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ABSTRACT

The guava fruit fly (Bactrocera correcta) and the melon fly (Zeugodacus cucurbitae)
are important agricultural pests in Thailand and are listed as quarantine pests by several trading
partner countries due to their potential to cause significant damage to exported vegetables
and fruits. The detection of larval stages in agricultural commodities can lead to serious trade
implications. However, species identification based on larval morphology is challenging due to
their high morphological similarity. This study aimed to develop a duplex PCR technique for
the rapid and accurate identification of B. correcta and Z. cucurbitae. The results demonstrated
that the developed technique effectively distinguished B. correcta and Z. cucurbitae from 20
other fruit fly species. Furthermore, when combined with species - specific primers from
previous studies, the primer set for Z. cucurbitae was successfully adapted into a multiplex
PCR system capable of simultaneously identifying four fruit fly species: Z. cucurbitae, Z. cilifer,
B. dorsalis, and B. tuberculata. However, the B. correcta - specific primer could not be
integrated into the multiplex system due to annealing temperature limitations. These findings
highlight the high potential of the developed duplex and multiplex PCR techniques for rapid
and accurate identification of fruit fly species, with reduced diagnostic costs. The approach is
well - suited for applications in plant quarantine, inspection of export commodities, and could

be further extended to the diagnosis of other pest species in the future.

Keywords: fruit fly, Bactrocera correcta, Zeugodacus cucurbitae, duplex PCR, multiplex PCR,

molecular identification, plant quarantine, export inspection
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Table 1 Nucleotide sequences and characteristics of primer sets used for screening Bactrocera correcta

and Zeugodacus cucurbitae in this study.

No. of Size
Primer
No. Sequences Position base Tm  %GC of PCR
name
pair product
1 Bco-F1 CTAGGACACCCCGGAGCAC 85 - 103 19 542  68.4
141
2 Bco-Rl  CAGTATTAGGGGGACAAGTCAA 204 - 225 22 50.3 455
1 Zcur-F1  TGAGCTGTAGTATTGACAGCTC 518 - 542 25 52 a4
TTC 83
2  Zcur-Rl  AGCCGGGTCGAAGAAAGAGGTG 580 - 601 22 60 59

Noted: F= Forward primer, R= Reverse primer
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AUEeAng 100 Thad Wunan 45 w1l asiadeu
waudLduenelduasdansiiilaannazuiin
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AT NG
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1. NaNTaNARLAULEAINARE 1A TUN ALY
nsanaRLBuLINAIBg 1A TuNalsl
Tundsillinadnsidamnmi lnefidinisgandu
LasfisnsIdIu A260/A280 aglute 1.7 - 1.9
(Table 2) uansiABuiefiardnldfinmuiavdlu
seufinunzavdmsunisilvldlumada
N15AN¥IM9eUTITNY1 (molecular biology)
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(sequence identity) futayalugiutayaaina
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A5 aUsuadswenildlunuiseddainy
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gnees ulug awnsadwunvidalaeg1ed  egrdedwmsuldlunisdwunvilauuadieis
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Aountnfiszyindu cox! \uduniaunasias

TusgAv intra-species WadAMULANANTITALIY

DNA barcoding %3 8n15Waunlnsiues 910n0g
dmiunsitadulumaiiasig ¢ 1w conventional
PCR, multiplex PCR 158 LAMP (Folmer et al.,
5¥MINUA (inter-species divergence) Jansnzan  1994; Armstrong and Ball, 2005)

Table 2 Concentration of DNA of fruit flies for this study

Purity (A260/A280) Concentration (ng/ul)

No. Sample
1 2 Mean 1 2 Mean
1 B. carambolae (Adult) 1.89 1.84 1.87 37.26 39.28 38.27
2 B. cilifera (Adult) 2.07 2.12 2.10 287.84 268.99 278.41
3 B. correcta (Adult) 2.11 2.13 212 267.26 261.01 264.13
a4 B. dorsalis (Adult) 2.07 2.04 2.06 548.13 537.45 542.79
5 B. umbrosa (Adult) 2.05 2.07 2.06 470.53 454.09 462.31
6 B. zonata (Adult) 2.00 2.01 2.00 226.88 214.09 220.48
7 Z. caudata (Adult) 2.15 2.09 2.12 284.18 279.66 281.92
8 Z. cucurbitae (Adult) 2.00 2.01 2.01 257.93 249.47 253.70
9 Z. isolata (Adult) 2.10 1.88 1.99 124.66 137.74 131.20
10 Z. tau (Adult) 2.11 2.11 2.11 273.99 274.28 274.13
11 B. carambolae (Larve) 2.00 2.07 2.04 790.05 777.55 783.80
12 B. correcta (Larve) 2.11 212 2.12 1438.03 1367.55  1402.79
13 B. dorsalis (Larve) 2.15 2.16 2.15 1517.88 1487.69  1502.79
14 B. latifrons (Larve) 2.04 2.11 2.07 1270.10 1165.48  1217.79
15 Z. cucurbitae (Larve) 2.16 2.17 217 1806.92 1744.42 1775.67
16 Z. tau (Larve) 2.04 2.07 2.06 679.62 677.50 678.56
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Figure 1 PCR product of Bactrocera correcta from six Thai biogeographical regions (Central,
East, West, Northeast, South, and North) was amplified using the B. correcta-specific
primer pair Bco-F1 and Bco-R1. Negative control was ddH,0. Positive control sample
was B. correcta. Lane M: D2000 Marker

10 11 12
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Figure 2 PCR product of Zeugodacus cucurbitae from six Thai biogeographical regions (Central,
East, West, Northeast, South, and North) was amplified using the Z. curcubitae-specific
primer pair Zcu-F1 and Zcu-R1. Negative control was ddH,0. Positive control sample
was Z. cucurbitae. Lane M: D2000 Marker
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swiulunsesiafegnuasiunaldsdngng o
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UN5817%015 (Table 3) waganiizljnsen
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NANISNARDINUIITTAINA1IEIUITALENVTA
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LASHAMAUNVDILNAITUWRY Z cucurbitae
flvwn 83 Aiua dwiunuasiunalddifiniedn
18 wilndinaaeu léun Bactrocera albistrigata,
B. carambolae, B. dorsalis, B. (atifrons, B. limbifera,
B. nigrotibialis, B. tuberculata, B. umbrosa,
B. zonata, Dacus formosanus, Zeugodacus
apicalis, Z. caudatus, Z. cilifer, Z. hochii, Z. incisus,
Z. isolatus, Z. platamus wag Z. tau Ty
NAMA PCR Laneliiuianinudnigiatgas
younadadlunisnsiaasvrinuuasiunalsl
e (Figure 3) lngluifinnauinais (False
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Table 3 Preparation of the PCR Reaction Mixture with a Final Volume of 25 pL.

Reagents Volume (ul) per reaction

dH20 6.5
2x Green PCR Master Mix Direct-load 12.5
(Biotechrabbit)
10 uM Bco-F1 1
10 uM Bco-F1 1
10 uM Zcu-F1 1
10 uM Zcu-R1 1
DNA template 2

Final volume 25

Journal of Plant Protection Research and Development Vol. 1 No.1 July - September 2025

21



Table 4 PCR amplification conditions used in this study, including temperatures, durations,

and number of cycles for each step of the reaction.

PCR steps Temperature Time Number of cycles
initial denaturation 94°C 4 min 1 cycle
denaturation 94°C 30 sec
annealing 58°C 30 sec 35 cycles
extension 72°C 30 sec
final extension 72°C 5 min 1 cycle

200 bp
100 bp

M

-
=

200 bp =

12 13 14 16 17 18 19 20

- +Bcor +Zcur M

- +Bcor +Zcur

Figure 3 PCR amplification of Bactrocera correcta and Zeugodacus cucurbitae using the
B. correcta - specific primer pair (Bco - F1 and Bco - R). Sterile distilled water (ddH,0.)

was used as the negative control (-). The positive controls included B. correcta
(+Bcor) and Z. cucurbitae (+Zcur). Lane M: D2000 DNA marker. Lanes 1-20 represent
the following fruit fly species:

1. Bactrocera albistrigata
4. Bactrocera dorsalis

7. Bactrocera tuberculata
10. Dacus longicornis

13. Zeugodacus caudatus
16. Zeugodacus hochii

19. Zeugodacus platamus

22

2. Bactrocera carambolae 3. Bactrocera correcta

5. Bactrocera latifrons 6. Bactrocera limbifera
8. Bactrocera umbrosa 9. Bactrocera zonata
11. Dacus spaeroidalis 12. Zeugodacus apicalis
14. Zeugodacus cilifer 15. Zeugodacus cucurbitae
17. Zeugodacus incisus 18. Zeugodacus isolatus

20. Zeugodacus tau
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wenauLanaslassasniieUTouisuiv
fatUSuuLeuuan (positive control) Nans
pIIdaUAumALlA multiplex PCR ‘U?ummm
FuSUN1INIIVFOURLE ULOT S AT LNIZ A
wuasTunaly 4 e lneaiusalynsiageu
wiasiunalsididihareiedniasugiavesing
lawn Z cucurbitae, Z. cilifer, B. dorsalis Wag
B. tuberculata wazd@onnasstuNad lea1nnIs
FILUNAIBENYULNIIFUFIUINGT Ualnsiuas
AflAuTINIZL91399R oA I TUN OIS
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Table 5 Nucleotide sequences and characteristics of primer sets used for screening Bactrocera

dorsalis, Bactrocera tuberculata, Zeugodacus cilifer, and Zeugodacus cucurbitae in

this study.
% CG Tm Size
Primers name Sequences Reference
(°0) (bp)
BBDF-F GCTA CACTTCACTTAACG 33.33 55.34 216 Afroz et al,,
BBDF-R AGTATTTAAGTTTCGGTCTGTTAG 33.33 54.68 2022
B. tuberculata-F CACTCCACTTAGCCAGG 47.62  57.86 225 Jiang, 2015
B. tuberculata-R  GGGGTCAAAAAATGAAGTATTTAAG 3214  58.10
TTC
BZCIF-F GGCTGTAAA ATCACTACAGTC  56.27 56.27 159 Afroz et al,,
BZCIF-R CGGTCTGTCAAAAGTATAGTAATG 55.40  55.40 2022
Zcur-F2 CTTCTATCTCTACCTGTGTTAGCCG 48 53 113 Boontop., 2021
Zcur-R1 AGCCGGGTCGAAGAAAAGAGGTG 59 60

Table 6 Reagent composition used in the multiplex PCR assay described in this study, showing

the final volume per 25 pl reaction.

Reagents

Volume (ul) per reaction

Multiplex PCR Master mix (2X, Biotechrabbit,

Germany) 12.5
10 uM B. dorsalis-F 0.5
10 uM B. dorsalis-R 0.5
10 uM B. tuberculata-F 0.5
10 uM B. tuberculata-R 0.5
10 pM Z. cilifer-F 0.5
10 uM Z. cilifer-R 0.5
10 M Zcur-F2 1.0
10 uM Zcur-R1 1.0
Template DNA 1
Nuclease free water 6.5
Final volume 25.0
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Table 7 Thermal cycling conditions used for multiplex PCR amplification, including temperatures,

durations, and number of cycles for each step of the reaction.

Step Temperature (°C) Time

Number of cycles

1. Pre-denaturation
2. Denaturation

3. Annealing

4. Extension

5. Final - extension

95 3 min
95 30 sec
55-60 45 sec
72 45 sec
72 5 min

1

30

500

200

50

500

200

50

200

50

Figure 4 Multiplex PCR amplification of DNA from 19 fruit fly species using species - specific primers.

Each lane represents the PCR product obtained from a different fruit fly species. Sterile

distilled water (ddH,0) was used as a negative control (N). Positive controls were as

follows: P1 = Bactrocera dorsalis, P2 = Bactrocera tuberculata, P3 = Zeugodacus cilifer,
and P4 = Zeugodacus cucurbitae. Lane M: D2000 DNA marker. (A) Lanes 1 - 10; (B) Lanes
11 - 20. Lanes 1 - 20 correspond to

1. Bactrocera albistrigata
4. Bactrocera dorsalis

7. Bactrocera tuberculata
10. Dacus longicornis

13. Zeugodacus caudatus
16. Zeugodacus hochii

19. Zeugodacus platamus

2. Bactrocera carambolae
5. Bactrocera latifrons

8. Bactrocera umbrosa
11. Dacus spaeroidalis

14. Zeugodacus cilifer

17. Zeugodacus incisus

20. Zeugodacus tau

3. Bactrocera correcta

6. Bactrocera limbifera

9. Bactrocera zonata

12. Zeugodacus apicalis
15. Zeugodacus cucurbitae

18. Zeugodacus isolatus
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