetoniinae

58 Tpt-Sc-6 Alissonotum Dynastinae
59 Tpt-Sc-7 Onthophagus Scarabaeinae
60 Tpt-Sc-8 Schizonycha sp. Melolonthinae

Persusal of the data on the collection of scarablaeétles from the different geographical locatiand crops and
their identification had revealed the diversitybafetles in the country. An array of phytophagoustlbe (Table 1)
belonging to the subfamilies (cetoniinae, dynastjmaelolonthinae and rutelinae) were recorded. Sudiversity
was earlier reported from various locations of tlentry. [15], reported the diversity and relatsfeundance of
pleurostrict scarabaeidae in the Achanakmar-Amhkeegiabiosphere reserve in Chattisgarh state. AB@wgpecies
belonging to 11 genera and 6 subfamilies were tegdrom the region, while in Madhya Pradesh, 4&csrs were
reported [4,13,14].The genusAnomala predominated over among all the scarabeids in Hlio¢h states. In
Maharshtra, the occurrence of different specieslabtrichia was widespread on sugarcane, sorghum, groundnut
and soybean crops in South konkan and Vidharbaomeff] and in Pune [19,20]Holotrichia serrata was
predominant among all the species recorded. Inadiral PradeshAnomalasp. followed byBrahminasp. were
dominant in Chamba, Kanra, Kullu and Shimla aré&z3,40, 56].

Congenial habitat, natural vegetation, food avditgband appropriate soil type contribute to thavedsity of
scarabaeids and the species richness [41k3ddition, climatological factors rainfall, hunitig temperature and
wind velocity play a decisive role on the emergenoevement, distribution and bioecology of scaradsi8].
Knowledge on species diversity, abundance, richaedsdominance through surveys would be helpfglamning
strategies for conservation of natural enemiesitéaimanagement, design and develop pest manageatnatggies.

Molecular characterisation

DNA was extracted from alcohol preserved specimesiisg DNeasy Qiagen Kit. DNA samples were storeth@
Qiagen elution buffer at 4°C until subjected to PCRThe hind leg portion of the beetle was taken DNA
isolation, The genomic DNA was isolated from thepplations of scarabaeids collected from Aligarhtdt
Pradesh), Dasarahalli , Gudalur, (Karnataka), @d&milnadu), Phasighat (Arunachal Pradesh), Titip@ndhra
pradesh), Shimla (Himachal Pradesh) and Shilldlgghalaya). The isolated genomic DNA was confirnbyd
checking the quality using agarose gel electropisi@®.8%) (Fig.1).

Scholars Research Library



Srinivasa Murthy K et al Annals of Biological Research, 2015, 6 (12):5-15

12 3456 789 10 11 12 13 14 15 1617 18 19 20

(1-G-SC-1; 2- G-SC-2; 3-DAS-SC-11; 4-DAS-SC-12Phas-SC-1; 6- Phas-SC-2; /- Phas-SC-s; 6- Muas-3-  Fnas-oU-d; LU-Fnas-su-
6; 11- Ooty-SC-10; 12- Ooty-SC-11; 13- Alig--SC1%- Ooty-SC-13; 15- Shim-SC-14 , 16- KPT-SC--1 TPT-SC-6; 18- TPT-SC-7; 19-
Sringeri -SC-1; 20- MGH-SC(GSC- Gudalur, DAS-Dasarahalli, Phas-Phasighat, Ali-Aligar h, Shim-Shimla,K PT-Kapatganj, TPT-
Tirupathi, MGH-M eghalaya)

The COIl region was amplified and was analyzedgu$.5% agarose gel electrophoresis and the ptaize was
obtained by using low range ladder of 100 bp froené, and these were got sequenced at M/s Eupefintd,
Bangalore. The sequence data was submitted to @l Kbenbank and access numbers were obtained fiew a
scarabaeid beetles (Table 2).

Table 2. Characterisation of certain scarabeied beetles based on COI gene and accession numbers

Code Organism Sub family Place of collection Source B Genbank/ .
ank it accession
Shil-Sc-1 | Anomola albopilosa | Rutelinae Shillong (Meghalaya) Light trap KM65749
Shil-Sc-2 | Protaetia brevitarsis | Cetoninae Shillong Potato KM657489
TPT-Sc-5 | Protaetia brevitarsis | Cetoninae Tirupathi (Andhra) Pigeon gea KM657490
DAS-Sc-1 | Anomola albopilosa | Rutelinae Dasarahalli (Karnataka) Light trgp KM882
OOTY-Sc-11| Heterorrhina elegans| Cetoninae Ooty(Tamilnadu) Light tra KM657485
Ooty-Sc-14 | Protaetia brevitarsis | Cetoninae Ooty (Tamilnadu) Light tra KM657486
PHAS-Sc-1 | Protaetia affinis Cetoninae Pasighat Light tra 1762766
PHAS-Sc-3 | Protaetia affinis Cetoninae Pasighat (Arunachal) Light trdp 1762769
G-Sc-1 Protaetia brevitarsis | Cetoninae Gudalur (Karnataka) Potato 1762776
G-Sc-2 Protaetia brevitarsis | Cetoninae Gudalur Light trapd 1762777
Smla-Sc-1 | Anomala dimidata Rutelinae Shimla (Himachal) Potato 1762765
Alig-Sc-1 | Apogonia clypeata | Melonthinae | Aligarh (Uttarpradesh) Millets 1762764
Shim-Sc-1 | Schizonycha ruficollig Melolonthinae| Shimoga (Karnataka) Millets 1762749
Kshn-Sc-1 | Alissonotum piceum | Dynastinae Kushinagar (Uttarpradegh)ight trap 1762754
Sring-Sc-1 | Anomola singularis | Rutelinae Sringeri (Karnataka) Light trap 1762765

The utility of DNA data in taxonomy and speciesgtiasis in the scarabaeid beetles was reportd@4y4]based
on the sequence variation in DNA based groups whiab highly structured. The population of scaradmé&om
various locations were characterised using CytmolerC oxidase subunit ICQOI) gene, which has been recognised
as an effective marker not only for species idaatfon but also for phylogenetic relationship [25-47].In the
present studies, the isolated genomic DNA of schesdiles from various locations was characteribeaugh COI
gene fragment (648-656 bp size). The amplifiedegeras sequenced and the Blast done with NCBI ds¢atma
decipher the identity of the scarabaeids from varimcations and crops (Table-2). Molecular segeémmrmation
from NCBI revealed relatedness in all the collecsedrabaeids, accurately as revealed by their mbrgical
characters. Our observations, corroborate witlreéperts of [23, 48- 51].

[52], suggested that where sequence informatiewadable in Genbank for morphologically define@sies, which
can be matched with some DNA based clusters, cklagonship can be identified readily in sequewagation in

field collected field samples and these clusteeslideely to correspond to previously described wwn species.
[22, 53] reported that the sequence informationebasn mitochondrial markers can be utilised forcsme
delineation of adults and grubs of scarabaeidsrinfg larval taxonomy. Our studies indicate theevaince of DNA
sequencing to match different forms of scarabs address the issues of having to depend exclusigaly
morphological features and avoid misdiagnosis.
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Phylogenetic analysis

A phylogenetic tree of the species using Maximurkelihood method was drawn on the basis of multgglguence
alignment ofCOI gene (Fig. 2). The constructed phylogeny revetiiedformation distinct clusters. Among these,
the genus Anomala and Protaeta sp. formed distiades with high boot strap values. The phylogemwsédver did
not infer conclusive evolutionary relationship amgothe scarabaeid beetles considered, due to loergbnce
obtained with those reported elsewhere in the wo@dir findings, concur with the observations magig54], on
the significance of phylogeny based on DNA data.akphylogenetic foundation is related to issues lilare
information about scarabaied taxa at the familyelevThe classification of the world dynastinaefagly well
established, while in melolonthinae, rutelinae aedoniinae that are poorly known taxonomically, ng@nera
cannot be reliably identified. A larger study of mpgpopulations and different genes may help recocsbn of the
phylogeny and understand the evolutionary relatigmsFurther, phylogenetically, closely relate@sps are likely
to have a comparable physiology [55] which wouldilfate precision management of the pest with dtisales.
The present studies do not lead to exclusive inf@gesince a large number of scarabaeids are et &amalyzed.

100 Ce355350 A poplamprus_rubromaculatus
Hl _|: Ce23553T5 5 phasrocanthon_peyrierasi
H L 4y HMEST43D Promstis_bredtarsis_strain...
LI 4 KMEET451Anomala_slbopilosa_strain_MGH...
I I_. HMEET4ES Promstis_bredtarsis_strain...
Ml gy KMBET4E8 Protetia_brestarsis_strain...
L AFIZ1045_ Oooyporus_stygicus
E FE0EsT _Ehytrunes_simmeondsi

H] JOAG4EIT Hydrochara_ci_caraboides/di. ..
#$ _Eﬂl: HFETEE5S Peschetivs_guadncostatus
JFTS5450_Gabries_unzensnsis_isolate C...
ARIZ10ET_Ontholeses_cingulatus
JFTES5448 Cafus_westites_isolate CHUIL .
ANDIT4ET_Blepharonswrs_Emoralis
Q2 AB3IINIEE Anomala_slbopilosa_trachypyg...
Lo _|:AEE-Er:'E-E-E-_Arﬂrrala_:Lpraa_rrit-::uzl'-::r-:rial...
& ABIIZ10E_De=yiepids_ishigakisnsis_mit...
_E:AEE-SE'-:'E'_Esaﬂapi:a_ial' igakiznziz_mit...
Fig. 2. Neighbour joining tree showing therelationship of COI sequences of beetleswith other sequencesin Genbank. (Numbersat nodes
indicate percentage bootstrap values)

CONCLUSION

The diversity of phytophagous scarabaeid beettas fvarious geographical locations of India occuyrim crops
were morphologically identified and characterisexsing molecular tools, Molecular sequence informatirom

NCBI revealed relatedness in all the collectedazaeids, accurately as revealed by their morphcddgharacters.
Phylogenetic tree revealed the genetic relatedmessg the beetles and understand the evolutioe&ationship.
The relevance of DNA sequencing to match differflenins of beetles and address limitations in morpgichl

identification is indicated. Knowledge on speciégedsity, abundance, richness and dominance thrcugbeys
would be helpful in planning strategies for cons¢ion of natural enemies, habitat management, desid develop
pest management strategies.
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