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Mitochondrial 
Genome 
(animals) 

Cytochrome 
Oxidase I gene (COI) 

658bp 

Same within species; differs between species 

Established since 2003 



SWALLOWTAIL BUTTERFLY 

PCR amplify 
barcode region 



Separate sequencing reaction for each specimen 

slow expensive 



PCR amplify 
barcode region 

SWALLOWTAIL BUTTERFLY 

CARABID BEETLE 1 
CARABID BEETLE 2 

Next generation sequencers can sequence many taxa in parallel  



Site 1 Site 2 Site 3 Site 4 

Carabus sp. 0 0 1 15 

Mosquito 345 426 33 0 2 

Lasius niger 25 100 2 5 

You can sequence many 
soups in a single run 



PCR amplify 
barcode region 

SWALLOWTAIL BUTTERFLY 

CARABID BEETLE 1 
CARABID BEETLE 2 

Next generation sequencers can sequence many taxa in parallel  



The Problem(s) with PCR 

Amplification bias 

Contamination 

Primer design 

These represent barriers to uptake 



1

100s to 1000s of wild bee species per country

Necessary for pollinating wild and crop plants



Mitochondrial 
Genome 

Cytochrome 
Oxidase I (COI) 



No PCR 
amplification 



No PCR 
amplification 



GTTATACCTATTATAATTTATAATTGGAGGGGAGGATTTGGA 

ATTTGGAGTTATACCTATTATAATTGGAGGTATAATTGGAGG 

TGGAGTTATACCTATAATTGGAGGTATTATAATTGGAGGATT 

Species 1 

Species 2 

Species 3 

No PCR 
amplification 



Ln (read number) 
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COI barcode  
references 

Mitogenome 
references 

More false absences 

R2=0.64 R2=0.69 









No PCR 
amplification 





11 bee species detected via  
morphology  

10 bee species detected via  
mitogenomic resequencing 

We think we are right! 



11 bee species detected via  
morphology  

10 bee species detected via  
mitogenomic resequencing 

We think we are right! 



Bombus terrestris Bombus terrestris 

Bombus lucorum Bombus lucorum 

Workers cannot be 
differentiated 

morphologically 

Species-specific PCR 
confirmed B. lucorum in 

these two samples 



p=0.001 

R2=24.9% 



11 False negatives and 49 false positives (CROP OTU de novo clustering)

Bee species CN_CG_1 CN_CG_2 CN_CG_3 CS_OELS_1 CS_OELS_2 HD_CG_1 HD_CG_2 HD_CG_3 LW_CG_1 LW_ELS_1 CN_CG_1 CN_CG_2 CN_CG_3 CS_OELS_1 CS_OELS_2 HD_CG_1 HD_CG_2 HD_CG_3 LW_CG_1 LW_ELS_1 CN_CG_1 CN_CG_2 CN_CG_3 CS_OELS_1 CS_OELS_2 HD_CG_1 HD_CG_2 HD_CG_3 LW_CG_1 LW_ELS_1

Andrena angustior

Andrena bicolor 2 22.4 124

Andrena chrysosceles 5 51.5 6392 2

Andrena cineraria 1 2 23.8 47.6 8 138

Andrena dorsata 1 11.9 100

Andrena flavipes 5 90.7 2 76 2 141703

Andrena fulvago

Andrena haemorrhoa 1 1 1 5 19.8 19.8 19.8 99.0 255 811 282 11808 2

Andrena labiata

Andrena minutula 9 2 4 41.5 9.2 18.4 4257 25 3 1685

Andrena nigroaenea 3 1 4 2 2 81.3 27.1 108.4 54.2 54.2 161089 1221 119699 140690 225 61 119397 100 162 150

Andrena nitida 1 3 3 2 29.4 88.3 88.3 58.9 7346 4671 11686 113468 8 33 7 285 2

Andrena semilaevis 1 4.7 13 2 31912 40

Andrena subopaca 2 1 10.0 5.0

Apis mellifera 1 1 1 1 36.4 36.4 36.4 36.4 4 828 43997 1 39 30 104 19 4239 91524

Bombus hortorum 1 137.1

Bombus lapidarius 1 113.9 74 224169 64 271 15 4 34

Bombus lucorum 2 2 8 142

Bombus pascuorum 1 73.1 2

Bombus pratorum 1 76.5

Bombus sylvestris

Bombus terrestris 2 2 4 314.3 314.3 628.5 88 84 4 2 2 857

Halictus rubicundus 2 23.8 880

Halictus tumulorum 1 4.9 1085

Hylaeus confusus

Hylaeus dilatatus

Lasioglossum calceatum 1 10 10 2 13 15 5 8.1 81.4 81.4 16.3 105.8 122.1 40.7 14 123 1492 10256 58 8809 141597 242 2175

Lasioglossum fulvicorne

Lasioglossum laevigatum

Lasioglossum lativentre

Lasioglossum leucopus 2 2 5.0 5.0 146

Lasioglossum leucozonium 1 10.3 3 226

Lasioglossum malachurum 10 4 62.7 25.1 7 126 57 3 12171 2 147412 192 2

Lasioglossum minutissimum 4 6.0

Lasioglossum morio

Lasioglossum parvulum 14 6 46.4 19.9

Lasioglossum pauxillum 5 2 3 14.3 5.7 8.6 2 2

Lasioglossum punctatissimum 1 3.6

Lasioglossum villosulum

Lasioglossum xanthopus

Nomada fabriciana 1 5.9 58

Nomada flava

Nomada flavoguttata

Nomada goodeniana 1 14.0 132

Nomada ruficornis 1 7.9 36

Osmia bicornis

Sphecodes ephippius 3 1 16.3 5.4 8 2

Sphecodes miniatus 4 7.4 87

Species count 11 11 7 6 3 6 5 4 5 5 11 11 7 6 3 6 5 4 5 5 12 11 11 8 8 11 10 9 12 9

Bee counts Estimated bee biomasses (mg) Metabarcoding read numbers

Metabarcoding gives lots of false positive (blue) and false negatives (green) 

319 bp amplicon, primers modified from Leray et al. (2013)  

11 False negatives and 49 false positives (CROP OTU de novo clustering)

Bee species CN_CG_1 CN_CG_2 CN_CG_3 CS_OELS_1 CS_OELS_2 HD_CG_1 HD_CG_2 HD_CG_3 LW_CG_1 LW_ELS_1 CN_CG_1 CN_CG_2 CN_CG_3 CS_OELS_1 CS_OELS_2 HD_CG_1 HD_CG_2 HD_CG_3 LW_CG_1 LW_ELS_1 CN_CG_1 CN_CG_2 CN_CG_3 CS_OELS_1 CS_OELS_2 HD_CG_1 HD_CG_2 HD_CG_3 LW_CG_1 LW_ELS_1

Andrena angustior

Andrena bicolor 2 22.4 124

Andrena chrysosceles 5 51.5 6392 2

Andrena cineraria 1 2 23.8 47.6 8 138

Andrena dorsata 1 11.9 100

Andrena flavipes 5 90.7 2 76 2 141703

Andrena fulvago

Andrena haemorrhoa 1 1 1 5 19.8 19.8 19.8 99.0 255 811 282 11808 2

Andrena labiata

Andrena minutula 9 2 4 41.5 9.2 18.4 4257 25 3 1685

Andrena nigroaenea 3 1 4 2 2 81.3 27.1 108.4 54.2 54.2 161089 1221 119699 140690 225 61 119397 100 162 150

Andrena nitida 1 3 3 2 29.4 88.3 88.3 58.9 7346 4671 11686 113468 8 33 7 285 2

Andrena semilaevis 1 4.7 13 2 31912 40

Andrena subopaca 2 1 10.0 5.0

Apis mellifera 1 1 1 1 36.4 36.4 36.4 36.4 4 828 43997 1 39 30 104 19 4239 91524

Bombus hortorum 1 137.1

Bombus lapidarius 1 113.9 74 224169 64 271 15 4 34

Bombus lucorum 2 2 8 142

Bombus pascuorum 1 73.1 2

Bombus pratorum 1 76.5

Bombus sylvestris

Bombus terrestris 2 2 4 314.3 314.3 628.5 88 84 4 2 2 857

Halictus rubicundus 2 23.8 880

Halictus tumulorum 1 4.9 1085

Hylaeus confusus

Hylaeus dilatatus

Lasioglossum calceatum 1 10 10 2 13 15 5 8.1 81.4 81.4 16.3 105.8 122.1 40.7 14 123 1492 10256 58 8809 141597 242 2175

Lasioglossum fulvicorne

Lasioglossum laevigatum

Lasioglossum lativentre

Lasioglossum leucopus 2 2 5.0 5.0 146

Lasioglossum leucozonium 1 10.3 3 226

Lasioglossum malachurum 10 4 62.7 25.1 7 126 57 3 12171 2 147412 192 2

Lasioglossum minutissimum 4 6.0

Lasioglossum morio

Lasioglossum parvulum 14 6 46.4 19.9

Lasioglossum pauxillum 5 2 3 14.3 5.7 8.6 2 2

Lasioglossum punctatissimum 1 3.6

Lasioglossum villosulum

Lasioglossum xanthopus

Nomada fabriciana 1 5.9 58

Nomada flava

Nomada flavoguttata

Nomada goodeniana 1 14.0 132

Nomada ruficornis 1 7.9 36

Osmia bicornis

Sphecodes ephippius 3 1 16.3 5.4 8 2

Sphecodes miniatus 4 7.4 87

Species count 11 11 7 6 3 6 5 4 5 5 11 11 7 6 3 6 5 4 5 5 12 11 11 8 8 11 10 9 12 9

Bee counts Estimated bee biomasses (mg) Metabarcoding read numbers



Thank You 


