
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 117, NO. 8, 25 OCTOBER 2019 1368

*For correspondence. (e-mail: csprabhakar.ento@gmail.com) 

9. Walkley, A. and Black, I. A., An examination of the Degtjareff 
method for determining soil organic matter, and a proposed 
modification of the chromic acid titration method. Soil Sci., 1934, 
37(1), 29–38. 

10. Sankaram, A., A Laboratory Manual for Agricultural Chemistry, 
Asia Publishing House, Calcutta, India, 1966. 

11. Olsen, S. R., Estimation of available phosphorus in soils by 
extraction with sodium bicarbonate. US Department of Agricul-
ture – Circular 939, 1954, pp. 1–9.  

12. Schollenberger, C. J. and Simon, R. H., Determination of 
exchange capacity and exchangeable bases in soil – ammonium 
acetate method. Soil Sci., 1945, 59(1), 13–24. 

13. Vance, E. D., Brookes, P. C. and Jenkinson, D. S., An extraction 
method for measuring soil microbial biomass carbon. Soil Biol. 
Biochem., 1987, 19, 703–707. 

14. Alef, K., Soil respiration. In Methods in Soil Microbiology and 
Biochemistry (eds Alef, K. and Nannipieri, P.), Academic Press, 
London, UK, 1995, pp. 214–219. 

15. Alef, K., Estimation of the hydrolysis of fluorescein diacetate. In 
Methods in Soil Microbiology and Biochemistry (eds Alef, K. and 
Nannipieri, P.), Academic Press, London, UK, 1995, pp. 232–233. 

16. Brink Jr, Dubach, R. H. and Lynch, D. L., Measurement of 
carbohydrates in soil hydrolyzates with anthrone. Soil Sci., 1960, 
89, 157–166. 

17. Kononova, M. M., Soil Organic Matter: Its Nature, Its Role in 
Soil Formation and in Soil Fertility, Pergamon Press, Oxford, 
London, 1966, 2nd edn, p. 554. 

18. Prasad, J., Karmakar, S., Kumar, R. and Mishra, B., Influence of 
integrated nutrient management on yield and soil properties in 
maize–wheat cropping system in an Alfisol of Jharkhand.  
J. Indian Soc. Soil Sci., 2010, 58(2), 200–204. 

19. Shahina, T., Sammi Reddy, K., Vaishya, U. K., Singh, M. and 
Biswas, A. K., Changes in organic and inorganic forms of nitrogen 
in a Typic Haplustert under soybean–wheat system due to conjoint 
use of inorganic fertilizers and organic manures. J. Indian Soc. 
Soil Sci., 2010, 58(1), 78–85. 

20. Singh, R. N., Singh, S., Prasad, S. S., Singh, V. K. and Kumar, P., 
Effect of integrated nutrient management on soil fertility, nutrient 
uptake and yield of rice–pea cropping system on an upland acid 
soil of Jharkhand. J. Indian Soc. Soil Sci., 2011, 59, 158–163. 

21. Vipin Kumar and Singh, A. P., Long-term effect of green 
manuring and farmyard manure on yield and soil fertility status in 
rice–wheat cropping system. J. Indian Soc. Soil Sci., 2010, 58, 
409–412. 

22. Bhandari, A. L., Walia, S. S. and Singh, T., Production 
sustainability of maize-wheat system in a Typic Ustipsamment 
soil as influenced by integrated nutrient sources. In Proceedings of 
International Conference on Managing Natural Resources for 
Sustainable Agriculture Production in the 21th Century, New 
Delhi, 2000, vol. 3, pp. 889–890. 

23. Sawarkar, S. D., Khamparia, N. K., Thakur, R., Dewda, M. S. and 
Singh, M., Effect of long-term application of inorganic fertilizers 
and organic manure on yield, potassium uptake and profile 
distribution of potassium fraction in vertisol under soybean– 
wheat cropping system. J. Indian Soc. Soil Sci., 2013, 61(2),  
94–98. 

24. Fereidooni, M., Raiesi, F. and Fallah, S., Ecological restoration of 
soil respiration, microbial biomass and enzyme activities through 
broiler litter application in a calcareous soil cropped with silage 
maize. Ecol. Eng., 2013, 58, 266–277. 

25. Kalaiyarasan, C. and Vaiyapuri, V., Effect of integrated nutrient 
management practices on seed yield and quality characters of 
sunflower (Helianthus annuus L.). Int. J. Agric. Sci., 2008, 4(1), 
231–233. 

26. Raju, B., Rao, P. C., Reddy, A. and Rajesh, K., Effect of INM on 
nutrient uptake and seed yield in safflower. Ann. Biol. Res., 2013, 
4(7), 222–226. 

ACKNOWLEDGEMENTS. We thank Agricultural Experimental 
Farm, University of Calcutta, Baruipur for providing support in carry-
ing this study during field as well as laboratory analysis. We acknowl-
edge Department of Agricultural Chemistry and Soil Science, 
University of Calcutta for instrumental facilities as well as financial 
assistance. 
 
 
Received 21 March 2019; revised accepted 12 September 2019 
 
 
doi: 10.18520/cs/v117/i8/1364-1368 

 
 
 
 
 
 

Genetic lineage of Zeugodacus  
caudatus (Diptera: Tephritidae)  
detected with mtCOI gene analysis 
from India  
 
Chandra S. Prabhakar1,2,3,*, Anil4,7,  
Jaipal S. Choudhary2, Ravi S. Singh5, S. N. Ray4, 
Kalmesh Managanvi6, Mona Kumari5,  
Ashok B. Hadapad3 and Ramesh S. Hire3 
1Department of Entomology, Veer Kunwar Singh College of  
Agriculture, Dumraon (Bihar Agricultural University, Sabour),  
Buxar 802 136, India  
2ICAR Research Complex for Eastern Region, Research Centre,  
Plandu, Ranchi 834 010, India 
3Nuclear Agriculture and Biotechnology Division,  
Bhabha Atomic Research Centre, Trombay, Mumbai 400 094, India 
4Department of Entomology, Bihar Agricultural College,  
Bihar Agricultural University, Sabour, Bhagalpur 813 210, India  
5Department of Plant Breeding and Genetics, Bihar Agricultural  
College, Bihar Agricultural University, Sabour,  
Bhagalpur 813 210, India 
6Department of Entomology, Dr Kalam Agriculture College,  
Kishanganj 855 107 (Bihar Agricultural University, Sabour), India  
7Department of Genetics and Plant Breeding (Cotton Section),  

Chaudhary Charan Singh Haryana Agricultural University,  
Hisar 125 004, India  
 
Zeugodacus caudatus (Fabricius) is a pest of cucurbit 
plants. The present study was conducted to draw the 
relationship among Indian Z. caudatus populations 
with the other defined genetic lineage of the species. A 
total of 18 individuals’ mtCOI gene sequences from 3 
populations of India were analysed along with 34  
individuals’ mtCOI gene sequences from Malaysia,  
Indonesia, Thailand and China and generated 14 hap-
lotypes. Phylogenetic study revealed the presence of 
distinct genetic lineage in Z. caudatus populations col-
lected from India. The genetic distance between three 
distinct lineages of Z. caudatus was 0.057, 0.055 and 
0.018 between Indonesia and Malaysia, India and  
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Indonesia, and India and Malaysia, respectively and 
also evident from phylogenetic analysis. Further, the 
mitochondrial cytochrome oxidase I (COI) gene se-
quences developed in this study will help detection 
and geographical distribution of new haplotypes and 
lineages of the species in future.  
 
Keywords: Dacinae, fruit fly, haplotypes, population 
genetics. 
 
TEPHRITID fruit flies are the most serious insect pests of 
horticultural crops causing enormous economic losses 
every year throughout the tropical and subtropical regions 
of the world1–3.  
 The family Tephritidae comprises over 4448 species 
distributed in more than 481 genera, of which 800 species 
belong to the subfamily Dacinae4–6. Tropical Asia, Aus-
tralia and South Pacific regions are the native places of 
Bactrocera and Zeugodacus species of subfamily Daci-
nae; whereas Africa and warm temperate areas of Europe 
and Asia are the home of few other species of these gene-
ra. Fruit fly species of the genus Bactrocera and Zeugo-
dacus are pests of polyphagous plant having extensive 
distribution and wide range of climatic adaptability with 
high flying capacity and population potential and cause 
high economic losses in horticultural crops7,8. Members 
of subgenus Zeugodacus of the genus Bactrocera are 
mostly pest of cucurbits plants. Recently, Zeugodacus 
was elevated to the level of genus9. There are many pest 
species in the genus Zeugodacus: Zeugodacus cucurbitae 
(Coquillett), Zeugodacus tau (Walker), Zeugodacus scu-
tellaris (Bezzi) and Zeugodacus caudatus (Fabricius)3,10–12.  
 Zeugodacus caudatus (Fabricius) is presently renamed 
from Bactrocera maculipennis Doleschall, Bactrocera 
caudata (Fabricius) and Chaetodacus caudatus Fabri-
cius10,11. Z. caudatus is identified with predominantly 
black scutum, yellow medial and lateral stripes on scu-
tum; black line across mouth opening on the face and a 
coastal band of the wings expanded into spot apically10. 
 Z. caudatus is distributed in Palearctic and Oriental  
regions of the world13. Its presence has also been reported 
from Brunei, China, India, Indonesia, Nepal, Malaysia, 
Myanmar, Taiwan, Thailand, Sri Lanka and Viet-
nam1,10,13. However, it had not been recorded from Aus-
tralasian and Oceania regions6,13,14. Z. caudatus infests 
mainly the flowers of cucurbit plant. 
 Very limited genetic information of Z. caudatus is 
available between geographical regions of its range of 
distribution in comparison to other species of the genus, 
viz. Z. cucurbitae and Z. tau12,15–18. Recently, Lim et al.13 
suggested that distinct genetic lineages are present in Z. 
caudatus specimens collected from Malaysia and Indonesia 
with the analysis of mtCOI and 16S rDNA gene sequen-
ces. Further, Yong et al.14 reported that Z. caudatus popu-
lation of the northern hemisphere (Z. caudatus samples 
from Malaysia and Thailand) was different from the 

southern hemisphere (Z. caudatus samples from Indone-
sia) with multigene phylogenetic analysis.  
 Precise resolution on species identification and charac-
terization of different complex species/forms is often 
missing through morphological differences17. It can be 
enhanced by integration of molecular biology, i.e. DNA 
barcode using mtCOI gene sequences17. Phylogeographic 
structures and intra- and inter-specific relationships of 
different insect species including species of genus Bac-
trocera and Zeugodacus have been widely determined 
through robust evolutionary mitochondrial DNA based 
markers (COI gene sequences)16–22. The present study was 
conducted to examine the genetic variability and lineage 
of Z. caudatus species present in India using mtCOI gene 
sequencing and to determine their association in the con-
text of divergent genetic lineages (cryptic species/sibling 
species) present in Z. caudatus populations.  
 Adult males of Z. caudatus were collected from three 
distant locations in India, viz. Mumbai (Maharashtra), 
Ranchi (Jharkhand) and Bhagalpur (Bihar) during 2012–
2015. The individual of Z. caudatus adult fly was pre-
served in a separate vial with 800 μl of 95% ethyl alcohol 
at –25°C until genomic DNA isolation. Fruit fly speci-
mens were identified as Z. caudatus based on available 
literature1,23 and also the identity of specimens as Z. cau-
datus was confirmed by the fruit fly taxonomist M. L. 
Agarwal (Department of Entomology, Dr Rajendra Pra-
sad, Central Agricultural University, Pusa, Bihar). 
 DNA (genomic) of individual Z. caudatus was isolated 
from the preserved specimens using the cetyl trimethyl 
ammonium bromide (CTAB) method24. Each fly was 
crushed into fine powder individually in a sterile mortar 
and pestle. The material was then transferred to a micro-
centrifuge tube containing 300 μl of pre-heated (60°C) 
CTAB buffer made up of 1 M tris HCl pH 8.0, 5% 
CTAB, 5 M NaCl, 0.5 M EDTA pH 8.0 and 4% β-
mercaptoethanol. The preparation was then incubated at 
60°C for 30 min with gentle mixing at regular intervals. 
After incubation, 300 μl of premixed solution of chloro-
form and isoamyl alcohol (24 : 1) were added, mixed 
properly by inverting the tube several times and then the 
tube were centrifuged at 8000 rpm for 10 min to remove 
the aqueous phase. The aqueous phase of the content in 
tube was transferred to a new microcentrifuge tube and 
150 μl pre-chilled isopropanol was added. Microcentri-
fuge tubes were kept for 20–30 min at –20°C for the pre-
cipitation of genomic DNA. Then, the tubes were centri-
fuged at 12,000 rpm for 12 min and the supernatant was 
decanted. The DNA pellet present in tubes was washed 
with 70% pre-chilled ethyl alcohol, kept for drying and 
then dissolved in 30 μl of Tris EDTA buffer (10 mM Tris 
HCl pH 8.0 and 1 mM EDTA) and stored at –20°C. 
 Primer pair UEA7 5′ TACAGTTGGAATAGACGTT-
GATAC 3′ (forward) and UEA10 5′ TCCAATGCACTA-
ATCTGCCATATTA 3′ (reverse) for the amplification of 
mitochondrial COI gene developed by Lunt et al.25 were 
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Table 1. Sample size (n), number of unique haplotypes (H), haplotype diversity (Hd), nucleotide diversity (π), average number of nucleotide 
differences (K), number of variable sites (V), uncorrected average pairwise distances between samples (P) and per cent nucleotide composition for  
  mtCOI gene for different populations of Zeugodacus caudatus 

Countries n H Hd π K V P ± SE %T %C %A %G Accession number 
 

India 18 10 (H1–H10) 0.90196 0.00477 3.03922 15 0.005 ± 0.001 35.8 20.3 30.4 13.5 KT989670–KT989677,  
             KU041685–KU041688, 
             MF038800–MF038805 
Malaysia* 24 2 (H11 & H13) 0.08333 0.00013 0.00013 1 0.000 ± 0.000 35.8 20.4 30.8 13.0 JN542416, JN542417,  
             KP694327, FJ903493 
Indonesia* 7 1 (H12) 0.00000 0.00000 0.00000 0 0.000 ± 0.000 34.9 20.9 30.3 14.0 JN542418, JN542419 
China* 1 1 (H11) – – – n/c n/c 35.8 20.4 30.8 13.0 GQ458048 
Thailand* 2 2 (H11 & H14) 1.00000 0.00785 5.00000 5 0.008 ± 0.003 35.8 20.4 30.7 13.1 KP694328, AF423109 

*mtCOI gene sequences obtained from GenBank, NCBI; n/c, not calculated. 
 
 
used to perform the polymerase chain reaction (PCR). 
The DNA amplification was carried out in 0.2 ml micro 
tubes with 20 μl reaction volume containing 2 μl 10× 
reaction buffer with 25 mM MgCl2, 0.5 μl 10 mM dNTPS, 
1 μl 20 pmol of each primer, 0.2 μl 5U/μl Taq polyme-
rase (all manufactured by HI-MEDIA India, Mumbai) 
and 2 μl 10 ng of DNA template. Amplification was car-
ried out in Flexigene 9700 thermal cycler (QIAGEN  
India) with an initial DNA denaturation for 3 min at 
94°C, followed by 35 cycles at 94°C for 1 min, 50°C for 
1 min, 72°C for 1 min and a final step of elongation at 
72°C for 30 min. The amplification of targeted DNA 
fragment was confirmed with separation of PCR product 
in 2% (w/v) agarose gel using DNA electrophoresis with 
TAE buffer (1 mM EDTA, 40 mM Tris-acetate). Freeze-
dried PCR products of mtCOI gene were custom sequenced 
(ABI PRISM 310TM Genetic Analyser, Applied Biosys-
tems, USA) using the same primers pair (Xcelris Labs 
Limited, India and Scigenome, Kochi, India). Unique 
mtCOI gene sequences of Z. caudatus were deposited in 
GenBank with accession no. KT989670-KT989677  
(Ranchi, India), KU041685-KU041688 (Bhagalpur,  
India), MF038800-MF038805 (Mumbai, India). 
 The 637-bp portion of mtCOI gene sequences from 52 
Z. caudatus (18 mtCOI gene sequences from this study 
and 34 mtCOI gene sequences obtained from NCBI com-
prised of Z. caudatus populations from 5 countries) was 
aligned in MEGA ver. 6.0 software using ClustalW pro-
gram26. Descriptive statistics, viz. haplotype diversity 
(Hd), number of haplotypes (H), average number of nuc-
leotide difference (K) and nucleotide diversity (π) were 
calculated using Dnasp version 5.0 software27. 
 A median-joining haplotype network was constructed 
to depict the evolutionary and geographical relationships 
among haplotypes using NETWORK version 4.6 soft-
ware28. Z. caudatus mitochondrial haplotypes were colour 
coded with the country of origin of specimens to know 
the geographical genetic relationship among the popula-
tion.  
 Pair-wise distance measurements between individual 
sequences of Z. caudatus were performed using the p  

genetic distance model implemented in MEGA 6.0 soft-
ware. p genetic distance model was chosen for these ana-
lyses with GenBank sequences which specifically 
addressed the level of divergence at the mtCOI gene of Z. 
caudatus. The phylogenetic relationships were estab-
lished between different lineages of Z. caudatus with 
minimum evolution29, maximum likelihood and neigh-
bour-joining methods30 using Kimura-2 parameters31 as 
estimate of genetic divergence with Zeugodacus cucurbi-
tae (HQ378218) and Zeugodacus tau (HQ378233) mtCOI 
sequences as outgroup species using MEGA 6.0 software. 
Branch truthness of phylogenetic trees constructed with 
different methods was assessed with bootstrap test32 

(1000 replications).  
 All 52 mtCOI gene sequences were aligned and used in 
the genetic analysis of Z. caudatus comprising seven 
populations from five countries of Asia (Table 1). The 
annotated final length of mtCOI gene sequences was 
637 bp. The averaged mtCOI gene sequences’ nucleotide 
composition was 35.7% T, 30.6% A, 13.3% G and 20.4% 
C with 45 parsimony informative sites, 5 singleton sites 
and a total of 50 variable sites. Basic descriptive genetic 
diversity results obtained from populations of five coun-
tries of Z. caudatus are presented in Table 1. The haplo-
type numbers per population (H) ranged from 1 to 10. 
Haplotype diversity (Hd) and nucleotide (π) diversity 
ranged from 0 to 1.0 and 0 to 0.00785 respectively. High-
est Hd was found in Z. caudatus population of Thailand 
(1.0) followed by India (0.90196). 
 A total of 14 unique haplotypes from 52 individual  
sequences of 7 populations were identified from 3 geo-
graphic regions of Asia, viz. India, Malaysia and Indone-
sia (Table 1). Six haplotypes were shared by at least  
2 individuals of Z. caudatus from the same or different 
populations and 8 haplotypes composed of only single 
individual sequences from 14 identified haplotypes. The 
most common haplotype was H11 followed by H12, H2 
comprised of 25, 7 and 5 individuals respectively, from 
different populations of Z. caudatus. Haplotype 11 was 
shared by 3 populations of Malaysia, China and Thailand 
whereas haplotype H12 was found in only in Indonesian 
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Figure 1. Geographical distribution and median joining network of haplotypes detected in Zeugodacus caudatus popula-
tions from different countries. Each circle represents a haplotype, and circle diameter is relative to haplotype frequency. 
Colours represent the geographical origin of the specimens. 

 
 
population of Z. caudatus. Haplotype 2 composed of five 
individuals shared by two populations from India, i.e. 
Mumbai and Bhagalpur. When we compared the endemic/ 
private haplotypes formation in each population of differ-
ent regions, populations with a higher degree of endem-
ic/private haplotypes formation were from India (10 
haplotypes from 18 individuals) and Malaysia (2 haplo-
types from 24 individuals). Only one haplotype was  
detected from seven individuals of Z. caudatus from  
Indonesia. 
 The mtCOI median-joining network generated using 
NETWORK program displayed a simple genealogy of Z. 
caudatus for the entire population set of three major  
populations, i.e. India (Mumbai, Bhagalpur and Ranchi), 
Malaysia and Indonesia (Figure 1). Indian populations of 
Z. caudatus were found as connecting link between the  
Z. caudatus population of Malaysia and Indonesia (Figure 
1). Most of the haplotypes detected in the present study 
were region-specific, i.e. haplotypes H1-H10 were from 
the Indian region of Z. caudatus. Whereas H11-H13 were 
from Malaysia, Thailand and China. Haplotype H14 was 
from Indonesian population of Z. caudatus. 
 Phylogenetic relationships were constructed with  
sequences available in GenBank and the Z. caudatus  
sequences generated in this study. Most of the Indian 
specimens of Z. caudatus form separate clades in the phy-
logenetic tree from other Z. caudatus lineages described 
earlier from Malaysia and Indonesia with high bootstrap 
support value (99) reconstructed with three different  

methods (Figures 2–4). The p genetic distance among iso-
lates of Z. caudatus from different countries varies from 
0.004 to 0.059 (Table 2). Highest p genetic distances 
were found between the populations of Indonesia and 
other countries isolates of Z. caudatus. Also, the p genetic 
distance between different lineages of Z. caudatus varied 
from 0.018 to 0.059 (Table 3). 
 Z. caudatus is a pest of cucurbit plants infesting mostly 
flowers and immature fruits of the plant10. The species 
from genus Bactrocera and Zeugodacus of the family 
Tephritidae formed many species complexes6,33. Morpho-
logical characteristics sometimes have proven to be of 
limited help, particularly in identifying the sibling/cryptic 
species present in the species complex14. An earlier study 
on the genetic relationship of Bactrocera species from 
India to other countries showed similarity with the re-
ported sibling/cryptic species from other parts of the 
world17. The present study reports the presence of distinct 
genetic lineage of Z. caudatus in India on the basis of 
mtCOI gene sequences. Genetically, Z. caudatus forms 
two different lineages present separately in two different 
hemispheres of the world14. Indian populations of Z. cau-
datus form a separate clade in the phylogenetic recon-
struction by different methods with earlier studied 
population of Z. caudatus from Indonesia and Malaysia 
including China and Thailand13,14 with mtCOI gene  
sequences and robust bootstrap support. mtCOI gene has 
already been in use to study and analyse the genetic  
diversity and resolution of cryptic species complex 
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Figure 2. Phylogenetic tree constructed with minimum evolution method29 for the lineages present in Zeugoda-
cus caudatus populations. Values near nodes present the boot strap support value. Sequence data of Zeugodacus 
tau and Zeugodacus cucurbitae are used as out groups. 

 

 

Figure 3. Phylogenetic tree constructed with maximum likelihood method based on Kimura-2 parameter  
model31 for the lineages present in Zeugodacus caudatus populations. Values near nodes present the boot strap 
support value. Sequence data of Zeugodacus tau and Zeugodacus cucurbitae are used as out groups. 
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Figure 4. Phylogenetic tree constructed using neighbor-joining method30 with Kimura-2 parameters31 for the  
lineages present in Zeugodacus caudatus populations. Values near nodes present the boot strap support value.  
Sequence data of Zeugodacus tau and Zeugodacus cucurbitae are used as out groups. 

 
 

Table 2. Estimates of evolutionary divergence (p distance) between Zeugodacus caudatus populations from  
  various geographical regions 

 p distance 
 

Populations of B. caudata India Malaysia China Thailand Indonesia 
 

India  0.0048 0.005 0.005 0.004 0.009 
Malaysia 0.018  0.0001 0.000 0.002 0.009 
China 0.018 0.000 n/c 0.002 0.009 
Thailand 0.015 0.004 0.004  0.0078 0.009 
Indonesia 0.056 0.056 0.057 0.059 0.000 

p distance between group is shown below the diagonal. Standard error estimate(s) are shown above the diagonal. 
The analysis involved 52 nucleotide sequences. Within group p distance are shown in diagonal with bold letter.  
 

 
among tephritid fruit flies7,12,15,16,18,19,21. Distinct genetic 
lineage has already been reported from Z. tau and Zeugo-
dacus ascita based on mtCOI gene sequences18,34. In the 
present study, we designated here the three distinct genet-
ic lineages of Z. caudatus as lineage 1: Indonesia type,  
lineage 2: Malaysia type and lineage 3: India type.  
Lineage 2, i.e. Malaysia type was also comprised of B. 
caudatus populations from Thailand, China and one indi-
vidual from India (Ranchi). The presence of distinct  
genetic lineage in Indian population of Z. caudatus was 
also confirmed by p value of genetic distances generated 
for the whole population in this study. The p genetic dis-
tance value of Z. caudatus of India and Indonesia was 

0.056, whereas India and Malaysia, including China and 
Thailand, varied from 0.015 to 0.018. The calculated p 
distance among a population of Z. caudatus is similar to 
the earlier studied population of Z. caudatus13,14. This can  
also be reproduced with the mitochondrial haplotype 
network construction among individuals of Z. caudatus. 
Median-joining network clearly showed the presence of 
different genetic lineage in Z. caudatus population from 
India (Figure 1). The Indian population of Z. caudatus 
shared 10 haplotypes out of total 14 haplotypes detected 
in the global population analysis. Earlier, Lim et al.13  
detected only two mtCOI gene haplotypes in Z. caudatus 
population collected from Malaysia and Indonesia. 
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Table 3. Estimates of evolutionary divergence (p distance) between lineages of Zeugodacus caudatus 

 p distance 
 

Lineages of B. caudata Lineage 1  Lineage 2 Lineage 3  
 

Lineage 1 (Indonesia Type) 0.000 ± 0.000 0.056 ± 0.008 0.053 ± 0.008 
Lineage 2 (Malaysia Type) 0.057 ± 0.009 0.001 ± 0.000 0.015 ± 0.005 
Lineage 3 (India Type) 0.055 ± 0.005 0.018 ± 0.009 0.004 ± 0.001 

Uncorrected p distance with standard error between lineage are shown below the diagonal. Corrected p distance 
with standard error between lineages are shown above the diagonal. The analysis involved 52 nucleotide  
sequences. Within lineage p distance is shown in diagonal with bold letter. 

 
 
Further, two more mtCOI gene haplotypes were reported 
by Yong et al.14 in Z. caudatus population studied from 
Indonesia, Malaysia, China and Thailand. Yong et al.14 
also reported that Z. caudatus lineages present in the 
northern and southern hemispheres are distinct from each 
other. The present analysis also supports Yong et al.14  
report on the presence of distinct lineages of Z. caudatus 
in the northern and southern hemisphere of the world, as no 
one haplotype was found similar to the haplotype present 
in the population of Z. caudatus from the southern  
hemisphere (Indonesia). Similar reports on the presence 
of distinct lineages, species complex and cryptic species/ 
sibling species in the same species of fruit fly with 
mtCOI gene sequences have also been established earlier. 
Overall 8 species/subspecies have been reported in the 
species complex of Z. tau around the world15. With the 
result of present study and support from the earlier stu-
dies13,14, we suggest presence of three sub-species/type in 
Z. caudatus species complex localized in different parts 
of the world and can be recognized as lineage 1: Indone-
sia type, lineage 2: Malaysia type and lineage 3: India 
type. Formation of distinct genetic lineages may be the 
result of isolation of different geographical population of 
species long back after origin. The notion is supported by 
the biology of the insect as adults of these flies breed on 
the flower of cucurbit plants and movement of larvae 
with flowers to long distances is not possible even 
through human-mediated transportation. Earlier, many 
fruit fly species which infested fruits of the host plants 
originated at one place and are currently distributed in 
many countries of the world without forming genetically 
distinct lineage has been explained that the large distance 
movement of the species was through human-mediated 
activities as fruits were used to carry by human during 
travelling to different places16,18. 
 In conclusion, Z. caudatus populations present in India 
are genetically different from the Z. caudatus populations 
present in other parts of the world, thus revealing the 
presence of sibling species/cryptic species in Z. caudatus. 
The present study supports earlier reports on Z. caudatus 
that more distinct lineages may be present in other  
regions of the world which need to be studied. Also, the 
data generated in this study would be supportive in the 
future study on Z. caudatus species complex. 

 

1. White, I. M. and Elson-Harris, M. M., Fruit Flies of Economic 
Significance: Their Identification and Bionomics, CAB 
International, Wallingford, UK, 1992, p. 601. 

2. Clarke, A. R. et al., Invasive phytophagous pests arising through a 
recent tropical evolution radiation: The Bactrocera dorsalis 
complex of fruit flies. Annu. Rev. Entomol., 2005, 50, 293–319. 

3. Prabhakar, C. S. et al., Distribution and developmental biology of 
fruit flies infesting cucurbits in north-western Himalaya. J. Ins. 
Sci., 2009, 22, 300–308. 

4. Agarwal, M. L. and Sueyoshi, M., Catalogue of Indian fruit flies 
(Diptera: Tephritidae). Orient. Insects, 2005, 39, 371–433. 

5. Fletcher, B. S., The biology of Dacine fruit flies. Annu. Rev.  
Entomol., 1987, 32, 115–144. 

6. Drew, R. A. I., The tropical fruit flies (Diptera: Tephritidae: 
Dacinae) of the Australasian and Oceanian regions. Mem. 
Queensland Mus., 1989, 26, 1–521. 

7. Muraji, M. and Nakahara, S., Phylogenetic relationships among 
fruit flies, Bactrocera (Diptera, Tephritidae), based on the 
mitochondrial rDNA sequences. Ins. Mol. Biol., 2001, 10, 549–
559. 

8. Prabhakar, C. S., Biodiversity of fruit flies (Tephritidae: Diptera) 
and utilization of gut bacteria in their management. Ph D thesis, 
CSK Himachal Pradesh Krishi Vishavavidyalaya, Palampur,  
Himachal Pradesh, India, 2011. 

9. De Meyer, M. et al., A review of the current knowledge on 
Zeugodacus cucurbitae (Coquillett) (Diptera, Tephritidae) in 
Africa, with a list of species included in Zeugodacus. Zoo Keys, 
2015, 540, 539–557. 

10. Kapoor, V. C. et al., Taxonomy and biology of economically  
important fruit flies of India. Isr. J. Entomol., 2005, 35–36, 459–
475. 

11. Prabhakar, C. S. et al., Fruit fly, Bactrocera scutellaris (Bezzi): a 
potential threat to cucurbit cultivation under low and mid hills of 
Himachal Pradesh. Pest Manage. Econ. Zool., 2007, 15, 181– 
185. 

12. Hu, J. et al., Population genetic structure of the melon fly, 
Bactrocera cucurbitae (Diptera: Tephritidae), from China and 
Southeast Asia. Genetica, 2008, 134, 319–324. 

13. Lim, P.-E. et al., Distinct genetic lineages of Bactrocera caudata 
(Insecta: Tephritidae) revealed by COI and 16S DNA sequences. 
PLoS ONE, 2012, 7, e37276. 

14. Yong, H.-S. et al., Multigene phylogeography of Bactrocera 
caudata (Insecta: Tephritidae): Distinct genetic lineages in 
Northern and Southern Hemispheres. PLoS ONE, 2015, 10, 
e0129455.  

15. Jamnongluk, W. et al., Molecular phylogeny of tephritid fruit flies 
in the Bactrocera tau complex using the mitochondrial COI  
sequences. Genome, 2003, 46, 112–118. 

16. Prabhakar, C. S. et al., Population genetic structure of the melon 
fly, Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae) based 
on mitochondrial cytochrome oxidase (COI) gene sequences.  
Genetica, 2012, 140, 83–91.  



RESEARCH COMMUNICATIONS 

CURRENT SCIENCE, VOL. 117, NO. 8, 25 OCTOBER 2019 1375

17. Prabhakar, C. S. et al., Population genetic structure of the 
pumpkin fruit fly, Bactrocera tau (Walker) (Diptera: Tephritidae) 
in Himachal Pradesh, India. Biochem. Syst. Ecol., 2013, 51, 291–
296. 

18. Boontop, Y. et al., Signatures of invasion: using an integrative  
approach to infer the spread of melon fly, Zeugodacus cucurbitae 
(Diptera: Tephritidae), across Southeast Asia and the West Pacific. 
Biol. Invasions, 2017, doi:10.1007/s10530-017-1382-8. 

19. Smith, P. T. et al., Phylogenetic relationships among Bactrocera 
species (Diptera: Tephritidae) inferred from mitochondrial DNA 
sequences. Mol. Phylogenet. Evol., 2003, 26, 8–17. 

20. Nardi, F. et al., Population structure and colonisation history of 
the olive fly Bactrocera oleae. Mol. Ecol., 2005, 14, 2729–2738. 

21. Wan, X. et al., The oriental fruit fly, Bactrocera dorsalis, in China: 
origin and gradual inland range expansion associated with 
population growth. PLoS ONE, 2011, 6, e25238.  

22. Choudhary, J. S. et al., Genetic analysis of oriental fruit fly,  
Bactrocera dorsalis (Diptera: Tephritidae) populations based on 
mitochondrial cox1 and nad1 gene sequences from India and other 
Asian countries. Genetica, 2016, 144, 611–623. 

23. Drew, R. A. I. and Raghu, S., The fruit fly fauna (Diptera: 
Tephritidae: Dacinae) of the rainforest habitat of the Western 
Ghats,  
India. Raffles Bull. Zool., 2002, 50, 327–352. 

24. Augustinos, A. A. et al., Detection and characterization of Wolba-
chia infections in natural populations of aphids: Is the hidden  
diversity fully unraveled? PLoS ONE, 2011, 6, e28695.  

25. Lunt, D. H. et al., The insect cytochrome oxidase I gene: 
evolutionary patterns and conserved primers for phylogenetic 
studies. Ins. Mol. Biol., 1996, 5, 153–165. 

26. Tamura, K., MEGA6: Molecular evolutionary genetics analysis 
using maximum likelihood, evolutionary distance, and maximum 
parsimony methods. Mol. Biol. Evol., 2013, 30, 2725–2729. 

27. Librado, P. and Rozas, J., DnaSP v5: a software for comprehensive 
analysis of DNA polymorphism data. Bioinformatics, 2009, 25, 
1451–1452.  

28. Bandelt, H. J. et al., Median-joining networks for inferring intra-
specific phylogenies. Mol. Biol. Evol., 1999, 16, 37–48. 

29. Rzhetsky, A. and Nei, M., A simple method for estimating and 
testing minimum evolution trees. Mol. Biol. Evol., 1992, 9, 945–
967. 

30. Saitou, N. and Nei, M., The neighbor-joining method: a new  
method for reconstructing phylogenetic trees. Mol. Biol. Evol., 
1987, 4, 406–425. 

31. Kimura, M., A simple method for estimating evolutionary rate of 
base substitutions through comparative studies of nucleotide  
sequences. J. Mol. Evol., 1980, 16, 111–120. 

32. Felsenstein, J., Confidence limits on phylogenies: an approach  
using the bootstrap. Evolution, 1985, 39, 783–791. 

33. Baimai, V., Cytological evidence for a complex of species within 
the taxon Bactrocera tau (Diptera: Tephritidae) in Thailand. Biol. 
J. Linn. Soc., 2000, 69, 399–409. 

34. Jamnongluk, W. et al., Molecular evolution of tephritid fruit flies 
in the genus Bactrocera based on the cytochrome oxidase I gene. 
Genetica, 2003, 119, 19–25. 

 
 
Received 8 August 2018; revised accepted 22 July 2019 
 
doi: 10.18520/cs/v117/i8/1368-1375 

 
 
 
 
 
 
 
 
 
 
 
 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


