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1. Basic Information of Molecular 

Identification



1.1 Life Cycle



1.2 Difficulties and Requirement for 

Fruit Flies Quarantine

• Limitation of fruit flies stage 

✓ Accurate species identification based on the morphology of 

immature stages (i.e. egg, larva or pupa) or adult body parts, 

which lack distinct diagnostic features, is extremely difficult and 

unreliable. 

✓ In quarantine work, intercepted from ports of entry involves 

rearing them to adults which is time-consuming and sometimes 

unsuccessful

• More than 4500 species throughout the world



1.3 Main molecular diagnose techniques
Technique Research Contents

References

DNA Barcodes Diagnose effectiveness

Unknown Species diagnose

mirco-DNA barcodes

13 references: Armstrong et al., 

2005~Gong et al., 2014

PCR 3 genera 11 species (9 Bactrocera spp.、1Ceratitis

sp.、1Carpomya vesuviana)

7 references: Deng et al., 

2004~Cheng et al., 2013

Real-time PCR 4 genera16 species (6 Anastrepha spp.、8

Bactrocera spp.、1 Ceratitis sp. 、1 C. vesuviana)

4 References: Yu et al., 

2005~Cheng et al., 2014

RAPD 3 genera10 species （8 Bactrocera spp.、1

Ceratitis sp.、1 Dacus sp.）
4 references: Baruffi et al.，
1995~Singn et al.，2011

RFLP 4 genera55 species （25 Bactrocera spp.、25

Ceratitis spp.、4 Rhagoletis spp.、1 C. vesuviana）
12 references: Mun et al.，
2000~Cheng et al., 2014

Gene Chip

LAMP

3 genera30 species （2 Anastrepha spp.、25

Bactrocera spp.、3 Ceratitis spp.）

2 genera 3 speices (1 Zeugodacus spp.、 1 Ceratitis 

spp.、 1 Dacus spp.)

3 references: Yu et al., 2007、
Jiang et al., 2015

3 references: Huang et al., 

2009 Zhong et al., 2019 Sinaie 

et al., 2019



2. Principle and operational guidance of DNA 

Barcodes technique



DNA barcoding is a taxonomic method, that uses one or more 

standardized short genetic markers in an organism's DNA to identify 

it as belonging to a particular species. Through this method unknown 

DNA samples are identified to registered species based on 

comparison to a reference library.

2.1 What is DNA Barcoding?
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DNA barcodes for animal

cytochrome c oxidase I (COI) gene   1.5kb

Barcode region   658bp (Folmer et al. 1994)



2.2 Identification methods based on DNA Barcodes

• Tree-based method — neighbour-joining (NJ) tree

Monophyletic group  √  

Paraphyletic group    ×

Polyphyletic group    ×

• Distance-based method — barcoding gap

traspecific varation<interspecific varation

Barcoding gaps ≤2%



• Tree-based method——MEGA 7.0

✓ Construct a neighbour-joining (NJ) tree, which is a useful 

clustering method for large data sets with a Kimura-2-parameter 

(K2P) molecular evolution model. 

✓ The branch supports were through 1000 bootstrap replications, 

and other parameters were set to their default settings.





2.2 Identification methods based on DNA Barcodes

• Tree-based method — neighbour-joining (NJ) tree

Monophyletic group  √  

Paraphyletic group    ×

Polyphyletic group    ×

• Distance-based method — barcoding gap

traspecific varation < interspecific varation

Barcoding gaps ≤ 2%



• Distance-based method——MEGA 7.0

✓ The pairwise distances were calculated separately to determine 

the intraspecific and interspecific variation using  with the K2P 

model





1. Isolate DNA from the sample (DNA 

Extraction Kit)

2. PCR to amplify the DNA Barcodes 

(universal primers: LCO1490/HCO2198)

2.3 Procedure of DNA Barcoding

3. Sequencing

(Sanger Sequencing)

4. Compare the resulting sequences 

against reference databases to find the 

matching species



Materials

• Instrument and Equipment

Dissecting microscope, Pipets, Vortexer, Microcentrifuge, Centrifugal 

machine (rotational speed＞12000rpm), Water Bath for heating at 56℃, 

PCR Amplifier, Electronic Analytical Balance, Electrophoresis Apparatus,

Gel Imaging System, Horizontal Electrometer

• Reagent

Primers, DNA Extraction Kit, Ethanol (95%-100%), 2×Taq PCR 

MasterMix, D2000 DNA Marker, Gel, ddH20

• Lab Consumable

Pipet tips (10ul, 200 ul and 1000 ul), Microcentrifuge tubes (1.5 ml)

Pestle, PCR tubes (0.2 ml), Pincette, Petri dish, Filter paper



2.3.1 Isolate DNA from the sample (DNA Extraction Kit)

• Step 1. Add 200 µl Buffer GA into a 1.5 ml microcentrifuge tube.

• Step 2. Put the legs into the tube and cut into small pieces using scissors.

• Step 3. Add 20 µl proteinase K. Mix thoroughly by vortexing, and 

incubate at 56 ℃ for 2 h at least. Vortex occasionally during incubation 

to disperse the sample.

• Step 4. Add 200 µl Buffer GB to the sample, and mix thoroughly by 

vortexing. 

• Step 5. Incubate at 70 ℃ for 10 min.

• Step 6. Then add 200 µl ethanol (96–100%), and mix again thoroughly 

by vortexing.



• Step 7. Pipet the mixture from step 6 (including any precipitate) into the 

DNeasy Mini spin column placed in a 2 ml collection tube. Centrifuge at 

12000 rpm) for 1 min. Discard flow-through and collection tube.

• Step 8. Add 500 µl Buffer GD into the DNeasy Mini spin column, and 

centrifuge for 1 min at 12000 rpm. Discard flow-through and collection 

tube.

• Step 9. Add 500 µl Buffer PW, and centrifuge for 1 min at 12000 rpm. 

Discard flow-through and collection tube.

• Step 10. Repeat Step 9.

• Step 11. Place the DNeasy Mini spin column in a clean 1.5 ml 

microcentrifuge tube, and pipet 50 µl Buffer TE directly onto the DNeasy 

membrane.

• Step 12. Incubate at room temperature for 5 min, and then centrifuge for 1 

min at 12000 rpm to elute.



2.3.2 PCR to amplify the DNA Barcodes

• PCR reaction system

Template 2 ul

Forward primer (10uM) 2 ul

Reverse primer (10uM) 2 ul

2×Taq PCR Mastermix 25 ul (Taq polymerase, dNTP, reaction buffer)

ddH2O 19 ul

• Reaction condition

94℃ 3min

98℃ 30 s

50℃ 30s

72℃ 30s

72℃ 10min

30×



2.3.3 Detected by gel eletrophoresis and Sequencing



2.3.4 Compare the resulting sequences against reference 

databases to find the matching species

—— BARCODE OF LIFE DATA SYSTEM

(http://www.boldsystems.org)

• The Barcode of Life Data System (BOLD) 

is an online workbench and database that supports the assembly and use of 

DNA barcode data. It is a collaborative hub for the scientific community and a 

public resource for citizens at large.

• Identification Methods

✓ Tree-based method — Phylogenetics tree as monophyly

✓ Distance-based method — Similarity ≥ 98%



























• Animal - COI 

• Fungal - ITS

• Plant - RBCL & MATK



















3. Principle and operational guidance of 

specificity- primers technique





How to design Specific primers

Sample collection and morphological identification

DNA extraction, PCR amplification and sequencing 

Lco1490/Hco2198

DNA Barcodes database construction

CAUPQL+BOLD

Specific primers design, specificity and sensitivity test



DNA Barcodes database construction

Number of species

（BOLD/CAUPQL）
Number of sequences

（BOLD/CAUPQL）

Anastrepha 7（7/2） 98（84/14）

Bactrocera 73（47/41） 1426（786/640）

Carpomya 1（0/1） 4（0/4）

Ceratitis 36（36/3） 298（323/16）

Dacus 52（52/2） 339（323/16）

Rhagoletis 12（12/2） 87（81/6）

Total 181 2252

CAUPQL：6 genera 50 species 700 items

BOLD：5 genera 154 species 1552 items



Specific Primer Design

1. Sequence alignment by using MEGA 7.0 software

2. C or G sites with intraspecific crosstalk and interspecific variation 

were selected by BioEdit software. 

3. Design primers by Oligo 7.0 software. 

• The length of the primers was set as 25 bp.

• Species-specific sites were placed at the 3-ends of the forward and 

reverse primers

• The length between forward and reverse primers was not less than 

200 bp. 





Species Sequences（5’-3’）
A. lundens CAATGTAATTGTAACAGCTCACACG

GATGAAATTCCAGCTAAATGCAG

A. obliqua ATAGTAATACCTATTATAATTGGG

CCAGTAGATCGTATATTAATTACC

B. albistrigata GACTTGTTCCTCTAATATTAGGT

GCTCCTGCTAAAACTGGTAAG

B.correcta TGACTTGTCCCCCTAATACTG

GTCGATCGCATGTTAATAACG

B.carambolae GCACGGAGGAGCTTCAGTTGAT

GATAATAAAAGTAATAAAGCTGTTAATACT

B. dorsalis GCTATTTTTTCACTTCACTTAACG

AGTATTTAAGTTTCGGTCTGTTAG

B. latifrons CGAATAAACAATATAAGATTTTGG

GTGATGAAGTTAACTGCTCCTAAG

B. rubigina CGCTTCTATTAGTAAGAAGTC

ATATTAATTACTGTTGTAATAAAATTAACC

B. tryoni ATTAATCGGAGACGATCAG

AGCTAAATCAACTGAAACC

B. tuberculata TTTTCACTCCACTTAGCCAGG

GGGGTCAAAAAATGAAGTATTTAAGTTC

B. umbrosa GCCCATTATAATCGGGTGC

AAATGAGATGCCTGTTGAC

B. zonata ACTTGTTCCCCTAATATTAGGAACC

TGTTAATACAACTGCTCAGACGAAG

B. oleae AGCATCTGTCGATCTAGCCATC

TGGGTCGAAAAAGGAAGTATTC

B. minax AATTTATAACGTAATCGTTACAGCC

AAGTATTGTGATAGCTCCGGCTAGG

Species Sequences（5’-3’）
B. tsuneonis TAATGTAATCGTTACTGCTCTCACGCC

CTGGGTCAAAGAAGGATGTATTTAG

Z. bezzianus CTCCTGATATAGCATTCACC

AAGTATAGTGATAGCTCCAACC

Z. cilifer GGCTGTAAATTTTATCACTACAGTC

CGGTCTGTCAAAAGTATAGTAATG

Z. cucurbitae GGAGATGATCTAATCTATAATGTC

GCTCAAACGAATAAAGGTAAC

Z.. scutellatus CTCGGAGCCCCAGATATAACC

GGGCTGTTAATACTACTGCTCAG

Z. tau GGAGCACCAGATATAGCG

GGTATTCGGTCAAATGTAATC

Ca. vesuviana CCTTTAATATTAGGAGCTCCAGAC

GCTAAGTGTAAAGAAAAAATAGCTAG

C. capitata CCCTCCTCTTTCTTCTGTG

TGGTAAAGATAATAATAGAAGTAGT

C. cosyra CCTCCTTCTCTCACACTC

GTTTAGATTTCGGTCAGTTAG

C. rosa CTAGTACCTTTAATACTTGGTCCT

ATAGAAGAAATTCCTGCTAAG

D. bivittatus TGTCTACCCTCCCCTCTCC

GACAACTGCTCAGACAAATAA

R. cerasi GTAATTGTTACAGCCCATACC

GTAAACAGTTCAACCTGTC

R. pomonella ATAGCATTTCCTCGGATAAAC

TCGATCAAATGAAATTCCAAC

27 quarantine speices specific primers designed by CAUPQL



Thailand wax apple Tanzania mango

Guangxi, China bitter gourd Sichuan, China citrus

Lanes 1-36：A. ludens；A. obliqua；B. albistrigata；B. correcta；B. carambolae；B. 

dorsalis；B. latifrons；B. rubigina；B. tryoni；B. tuberculata；B. umbrosa；B. zonata；
B. oleae；B. minax；B. tsuneonis；Z. bezzianus；Z. cilifera；Z. cucurbitae；Z. 

scutellatus；Z. tau；Ca. vesuviana；C. capitata；C. cosyra；C. rosa；D. bivittatus；R. 

cerasi；R. pomonella and ddH2O；Lane M：D2000 Marker；





963 samples were collected from 44 locations from eight provinces in China





List of specific primer sequences for B. minax and B. tsuneonis.

Species Primer Primers Sequence (5’-3’) Size (bp) Tm (°C)

B. minax
Bm-F AATTTATAACGTAATCGTTACAGCC

422
53.9

Bm-R AAGTATTGTGATAGCTCCGGCTAGG 60.2

B. tsuneonis
Bt-F TAATGTAATCGTTACTGCTCACGCC

456
59.9

Bt-R CTGGGTCAAAGAAGGATGTATTTAG 56.1



Figure 2. Specificity of the Bmina-F/Bmina-R B. minax-specific primer pair Lanes 

1–29: B. minax from 29 geographical populations (Table S3); lanes 30–38: B. 

tsuneonis from nine geographical populations (Table S3); lane 39: B. correcta, lane 

40: B. dorsalis; lane 41: B. latifrons; lane 42: B. tryoni; lane 43: B. zonata; lane 44: 

Zeugodacus cucurbitae; lane 45: Z. scutellatus; lane 46: Z. tau; lane M: D2000.



Figure 3. Specificity of the Btsun-F/Btsun-R B. minax-specific primer pair Lanes 

1–29: B. minax from 29 geographical populations (Table S3); lanes 30–38: B. 

tsuneonis from nine geographical populations (Table S3); lane 39: B. correcta, lane 

40: B. dorsalis; lane 41: B. latifrons; lane 42: B. tryoni; lane 43: B. zonata; lane 44: 

Zeugodacus cucurbitae; lane 45: Z. scutellatus; lane 46: Z. tau; lane M: D2000.



PCR to amplify the DNA Barcodes

• PCR reaction system

Template 2 ul

Forward primer (10uM) 2 ul

Reverse primer (10uM) 2 ul

2×Taq PCR Mastermix 25 ul (Taq polymerase, dNTP, reaction buffer)

ddH2O 19 ul

• Reaction condition

95℃ 3 min

95℃ 15 s

60℃ 1min

60℃ 1 min 30×



List of species-specific primer pairs of 2 fruit flies species 

Species Primer Primers Sequence (5’-3’) Size (bp) Tm (°C)

B. minax
Bm-F AATTTATAACGTAATCGTTACAGCC

422
53.9

Bm-R AAGTATTGTGATAGCTCCGGCTAGG 60.2

B. tsuneonis
Bt-F TAATGTAATCGTTACTGCTCACGCC

456
59.9

Bt-R CTGGGTCAAAGAAGGATGTATTTAG 56.1



Practices and Experiment

1. Molecular identification of fruit flies based on 

DNA barcodes

2. Molecular identification of fruit flies based on 

specific- primers




