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PCR-based identification of fruit-flies using specific SSR sequences
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Abstract [Objectives] Fruitflies (Diptera, Drosophilidae) are important globally distributed quarantinable pests. They
generally lay eggs in fruits and vegetables, and their larvae feed on these after hatching, causing serious economic loss to fruit
and vegetable growers. The eggs, larvae, and pupae of fruitflies are frequently discovered in quarantine ports, however, these
life-stages are difficult to identify because fruitfly species are traditionally distinguished on the basis of adult morphology.
Morphological identification of eggs, larvae, and pupae therefore requires these to be reared to the adult stage, which takes a
long time. It is therefore useful to develop rapid and accurate molecular methods that can identify fruitfly eggs, larvae, and
pupae. [Methods] Species specific, simple sequence repeats (SSR) were discovered in the genomes of four quarantined fruit
fly species; Ceratitis capitate, Bactrocera cucurbitae, Bactrocera dorsalis and Bactrocera tryoni, using a well-designed
bioinformatics pipeline. Species-specific primers were designed from these SSRs and screened using genomic DNA extracted
from specimens of different fruitfly species as templates. The polymerase chain reaction (PCR) was then used to amplify and
detect SSRs in DNA samples obtained from fruitfly eggs, larvae and pupae. [Results] Twenty species-specific SSRs were
obtained from the four quarantined fruitfly species. Three species-specific primers were designed which produced single bands

of 1251, 1 307 and 823 bp, respectively and were confirmed to reliably distinguish C. capitata, B. cucurbitae and B. dorsalis.
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[Conclusion]

Bioinformatics analysis of genomic sequences allows us to identify species-specific SSR. After the

optimization of species-specific primers designed from these SSR sequences, PCR can be used to accurately identify fruitflies.

This work provides a theoretical basis and technical support for inspectors to reliably identify fruitfly eggs, larvae and pupae

intercepted at ports.
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Tablel Number and category information of species-specific SSRsin these four fruit fly species

SSR SSR types
Specises
Al A2 A3 Bl B2 B3 B4 B5 B6 B7 Cl1 C2 C3 D1

C. capitata 2 1 2 0 0 0 0 0 0 0 0 0 0 0

B. cucurbitae 0 0 0 1 2 1 1 3 1 1 0 0 0 0

B. tryoni 0 0 0 0 0 0 0 0 0 0 1 1 2 0

B. dorsalis 0 0 0 0 0 0 0 0 0 0 0 0 0 1

SSR The repeat unit of those SSR motifs marked as follows in bold.

A1 ACGGGT/CGGGTA/GGGTAC/GGTACG/GTACGG/TACGGG/GCCCAT/CCCATG/CCATGC/CATGCC/ATGCCC/TGCCCA

Az ACCTGG/CCTGGA/CTGGAC/TGGACC/GGACCT/GACCTG

Az ACGGGG/CGGGGA/GGGGAC/GGGACG/GGACGG/GACGGG/GCCCCT/CCCCTG/CCCTGC/CCTGCC/CTGCCC/TGCCCC
B; ACCGGT/CCGGTA/CGGTAC/GGTACC/GTACCG/TACCGG/GGCCAT/GCCATG/CCATGG/CATGGC/ATGGCC/TGGCCA
B2 ACGGAT/CGGATA/GGATAC/GATACG/ATACGG/TACGGA/GCCTAT/CCTATG/CTATGC/TATGCC/ATGCCT/TGCCTA

B3 ACCCCC/CCCCCA/CCCCAC/CCCACC/CCACCC/CACCCC/GGGGGT/GGGGTG/GGGTGG/GGTGGG/GTGGGG/TGGGGG
B4 ACGGGC/CGGGCA/GGGCAC/GGCACG/GCACGG/CACGGG/GCCCGT/CCCGTG/CCGTGC/CGTGCC/GTGCCC/TGCCCG
B5 AGGCAT/GGCATA/GCATAG/CATAGG/ATAGGC/TAGGCA/CCGTAT/CGTATC/GTATCC/TATCCG/ATCCGT/TCCGTA
B6 AGGGCT/GGGCTA/GGCTAG/GCTAGG/CTAGGG/TAGGGC/CCCGAT/CCGATC/CGATCC/GATCCC/ATCCCG/TCCCGA
B7 AACCCT/ACCCTA/CCCTAA/CCTAAC/CTAACC/TAACCC/TGGGAT/GGGATT/GGATTG/GATTGG/ATTGGG/TTGGGA
C1l AGACCC/GACCCA/ACCCAG/CCCAGA/CCAGAC/CAGACC/CTGGGT/TGGGTC/GGGTCT/GGTCTG/GTCTGG/TCTGGG
C2 ACCCGG/CCCGGA/CCGGAC/CGGACC/GGACCC/GACCCG/GGGCCT/GGCCTG/GCCTGG/CCTGGG/CTGGGC/TGGGCC
C3 AGCCCT/GCCCTA/CCCTAG/CCTAGC/CTAGCC/TAGCCC/CGGGAT/GGGATC/GGATCG/GATCGG/ATCGGG/TCGGGA

D1 AGGTCC/GGTCCA/GTCCAG/TCCAGG/CCAGGT/CAGGTC
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Table3 Species specific primers based on the species specific SSRs

SSR 5'-3'

Species Specific SSR Specific primer Annealing bp .
temperature Product size
ACCTGGACCTCGACCTGGA  89-F: 57.5 1251
C. capitata CCTGGACCTGGACCTGGGC GGCGAGTGCTGTGAAGTAGAGAT
CTGGACCTGGACCTGGACCT 89-R:
GGACCTGGACCTGGACCTG TCCAGGTCTAGGTCCAGGTCC
GACCTGGACCTGGACCTGG
ACCTGGACCTGGACCTGGA
CCTAGACCTGGAC
TAGGCATAGGCATAGGCATA  03-F: 59 1307
B. cucurbitae TAGGCATAGGCATAGGCATACTAC
03-R:
CAATAATGCTGGCGACAACTAAAG
TCCAGGTCCAGGTCCAGG 925-F: TACCACGGATGTGCCAATACC 57.5 823

B. dorsalis 925-R: TGGACCTGGACCTGGAACC

1 HIBYIMEERE SSR 5I4A PCR ¥ 4R
Fig.1 ThePCR amplification with the specific primers based on species-specific SSRs of four closely related fruitflies

A. SSR 89-F/89-R  B. SSR 03-F/03-R  C. SSR 925-F/925-R
M: DNA DL 2000 1-4: PCR 4
DNA : PCR

A. Specific primers 89-F/89-R; B. Specific primers 03-F/03-R; C. Specific primers 925-F/925-R. M: DL 2000 marker;
Lane 1-4: Genomic DNA templates of C. capitata, B. cucurbitae, B.tryoni and B. dorsalis, respectively;
White arrows: Species-specific PCR products.

3 89-F/89-R 03-F/03-R
925-F/925-R PCR
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