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Dear Conference Participants, 

A warm welcome to the International Conference on DNA Barcod-
ing and Biodiversity (ICDBB) in Sofi a, Bulgaria!

Over the last three decades, DNA barcoding and metabarcoding tech-
nologies, facilitated by the development of high-throughput sequencing 
techniques and data analysis platforms, have transformed our ability to 
identify species and have opened new avenues for studying and manag-
ing biodiversity. The launch of national and international biodiversity 
research programs have boosted the speed and eff iciency of studies on 
biodiversity coupled with the opportunity to store DNA barcode infor-
mation in publicly available databases. This scientifi c forum is organized 
in the framework of the large national project BULCode supported by 
the Ministry of Education and Science of Bulgaria. The ultimate goal 
of ICDBB is to contribute to the project’s overall goal of promoting bio-
diversity studies through DNA barcoding technologies in Bulgaria and 
strengthening the networking capacity in this fi eld of research. We ac-
knowledge your contribution to this goal by sharing the latest achieve-
ments in DNA barcoding research worldwide.

Wishing you a great conference and fruitful discussions!

Sincerely yours,

Assist. Prof. Georgi Bonchev
Chairman of the Organizing Committee
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PROGRAMME
Wednesday, May 25th 2022 
08:00 - 09:00 Registration

09:00 - 09:10 Welcoming speech and introduction to BULCode project 
Georgi Bonchev

09:10 – 12:00 SESSION 1 
Chair: Assist. Prof. Georgi Bonchev

09:10 – 09:30 BIOSCAN Europe
 Peter M. Hollingsworth

09:30 – 10:00 Finnish sawflies as a model for tackling a diverse and poorly 
known insect group using high-throughput DNA barcoding 

 Marko Mutanen

10:00 – 10:15 Estimating Cecidomyiidae (Diptera) species richness in 
Finland using high-throughput DNA barcoding

 Niina Kiljunen

10:15 – 10:20 Q&A

10:20 – 10:50 Coffee-break

10:50 – 11:05 Peering into the darkness: the GBOL III-Dark Taxa project at 
the Bavarian State Collection of Zoology

 Caroline Chimeno

11:05 – 11:20 First results on the genetic variation of the Bulgarian popula-
tions of Morimus asper funereus (Mulsant, 1862) (Coleoptera: 
Cerambycidae)

 Rumyana Kostova

11:20 – 11:35 Multilocus DNA barcoding in pollinators – case study on 
Merodon hoverflies

 Ljiljana Šašić Zorić

11:35 – 11:50 The evolution of DNA barcoding for food quality, safety and 
traceability: cases studies from Italy 

 Jessica Frigerio

11:50 – 12:00  Q&A

12:00 – 13:00 Lunch

13:00 – 15:30 SESSION 2 
Chair: Prof. Helena Korpelainen

13:00 – 13:30 Small, but important, players in the global barcoding field (les-
sons learned from the barcoding Slovak freshwater biota

 Fedor Čiampor Jr

13:30 – 13:45 Massive DNA barcode-based survey provides novel insight 
into aquatic invertebrate diversity and a new perspective for 
the protection of the ancient Skadar Lake basin

 Michał Grabowski

13:45 – 14:00 Towards filling the gap - building a freshwater macroinverte-
brate DNA barcode reference library for Malta

 Tomasz Rewicz

14:00 – 14:15 Integrative approach to adaptive radiation in ancient lakes: 
evolutionary genetics of Lake Ohrid Gammarus species flock 
and community barcoding - project progress report

 Tomasz Mamos

14:15 – 14:25 Q&A

14:25 – 14:40 Molecular taxonomy of the endemic Ponto-Caspian amphi-
pods shows multiple discrepancies between morphological 
and molecular taxonomic units

 Denis Copilaş-Ciocianu

14:40 – 14:55 Genetic diversity of marine jellies from the Azores ac-
cessed with new multi-marker MinION metabarcoding 
approach

 Carlos J. Moura

14:55 – 15:10 Managing human-mediated range shifts: understanding spatial, 
temporal and genetic variation in marine non-native species

 Marc Rius

15:10 – 15:25 Do pseudogenes pose a problem for metabarcoding marine 
animal communities?

 Jessica A. Schultz

15:25 – 15:30 Q&A
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PROGRAMME
15:30 – 16:00 Coffee-break

16:00 – 18:20 SESSION 3
 Chair: Prof. Peter M. Hollingsworth, 

16:00 – 16:30 BIOSCAN – Revealing the Diversity, Dynamics, Interactions 
of Life 

 Paul Hebert

16:30 – 16:50 Progress Towards the Assembly of a DNA Barcode Reference 
Library for Bulgarian Fauna

 Gergin Blagoev

16:50 – 17:30 DNA barcoding and the BioAlfa process to facilitate the DNA 
barcoding of all of Costa Rica, embedded within BIOSCAN

 Daniel Janzen 

17:30 – 17:45 Full chloroplast sequencing using genome skimming for novel 
plant DNA barcode discovery in Amaranths

 Leonardo Galindo-González

17:45 – 18:00 COI database from BOLD, NCBI and custom sequences
 Emese Meglécz

18:00– 18:15 Unlocking the potential of insect biomonitoring surveys using 
DNA-metabarcoding: Examples from two nationwide moni-
toring schemes in the UK

 Dimitrios Petsopoulos

18:15 – 18:20 Q&A

18:20 – 19:30 POSTER SESSION

P01 Let’s talk about the (lady)birds and the bees: how insects can 
whisper a multitude of stories

 Physilia Chua

P02 Prionchulus muscorum group (Nematoda, Mononchidae) 
from riparian habitats in Bulgaria

 Stela Dipchikova 

P03 MEMO and MEMO+: Identification of introduction pathways 
and surveillance of exotic Aedes mosquito species in Belgium

 Ann Vanderheyden

P04 Inventory and analysis of diversity for stoneflies (Plecoptera), 
caddisflies (Trichoptera) and scorpionflies (Mecoptera) in 
Medvednica Nature Park using classical taxonomy and DNA 
barcoding

 Dora Kermek

P05 COins: a curated reference database of COI sequences for in-
sect species identification through DNA metabarcoding

 Giulia Magoga

P06 Unveiling the diversity of the deep-sea pedunculate barna-
cles Poecilasma (Cirripedia: Thoracica) from the Gorringe 
Bank in North-East Atlantic Ocean

 Jorge Lobo-Arteaga

P07 DNA barcoding of the Polish epigean Amphipoda
 Hedvig Csapó 

P08 Genetic diversity in high-mountain Thymus species in Bulgaria 
revealed by ISSR genetic markers

 Petar Zhelev

P09 DNA Barcoading Confirmed first record of the Clubfoot sil-
lago Sillaginopodys chondropus (Bleeker, 1849) (Perciformes: 
Sillaginidae) from the Iranian coast of Oman Sea

 Mohammad Sadegh Alavi-Yeganeh

P10  First report of microsporidian parasites infecting Gammarus 
species from ancient Lake Ohrid

 Serena Mucciolo

P11 First data on DNA barcoding of representatives of the genus 
Cеntaurea s.l. (Asteraceae) from Bulgaria

 Svetlana Bancheva

P12 Phylogenetic identification of Balkan endemic Stachys spe-
cies and genomic stability during ex vitro conservation  

 Desislava Mantovska  

P13 Catmint (Nepeta nuda L.) phylogenetics defined by nuclear 
and chloroplast DNA barcodes

 Georgi Bonchev
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P14 Self-organized map as a powerful tool for population struc-

ture analysis of Bulgarian Bread Wheat
 Vladimir Aleksandrov

P15 Genetic diversity as a paramount factor determining wheat 
adaptation to drought stress

 Mariyana Georgieva

P16 Linking DNA methylation determinants to chromatin organi-
zation following high temperature stress

 Dimitar Todorov

P17 Biotechnological approaches for conservation of endangered 
medicinal plants Rhodiola rosea and Rhodiola kirilowii

 Krasimira Tasheva

P18 Molecular identification and phylogenetic relationships of 
Colletotrichum isolates pathogenic on cultivated plants in 
Bulgaria

 Vasilissa Manova

P19 Impact of heavy metal pollution on soil bacterial community 
structure in the area of a non-ferrous metal processing plant, 
Southern Bulgaria

 Galina Radeva

P20 Bacterial and fungal inhabitants of iron ochres precipitated 
from As and Sb contaminated waters at several abandoned 
mining deposits in Slovakia

 Ivona Kautmanová

P21 Diversity of fungal communities in long-term copper con-
taminated soils

 Michaella Petkova

P22  Sources of modularity in bacterial co-occurrence network 
along pH and C:N gradients

 Niloufar Hagh-Doust

P23 Identification of fungal taxa with pathogenic potential in soil 
samples from Perunika Glacier’s newly formed forefields - 
Livingston Island, Antarctica

 Yordan Hodzhev

P24  Barcoding in Bright-Spored and Dark-Spored Myxomycetes: 
No Universal Threshold

 Iryna Yatsiuk

P25 Metabarcoding reveals high-resolution biogeographic 
and metaphylogeographic patterns through the Atlanto-
Mediterranean transition

 Adrià Antich Gonzalez

P26 How dark of a taxon is Microgastrinae (Braconidae) really?
 Amelie Höcherl

P27  How does urbanisation impact pond biodiversity in a geo-
graphical gradient?

 Monika Baranowska

P28 The use and challenges of DNA barcoding method
 Dana Szabóová

P29 Scientific validation of powdered immunomodulatory prod-
ucts in trade by DNA barcodes to ensure consumer safety

 Nithaniyal Stalin

P30 Bacterial communities in ballast tanks of cargo vessels - 
shaped by salinity, treatment and the point of   origin of the 
water but “hatch” its typical microbiome

 Helen Tammert

20:00 – 21:30 Welcome cocktail

Thursday, May 26th 2022 
09:00 - 12:30 SESSION 4
 Chair: Prof. Svetlana Bancheva

09:00 – 09:15 The effects of sample age and taxonomic origin on the success 
of DNA barcoding when using herbarium specimens

 Helena Korpelainen

09:15 – 09:30 Environmental and biotic signatures on plant communities 
and plant–microbe associations in Zackenberg valley– an 
eDNA-based approach

 Bastien Parisy
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09:30 – 10.00 Testing metabarcoding on temperate lake sediments to inves-

tigate 31-thousand years of flora changes 
 Laura Parducci

10:00 – 10:15 Simultaneous DNA barcoding of museum specimens using 
cross-species hybridization capture – The future of natural 
history collections?  

 Stefanie Agne

10:15 – 10:30 Joint Danube Survey 4: Metabarcoding analysis of phytoben-
thos samples

 Kálmán Tapolczai

10:30 – 10:35 Q&A

10:35 – 11:05 Coffee-break

11:05 – 11:35 DNA-based identification of traded wildlife: Monitoring of 
terrestrial orchid tubers in trade

 Prof. Hugo J. de Boer

11:35 – 11:50 Honeybees’ functions through DNA in honey
 Helena Wirta

11:50 – 12:05 A research road-map towards a nuclear DNA barcode for plants
 Wu Huang

12:05 – 12:20 Genome skimming: an efficient extension to conventional 
DNA Barcodes

 Eric Coissac
12:20 – 12:30 Q&A

12:30 – 13:30 Lunch

13:30 – 15:20 SESSION 5
 Chair: Dr. Helena Wirta

13:30 – 14:00 Lessons learned from NorBOL: Opportunities and challenges 
building reference libraries of marine, freshwater and terres-
trial biotas

 Prof. Torbjørn Ekrem

14:00 – 14:30 Achievable near real-time biosphere monitoring of Earth us-
ing environmental DNA

 Kristy Deiner

14:30 – 14:45 Identification of extremophilic microorganisms in four differ-
ent thermal springs with environmental DNA metabarcoding

 Işılay Çelik

14:45 – 15:00 Can we identify freshwater pea clams (Pisidium spp.) with 
novel molecular methods in Sweden?

 Sonja Leidenberger

15:00 – 15:15 Strengths and shortcomings of the use of water eDNA meta-
barcoding for the study of marine benthic communities: effects 
of marker type and sequencing platform

 Xavier Turon

15:15 – 15:20 Q&A

15:20 – 15:50 Coffee-break

15:50 – 16:50  E-POSTER SESSION I
 Chair: Assoc. Prof. Ina Aneva

15:50 – 15:55 EP01 Establishment of DNA barcode reference library of 
Mongolian mammals

  Bayarmaa Gun-Aajav

15:55 – 16:00 EP02 DNA barcoding of Junipeus L. species in Kazakhstan 
based on internal transcribed spacer

 Shyryn Almerekova

16:00 – 16:05 EP03 Integrated use of BOLD and GenBank databases for 
further DNA barcoding research

 Takeru Nakazato

16:05 – 16:10 EP04 Revealing the soil biodiversity in Hong Kong using a 
citizen science approach

 Wai Lok So

16:10 – 16:15 EP05 Evolutionary history of the plastid genome in Bromus 
tomentosus, an Old-World species in the Bromus sect. 
Bromopsis: Evidence for introgressive hybridization

 Akram (Saba) Nasiri

16:15 – 16:20 EP06 Environmental DNA: building a reference data library 
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for the ichthyofauna of the São Francisco River basin, Brazil

 Kênia Ferreira Camargos

16:20 – 16:25 EP07 Environmental DNA: building a reference genomic li-
brary for freshwater fishes of Upper Paraná basin, Brazil

 Gabriela Peres

16:25 – 16:30 EP08 DNA barcoding in amphitropical Larreas (Zygophy-
llaceae): a case of hybridization and chloroplast capture in 
sympatric populations

 Lucia Virginia Castello

16:30 – 16:35 EP09 DNA barcoding: a survey of beetles in the Republic of 
Moldova

 Anna Moldovan

16:35 – 16:40 EP10 Unexpected pattern of COI diversity observed within 
the Merodon ruficornis group (Diptera, Syrphidae)

 Iva Gorše

16:40 – 16:45 EP11 Integrated molecular approaches for advanced quality 
assessment of botanicals and derived herbal preparations

 Ancuta Cristina Raclariu-Manolica

16:45 – 16:50 EP12 Widening the genetic diversity of bread wheat by 
the chromo-somes transferred from a hybrid wheatgrass 
Agropyron glael

 Klaudia Kruppa

17:00-20:00 Sofia city tour /optional/

Friday, May 27th 2022 

09:00 – 12:30 SESSION 6 
Chair: Dr. Eero Vesterinen

09:00 – 09:15 Scholarly publication of barcoding data
 Lyubomir Penev

09:15– 09:30 Barcodes and DNA Derived Biodiversity Evidence in GBIF
 Dmitry Schigel

09:30 – 09:45 Towards accelerated and standardized species descriptions 
(ASSD) based on DNA barcodes and supplementary data on 
BOLD

 Axel Hausmann

09:45 – 10:00 dnabarcoder: an open-source software package for analyzing 
and predicting DNA sequence similarity cut-offs for fungal 
sequence identification

 Duong Vu

10:00 – 10:15 Arthemis: a web-interface database for the identification of 
pest and beneficial Arthropods for agriculture in Europe

 Jean-Claude Streito 

10:15 – 10:25 Q&A

10:25 – 10:55 Coffee-break

10:55 – 11:10 Molecular analysis of mucilage formation at Aegean Sea via 
metabarcoding

 Gizem Geçgil

11:10 – 11:25 Long-term management history affects seasonal diet compo-
sition of semi-domesticated reindeer 

 Stefaniya Kamenova

11:25 – 11:40 Notes on the status of the genus Coomansus Jairajpuri & 
Khan, 1977 (Mononchidae, Nematoda)

 Vlada Peneva

11:40 – 11:55 Soil biodiversity: microeukaryotes in Alpine mires
 Aaron Pérez-Haase

11:55 – 12:10 Factors affecting soil invertebrate biodiversity in agroeco-
systems of the Po Plain area (Italy)

 Matteo Montagna

12:10 – 12:25 Monitoring tropical arthropods in Barro Colorado Island, 
Panama, using DNA metabarcoding

 Daniel Souto-Vilarós

12:25 – 12:30 Q&A

12:30 – 13:30 Lunch
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13:30 – 17:20 SESSION 7
 Chair: Dr. Iryna Yatsiuk
13:30 – 13:45 DNA barcoding aids in the understanding of bat species from Malta  
 Clare Marie Mifsud
13:45 – 14:00 Studying the ecological factors underlying a novel tool for wood-

inhabiting fungal conservation
 Sonja Saine
14:00 – 14:15 Using MinION Nanopore sequencing to simultaneously identify 

multiple, illegally imported wild meat samples in Brussels, 
Belgium

 Ann Vanderheyden
14:15 – 14:30 Cytochrome c oxidase subunit 1 (Cox1) gene as a DNA barcode for 

lobose amoebae (Amoebozoa): emerging problems after eleven 
years of data and experience accumulation

 Alexander Kudryavtsev
14:30 – 14:45 Molecular contributions to the conservation of pubescent oak and 

pedunculate oak forest genetic resources in Romania, Bulgaria 
and Republic of Moldova

 Dragos Postolache
14:45 – 15:00 Species and genera discrimination of yeast of the Starmerela 

clade using DNA barcoding analysis
 Roumen Dimitrov

15:00 – 15:15 Survey of emerging yeast pathogens circulating in Bulgarian ecosystems
 Dilnora Gouliamova
15:15 – 15:30 SRAP markers – a robust marker system for analysis of genetic diver-

sity in natural populations and collections of plant genetic resources
 Krasimir Rusanov 
15:30 – 15:40 Q&A

15:40 – 16:10 Coffee-break

16:10 – 16:25 DNA barcoding sheds light on hidden biodiversity of 
pseudoscorpions in Croatia

 Dora Hlebec
16:25 – 16:40 Environmental DNA based detection and monitoring of alien 

(invasive) species in the Baltic Sea
 Veljo Kisand

16:40 – 16:55 Revisiting global biogeography of freshwater microalgae: new 
insights from molecular data

 Teofana Chonova 
16:55 – 17:10 In vitro and in silico integration of metabarcoding into 

species-level diatom biomonitoring
 Berkay Gülen

17:10 – 17:20 Q&A

17:20 – 19:00 E-POSTER SESSION II
 Chair: Assist. Prof. Vasilissa Manova

17:20 – 17:25 EP13 Biodiversity of the genus Trichoderma (Ascomycota, 
Fungi) in the Mediterranean region of Croatia

 Snjezana Topolovec-Pintaric

17:25 – 17:30 EP14 Testing COI primers for ichthyoplankton metabarcoding 
and their capability to assess local mesozooplankton 
communities

 André O. Ferreira
17:30 – 17:35 EP15 Assessing the seasonal dynamics of zooplankton in a 

recreational marina of the northwest of Portugal through 
multi-marker DNA metabarcoding

 Jorge Moutinho
17:35 – 17:40 EP16 Detection and monitoring of invertebrate non-

indigenous species through DNA metabarcoding in a 
recreational marina of the Northwest of Portugal

 Fábio G. Amaral
17:40 – 17:45 EP17 Extensive hidden diversity at small scale: the marine 

invertebrates of Macaronesian islands
 Pedro Vieira
17:45 – 17:50 EP18 Characterization of arthropod communities by DNA meta-

barcoding of body remains sieved from wood mould of tree holes
 Carlos Lopez-Vaamonde

17:50 – 17:55 EP19 Diet analysis with DNA metabarcoding for Antarctic 
Peninsula seal species

 Ayşegül Er Gökçe
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17:55 – 18:00 EP20 DNA Barcoding as an alternative method for pollinator 

biomonitoring
 Metehan Arikan 

18:00 – 18:05 EP21 New insights in the groundwater species diversity of the 
isopod genus Metastenasellus in Benin and Cameroon 

 Gontran Sonet

18:05 – 18:10 EP22 The Belgian barcoding facility for organisms and tissues 
of policy concern

 Kenny Meganck 

18:10 – 18:15 EP23 Structure and diversify of soil fungal communities in 
oil-bearing rose and lavender agroecosystems from the Rose 
Valley region

 Lyudmila Lozanova 

18:15 – 18:20 EP24 Morphological and molecular characterisation of 
Labronema magnum Altherr, 1972 (Nematoda: Dorylaimida) 
from Arctic polar deserts

 Milka Elshishka

18:20 – 18:25 EP25 DNA barcoding for biodiversity conservation: a case 
study of insects from the Maltese Islands 

 Clare Marie Mifsud

18:25 – 18:30 EP26 A multi-locus approach to improve discrimination be-
tween fish species

 Noel Vella

18:30 – 18:35 EP27 Endangered genetic diversity of the stone crayfish and 
noble crayfish revealed by DNA barcoding and species distri-
bution modelling

 Leona Lovrenčić

18:35 – 18:40 EP28 Molecular Identification of Ocimum tenuiflorum Sub-
types Rama and Krishna Tulsi Using Allele-Specific PCR 
Based on Single Nucleotide Polymorphism

 Raju Balaji

18:40 – 18:45 Q&A

18:45 – 19:00 Closing ceremony, Best Poster Award 

20:00 – 24:00 Conference dinner
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Wednesday, May 25th

SESSION 1

BIOSCAN Europe

Peter M. Hollingswortha, Mara Lawniczakb, Dimitrios Koureasc, Edwin 
Van Huisc, Paul Hebertd

aRoyal Botanic Garden Edinburgh, Edinburgh, United Kingdom
bWellcome Sanger Institute, Wellcome Genome Campus, Cambridge, United 
Kingdom 
cNaturalis Biodiversity Center, Leiden, Netherlands
dUniversity of Guelph, Centre for Biodiversity Genomics, Guelph, Canada

Abstract
Research programs led by the International Barcode of Life (IBOL) 
consortium have transformed the use of DNA sequencing for specimen 
identification and species discovery.  The BIOSCAN Europe initiative has 
been recently launched as part of IBOL, to bring together and support 
existing European networks, scientists, and projects that work on char-
acterisation and monitoring of biodiversity using DNA. It aims to build 
an efficient European system of interconnected facilities for rapid DNA 
identification and monitoring of species. This presentation introduces 
the BIOSCAN Europe initiative, its collaborations with wider biodiver-
sity genomic projects, and potential for future collaborations.

Finnish sawflies as a model for tackling a diverse and 
poorly known insect group using high-throughput DNA 
barcoding

Marko Mutanena

aUniversity of Oulu, Ecology and Genetics Research Unit, P.O. Box 3000, FI-
90014, Oulu, Finland

Keywords: Bioliteracy, Dark taxa, High-throughput sequencing, Sequel plat-
form, Taxonomic impediment

Abstract
Building a comprehensive reference library for a speciose group of 
organisms is invariably challenging, but how to tackle a little-known 
group with a notoriously complex taxonomy? Many national barcod-
ing programmes have based library construction on specimens identi-
fied to species level by taxonomy experts prior to sequencing. However, 
this strategy does not enable efficient progress with “dark taxa”. Within 
FinBOL, we have supported large-scale barcoding of dark insect taxa, 
some of which also include notable proportions of undescribed species.
Although many efforts to clarify their taxonomy have been made, 
sawflies of northern Europe still represent a relatively poorly stud-
ied group of insects. Consequently, the identification of sawflies often 
remains very challenging even for an expert, few of whom are avail-
able. To facilitate identification and shed light on sawfly taxonomy, 
~17,000 specimens collected from Finland were subjected to barcod-
ing. Although it has started with Sanger protocols, the massive-scale 
barcoding has mostly relied on the SEQUEL I platform. In addition, 
for rare taxa with no recent material available, the NGSFT protocol 
was used. This hybrid approach enabled the assembly of a compre-
hensive library both in terms of taxonomic and specimen coverage. 
Each protocol employed had particular benefits but also limitations,  
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highlighting the need for accurate bioinformatics pipelines and cau-
tious interpretation of the results.
Sawflies are a particularly challenging group not only because of tax-
onomic uncertainty, but also due to widespread barcode-sharing, low 
interspecific divergences, heteroplasmy and NUMTs. Operational fac-
tors, such as oversplitting of species, play a role, but the presence of con-
founding biological processes is indisputable. Some of these issues could 
be mitigated e.g. by accommodating BOLD to include variant sequences. 
Despite these complexities, the establishment of a high-resolution refer-
ence library for the North European sawfly fauna facilitates taxonomic 
stability and enables efficient identification and biomonitoring.

Estimating Cecidomyiidae (Diptera) species richness in 
Finland using high-throughput DNA barcoding

Niina Kiljunena,c, Jukka Salmelab, Emily Knottc, Otso Ovaskainenc, 
Marko Mutanena

aUniversity of Oulu, Ecology and Genetics Research Unit, P.O. Box 3000, 90014, 
Oulu, Finland
bRegional Museum of Lapland, Arktikum, Pohjoisranta 4, 96200 Rovaniemi, 
Finland
cUniversity of Jyväskylä, Department of Biological and Environmental Science, 
Jyväskylä, Finland

Keywords: BIN, Dark taxa, Hyperdiverse taxa, Sequel, Taxonomic impediment

Abstract
Cecidomyiidae are a hyperdiverse but inadequately studied dipteran 
family. The number of described Cecidomyiidae species in the world is 
approximately 6600 but the true species count is still regarded as un-
known. Based on DNA barcodes, the number of Cecidomyiidae species 
is estimated to be as high as 1.8 million globally. In Finland, no compre-
hensive inventories of Cecidomyiidae have been conducted, and the 
known species count is 384 to date. The purpose of this study was to 
statistically estimate the number of Cecidomyiidae species occurring 
in Finland utilising BINs (Barcode Index Number) as a proxy for spe-
cies. Cecidomyiids were collected from eight sites across the country 
using Malaise traps in the summer of 2020. Supplementary material 
from 13 sites was also included in the study. The barcode fragment of 
the COI (cytochrome oxidase c subunit I) gene was non-destructively 
sequenced from 9025 specimens using high-throughput Sequel I plat-
form. A validated sequence was recovered for 7838 specimens that 
were assigned to 1420 BINs. Species count was estimated using model-
based extrapolations from rarefaction curves of the abundance data. 
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Whole material (approximately 31 000 picked specimens) is estimated 
to contain 1.8-fold species count compared to the analysed proportion. 
Since further extrapolated rarefaction curve did not reach an asymp-
tote, the estimate of the number of Cecidomyiidae species in Finland 
still remains largely unknown. However, our study demonstrates that 
Finnish Cecidomyiidae fauna evidently consist of several thousand 
species. The result is congruent with previous studies and points out 
the efficiency of DNA based methods in shedding light on dark taxa.

Peering into the darkness: the GBOL III-Dark Taxa 
project at the Bavarian State Collection of Zoology

Caroline Chimenoa, Axel Hausmanna, Stefan Schmidta, Michael 
Raupacha, Jeremy Huebnera, Amelie Hoecherla, Rosa Albrechta, Gerhard 
Haszprunara 

aSNSB-Zoologische Staatssammlung München, Münchhausenstr. 21, 81247 
München, Germany

Keywords: Diptera, dark taxa, taxonomic impediment, species estimates, biodi-
versity

Abstract
Despite Germany’s long history of taxonomic research, knowledge re-
garding the taxonomy and biodiversity of several megadiverse groups of 
Hymenoptera and Diptera is lacking. This reflects the confluence of several 
factors, such as high species richness combined with a high rate of cryptic 
diversity and, most importantly, the limited taxonomic attention directed 
to species with small body size (<2 mm) whose morphological character-
istics are difficult to evaluate. Successful identification of species in these 
groups using morphology is challenging and requires taxonomic expertise, 
the availability of which is decreasing. To tackle these challenging groups, 
the most recent project in the German Barcode of Life initiative, GBOL 
III: Dark Taxa, which encompasses research of three major natural history 
institutions in Germany and twelve PhD students, was launched in 2020. 
Using an integrative taxonomic approach which combines morphological 
and sequence data, the project aims at uncovering the hidden diversity of 
some of these difficult groups of insects and at making them more tangible 
to science. Here, we demonstrate our workflow of accelerated taxonomy, 
including preliminary results but also challenges that we have faced.
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First results on the genetic variation of the Bulgarian 
populations of Morimus asper funereus (Mulsant, 1862) 
(Coleoptera: Cerambycidae)

Rumyana Kostovaa, Aneliya Bobevab, Rostislav Bekchievc 

aSofia University, Faculty of Biology, Department of Zoology and Anthropology, 8 
Dragan Tsankov Bulevard, 1164 Sofia, Bulgaria 
bInstitute of Biodiversity and Ecosystem Research, Bulgarian Academy of 
Sciences, 2 Yurii Gagarin Street,1113 Sofia, Bulgaria
cNational Museum of Natural History, Bulgarian Academy of Sciences, 1 Tsar 
Osvoboditel Bulevard, 1000 Sofia, Bulgaria

Keywords: Longhorn beetles, Lamiinae, COI, genetic diversity

Abstract
There is an ambiguity about the taxonomic status of Morimus asper 
funereus (Mulsant, 1862), a saproxylic longhorn beetle, widespread in 
Bulgaria and other Balkan countries. It is a protected species under the 
Habitats Directive (Annex II) and under the Bulgarian Biodiversity Act. 
A recent molecular study, based on the cytochrome C oxidase subunit I 
(COI) and the second internal transcribed spacer (ITS2) gene sequences, 
found that all European and Turkish populations of Morimus should be 
referred to M. asper (Sulzer, 1776) (Solano et al. 2013). The territory of 
Bulgaria and some other Balkan countries remain as an unstudied gap 
in that research. Here we present preliminary results on the genetic di-
vergence and diversity of Morimus populations on the Balkans based on 
COI gene sequences using material from Bulgaria and Albania and the 
haplotypes’ sequences of Solano et al. (2013) obtained from GenBank. 
The material collected from Bulgaria аnd two localities in Albania was 
identified based on morphology characteristics as M. asper funereus 
(46 samples), M. verecundus bulgaricus Danilevski et all., 2016 (1 sam-
ple from the type locality) and Lamia textor (Linnaeus, 1758) (1 sample) 

used as an outgroup. All obtained sequences were analyzed and haplo-
type diversity was estimated. The results show that Bulgarian popula-
tions of Morimus demonstrate relatively high haplotype diversity in cor-
respondence to the diversity of the other European populations. Also, 
a phylogeographical hypothesis of the linkage between Bulgarian and 
other Balkan populations was developed. Four main lineages of diver-
gence were identified. In addition, our results support the assumption 
that M. verucundus is a tentative subspecies of the morphologically and 
genetically variable M. asper. 
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Abstract
Recent studies warn of declining trends in insect pollinators (1, 2). 
Hence, their existing diversity must be discovered in order to develop 
effective protection strategies. Hoverflies are, after bees, the second 
most important insect pollinators. However, the diversity of hoverflies 
has not yet been fully addressed. Extensive work on hoverflies taxonomy 
resulted in the description of many new species during last couple of 
years. Since 2016, only in the genus Merodon Meigen, 1803 more than 
50 species new to science has been described. DNA barcoding based on 
mitochondrial COI gene had an important role in new species discovery 
within Merodon, however one gene approach has often been questioned 
(3, 4). Thus, we aimed to develop multilocus DNA barcoding approach 
using NGS sequencing for detection diversity of Merodon hoverflies. We 
applied two step PCR approach for library preparation and multiplex 
PCR in first step to simultaneously amplify two to three gene fragments 
per multiplex reaction. Sequencing was performed on Illumina MiSeq 

Sequencing platform. The amplicon sequence variants (ASVs) approach 
was chosen to recover the exact biological sequences. We developed a 
gene panel of four mitochondrial (COI, ND4, Cyt b, 16S rRNA gene) and 
two nuclear (H3, 28S rRNA gene) genes. Total evidence based phyloge-
netic tree produced by Bayesian analysis for concatenated sequence ma-
trix resolved five big clades which correspond to five lineages of Merodon 
genus: avidus, natans, desuturinus, albifrons and aureus lineage. Cryptic 
species within the M. aureus and the M. unicolor complexes were sup-
ported as separate, as well as M. avidus and M. moenium within the M. 
avidus species complex. The developed methodology based on six gene 
panel proved useful not only for species identification but for recon-
struction of Merodon phylogeny.
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Abstract
In the food market, consumers are increasingly demanding about food 
quality, safety and traceability. DNA barcoding and its applications have 
been used by our research group over the past decade, proving the ef-
fectiveness of this identification approach to meet market and consum-
ers demands, from raw material to highly processed products. The same 
necessity applies to multi-species products and can be addressed by 
exploiting DNA metabarcoding strategy. Concerning the seafood mar-
ket, we used a DNA barcoding approach to identify species substitu-
tions cases in shark slices sold in Italy. Results showed an high amount 
of commercial frauds rising the 80% of analysed “palombo” (Mustelus 
spp.) slices and highlighting an economic impact for consumers [1]. If in 
the seafood market products are easy to analyse, more difficulties occur 
in the food supplement market, where products are highly processed, so 
we evaluated whether DNA barcoding can be applied to trace plant spe-
cies in commercial items, such as phytoextracts. Phytoextracts obtained 
through hydroalcoholic treatment, with lower percentage of ethanol, 
and aqueous processing, at the lowest temperature, had major rate of 
sequencing and identification success [2]. Concerning multi-species 
products (novel food insects-based), we have designed three studies, 
based on DNA metabarcoding, to define the quality and safety of such 

products and on herbal teas [3-5]. Results showed that this technique 
was able to detect contamination, counterfeits but also allergen plants 
and harmful pathogens. Despite all those techniques are useful for food 
authentication, timeframes are often prohibitive for the food market. 
To address such issues, we have introduced a new technology, named 
NanoTracer, that allows for rapid and naked-eye molecular traceability 
of any food and requires limited instrumentation and cost-effective rea-
gents. [6]. DNA barcoding and its applications are promising solutions 
for food quality and safety, especially to develop fast and on-site analy-
sis, sensor engineering and blockchain technology.
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Abstract
DNA barcoding was clearly a revolutionary idea, something like 
PCR in molecular biology, for understanding the diversity of life on 
Earth. From the simple identification of individuals, to population 
analyses, discovering hidden diversity, food composition, alien spe-
cies detection or multitaxa metabarcoding surveys, DNA barcoding 
has become a tool with enormous scientific, economic and conser-
vation potential.
It was clear from the beginning that for exploiting the full potential of 
molecular species determination, reference data are crucial. The stated 
goal to barcode everything alive is the right one, but for now it is still a 
long way off. According to BOLD (March 10, 2022), there are ~10.5M 
barcodes available, representing 722K species (237K animals). In com-

parison, the numbers of known/estimated species are: total 1.5M/11M 
and animal 1.2M/9.9M (Mora et al. 2011).
The situation with freshwaters is the same. These habitats are inhabited by 
~10% of Earth species, (~95K known, up to 800K estimated). They are among 
the most critically endangered, loosing biodiversity at highest rates (e.g. Maasri 
et al. 2021), however we do not know the true situation because we do not 
know the true diversity. DNA barcoding can greatly help in this regard, but we 
face the problem of huge gaps in reference data (Weigand et al. 2019).
Several large barcoding actions have been/are ongoing. However, while pro-
ducing large amounts of data, they frequently barcode the same common 
species, or the will to examine samples further is low and therefore many 
remain undetermined. Here, local, smaller studies can be very effective, 
even if producing less barcodes. The Slovak initiative named AquaBOL.sk 
focuses on the aquatic biota of Slovakia. We are working on smaller studies, 
but collaborating with experts in the taxonomy, resulting in well-determined 
voucher specimens and producing reliable data. Despite less data produced, 
we are able to provide unique BINs, unhide cryptic diversity and local ge-
netic variation. This approach is maybe not so sound like big campaigns, but 
it is valuable and indispensable component of the global effort to barcode 
all species around us“barcoding small“ countries/teams to be engaged in the 
global effort of barcoding all species around us.
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Abstract
Lake Skadar (LS) is the largest and the youngest Balkan Lake shared by 
Montenegro and Albania. A characteristic feature of the lake basin is 
presence of numerous geologically old karstic spring systems. The lake 
and its basin are known for rich biodiversity and endemism. Recent 
studies show that local aquatic invertebrates, particularly crenic fau-
na, are far from being well-documented. The lake is protected and 
included in the Ramsar list of wetlands of international importance. 
However, the ecosystem of LS basin is highly endangered due to re-
cent development of tourism industry and associated anthropogenic 
pressure. Thus, a rapid survey of the local aquatic biodiversity is of 
utter importance. Our study, done in May/June 2018, encompassed 
86 sites scattered throughout the LS basin, including hand-net sam-
pling in aquatic and riparian habitats, as well as light-trapping. Using 
the PacBio Sequel II System in CBG (Guelph), we obtained ca. 15,000 

COI barcodes: 14,500 of arthropods, 250 of molluscs, and 220 of an-
nelids. The barcodes, deposited in BOLD database, were identified to 
599 named species using BOLD reference library and, based on the 
Barcode Index Number algorithm, clustered to 1,741 BINs (527 unique) 
that can be treated roughly as imperfect yet handy species-equivalents. 
In numerous cases, particularly aquatic insects (e.g., Ephemeroptera, 
Plecoptera, Trichoptera, Coleoptera, and Diptera), the survey pro-
vided records of species new to LS basin, Montenegro, Albania and 
also potentially new to science. The barcodes, available publicly as the 
“Lake Skadar Basin DNA Barcode Library”, will provide a possibility for 
employing cost-effective methods such as DNA metabarcoding and, in 
perspective, ecologically harmless eDNA sampling in bioassessment 
and biomonitoring of local freshwater ecosystems. 
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Abstract
The Mediterranean region is one the most critical hotspots of biodiver-
sity and endemicity of freshwater macroinvertebrates. Maltese Islands 
are impoverished in surface freshwaters due to geological and climatic 
conditions and various anthropogenic activities. In addition to the few 
natural but intermittent streams, some man-made or strongly modified 
waterbodies (e.g. artificial ponds and canals, reconstructed wetlands) 
and rock pools represent aquatic habitats. Surprisingly, knowledge about 
macroinvertebrate fauna inhabiting those water bodies is relatively 
scarce and unbalanced, i.e., many faunistic reports about dragonflies 
and singletons about different groups.
In February 2018, during a two-weeks long sampling campaign, we  

visited 80 sites on the three biggest Maltese Islands (Malta, Gozo, 
Comino). Sampling locations covered almost all possible types of water 
bodies occurring in Malta. In the collected samples, we morphologically 
identified Crustacea, Mollusca, Ephemeroptera, Odonata, Heteroptera, 
Coleoptera, Trichoptera, Diptera, and Annelida, which resulted in re-
cords of ca. 115 species. At least 45 species have been reported here for 
the first time from Malta. Moreover, some are new to Europe, while some 
are new to science. We extracted DNA from 1050 individuals from all 
the detected morphospecies and produced 790 COI sequences. Among 
those sequences, 143 BINs (Barcode Index Number) were assigned, from 
which 45 appear to be unique. All the identified species have now been 
validated to confirm the identification. Thus, our study is the first effort 
to generate a DNA barcode reference library of macroinvertebrates of 
Malta that provides species-level identifications. The barcodes will be-
come part of the “Aquatic Macroinvertebrates DNA Barcode Library of 
Malta” developed based on our samplings.
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Abstract
Lake Ohrid, located in the Balkan Peninsula at the Albanian/Macedonian 
border, is the oldest European lake (ca. 1.3 My old), one of the world’s 
smallest ancient lakes and an important biodiversity hotspot. At the 
same time, taking into account the lake surface, it harbours the highest 
level of endemism, especially in the case of amphipod crustaceans (ca. 
90%). The majority of Lake Ohrid amphipods belong to the local endem-
ic Gammarus species flock. Still, the evolutionary processes underlying 
speciation within this group in ancient lakes are weakly understood. 
Therefore, the Ohridian Gammarus species flock, encompassing about 
a dozen species, is an exceptional model for testing adaptive radiation 
compared to other such systems. Our four-year-long project, launched 

in mid-2019, aims to unravel the evolutionary process behind the ori-
gins of the endemic Gammarus species flock in the ancient Lake Ohrid 
using an integrative approach. We incorporate molecular study through 
transcriptome sequencing as well as assessment of diet preferences us-
ing DNA metabarcoding combined with a detailed examination of the 
functional morphology of species flock and their relatives. Additionally, 
we provide an extensive barcode reference library, of all invertebrates 
inhabiting the lake and neighbouring springs and rivers. The project will 
result in the first-ever in-depth analysis of the complete ancient lake 
endemic species flock of crustaceans. During the talk, we will present 
what we were able to achieve halfway through our project.
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Abstract
The Ponto-Caspian region is a hotspot of endemicity, harbouring, among 
others, diverse radiations of several crustacean orders. Among these, 
the amphipods are by far the most diverse (96 currently known spe-
cies), with many of these species being successful invaders in European 
freshwaters. Nevertheless, this fauna still remains poorly studied, with 
relatively few taxa being sequenced, and sometimes mislabelled in pub-
lic databases. Here we present a first DNA barcode reference library of 
Ponto-Caspian amphipods that encompasses ca. 60% of all known spe-
cies. We use a broad range of methods to define molecular operational 
taxonomic units (MOTUs) based on COI and 16S and assess their con-
gruence with the current morphology-based taxonomy. Depending on 
the delimitation method, we find that between 54% and 69% of taxa 
had congruent morpho-molecular boundaries. The remaining cases of 

incongruence resulted either from lumping of morphologically distinct 
species into the same MOTU (7-27%), splitting of morphological spe-
cies into several MOTUs (4-28%), or both (4-11%). MOTUs defined by 
distance-based methods without a priori divergence thresholds had the 
highest congruence with morphological taxonomy (69%). These results 
indicate that although DNA barcoding can be a useful tool for delimit-
ing Ponto-Caspian amphipod species, it also emphasizes that extensive 
further taxonomic work is needed. Our study is an important addition 
to the European DNA barcode reference library of aquatic biota, pav-
ing the way towards a clearer taxonomy, and improving invasive species 
monitoring and conservation efforts.
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Abstract
Jellyfish common but little studied in the Azores, which is the remot-
est archipelago of the North Atlantic. In particular, large blooms of the 
scyphozoan Pelagia noctiluca (mauve stinger) and hydrozoans Physalia 
physalis (“Portuguese man o’ war”) and Velella velella frequently hit the 
shores of the Azores. A reduced, to moderate, species diversity of an-
other gelatinous macrofauna occasionally occurs, like “moon jellies” and 
salps, and more rarely weird forms of ctenophores, siphonophores and 
pyrosomes are spotted. Genetic studies involving the marine gelatinous 
fauna of the Azores were practically inexistent.
After more than two years sampling stranded jellies monthly in four 
beaches of two Azorean islands (Faial and São Miguel), and with spo-
radic jellyfish sampling in-between by snorkeling or scuba diving, we 
amassed and submitted to DNA barcoding ca. 1000 specimens of marine 
jellies, plus some associated taxa, to investigate their genetic diversity.
Applying fast and cheap laboratory methods, for the first time in the 
University of the Azores, in about four months of lab work two research-
ers sequenced roughly three genetic markers (COI, 16S, and ITS1) for 
more than 1000 jellies, indoors, with a MinION nanopore sequencer.

We generated successfully around 2100 DNA barcodes for the three ge-
netic markers selected, with four combinations of primers pairs. These 
barcodes were then sorted by genetic marker and taxonomic group, and 
were blasted and aligned with barcodes of phylogenetically close taxa 
publically available. Subsequently, we ascertained the taxonomic iden-
tity of many taxa (from species to family level), revealed cryptic spe-
cies, noticed phylogeographic affinities of the Azorean jellies with other 
biogeographic regions, and noted contrasting patterns of intraspecific 
genetic diversity between species that may correlate with species popu-
lations’ sizes and dispersal and reproductive strategies.
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Abstract
The use of molecular tools to manage natural resources is increasingly 
common. However, DNA-based methods are seldom used to under-
stand the spatial and temporal dynamics of species’ range shifts. This 
is important when managing range shifting species such as non-native 
species (NNS), which can have negative impacts on native biodiversity. 
Here, we investigated the ascidian NNS Ciona robusta, Clavelina lepadi-
formis, Microcosmus squamiger and Styela plicata using a combined  

methodological approach. We first conducted non-molecular biodi-
versity surveys for these NNS along the South African coastline, and 
compared the results with historical surveys. We detected no consist-
ent change in range size across species, with some displaying range 
stability and others showing range shifts. We then sequenced a sec-
tion of cytochrome c oxidase subunit I (COI) from tissue samples and 
found genetic differences along the coastline but no change over recent 
times. Finally, we found that environmental DNA metabarcoding data 
showed broad congruence with both the biodiversity survey and the 
COI datasets, but failed to capture the complete incidence of all NNS. 
Overall, we demonstrated how a combined methodological approach 
can effectively detect spatial and temporal variation in genetic compo-
sition and range size, which is key for managing both thriving NNS and 
threatened species.
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Abstract
Because DNA metabarcoding typically employs sequence diversity 
among amplicons of the mitochondrial cytochrome c oxidase I (COI) 
gene to estimate species richness, nuclear mitochondrial pseudogenes 
(NUMTs) can inflate diversity. This study quantifies the incidence 
and attributes of NUMTs derived from the 658 bp barcode region of 
COI in 156 marine animal genomes. The number of NUMTs meeting 
four length criteria (≥150 bp, ≥313 bp, ≥500 bp, ≥650 bp) was deter-
mined, and they were then examined to ascertain if they could be 
recognized by their possession of indels or stop codons. In total, 389 
NUMTs ≥100 bp were detected, with an average of 2.49 per species 
(range = 0–50) and a mean length of 336 bp ± 208 bp. From this to-
tal, 107 (27.5%) lacked indels or stop codons.  NUMTs appear to pose 
the greatest interpretational risk when short (<313 bp) amplicons are 
used, such as in eDNA studies, dietary analyses, or processed sea-
food identification. Studies examining 313 bp amplicons could po-
tentially inflate the OTU count by 21% above the true species count 
and raise intraspecific variation at COI by 15%. However, only 6.2% 
of all 389 NUMTs appear likely to be co-amplified by the standard 
primers used in marine metabarcoding studies.  While bioinformatic 

advances will improve NUMT detection, the best defense involves 
targeting long amplicons and developing reference databases that 
include both mitochondrial sequences and their NUMT derivatives.
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Abstract
Since its establishment in 2010, the International Barcode of Life (iBOL) 
consortium has grown to include organizations in 40 nations. Five years 
after its founding, it completed its first research program that delivered 
DNA barcode coverage for 500K species. In 2019, iBOL launched BIOSCAN 
which is revealing new species, probing species interactions, and tracking 
changes in species composition. Its work on species discovery will involve 
the barcode analysis of 10 million specimens, studies which will reveal at 
least 100K new species. It will also explore species interactions by deep 
sequencing DNA extracts from a million specimens to reveal the parasites, 
commensals, and mutualists interacting with each of them. Finally, its 
work on species dynamics will involve metabarcoding 100K bulk samples 
from 2000 locations in half the world’s ecoregions. As BIOSCAN has been 
underway for a third of its planned duration, it is a good time to assess 
progress towards its fund-raising and scientific goals.
The first challenge that BIOSCAN confronted was securing the $180M 
required to carry out its planned research. As a third of this total rep-
resented the in-kind value of samples and specimens provided by iBOL 
members, this component seemed secure when BIOSCAN launched. 
However, it has proven a greater challenge to raise the $120M needed 

to cover analytical costs and to develop and sustain the core informatics 
and sequencing platforms required to gather, curate, and analyze data. 
However, half this target has now been committed by diverse funding 
agencies in Europe and North America. As the prospect for additional 
support is strong, the overall funding target will be met.
Progress on BIOSCAN’s three research themes has been variable. Work 
on species discovery is well advanced because analytical protocols were 
mature and specimens were available. As 5M specimens have already 
been analyzed and production is scaling up to 2M a year, 20M speci-
mens will likely be analyzed by 2028, twice the target. By comparison, 
work on species interactions has been delayed because this line of in-
vestigation required protocol development and this was impossible dur-
ing lab lockdowns through the pandemic. However, this barrier has now 
been broken and early results are promising. BIOSCAN’s work on species 
dynamics encountered a different barrier. Analytical protocols and in-
formatics pipelines were in place but it was difficult to launch new col-
lection programs until now. Despite these challenges, BIOSCAN should 
achieve its goals on time and budget, allowing iBOL to launch its third 
major initiative, the Planetary Biodiversity Mission, before 2030.
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Abstract
Prior taxonomic work has reported the occurrence of 580 vertebrates 
and about 30,000 invertebrate species from Bulgaria. This presentation 
employs the Barcode Index Number (BIN) system to assess the current 
extent of barcode coverage for the Bulgarian fauna on the Barcode of 
Life Data System (BOLD). Because BINs have high correspondence with 
the traditional morphological species concept, they are very useful in 
assessing diversity in groups with limited taxonomic knowledge. The 
current DNA barcode reference library on BOLD for Bulgarian animals 
includes more than 36,000 barcode records representing 7,136 BINs. 
Most (34,000 specimens - 6,393 BINs) of these barcodes have been de-
rived from freshly collected specimens from 681 sites processed at the 
Centre for Biodiversity Genomics (CBG), Guelph, Canada. The other 
2,666 sequences (850 BINs) have been harvested from GenBank which 
have been published in 209 articles as parts of 63 individual collections 
archived in other countries (Fig. 1). From all 7,136 BINs, 71% have been 
assigned to a family while 82% have been associated with a genus, and 
only 53% have a valid species name. Although DNA barcodes are only 
available for about 10% of the animal species in Bulgaria, the current 
reference library provides a useful resource for conservation and ecol-
ogy, and aids the discovery of new taxa.

Figure 1. Map of Bulgaria illustrating the DNA barcode records of all animals with BIN 
coverage



50 51

DNA barcoding and the BioAlfa process to facilitate
the DNA barcoding of all of Costa Rica, embedded 
within BIOSCAN

Daniel Janzena, Winnie Hallwachsa

aDepartment of Biology, University of Pennsylvania, Philadelphia, PA 19104

Keywords: tropical biodiversity, social integration, conservation, use-it-or-lose-
it, taxonomy, biopolitics, barcorder

Abstract
Since 1953, we have used in detail and appreciated tropical products by 
the taxasphere. By 2003, we and our taxonomist colleagues were emphati-
cally up against the wall of the taxonomic impediment.  In 1985, our goal 
became to encourage the sustainable biodevelopment of the great mass 
of tropical biodiversity by the academic sector and all others. Learning in 
2003 of the concept of DNA barcoding for species identification and dis-
covery, and seeing it in action in 2004, transformed our stalemated efforts 
towards sustainable tropical biodevelopment of biodiversity into a viable 
action concept - to facilitate a tropical region to conserve its unimaginable 
amounts of remaining wild biodiversity through coming to know what it 
is, what it does, where it is, and how to find it - and get that into the public 
domain for real bioliteracy. The process requires a serious beginning of 
 a. national biopolitical blessing,
 b. a public repository and analysis of the specimen-vouchered ever-

growing DNA barcode public library, 
 c. massive public sweat-equity sample acquisition, 
 d. intense collaboration with both previous and upcoming taxas-

phere products and personnel, 
    e. a personal, dirt cheap, reusable globally wireless pocket barcorder,
    f. serious international funding, and 
    g. full public integration of the process, in Costa Rica baptized as 

“BioAlfa” (BioAlfabetización).  

The target is ever-growing bioliteracy, as public as is literacy, with all its 
benefits and tangles that come about through learning to read and write.  
Since 2004 Costa Rica has allowed itself to begin all of these processes, 
as a deep national dive within BIOSCAN, the global barcoding effort.  We 
brieftly present the Costa Rican experience that began in 2017.
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Abstract
DNA barcoding has been established as an efficient, sensitive and reliable 
methodology for plant identification. However, in spite of efforts to find 
a universal DNA plant barcode, some taxa are not sufficiently resolved 
by typical plant barcoding genes like matK or rbcL. We have used a tech-
nique known as genome skimming, which relies on the empiric low cov-
erage sequencing of a full plant genome, resulting in high coverage of the 
high copy genome fractions such as chloroplast and rDNA. Phylogenetic 
studies show that these regions are a reservoir of variability which could 
be further exploited for DNA barcode discovery. We sequenced eight 
amaranth species using Illumina Next Generation Sequencing technol-
ogy to test the feasibility of this technique. Amaranths were chosen due 
to their increasing impact as invasive species bearing multiple herbicide 
resistance mechanisms. Our results showed that complete chloroplast 
genomes could be assembled for all of the eight species tested. We ob-
tained an average of 47 million reads for each one of the amaranth nu-
clear genomes, which range in size between 400-700Mb approximately.  
These reads provide an average theoretical coverage of 10-15X for each 
nuclear genome, but resulted in an average chloroplast genome coverage 
in the range of 500-8000X due to multiple chloroplast genome copies 
per cell. Alignment of the eight chloroplast genomes shows variability 

in the single copy regions (Fig. 1), especially on intergenic sections (Fig. 
2). Additional preliminary analyses also show variation among different 
populations of the same species, demonstrating the importance of stud-
ying both inter and intraspecific diversity to design reliable and accurate 
DNA barcodes that can be used in species identification. 

Figure 1. Variability between the Small Single-Copy (SSC) region and the 
Inverted Repeat (IR) regions. Alignment of eight amaranth chloroplast genomes 
using MAFFT depicts high levels of polymorphism in the SSC. Each vertical line or 
gap depicted in each sequence corresponds to a polymorphism between tested species. 
Genes are depicted in green and tRNAs are shown in pink.

Figure 2. Polymorphism of an intergenic section from the Long Single-Copy 
(LSC) region. Alignment of eight amaranth chloroplast genomes using MAFFT depicts 
a close up of a highly polymorphic intergenic region between the tRNAs for Threonine 
(left) and Leucine (right). Each vertical line or gap depicted in each sequence corre-
sponds to a polymorphism between tested species (the colors correspond to different 
nucleotides). Genes are depicted in green and tRNAs are shown in pink.
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Abstract
Taxonomic assignment is a key step in processing metabarcoding data. 
This requires a database as complete as possible. One of the most fre-
quently used markers for barcoding and metabarcoding animals is the 
cytochrome c oxidase subunit I (Hebert et al., 2003; Porter & Hajibabaei, 
2018) and there are two major public databases, where most of these se-
quences are deposited: the Barcode of Life Data System (Ratnasingham 
& Hebert, 2007) and the nucleotide database of NCBI (Sayers et al., 
2022). 
There are two major technical difficulties to create a database from se-
quences of different databases:

•	 Downloading large quantities of DNA sequences and filtering 
them for a marker are time consuming especially if mass down-
loading is not provided by the public database.

•	 Unifying taxonomic lineages from different sources is a chal-
lenge due incompatible taxonomic identifiers, homonyms, syno-
nyms, and incomplete lineages.

I present here the creation of a COI database with sequences without 
restriction of taxonomic origin or region of the COI gene accompanied 
by a coherent system of taxonomic identifiers. Redundancy is eliminated 
by taxonomically aware dereplication. 
The resulting database will be published and updated annually and can 
be easily downloaded. It can be used as it is or as a starting point to create 
more specific databases. Accompanying scripts will be provided to select 

a list of taxa or gene region and thus allow users to create their own cus-
tom database focalized to their taxa/gene region of interest, without the 
need to deal with the downloading sequences from the source databases, 
pooling them and eliminating redundancy. 
The scripts are written in Perl and special care was taken to reduce de-
pendencies to facilitate their use.
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Abstract
Insect monitoring schemes have enormous potential for understanding 
biodiversity declines, but to date have largely been underutilised.  We 
evaluate the use of DNA-metabarcoding of samples from two insect 
monitoring schemes in the UK and compare them with conventional 
methods of identification. First, using archived aerial suction samples 
from the Rothamsted Insect Survey (RIS, collected between 2003-
2018), we show that it is possible to successfully metabarcode stored 
samples over a 20-year period. Congruence with taxonomic identifica-
tions varied.  Second, we used FERA yellow water-pan trap (YWT, 70 
agricultural sites across the UK) and metabarcoded the ‘by-catch’ of 
non-target insects that would otherwise be discarded. Our results high-
light how DNA-metabarcoding can add value to already established bio-
monitoring schemes by: i) providing a way to non-destructively analyze 
archived samples, and therefore unlock their ‘hidden’ potential, and ii) 
increasing the breadth of taxa being monitored in traditional surveys by 
including hitherto overlooked by-catch species. We discuss the emerging 

trends of how species-interactions can be derived using these methods, 
ultimately leading to the construction and analysis of highly-resolved 
ecological networks that can then be used to better understand and mit-
igate insect declines.
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Abstract
DNA barcodes (primarily matK and rbcL) for Finnish plant taxa were 
produced using mostly herbarium materials from the Botanical Museum, 
University of Helsinki. While producing barcodes, we paid attention on 
the effects of the sample age (varying almost 150 years) and taxonomic 
origin on the success rate. Additionally, we investigated, whether the 
level of intraspecific variation differs between native and introduced 
species. The age-related success rates were tested only for rbcL, because 
the amplification of matK was strongly dependent on factors other than 
age. We found significant age effects among herbarium specimens, the 
rbcL barcoding success increasing steadily from 51.4% (collected before 
1931) to 88.0% (collected after 2000). Among all studied specimens, 
the average success rates for any barcode (matK or rbcL), rbcL alone, 
matK alone and both barcodes (matK and rbcL) equaled 81, 79, 55 and 
53%, respectively, and among species (at least one specimen per species 
barcoded successfully) 95, 95, 74 and 73%, respectively. Among plant 

families, success rates for rbcL varied from 33% in Nymphaeaceae to 
100% in Alismataceae, Betulaceae, Papaveraceae and Rubiaceae, while 
for matK success rates ranged from 0% in Boraginaceae, Crassulaceae, 
Geraniaceae, Liliaceae, Onagraceae, Orobanchaceae, Pinaceae and 
Saxifragaceae to 100% in Gentianaceae and Papaveraceae. The barcoded 
herbarium specimens showed differences in intraspecific and interspe-
cific variation levels, while the average level of intraspecific variation 
appeared similar among native and introduced species. Besides being 
valuable for the identification of species, DNA barcoding with sufficient 
sampling is also a tool to investigate specific evolutionary questions, such 
as biogeographic patterns or the adaptive capacity of invasive and other 
alien plant species. Our study showed that even old herbarium materials 
are useful sources for DNA barcoding.
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Abstract
Plant and their associated communities are composed of organisms with 
very different life history traits and dispersal ability, it is unlikely that 
all species within them will respond to some given variation in abiotic 
conditions in a similar direction or by a similar magnitude. Community 

composition along environmental gradients may thus change in reflec-
tion of two interlinked impacts: taxon-specific responses to the joint 
environment and taxa responding to each other. How the two types of 
impacts differ within versus between major taxa (such as kingdoms) is 
of key interest for understanding the assembly of taxonomically com-
prehensive communities, ranging from microbes to macro-organisms. 
Analyses of species co-occurrences quantified through DNA-based ap-
proaches provide a promising approach to dissecting species’ responses 
to their joint environment and to each other. In this study, we aim to 
characterise the structure of communities of plants and soil microbes, 
to establish the effect of abiotic covariates on them, and to quantify in-
teractions between the component species. We do so by surveying the 
aboveground vegetation for a direct measure of the plant community, 
sampling soil cores for measures of both plants and associated microbes, 
and quantifying several local environmental covariates. To validate eD-
NA-based descriptors of plant communities, we matched descriptions 
of plant communities based on molecular methods with direct observa-
tions of the aboveground plant communities. Our results shows that the 
community of plants described by observation differ significantly from 
the ones described by different primers used. Edaphic conditions seem 
to be a major factor on our plant and microbial community composition. 
However, the relationship between edaphic conditions varies depend-
ing on the method of identification used. We also found a variation of 
response to the different environmental factors among taxa. Contrary 
to what was expected the proportions of positive and negative residual 
associations were low among our plots. 
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Abstract
The majority of metabarcoding studies on ancient sedimentary DNA 
(sedaDNA) to investigate past flora changes have been conducted on 
lakes from cold environments (high latitudes) where DNA is likely to be 
better preserved. For this reason, many temperate lakes from southern 
Europe are underrepresented in the sedaDNA literature, while they are 
of great importance due to their presence in areas that acted as refugia 
for many species during the last glaciation. 
Here we investigated a 14-meter sediment core taken from maar lake 
Lago Grande di Monticchio in southern Italy, covering the last 31-thou-
sand years, and tested trnL and ITS1 metabarcoding to investigate an-
cient flora changes.  Our result shows a detailed flora in the first 7.5 
thousand years of the sediment record with DNA revealing previously 
identified woody taxa replacements and, overall, a rich herbaceous and 
aquatic flora. After 7.5 thousand years however, the DNA signal becomes 
stochastic with several samples’ dropout, likely due to a combination of 
enzyme inhibition and DNA degradation in the sediment core.
Overall, we show that DNA is well preserved in this temperate lake 
sediment but only from the mid- to late-Holocene period. Several 

methodological limitations did not allow for thorough investigation 
of the full glacial period and the transition into the warmer Holocene 
(7.5-31-thousand years ago). The large potential of sedaDNA however 
remains if new methodological advances help mitigate enzyme inhibi-
tion and if shorter DNA fragments can be targeted.
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Abstract
The relevance of natural history collections for phylogenetic studies 
is becoming increasingly evident. The use of ‘museomics’ is substan-
tially interesting in those cases in which sampling of species is com-
plicated due to their difficult accessible habitat or conservation sta-
tus. Type material in particular has great potential for rare or even 
extinct species. DNA extraction and library preparation adapted to 
ancient DNA combined with hybridization capture allows sequence 
information to be obtained from such specimens. In this study, we 
used an RNA bait set containing baits from a wide taxonomic range 
of species for DNA hybridization capture of nuclear and mitochon-
drial targets for analyzing a diverse range of natural history collec-
tion specimens. The bait set used consists of 2.492 mitochondrial 
and 530 nuclear RNA baits and comprises specific barcode loci of a 
diverse animal groups including both invertebrates and vertebrates. 
Overall, this method was tested on 24 wet collection specimens with 
different fixation history (e.g. muscle) and 13 dry (bone, teeth, dried 
skin) collection specimens aged 25 to 192 years. This resulted in valu-
able DNA sequence information of target barcode loci of 75% of all 

samples that can be used for further analysis. Our study presents 
a way of applying barcode sequencing in natural history collections 
across projects and taxonomic groups. 
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Abstract
The Joint Danube Survey (JDS) is a regular transnational campaign to 
monitor the ecological quality of the Danube and its main tributaries, in 
accordance with the EU Water Framework Directive. During the JDS4 in 
2019, conventional methods to monitor biodiversity were complement-
ed with metabarcoding for the first time (Liška et al. 2021). Sixty-nine 
phytobenthos samples were collected during the JDS4 following Euro-
pean standards and metabarcoding was performed with two molecular 
markers; the V4 region of the 18S rRNA gene (Mora et al. 2019) and a 
fragment of the rbcL gene (Vasselon et al. 2017). Sequence Units (SUs; 

OTUs or ASVs) were generated according to Zimmermann et al. (2021). 
Genera with the most SUs were Nitzschia, Navicula, Sellaphora, Ampho-
ra and the most abundant species found were Navicula cf. ramosissima, 
N. tripunctata and Melosira varians, but differences could be detected 
between markers. Taxonomic assignment to species level resulted in 160 
species according to 18SV4, 221 with rbcL, and 385 from the micros-
copy analyses. Regardless of discrepancies in total species numbers, a 
good correspondence in abundant taxa was found between the different 
methods. Ordination techniques and analysis of similarity (ANOSIM) 
revealed significant changes in community composition related to river 
section typology and environmental variables; temperature, dissolved 
oxygen, total organic carbon, conductivity. Diatom quality indices cal-
culated on metabarcoding data correlated significantly with index on 
microscopy data. Despite the fact that the number of species-level iden-
tifications were lower in both metabarcoding datasets, the high-resolu-
tion biological information (e.g., intraspecific diversity, morphologically 
cryptic lineages) helps us better understand community changes along 
environmental gradients. Additionally, the ability to detect otherwise 
hardly recognizable, invasive species (Buczkó et al. 2022) makes meta-
barcoding an efficient tool in biomonitoring.
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DNA-based identification of traded wildlife: Monitoring 
of terrestrial orchid tubers in trade
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Abstract
In several eastern Mediterranean countries, orchids are collected from 
the wild to produce salep, a beverage made of dried orchid tubers. All or-
chid species are listed on CITES Appendices, and most species are pro-
tected in harvesting countries. The drivers of this collection and trade 
have changed over time. DNA barcoding can help to identify individual 
tubers in trade, and DNA metabarcoding can elucidate the species diver-
sity in commercial products, such as instant salep, ice cream and pow-
ders purchased in Iran, Turkey, Greece, Germany and the Netherlands. 
Additionally, DNA metabarcoding sheds light on other plant ingredients 
commonly found together with these illegally harvested and traded or-
chids. However, gaps remain in identification of orchids in trade, and 
subsequent studies have investigated the use of salep in patents, the 
scale and value of online trade on eBay, the identification of natural and 
artificial hybrids, as well as the use of target-enrichment sequencing 
to increase species identification resolution beyond the common plant 
DNA barcoding markers. Understanding the species diversity and prov-
enance of salep orchid tubers will enable the chain of commercialization 
of these sensitive species to be traced back to the harvesters and their 
natural habitats, and thus allow for targeted efforts to protect or sus-
tainably use these wild populations.
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Abstract
To assess a species’ impact in an environment, we need to know the func-
tions of a species. Honeybees are important pollinators, but they likely 
have other impacts as well. Here we use the DNA contents of honey to 
assess honeybees’ functions comprehensively.
Based on data from metagenomics and DNA metabarcoding of 43 hon-
ey samples from North-Europe, we define the taxonomic composition 
of the honey-borne DNA, and assign the identified taxa to ecological 
groups. Most of the DNA sequences are from gut microbes of honey-
bees, showing honeybees host microbes both beneficial and detrimen-
tal to themselves. The second most abundant group are plants, showing 
North-European honeybees feed on and pollinate mostly cultivated 
plants. Based on the very high frequency of occurrence of pathogens 
associated with plants, bees and other animals, honeybees appear to 
be spread them, but also microbes protective of those pathogens. This 
way honey-borne DNA describes honeybees’ functions and guides us 
to look at relevant associations.
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Abstract
Telling species apart is important but is often difficult. It is critical to get 
it right if we want to understand the global biodiversity, as to monitor-
ing change, and manage that biodiversity. To address this challenge DNA 
barcoding has been developed which uses the information of DNA se-
quence for species identification. The standard plant DNA barcodes are 
based on a small amount of DNA from organelle genomes. The informa-
tion they provide is limited comparing to the massive genomic complex-
ity of plants. 
Various studies over the last 30 years have shown the ability of multiple 
unlinked nuclear markers to provide high discriminatory power in many 
plant groups, separating species, and infra-specific taxa. 
Access to the nuclear genome via high-throughput-sequencing now ena-
bles the generation of large amounts of comparable sequence data with 
high levels of variation from the (previously poorly characterised) nucle-
ar genomes of plants. Data are being generated from reference genomes, 
resequencing studies, and various reduced representation methods. 
Thus, using nuclear sequence data for species discovery and specimen 
identification is becoming realisable.
Here in this talk, building on the technical considerations for evaluating 
existing datasets to understand discriminatory power and the nature of 
genomic differences between plant species, we outline a simple research 

road map to support the development of a nuclear DNA barcode and 
illustrate its initial utilisation in two test datasets from target capture 
sequencing platform. 
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Abstract
Genome skimming was proposed a few years ago as a possible exten-
sion of conventional DNA barcoding (Coissac et al. 2016). This idea 
was implemented in two sister projects, PhyloAlps and PhyloNorway. 
Both projects aimed at skimming the genomes of the complete 
Alpine and Norwegian/polar flora, respectively. Today, these projects 
have reached their goal. More than 8,000 plant genomes have been 
skimmed. With equal success, each project has relied on two different 
sample sources. While PhyloAlps performed a complete resampling of 
the alpine flora, PhyloNorway relied on the collection of the Tromsø 
Museum herbarium. The data are progressively published in various 
databases, including the European Nucleotide Archive (SRA-ENA) and 
the Barcode Of Life Data System (BOLD) for the standard barcodes 
assembled from the skim. The ability to assemble and submit them to 
the BOLD system ensures that the two methods for producing molecu-
lar taxonomic markers are complementary. But genome skimming of-
fers additional advantages. As produced by our consortia, one genome 
skim corresponds to 600 million base pairs. When compared to Kew’s 
database of plant genome sizes, this means that for a quarter of the 
species, a genome skim corresponds to a full sequencing of its genome 

at a depth of 1x. This amount of information, much larger than that ob-
tained by conventional barcoding, has been very useful in describing 
the development of past plant communities in the Arctic from ancient 
DNA metagenomic data (Wang et al. 2021), and the diversification dy-
namics of alpine plant clades (Smycka et al. in press). It also allows the 
assembly of the chloroplast genome and nuclear rDNA genes for most 
samples (Alsos et al. 2020) and of many markers in all cases (Pouchon 
et al. 2022). This brings interesting new avenues for the study of plant 
macroevolution, genome evolution and metabarcoding.
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Abstract
The Norwegian Barcode of Life Network (NorBOL) was established 
in 2008 and has since 2014 been Norway’s national research infra-
structure for DNA barcoding. Since then, the consortium partners of 
NorBOL as well as more informal collaborators have generated DNA 
barcodes of around 22 000 species, roughly one third of the estimated 
species diversity in Norway. In this presentation we review some of 
the achievements made and discuss a few challenges we encountered 
on the way. In NorBOL we have directed our efforts towards multicel-
lular life from all realms and therefore have comparative results from 
a diverse group of organisms. Our focus in this presentation will be 
on DNA barcoding of fungi, invertebrates and plants, and how lessons 

learned from barcoding these organisms can help us to further de-
velop NorBOL to match the goals of BIOSCAN and other biodiversity 
research and management initiatives.
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Abstract
Earth’s biosphere needs regeneration. While climate change domi-
nates the headlines, the unrelenting pressure placed on species and 
ecosystems is driving a massive loss of life from Earth, with one in 
eight multicellular eukaryotic species thought to be at risk of extinc-
tion (IPBES 2019). Indeed, biodiversity loss is one of only two out of 
nine planetary boundaries pushed far beyond its safe operating space 
(Steffen et al. 2015). Around the globe, scientists, practitioners, busi-
nesses, policy makers, governments and non-governmental entities are 
trying to bend the curve of biodiversity loss. Momentum is accelerat-
ing, with the UN’s Decade of Restoration now underway and interna-
tional effort ongoing to develop a UN post-2020 global biodiversity 
agreement (https://www.cbd.int) and connected monitoring (Walters 
& Scholes 2017) and accounting (United Nations et al. 2021) frame-
works. Demand for accurate and near real-time biodiversity monitor-
ing on the planetary scale has thus arrived with an imperative to find a 
practical solution. We argue that the surveying of environmental DNA 
(eDNA) will be one of such solutions to achieve widespread biodiver-
sity monitoring and verify that our actions, investments, and policies 
do, indeed, reverse biodiversity loss.
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Abstract
Detection of the diversity of life in thermal springs by conventional tech-
niques such as culturing is very limited due to the physicochemical (tem-
perature, heavy metal content, pH, etc.) conditions in these environ-
ments. High throughput DNA sequencing technologies have been used 
to perform more accurate and detailed microbiome analyses. Thermal 
springs, which are the habitat of many microorganisms and have extreme 
conditions, contain biodiversity that has not yet been fully explored. In 
this research, the thermal source microbiome was determined by meta-
barcoding of environmental DNA isolated from four different sources, 
to reveal the reflection of differences caused by temperature and chemi-
cal content on the microbiome. DNA was extracted from water filtered 
with Sterivex filters with Qiagen Blood&Tissue DNA Purification Kit. 
Then using NextSeq Illumina platform, V3 and V4 regions of 16s rRNA 
gene were sequenced and analyzed with ObiTools pipeline and SILVAngs. 
According to the results, correlation between physicochemical condi-
tions and microorganism composition of four different thermal springs 
was achieved. Springs with extremely high temperature (89-90oC) were 
dominated by hyperthermophiles such as Thermodesulfobacteria and 
Aquificae while spring has high temperature (52oC) was dominated by 

thermophiles such as Thermodesulfovibrio and Nitrospira, and spring has 
low temperature (26oC) and high salinity was dominated by halophiles 
and sulphur-oxidizers such as Halomonas and Sulfirimonas. With this 
research we observed that there are lots of manipulable steps according 
to work of interest. Deciding the right gene region and choosing the op-
timal bioinformatic pipeline are the key points of this type of research.
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Abstract
Pea clams (Pisidium spp.) are freshwater mollusks that are found in 
various river and lake habitats. Bivalves are often used as bioindicators, 
because they prefer good quality waters (e.g. well oxygenated, calcar-
eous and clean) with flow rates an important factor determining pea 
clam communities. Pea clams are very small (2-5mm) and can vary in 
shell morphology depending on environmental conditions. Around 20 
Pisidium species are known from Northern Europe, but the taxonomy 
and phylogeny of the genus is still debated (Pisidium vs. Euglesa vs. 
Odhneripisidium), a problem exacerbated by the lack of taxonomic ex-
pertise. The last Swedish pea clam inventories and literature surveys 
were done by Kuiper in the 1970-1980´s. There is hardly any recent in-
formation available on species diversity, distribution, and occurrence, 
why red listing is difficult and based only on a few and/or historical re-
cords. For the 2020 red list, four species were categorized as “data defi-
cient”, highlighting the urgent need for an updated dataset. 
In this project, our aim was to test if freshwater pea clams can be iden-
tified using molecular methods. In an intensive survey of 15 different 
Swedish lakes and rivers in Western Sweden and Northern Lapland, we 
actively searched for pea clams by hand sieving and collected sediment 

samples for metabarcoding. The collected pea clams were taxonomically 
identified using classical morphological (conchological) characters and 
COI barcoding. Sediment samples were also analyzed by metabarcoding 
using two different primer pairs (molluscan specific and metazoan prim-
ers). In this talk, we will present our preliminary pea clam results from 
various Swedish habitats and discuss the possibility of using novel mo-
lecular methods for the detection of this interesting ecological group of 
freshwater bivalves. We will also discuss the pros and cons of the meth-
ods and how those might be used in future for the conservation of pea 
clam biodiversity. 
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Abstract
The analysis of water eDNA is becoming a game changer in biodiver-
sity assessment of marine environments. However, the scale at which 
the DNA in the water column can accurately provide an accurate pic-
ture of the benthic biodiversity is not well-known. We sampled benthic 
communities and the water adjacent to them (from cm to 20 m), and 
compared the information gleaned from water eDNA and benthic com-
munity DNA. We used a generalist marker (COI, targeting eukaryotes) 
and a group-specific marker (12S, targeting fish). For the former, we also 
compared the Illumina MiSeq and NovaSeq platforms.
Our results showed that, when using a universal marker, only a low per-
centage of benthic eukaryotic MOTUs (less than 14%) were retrieved in 
the water samples, and the signal from benthic DNA faded rapidly as 
we moved away from the benthos at scales of cm to m. Furthermore, 
only a small number of water reads could be assigned to eukaryotes (less 

than 14%). Basically the same results were obtained with MiSeq and 
NovaSeq, albeit with the latter we increased the number of eukaryote 
reads ca. 8-fold, and the number of eukaryote MOTUs 4-fold. 
The use of a group-specific marker (12S, targeting fish) provided a dif-
ferent picture. Ca. 90% of the MOTUs found in the benthos were also 
detected in the water, particularly at short distances. We also found a 
decrease of benthic fish abundance, and an increase of pelagic fish abun-
dance, as we moved away from the benthos.
We conclude that the use of water eDNA is a poor surrogate for the study 
of benthic communities with universal markers, even at high sequencing 
depth. On the other hand, when using a marker targeting a single group 
(fish), the water adjacent to the benthos can provide useful information 
and ecological insights into the ichthyofauna present.
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Abstract
Scholarly publication of barcoding data brings visibility, dissemina-
tion, citations and credit to the researchers and data managers engaged 
in their collection. A proper publication also facilitates the future re-
use of the data. There are two ways data generated through barcoding 
projects can be published in journal papers, helping authors, reviewers 
and editors through novel and user-friendly technological solutions: 
(1) direct import into manuscripts of barcode data via web services 
from data aggregators, such as BOLD or PlutoF, and (2) data papers 
describing barcode reference libraries. Once data are peer-reviewed 
and published they are submitted to GBIF where clustering mecha-
nisms will link these data with the original “raw” data records. Further, 
the data import from BOLD can be done not only at the level of indi-
vidual data records but also for entire Barcode Identification Numbers 
(BINs), or Species Hypotheses (SH) in the terms of PlutoF, which may 
represent either new or known taxa, or in the growing majority of cas-
es “dark taxa” of unclear status. Importing data associated with several 
BINs would allow rapid descriptions of taxa new to science which are 
accumulated with an unprecedented speed due to the intensification 
of barcoding technologies. This method of publication of new taxa will 

help to resolve the taxonomic impediment and constitute the ground 
of the so much needed stable link between the classical Linnaean tax-
onomy and that based on Operational Taxonomic Units (OTU) identi-
fied through metabarcoding and metagenomics.
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agreement No 101007492.
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Abstract

The International Barcode of Life project (iBOL) and the Global Biodiversity 
Information Facility (GBIF) are long term collaborators and data infrastruc-
ture with complementary and mutually enfocing missions. While GBIF is set 
to provide anyone, anywhere, FAIR and open access to data about all types 
of life on Earth, iBOL is a is a research alliance of nations with the desire 
to transform biodiversity science by building the DNA barcode reference 
libraries, the sequencing facilities, the informatics platforms, the analytical 
protocols, and the international collaboration required to inventory and as-
sess biodiversity. This complementarity resulted in representation of bar-
code data and data on underlying speciments and their images in GBIF; 
and in March 2022 of over 2 Bn occurrence records discoverable through 
GBIF, 9.3 million occurrence records (Fig. 1) and 602,290 public BINs and 
their classifications (323,913 from Phyla to varieties) contribute to the global 
data pool. These data, organised in two datasets (The International Barcode 
of Life Consortium 2022a, b) were cited nearly a thousand time between 
2016 and 2022. Data cross-linking produced more benefits and opportuni-
ties than faster and centralized data access. New data-clustering algorithms 
help identify potentially related records by matching similar entries in in-
dividual fields across different datasets, and eventuly optimize efforts and 
costs required to improve services supporting data intensive biodiversity 
research. Using and publishing DNA derived data in biodiversity research 

requires new skills and change of academic routines; GBIF took part in pro-
duction and maintenance of guidelines (Andersson et al. 2020) and course 
(Endresen et al. 2021) in this sector. These materials are available for broad 
use and applications worldwide.

Figure 1. Representation of iBOL occurrence dataset https://doi.org/10.15468/inygc6 
at GBIF.org, March 2022
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Abstract
Templates, interfaces and pathways for accelerated and standardized 
species descriptions (ASSD) are currently being developed in an inte-
grative taxonomic approach. ASSD aims at (1) combining DNA barcodes 
with concise descriptions of morphological traits and at (2) automating 
the transfer of relevant data from BOLD to manuscript templates, based 
on Arpha Writing Tools (AWT) and Biodiversity Data Journal (BDJ). 
Exemplified with the revision of the megadiverse geometrid moth genus 
Prasinocyma Warren, 1897 – with more than 200 new species descrip-
tions – the proposed approach is time-saving and efficient, providing a 
thorough revision of one of the taxonomically most difficult and most 
diverse genera in Lepidoptera in less than one year working time. With 
that, we here establish a novel, robust, integrative and objective process 
for the accelerated discovery of species and their standardized formal 
description. Such a pipeline was urgently needed for extremely diverse, 
yet mostly undescribed taxa, for example insects in the orders Diptera 
and Hymenoptera, where many families remain truly ‘dark taxa’.

dnabarcoder: an open-source software package for 
analyzing and predicting DNA sequence similarity 
cut-offs for fungal sequence identification
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Abstract
The accuracy and precision of fungal molecular identification and clas-
sification are challenging, particularly in environmental metabarcoding 
approaches as these often trade accuracy for efficiency given the large 
data volumes at hand. In most ecological studies, only a single similarity 
cut-off value is used for sequence identification. This is not sufficient 
since the most commonly used DNA markers are known to vary widely 
in terms of inter- and intra-specific variability. We address this problem 
by presenting a new tool, dnabarcoder, to analyze and predict different 
local similarity cut-offs for sequence identification for different clades 
of fungi. For each similarity cut-off in a clade, a confidence measure 
is computed to evaluate the resolving power of the genetic marker in 
that clade. Experimental results showed that when analyzing a recently 
released ITS DNA barcode dataset of CBS strains from the Westerdijk 
Fungal Biodiversity Institute, the predicted local similarity cut-offs var-
ied immensely between the clades of the dataset. Furthermore, most of 
them had a higher confidence measure than the confidence measure of 
the similarity cut-off predicted for the whole dataset. When classifying 
a large public fungal ITS dataset – the UNITE database – against the  
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barcode dataset, the local similarity cut-offs assigned fewer sequences 
than the traditional cut-offs used in metabarcoding studies. However, the 
obtained accuracy and precision were significantly improved. Our study 
also shows that the resolving powers of full-length ITS, ITS1, and ITS2 
sequences were similar for fungal species identification. Nevertheless, 
the complete ITS region had a better resolving power at higher taxo-
nomic levels.

Arthemis: a web-interface database for the identification 
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Europe
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Abstract
The accurate identification of arthropods based on morphological cri-
teria is often difficult in agroecosystems as larvae or eggs are the most 
observed developmental stages. Yet, it remains essential for efficient 
management (e.g., biological control) and to define regulatory rules. 
DNA barcoding appears as an efficient approach to complement mor-
phological identification assuming that reference databases are reliable, 
i.e., complete, without misidentifications or contaminations and pro-
vided that the target marker (COI) enables accurate discrimination of 
closely related species.
Our laboratory (INRAe-CBGP) produces and validates DNA barcodes to 
secure the identification of arthropods of agronomic interest, whether 
they are pest, quarantine or beneficial organisms. We pay attention to the 
validation of sequences and the completion of target groups. Whenever 
possible, all species of a targeted genus as well as species of related genera 
are sequenced. The validation is performed in a two steps quality-check 
approach: i) filtering out bad quality sequences and NUMTs ii) valida-
tion based on taxonomic expertise with non-destructive DNA extraction 
that allows feedback on morphology, permanent storage of vouchers, 
and phylogenetic reconstruction to detect contaminations, introgres-
sion, species complexes or other issues. When available, other data such 
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as geographical information, host association, pictures are stored in our 
database that is available online from https://doi.org/10.15454/TBGRIB.
To date, Arthemis db contains 24,450 sequences. Validated sets of 
sequences are published and deposited in Bold System. In this com-
munication, we will present our workflow to implement the database 
as well as the functional and taxonomic groups represented and their 
geographical distribution. These data are valuable for further ecological 
investigations such as species distribution modeling and climate change 
impact upon arthropod range.

Molecular analysis of mucilage formation at Aegean 
Sea via metabarcoding
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Abstract
Marine mucilage is a visible, viscoelastic layer found on the oceans and it 
is made up from organic compounds released by marine organisms. The 
composition of marine mucilage changes over time; however, it main-
ly contains various types of microorganisms like bacteria, viruses, and 
microscopic eukaryotes. Even though mucilage itself is harmless, it is a 
suitable source for bacteria and viruses to retain. The high abundance 
of prokaryotes and viruses is resulted from ability of mucilage to entrap 
surrounding free bacteria and viruses in the water column. The pres-
ence of mucilage has been previously reported in the Adriatic Sea, the 
Tyrrhenian Sea, along the southern coast of Sicily, in the Ionian Sea and 
in Greece. Prior to the current mucilage event in Turkey, mucilage was 
observed in the northwest Mediterranean, Aegean Sea, Marmara Sea 
and Çanakkale Strait-originated mucilage events have been reported 
(Özalp, 2021.; Savun-Hekı̇moğlu & Gazı̇Oğlu, 2021).
Identification of the mucilage composition is important to identify 
which microbial communities are abundant and to examine poten-
tial marine diseases that affect almost all organisms. For this purpose, 
eDNA metabarcoding offers quick, reliable, and diverse advantages. In 
this study, mucilage samples taken from Bandırma Bay are subjected to 
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eDNA metabarcoding by using 16S ribosomal RNA and 18S ribosomal 
RNA regions to identify bacterial and eukaryotic diversity, respectively. 
Water collected from surrounding water of mucilage area was subjected 
to filtration by using capsule filters and DNA extraction was performed 
from this filter with DNeasy Blood & Tissue kit. The 16sV3 and 18sV4 
DNA barcode regions were amplified by PCR. The PCR products were 
indexed via adapter ligation protocol for a pair ended 300K read per 
sample on an Illumina Nextseq 550 platform. According to the results, 
the main species that cause mucilage such as G. fragilis, V. harveyi, and C. 
closterium were found. 
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Abstract
Semi-domesticated reindeer Rangifer tarandus exert a major top-
down control on plant biomass and biodiversity dynamics within the 
Fennoscandian arctic tundra ecosystem. Reindeer herding practices are 
complex and have been implemented for centuries by indigenous Sámi 
people. The interplay between historically established seasonal migra-
tion patterns and the management of reindeer stocking densities has re-
sulted in considerable differences in pasture productivity, likely altering 
the nutritional base for reindeer. But surprisingly, how pasture produc-
tivity levels impact reindeer feeding preferences has never been investi-
gated before. Comparing two herding districts with contrasting levels of 
reindeer densities, we aimed to indirectly assess the effect of pasture pro-
ductivity on the composition and diversity of the reindeer annual diet in 
Eastern Finnmark, Norway. Using a state-of-the-art DNA metabarcod-
ing diet analysis, we show that seasonality rather than reindeer densities 
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explained the largest part of the variation in diet composition. Contrary 
to our expectations, diet diversity did not differ between districts with 
contrasting densities, except during winter where, surprisingly, reindeer 
from the high-density herding district displayed higher diversity in their 
plant diet. But the intake of lichen - an essential and limiting winter food 
resource - did differ, with reindeer from high density areas incorporat-
ing a significantly smaller proportion of lichen in their winter diet. Our 
results suggest that the impact of stocking densities on reindeer feeding 
preferences is complex, strongly dependent on the season and whether 
the focus is on the plant or lichen fraction of the diet. In higher densities 
areas reindeer do have a lesser intake of lichen during winter but also 
a more diversified plant diet. This adds to the evidence that persisting 
herbivory by reindeer might induce a vegetation shift towards more di-
versified and productive tundra plant communities.

Notes on the status of the genus Coomansus Jairajpuri 
& Khan, 1977 (Mononchidae, Nematoda)
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Abstract
The mononch genus Coomansus was erected to accommodate those 
members of the closest genus Clarkus which do not possess a ventral 
ridge. Loof and Winiszewska-Ślipińska (1993) transferred several former 
Jotonchus species to Coomansus and defined C. zschokkei group which is 
characterized by having elongate stoma, low position of the dorsal tooth, 
cuticularized distal part of excretory pore duct, didelphic females and 
common males; at that time nine species were considered. A new genus 
Parkellus Jairajpuri, Tahseen & Choi, 2001 was created for P. parkus from 
Korea and all the species of C. zschokkei group were transferred to this 
genus by Ahmed and Jairajpuri (2010), although erection of Parkellus is 
not widely supported. Recently two new species of C. zschokkei group 
were described from Vietnam and a population of C. zschokkei from 
Ukraine (Vu et al. 2021) along with molecular data (all considered as 
members of Parkellus). Several populations of this group from Bulgaria 
representing two new and one known species have been studied by an 
integrative approach. The relationships of the genera/species have been 
analysed on the bases of 18S and 28S rDNA gene sequences using the 
available data. However, phylogenetic analyses of mononchids, including 
ours, are still based on insufficient number of species and provide not 
clear evidences to accept further division of Coomansus, so far. From the 
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other hand, Antarctic species Coomansus gerlachei does not cluster with 
the other Coomansus species which do not support the monophyletic 
origin of this genus. Biogeography of the genus is also briefly discussed. 
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Abstract
Animals and microorganisms are immensely diverse in soils, which con-
tain about ¼ of total terrestrial biodiversity1,2,3. As for ecosystem func-
tioning and services, soil biodiversity plays an important role in rela-
tion to ecological vulnerability and soil conservation value2,4. However, 
soil biodiversity and its main environmental drivers are incompletely 
understood3,5. Moreover, among terrestrial ecosystems, mires are par-
ticularly sensitive to global change and the ecosystem services they 
provide are largely determined by soil biodiversity6. Thus, improving 
the understanding of soil biodiversity in mires is a key question. Since 
soil biodiversity in Alpine mires is poorly known, here we aimed at i) 
revealing the soil taxonomic diversity through community DNA me-
tabarcoding of universal COI marker; ii) assessing the environmental 
drivers of soil communities. In the Spanish Pyrenees, we selected 32 
mire systems from 1,333 to 2,571  m a.s.l., where we set up 146 plots 
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with contrasting hydrological regimes. At each plot, we collected 100 
ml of topsoil and contiguous bryophyte layer for metabarcoding pur-
poses, and recorded hydrological, groundwater and vegetation vari-
ables. We extracted and amplified DNA from all samples. After bio-
informatic filtering, 15,064 MOTUs were retained, which accounted 
for a total >14 million reads. Most MOTUs belonged to Metazoa, Fungi 
and Stramenopiles (89.46%). Among the Metazoa the most prominent 
group were the arthropods. Most environmental variables showed a 
significant role in driving microeukaryote communities. Among them, 
pH, peatmoss cover and water mineralization were the most relevant. 
Interestingly, despite the steep altitudinal gradient studied, elevation 
was a secondary driver. Therefore, increasing temperatures in moun-
tains might have a limited effect on microeukaryote communities. 
However, it is expected that global warming may change hydrological 
regimes and groundwater properties in mires, so the effects of warm-
ing could indirectly have a strong impact on soil biodiversity.
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Abstract
Soil is a fundamental component of the biosphere, whose properties and 
quality are affected by human activities, such as agriculture. Soil health is 
fundamental for different ecosystem services and soil biota has a crucial 
role in maintaining it. Elucidating how different crops and agricultural 
practices affect soil invertebrates’ communities is of relevance. In the 
present study, a DNA metabarcoding approach was adopted to evaluate 
the effects of different biotic and abiotic factors, including agricultural 
practices, on the composition and diversity of soil invertebrate com-
munities of different agro-ecosystems (Po Plain-Italy). At this aim, the 
DNA markers and the primers more effective in retrieving soil metazoan 
communities were established. Bulk soil samples from different agro-
ecosystems (i.e., cornfield, alfalfa, paddy fields, vineyard, stable meadow, 
woodland) were collected and, processed for obtaining 18S rRNA and 
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coi sequences (raw reads analyzed using QIIME2 and R). Soil physical 
and chemical parameters were measured for each soil sample (e.g., pH, 
carbon-nitrogen ratio, texture, porosity) and metadata on farms man-
agement were retrieved. 
The most efficient primer pairs in recovering soil metazoans were 
M620F/M1260R for 18S rRNA, and mlCOIintF/jgHCO2198R for coi 
gene. Soil communities resulted dominated by Nematoda, Arthropoda, 
Annelida, Rotifera and Tardigrada. The most diverse invertebrate com-
munities have been found in the soil of stable meadows and woodlands, 
while cornfields showed the lowest level of diversity. The diversity of 
soil invertebrate communities (Hill numbers) was positively correlated 
with the level of porosity and carbon-nitrogen ratio, while it was nega-
tively correlated with the phosphate abundance. This pattern probably 
reflects the negative effect of excessive fertilization with phosphates on 
soil fauna, while the abundance of organic matter and microhabitats 
were found to enhance the presence of more complex communities. 
Other soil properties were correlated only with specific taxa (e.g., pH in 
negatively correlated with the diversity of Annelida and Rotifera).
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Abstract
DNA metabarcoding is becoming an affordable and powerful method 
to survey species composition diverse communities. Long-term moni-
toring efforts are similarly benefiting from metabarcoding analysis as it 
reduces much of the processing time and taxonomic expertise required 
for classifying collections, especially when a curated barcode reference 
dataset exists. The ForestGEO Arthropod Initiative has been monitor-
ing the abundance and species richness of focal arthropod groups in the 
hyper-diverse tropical forest in Barro Colorado Island (BCI), Panama 
since 2008 and through a tight collaboration with the Barcode of Life 
(BOLD) initiative, has produced the best barcode reference dataset for 
this site. To validate the future of arthropod monitoring in the tropics 
using DNA metabarcoding, we set ten automated light-traps within the 
50ha ForestGEO plot in BCI for two nights during the wet and dry season 
(n = 40). After sample homogenization, the ‘insect soup’ was sent to the 
Centre for Biodiversity Genomics (Guelph, Canada) for metabarcoding  
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using the COI marker. Through the mBrave bioinformatic pipeline and 
without considering OTUs, approximately two million sequences were 
classified in 3,243 specimens with unique Barcode Index Numbers. 
Focusing on the Arthropod Initiative focal groups, we can compare dif-
ferences in species detected through metabarcoding and traditional tax-
onomy of samples collected in the same sites during the study period. 
These differences allow us to focus collection efforts in groups lacking 
barcode information, nevertheless, mismatch between samples identi-
fied manually and through metabarcoding demand further investiga-
tion. For instance, for Saturniidae, metabarcoding detects 13 individual 
species while manual classification of samples collected during the same 
period identify 19 species of which only eight of them overlap between 
both methods (Fig 1). Understanding why these differences arise pro-
vides insight into inherent biases in sequencing and classification meth-
ods and would allow for setting long-term monitoring protocols in sites 
as diverse as tropical forests.

Figure 1. Euler diagrams for different focal groups displaying the number of species 
identified by traditional taxonomy (purple) and metabarcoding (orange) showing the 
number of species which overlap between both methods.
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Abstract
DNA barcoding studies are especially useful when combined with eco-
logical, morphological and acoustic data as this combined infomation 
can be used to identify evolutionary significant units or management 
units to assist in setting up conservation priorities for island popula-
tions. Correct bat species identification, using acoustic, morphomet-
ric and molecular techniques, is also key to biodiversity conservation, 
as it allows better understanding of the species-specific ecology, be-
haviour, distribution, and conservation status. Previous acoustic sur-
veys of bats from Malta revealed sensory divergence for the species 
Pipistrellus pipistrellus and Rhinolophus hipposideros when compared 
to their mainland conspecifics. In this study we hypothese that the 
bat populations from Malta being composed of non-migratory spe-
cies will exhibit distinct mitochondrial lineages compared to conti-
nental populations due to the isolation of insular populations. In this 
study, we confirmed the identity of the bat species occurring in Malta 
through DNA barcoding and provide the first genetic evidence for the  
presence of Pipistrellus kuhlii, Hypsugo savii and Plecotus gaisleri in Malta.  
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The phylogeographical patterns of the mitochondrial lineages identi-
fied for Maltese bats display an affinity to the Central Mediterranean 
and North African clades. The bat species sharing mitochondrial hap-
lotypes with surrounding geographical areas include Pipistrellus kuhlii, 
Hypsugo savii, Myotis punicus and Plecotus gaisleri, while the Maltese 
populations of Pipistrellus pipistrellus and Rhinolophus hipposideros ex-
hibited private mitochondrial haplotypes. Such distinct mitochondrial 
lineages revealed for the latter two species represent a relatively isolated 
allopatric lineage and may indicate reduced female gene flow between 
Malta and neighbouring islands and mainland. The presence of unique 
haplotypes for P. pipistrellus and R. hipposideros from Malta together 
with the previously documented sensory divergence points toward lo-
cal adaptation by these two bat species’ populations and supports our 
initial hypothesis and prediction. Such isolated populations merit higher 
conservation priorities. 

Studying the ecological factors underlying a novel tool 
for wood-inhabiting fungal conservation

Sonja Sainea, Reijo Penttiläb, Nerea Abregoa,c

aDepartment of Agricultural Sciences, University of Helsinki, Finland
bNatural Resources Institute, Luke, Finland
cDepartment of Biological and Environmental Science, University of Jyväskylä, 
Finland

Keywords: deadwood restoration, DNA metabarcoding, environmental DNA, 
interspecific interaction, reintroduction

Abstract
Reintroductions are a conservation tool applied to re-establish species 
within their distributional ranges1. In fungal conservation, reintroductions 
hold promise but remain poorly investigated2,3. Wood-inhabiting fungi have 
declined strongly due to the loss of natural forests and the lack of deadwood 
in managed forests4,5”title”:”The 2019 Red List of Finnish Species”,”type”:”bo
ok”},”uris”:[“http://www.mendeley.com/documents/?uuid=b1eea82f-e55b-
4846-954b-e83447aca15a”]},{“id”:”ITEM-2”,”itemData”:{“DOI”:”10.1016/j.
biocon.2010.07.010”,”ISSN”:”00063207”,”abstract”:”Here we quantitatively 
summarize the conservation ecology of one group of dead-wood-depend-
ent organisms, the polyporous fungi, in boreal Europe. At the substrate 
scale, the decay stage is the strongest determinant of species richness, with 
large (>20cm diameter. Combined with other conservation measures, re-
introductions could provide an effective tool for preserving threatened 
wood-inhabiting fungal species and counteracting local extinctions espe-
cially in highly fragmented landscapes2. In our experiment, we study the 
biotic and abiotic factors that determine the success of fungal reintroduc-
tions, and how successful reintroductions affect the resident fungal com-
munities. In 2019, nine threatened species of wood-inhabiting fungi were 
reintroduced via inoculation in spruce logs at five study sites in southern 
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Finland. Besides naturally downed logs, we also inoculated felled logs to 
assess if reintroductions could be combined with deadwood restoration. 
We applied DNA metabarcoding to follow reintroduction success and to 
characterize fungal communities. Sampling was done by collecting saw-
dust samples from the study logs, extracting the fungal DNA, and applying 
high-throughput sequencing of the ITS barcode. Sawdust samples were 
collected before reintroductions to determine the resident community 
structure, and annually two years after reintroductions to monitor rein-
troduction success and subsequent community development. First results 
from our study demonstrate differences in resident fungal communities 
between naturally downed and felled logs. Freshly dead natural logs held 
higher fungal species diversity and DNA abundance than recently felled 
logs. We hypothesize that due to the lower number of resident fungal 
species, felled logs could represent more competition-free substrate for 
reintroduced species than natural logs, suggesting higher reintroduction 
success in felled logs.
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Abstract
The import of African wild meat into Europe (EU) is of concern because 
it contributes to the overexploitation of vulnerable and protected spe-
cies in the regions of origin. In addition, it poses a health risk to humans, 
livestock, and local biodiversity in the destination countries through 
the possible transmission of exotic infectious diseases. Identifying wild 
meat at border controls, however, is challenging as it is often smoked or 
processed for consumption, so that no morphological features remain 
for species identification. Despite legislations forbidding the import of 
(wild) meat into the EU, several studies have demonstrated that large 
volumes of meat, mostly of mammalian origin, pass undetected through 
custom controls.
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BopCo (Barcoding facility for organisms and tissues of policy concern, 
https://bopco.myspecies.info/) uses DNA barcoding to identify species 
and tissues of policy concern. However, conventional DNA barcoding 
methods, via Sanger sequencing, can be expensive and time consuming 
when many samples need to be identified. Additionally, a DNA identifi-
cation to species level often requires sequencing of multiple DNA mark-
ers. Using MinION Nanopore sequencing, BopCo developed a quick DNA 
barcoding protocol to identify wild meat samples based on a combina-
tion of four mitochondrial DNA markers (COI, Cytb, 16S and 12S). Using 
specific primer sets, all four markers are amplified in a multiplex PCR 
reaction. The MinION technology allows several samples to be pooled 
together during the library preparation, increasing the sequencing out-
put. After demultiplexing the different samples, consensus sequences 
for the four markers are extracted by mapping the generated reads to 
a mitochondrial reference genome. This third-generation sequencing 
technique allows for a rapid, efficient and reliable identification of a 
large number of samples in a cost-effective way.

Cytochrome c oxidase subunit 1 (Cox1) gene as a DNA 
barcode for lobose amoebae (Amoebozoa): emerging 
problems after eleven years of data and experience 
accumulation
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Abstract
Protists comprise the most significant part of the biosphere, being an as-
semblage of often unicellular and microscopic organisms that make up the 
whole molecular diversity of eukaryotes. DNA barcoding is a valuable ap-
proach in protistan species identification and distribution studies. No single 
“universal” DNA barcode can be proposed for protists. ProWG (Pawlowski et 
al. 2012) suggested a two-level approach based on a universal hypervariable 
part of 18S rRNA region V4, while the second-level barcode is clade-specif-
ic, and should be determined for each clade separately. Amoebozoa are one 
of the major protistan clades where species identification and systematics 
are hindered with the paucity of morphological characters and difficulties 
in obtaining SSU rRNA gene sequences. Mitochondrial cytochrome c oxi-
dase gene subunit 1 (Cox1 gene) was initially proposed as a specific amoe-
bozoan DNA barcode (Nassonova et al. 2010). It became clear during the 
last decade that in some clades, like Arcellinida, Vannellida, Dactylopodida 
or Himatismenida, Cox1 is a powerful DNA barcode. Yet, with accumula-
tion of sequences, the lack of universal primers becomes evident problem, 
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as “standard” animal primers (Folmer et al. 1994), very promising initially 
(Nassonova et al. 2010), are not suitable for whole clades (Volkova et al. 
2019) or even separate species within larger clades in Amoebozoa. Another 
problem is the putative posttranscriptional modifications of Cox1 in some 
lineages (e.g. Nassonova et al. 2010). Consequently, the sequences ampli-
fied from genomic DNA contain reading frame shifts and unusual codons. 
Among more than 1500 amoebozoan Cox1 sequences available in GenBank, 
388 have “UNVERIFIED” status due to these problems and cannot be re-
trieved by NCBI BLAST. This makes them virtually invisible in the public da-
tabases and prevents the development of a severely needed reference data-
base. Supported by the Russian Science Foundation grant No 20-14-00181.
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Abstract
Forest genetic resources of pubescent oak (Quercus pubescens) and pe-
dunculate oak known as Quercus robur ssp. pedunculiflora or Q. pedun-
culiflora from Romania, Bulgaria and Republic of Moldova were sam-
pled and genetic variation of chloroplast DNA and nuclear DNA have 
been investigated using cpSSRs and nSSRs molecular markers.  The phy-
logeographic patterns in cpDNA shed light on evolutionary processes in 
the eastern part of Balkan Peninsula, location of glacial refugia and post 
glacial colonization routes. 
Assessment of the standing genetic variation with molecular markers 
will contribute to the development of the conservation strategies by in-
corporating genetic results in the sustainable use of forest reproductive 
material and through the establishment of new Forest Genetic Resources 
(FGR) of Q. pubescens and Q. pedunculiflora.
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Abstract
Introduction: In the classification of yeasts despite significant progress 
made during the last ten years many problems remain unsolved. In par-
ticular, the phylogeny of the yeast of the Starmerella clade remains un-
resolved. The analysis of gene sequences of D1/D2 variable domains of 
26S ribosomal RNA (LSU rDNA) (Kurtzman and Robnett, 1998) and 18S 
small ribosomal RNA (SSU rDNA) (Sugita and Nakase, 1999) revealed 
that nucleotide sequences of the yeast of the Starmerella clade are unu-
sually divergent and therefore, produce phylogenetic trees with low 
statistical support. Moreover, yeast species of the Starmerella clade are 
cryptic i.e. indistinguishable based on morphological and physiological 
characteristics. 
Objectives: Based on our approach (Dimitrov and Gouliamova 2019) in 
the present study we explored gaps at species and genera boundaries of 
the yeast of the Starmerella clade on the phylogenetic tree. To resolve 
the above-mentioned problem we reconstructed the phylogenetic tree 
of the Starmerella clade using combined nucleotide sequences of the in-
ternal transcribed spacer region (ITS1+2) and LSU rDNA. 
Methods: We analyzed fundamental phylogenetic and physiological 
characteristics such as genomic sequence identity (SI), evolutionary dis-
tance (ED), and physiological profiles (PP). When these characteristics are 
mapped on the phylogenetic tree (Dimitrov and Gouliamova 2019), it is 
possible to translate yeast diversity into discrete phenotypic clusters that 
preserve the topology and cluster separation of the phylogenetic tree. 

Results:  Phylogenetic analysis of combined ITS and LSU rDNA nu-
cleotide sequences of yeast species of the  Starmerela  clade and new 
yeast species placed them in 7 clusters (with more than 90%  support). 
Analysis of the mapped  SI, ED and DPP characteristics on the phylo-
genetic tree revealed a discontinuity (gap) between the boundaries of 
clusters 4 and 5, which split the Starmerela clade into two new genera.

Acknowledgments: This study was supported by the grant from the Bulgarian 
National Science Fund (KP-06-31/19).
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Abstract
Introduction:  Yeast infections cause serious health problems in pa-
tients with compromised immune status. Around 80% of all infections 
are caused by Candida albicans. Other important yeast pathogens are C. 
parapsilosis, C. glabrata, C. tropicalis and Cryptococcus neoformans. At 
the end of the last century, many environmental or industrial yeasts spe-
cies that were previously considered harmless emerged as pathogens.
Objectives:  Our study aimed to explore what emerging yeast pathogens 
circulate in the Bulgarian environments - food products and plants, in 
insects and animal vectors, and the human population.
Methods: For yeast identification, we used DNA barcoding analysis of 
ribosomal 26S RNA (LSU rDNA) and the internal transcribed spacer re-
gion ITS1+2 (ITS).  
Results: Food-associated yeast pathogens were identified as  Pichia 
cactophila,  P. kudriavzevii, Kluyveromyces marxianus  and  Rhodotorula 
musilaginosa.  Yeast pathogens associated with plants were identi-
fied as  Naganishia friedmannii  and  P. kudrivazevii. The pathogens as-
sociated with insects were  C. glabrata, P. kudriavzevii, K. marxianus, 
Debaryomyces hensenii, Yarrowia lipolitica, Vanrija humicola, and  R. 
musilaginosa. The yeast pathogens isolated from animals were  K. 
marxianus, Clavispora lusitaniae, P. kudriavzevii, Wickerhamomyces 
anomalus, D. hansenii,  Filobasidium magnum  and  R.  musilaginosa.   

The pathogens isolated from humans belonged to the following yeast 
species - C. albicans, C. parapsilosis, C. tropicalis, C. zeylonoides, P. norv-
egiensis and Trichosporon asahii. The pathogens that were also isolated 
from the above-mentioned ecosystems were C. glabrata, C. lusitaniae, P. 
kudriavzevii, P. cactophila and Y. lipolitica. Humans probably represent a 
secondary niche for these pathogens. The fundamental question is what 
are the changes in genomes of environmental yeast pathogens that al-
lowed them to colonize humans? It was assumed that the changes might 
be partially developed by the yeast pathogens already in their primary 
environmental niches.
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Abstract
Codominant DNA markers like microsatellites (SSRs) have been tradi-
tionally preferred for analysis of genetic diversity in natural populations 
and genetic resources collections as well as for cultivar identification due 
to the fact that they allow to distinguish between the heterozygous and 
homozygous state as well as that data for markers like SSRs can be easily 
transferred between labs and the results compared. However, perform-
ing analysis of genetic diversity using SSR markers requires knowledge 
about the sequences of the regions flanking the SSR repeats in order to 
design primers and analyze the allele diversity. Unfortunately, such in-
formation is not available for orphaned species like most of the medicinal 
plants and even for industrially grown essential oil species like lavender 
where only EST derived SSRs are currently available. On the other hand, 
dominant markers like RAPD, iSSR and AFLP although not requiring 
previous knowledge on the genome sequence often suffer from low re-
peatability and low lab transferability of the results (RAPD, iSSR) or are 
expensive in terms of costs for routine application (AFLP). There is cur-
rently a need for high-performance low-cost DNA marker system which 
can be routinely applied in genetic diversity studies of medicinal plants. 
Here we review the successful application of the dominant sequence  

related amplification polymorphism (SRAP) markers for analysis of ge-
netic diversity in natural populations and plant genetic resources collec-
tions in hyssop (Hyssopus officinalis L.), Greek oregano (Oregano vulgare 
ssp. hirtum) and lavender (Lavandula angustifolia Mill.). Analysis of 
SRAP markers on a capillary automated DNA sequencer proved to be 
highly informative method allowing detection of polymorphisms in hun-
dreds of genome sites using just a small number of primer combinations. 
We also discuss the application of SRAP markers for cultivar identifica-
tion in lavender where the only currently available EST derived SSRs do 
not allow proper cultivar identification.
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Abstract
Project DNA barcoding of Croatian faunal biodiversity, funded by 
Croatian Science Foundation, has contributed to the better understand-
ing of geographic distribution of more than 20 groups of organisms, in-
cluding pseudoscorpions, and has positively impacted the research in 
systematics, phylogenetics and phylogeography. 
Dinaric Karst system is a global biodiversity hotspot with a plethora 
of endemic taxa that evolved in this glacial area. Genetic diversity de-
tected by phylogenetic approaches in many taxa [1,2] are mostly caused 
by a complex paleogeographic history and habitat heterogeneity [3]. 
Pseudoscorpions are one of the most diverse arachnid lineages in 
Croatia with 144 described species [4] and a highly diverse fauna, es-
pecially within genera Neobisium and Chthonius. Many of these species 
have been described from Dinaric Karst in the last 30 years and repre-
sent one of the most spectacular subterranean radiations. The current 
morphology-based taxonomy of the group is highly problematic because 
many species descriptions are poor, type specimens lost, and type lo-
calities are often vague. Through the morphological examination of 2197 
specimens (188 specimens from 20 caves which are type localities) and 
DNA barcoding of 502 pseudoscorpions, we provide first correlation  

between the morphological variability and genetic diversity within pseu-
doscorpions species in the Dinaric Karst and the baseline for a sound 
taxonomic framework and studies that focus on biogeography or evolu-
tionary patterning. Preliminary COI barcoding data highlight a high level 
of intraspecific variability and the presence of several cryptic and/or un-
described species and one undescribed genus (family Chernetidae). The 
results so far indicate the need for testing the validity of the species de-
scribed from the Dinaric Karst using species delimitation methods and 
specimens from type localities. Furthermore, it is necessary to identify 
hotspots of high subterranean biodiversity at the genetic level, thereby 
facilitating the protection of endemic pseudoscorpion species and their 
subterranean habitats.
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Abstract
Biological invasion is a major threat to multiple ecosystems across the 
globe, posing a severe threat to ecological integrity and economic de-
velopment. Environmental DNA (eDNA)-based methods have gained 
top priority for developing the early monitoring and warning system 
in aquatic ecosystems. Traditional trait based methods, which is in 
most cases a time-consuming and skill-dependent and person biased 
approach, have been based mainly on morphology-based approaches 
for species identifications. As a result, processing samples for the de-
tection of alien species has been a low-throughput and slow process. 
In recent years, environmental DNA (eDNA)-based methods have 
gained top priority for developing the early monitoring and warning 
system in aquatic ecosystems. Sampling water allows detection and 
quantification of aquatic species without disturbing the organism of 
interest. Therefore, eDNA metabarcoding is the most promising ap-
proach for the early detection of invasive species since the method al-
lows detection and quantification of aquatic species based on the wa-
ter sample without disturbing the organism of interest. We developed 
eDNA-based methods for the early detection of alien species relevant 
to the Baltic Sea. To find the most suitable methodology for the Baltic 

Sea conditions, different types of filters and eDNA extraction meth-
ods were applied. A species-specific and community-based approach 
was used to identify alien species. Species-specific qPCR methodol-
ogy was optimized for five species relevant to the region (Dreissena 
polymorpha, Neogobius melanostomus, Cercopagis pengoi, Rangia cu-
neata, Marenzelleria neglecta). NGS based metabarcoding revealed 
147 different animal genera, dominated by Arthropoda and Mollusca. 
12 invasive species were identified. As a result of carried out research, 
corresponding methods could be integrated into the national environ-
mental monitoring program to detect invasive species. 
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Abstract
Due to their high dispersal rates, microorganisms are often expected 
to be cosmopolitan. However, recent studies have demonstrated that 

microorganisms indeed may show biogeographical patterns. Diatoms 
have been used for a long time as models to study microbial biogeogra-
phy. They are unicellular eukaryotic microalgae that are taxonomically 
diverse, and different species have marked species-specific ecological 
preferences. Most studies on diatoms dispersion and endemism are 
based on microscopy data and therefore suffer from drawbacks as-
sociated with the optical identification at large scale. Metabarcoding 
technologies provide higher resolution data and enable analyzing ge-
netic diversity. Recent bioinformatics tools allow reliable comparison 
of large datasets, overcoming biases in species identification. 
In this study, we assembled a large metabarcoding dataset of ben-
thic diatom samples collected from rivers in seven geographic regions 
(four continental areas and three tropical islands) covering the subpo-
lar (Fennoscandia), temperate (France Mainland) and tropical (West 
Africa, French Guyana, New Caledonia, Tahiti Island and Mayotte is-
land) climate zones. We analyzed diatom diversity patterns to address 
two main questions: 1) the presence of a latitudinal gradient in diversity 
and 2) the cosmopolitanism of diatoms.
Our data showed a decrease in diatom richness with a decrease in 
latitude. However, testing the effect of land type (island vs. main-
land) showed that this factor explains the actual variability of rich-
ness along the climatic gradient. Differences in community structure 
between regions and climate zones were significant. The proportion 
of endemic diatoms varied strongly depending on the selected level 
of genetic similarity.
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Abstract
Diatoms, which are widespread all over the world, are among the most 
important indicator species of habitats. Since determination at the spe-
cies level in diatoms is an area that requires serious expertise, it is pos-
sible to determine the biodiversity of the species in the environment in a 
shorter time, with less cost and with less labor, with the metabarcoding 
method compared to conventional methods. In this context, it has be-
come possible to obtain the maximum number of species by using me-
tabarcoding method in order to determine the diatom biodiversity and 
abundance in the ecosystem.
 In organisms with chloroplasts, the most commonly used region as a 
barcode region is the rbcL (ribulose-1,5-biphosphate carboxylase-oxy-
genase) region. In this study, with the rbcL primer (3F and 2R) designed 
specifically for diatoms, it was determined to the species level by dis-
tinguishing both from other plant groups and phytoplanktonic groups 
within itself. Nucleotide sequencing results were obtained using the 
NGS (Next Generation Sequencing) Illumina NextSeq 500 technology 
of the barcode regions which enables metabarcoding, universal primers 
and species-level separation. Later, operational taxonomic units (OTUs) 
were created using OBItools as a bioinformatics tool. As a result, the 
optimizations made were evaluated and the diversity of diatoms in the 

National Park was discussed. These studies were carried out over 3 dif-
ferent stations in total. Respectively, the first two are river sampling and 
the third is seaside sampling. The aim was to obtain the maximum num-
ber of species with the methods we used both freshwater and saltwater 
diatoms. 856 species were determined from the first station, 937 species 
from the second station and 646 species from the third station. As a re-
sult, discussions will be made on how diatom species diversity is affected 
in the process from primer selection to database matching.
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Abstract
If you have watched A Bug’s Life, you would have seen that insects come 
in an assortment of colours, shapes, and sizes. They are the perfect or-
ganism that could be used to describe the myriad diversity of all life on 
earth. These six-legged creatures are one of the most diverse groups of 
species, accounting for more than 80% of all documented living animals1. 
This huge diversity also makes it extremely time- and labour-intensive to 
carry out large-scale monitoring of insects. High-throughput sequencing 
technologies and the use of DNA barcodes for species identification have 
paved the way for the rapid biomonitoring of insects2. However, millions 
of insect species are not well-represented in DNA reference databases, 
making species-level identification challenging for molecular research. 
Projects such as the Darwin Tree of Life (DToL)3 aim to cover this gap 
and generate DNA barcodes for all eukaryotic species found in the UK. 
At the Wellcome Sanger Institute, the BIOSCAN UK for Flying Insects 
project has two main aims; i) documenting the diversity of UK flying in-
sects and ii) discovering insect-cobiont interactions. To meet these aims, 
we will be documenting the diversity of 1 million malaise-caught insects 
from 100 sites across the UK in the next five years. We will be using a 
non-destructive DNA extraction technique to preserve insect specimen 

integrity for museum collections or educational purposes4. COI barcod-
ing will be carried out using ONT and/or PacBio long-read technology 
to identify each insect specimen. To tease apart insect conbiont interac-
tions, we will carry out mini barcoding using primers targeting microbes, 
parasites, vertebrates, invertebrates, and plants. Together, this molecular 
dataset consisting of 1 million specimens collected over space and time 
in the next five years will allow us to discover how insects interact with 
the ecosystem and advance insect biomonitoring research in the UK.
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Figure 1. Aims of the BIOSCAN UK Flying Insects project i) documenting the diversity 
of UK flying insects through COI barcoding and ii) discovering insect interactions using 
mini-barcoding.
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Abstract
Prionchulus muscorum Dujardin, 1854 is one of the first terrestrial nem-
atodes described. Since then, it is recorded from many countries includ-
ing Bulgaria. Winiszewska & Susulovsky (2003) studied P. muscsorum 
and related species which are characterized by having spacious buccal 
cavity, relatively lower position of the dorsal tooth and large and clearly 
separated subventral denticles; female genital branches are without sper-
matheca and without valvular apparatus between uterus and oviduct.  In 
the course of three years more than 150 soil and litter samples from 76 
localities in different riparian zones in Bulgaria have been collected. Our 
research is based on an integrative approach. Along with the study on 
morphology, molecular characterization of the selected populations was 
carried out based on partial fragments of 18S and 28S (D2-D3) rRNA 
genes. After sequence processing and phylogenetic analysis, three clades 
based on 28S rDNA were identified within the P. muscorum group repre-
senting three species. One of them is a species new to science; the second 
species represented by two populations is very close morphologically 
to the new species, but shows a difference of 8 bp. Further studies are 
needed to clarify the status of these populations. Finally, the third spe-
cies from this group was identified as P. muscorum based on morphology 
and with high percentage similarity for 18S rDNA with sequences of this 
species deposited on GenBank. It seems that the P. muscorum group is 

widely distributed along riverbanks. Representatives of this group were 
recovered at 25 localities (about 1/3 of all) with a preference to litter 
microhabitats. This study provides the first data for the 28S rRNA gene 
of species belonging to P. muscorum group. 
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Abstract
The introduction of exotic mosquito species (EMS) is a threat to biodi-
versity and human health in several European countries. Some exotic 
Aedes species display high invasion potential and are vector species of 
several arboviruses. Belgian federal authorities, federated entities fund-
ed an active monitoring project (MEMO, 2017-2020) which aimed at de-
tecting EMS in Belgium. Reliable species identification of all life stages is 
a prerequisite for such monitoring and therefore the morphological spe-

cies identifications were validated by DNA-barcoding and PCR amplifi-
cation of DNA fragments. These methods were translated into a pipeline 
designed to process large quantities of specimens efficiently and to gen-
erate species identifications. As such, it allowed for the reliable identi-
fication of the majority of native mosquito species (N=33) in Belgium 
and all six EMS of main concern to Europe. During MEMO, about 3,300 
mosquitoes were DNA-barcoded, collected at 23 points of entry (PoE’s) 
in Belgium. Monitoring activities revealed the regular introduction or 
establishment of three exotic Aedes species at multiple PoE’s, viz. Ae. 
albopictus, Ae. japonicus and Ae. koreicus. Therefore, a follow-up moni-
toring project, MEMO+, was launched in 2021. In this respect, Ae. albop-
ictus specifically is cause of concern as it can be a vector of pathogens. 
The species has established overwintering populations in neighbouring 
countries and is spreading northward, reaching Belgium sporadically, 
probably from nearby established populations, as Ae. albopictus was 
collected multiple times along highways. COI sequence data showed that 
the haplotype composition of Ae. albopictus (N=95) differed between in-
ternational import companies and parking lots, which may reflect differ-
ent introduction pathways. Therefore, MEMO+ will implement, in addi-
tion to active monitoring at PoE’s, passive monitoring, involving citizens 
reporting Ae. Albopictus through pictures, to cover a larger geographical 
area. DNA-based validation of EMS will be implemented for an effective 
surveillance of potential disease-vectors.
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Abstract
Stoneflies (Plecoptera) and caddisflies (Trichoptera), together with 
mayflies (Ephemeroptera), belong to EPT (Ephemeroptera, Plecoptera, 
Trichoptera) group and are considered one of the most sensitive organ-
isms to environmental pollution [1]. Medvednica mountain is located in 
the near vicinity of the capital and largest city of Croatia, Zagreb, hence 
urbanization and changes in watercourses have a strong impact on fauna 
of this ecosystem. Given the lack of similar studies in this area, this study 
highlights taxa for further detailed morphological, genetic and ecologi-
cal studies.  
A total of 68 caddisfly and 117 stonefly specimens were collected at 12 
localities in the area of Medvednica Nature Park with approval from 
the Ministry of Economy and Sustainable Development of the Republic 
of Croatia. All specimens were determined combining morphological 
and molecular identification with DNA barcoding of 60 specimens and 
morphological estimate was in all cases more conservative than the mo-
lecular estimate. DNA barcoding is extremely important for biodiversity  

assessment and for discovering of not yet described and cryptic species 
as well as for associating immature life stages of stoneflies and caddis-
flies in which morphological differences are often not sufficient for dis-
tinguishing species [2].
DNA barcoding was performed for the first time for Croatian scorpion-
flies (Mecoptera), which are regarded as one of the most poorly studied 
groups of insects in the world [3]. 
By utilizing mentioned methods and calculating biodiversity indices, this 
study determined distribution and biodiversity of stoneflies, caddisflies 
and scorpionflies in Medvednica Nature Park. 
The study is part of the project DNA barcoding of Croatian faunal bio-
diversity, funded by Croatian Science Foundation and it contributed to 
the recognition of geographic distribution and gave new insights into the 
genetic biodiversity of selected groups of Croatian fauna.
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Abstract
Due to the high level of specialization required for their morphologi-
cal identification, their species richness and ubiquity, insects represent 
one of the groups for which DNA-based identification is most commonly 
adopted. Nowadays, insects biodiversity surveys using DNA metabar-
coding are increasingly common; yet, species level identifications are not 
always easily obtained with such approach. A DNA metabarcoding refer-
ence database specifically curated for insect identification can improve 
this result. Here we present COins, a database of COI-5P sequences of 
insects that includes over  532,000 representative sequences of more 
than 106,000 species. Through a combination of automated and manu-
ally curated steps (Figure 1), we developed this database starting from all 
COI sequences available in the Barcode of Life Data System for insects, 
focusing on sequences that comply to several standards, including a spe-
cies-level identification. COins was then validated on previously pub-
lished DNA metabarcoding sequences data (54 bulk samples obtained 

from Malaise traps) and its efficiency compared with other publicly 
available reference databases (not specific for insects). In our case study, 
COins allowed an increase of up to 30% of species-level identifications. 
COins can represent a valuable resource for the insects DNA metabar-
coding, especially when species level identifications are required.

Figure 1. COins database development steps
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Abstract
The genus Poecilasma Darwin 1852 currently includes 7 deep-sea spe-
cies distributed around the world at depths above 2000 m. In the North 
Atlantic 3 of the 7 species were originally described from the Portuguese 
waters, 2 from the Madeira Archipelago (Poecilasma aurantia Darwin 
1852 and Poecilasma crassa (Gray, 1849)) and 1 from the Azores 
Archipelago (Poecilasma unguiculus Aurivillius, 1898). P. aurantia and 
P. crassa were also recorded in the Azores Archipelago. A total of 341 
specimens were collected in 2015 in the Gorringe Bank, located in the 
Portuguese Exclusive Economic Zone between the Madeira Archipelago, 
about 200 km off the southwestern coast of mainland Portugal. This 
location has an outstanding biodiversity that includes several priority 
habitats and species. All specimens were found attached to the carapace 
and appendages of the decapod species Chaceon affinis (Milne-Edwards 
& Bouvier, 1894), Paramola cuvieri (Risso, 1816) and Cancer bellianus 
Johnson 1861. They were morphologically analyzed and then, a selected 

number of specimens were used for genetic analysis, using the DNA bar-
code. Using integrative taxonomy, a total of three different species were 
identified: P. aurantia and P. crassa and a new putative species since the 
diagnostic morphological characters were not coincident with those of 
the described species and DNA barcode divergences of approximately 
10% were detected. Also, the reported distributions constitute new re-
cord for this geographical zone and the DNA barcode sequences are pro-
vided for the species P. aurantia and P. crassa, which were still missing in 
the public databases. The presence of two species of the 7 currently de-
scribed in the genus Poecilasma, and a new putative one, distributed in a 
limited geographical zone, reveals the paramount need and importance 
of studying this taxonomic group, which are difficult to collect since it 
lives in deep-sea environments.
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Abstract
Oftentimes even wellstudied organisms may exhibit overlooked cryptic 
diversity. DNA barcoding based on partial cytochrome c oxidase subunit 
1 (COI) sequences has been proven useful for species determination and 
revealing the cryptic diversity in many taxa. Amphipods are extensively 
used in applied and basic research, including biodiversity assessments, 
ecotoxicology, and evolutionary ecology. Representatives of this group 
are among the most abundant and diverse crustaceans in Palearctic 
freshwaters. 
We aimed to describe the diversity of Poland’s epigean freshwa-
ter and brackishwater amphipods. Our study presents 26 polish 
Amphipoda species, including the most recent findings of new spe-
cies. DNA barcodes from 993 individuals were analysed, including 
sequences from previous studies and more than 400 newly generat-
ed DNA barcodes. We found 38 BINS. For 19 out of 26 species (73%), 
we found 1:1 correspondence between BIN and morphospecies. Deep 
intraspecific sequence divergences with distinct lineages were re-
vealed for seven species, with two (Gammarus pulex, G. salinus, G. 
tigrinus), three (Echinogammarus ischnus, G. fossarum), and four (G. 
jazdzewskii, G. tatrensis) BINS, respectively. Our dataset represents 
six families: Gammaridae (839 ind., 20 species); Pontogammaridae 

(118 ind., 2 species), Corophiidae (20 ind., 2 species), Talitridae (12 
ind., 1 species), Pallaseidae (3 ind., 1 species), and Crangonyctidae (1 
ind., 1 species).
Nine species (35%) of Polish Amphipoda fauna are invasive, of which 
seven have Ponto-Caspian origin. We can also find five brackish species 
(G. zaddachi, G. salinus, G. locusta, G. oceanicus, Apocorophium lacus-
tre), and one semi-terrestrial Talitrid – Cryptorchestia garbinii.
Our findings are the first, almost complete country-scaled attempt to 
provide a DNA Barcode Reference Library of Amphipoda. 
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Abstract
High mountain populations of the plant species possess particular inter-
est from both evolutionary and conservation points of view. The mode of 
distribution, limited gene flow and severe environmental conditions act as 
evolutionary forces shaping the level and distribution of genetic diversity 
within and among populations. The paper reports results of a study on 
four populations of Thymus praecox aggr., including the taxa T. vandasii 
and T. jankae. Two populations are located in Rila Mts (Belmeken dam and 
Yastrebets), one – in Pirin (Vihren hut) and one – in the Rhodopes (Perelik 
hut).  Eleven inter simple sequence repeat (ISSR) markers were applied to 
document the genetic diversity within and among populations. The level 
and distribution of the diversity correspond to the values reported in oth-
er studies on the species of the genus Thymus and other species with simi-
lar life-history characteristics. The populations from Rila and Pirin were 
genetically closer to each other, while the population from the Rhodopes 
was the most differentiated. The results are discussed in the light of the 
conservation and sustainable use of the species resources.   
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Abstract
High morphological similarities, the complexity of morphological char-
acters, and overlapping of distribution generally lead to difficulties in 
the identification and taxonomy of sillaginids. First molecular evidence 
(Co1 gene sequence) of the occurrence of Sillaginopodys chondropus is 
presented from the Northern Coast of the Oman Sea (Fig. 1 &2). Twen-
ty-four specimens were collected with the beach seine during sampling 
in February 2021. A 573 bp haplotype of cytochrome oxidase subunit I 
gene (COI) revealed 0.18-0.25 K2P distance with other Sillaginid species 
while it was identical with conspecific haplotypes (Fig. 3). Morphometric 
and meristic characters were concurrent with the previous description 
of S. chondropus

Figure 1. Sillaginopodys chondropus from northern coast of the Oman Sea. Iran. 
TL=17.9 cm and Maximum likelihood analysis based on the mitochondrial cytochrome 
c oxidase subunit I (COI) sequences of Sillaginidae species. 
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Abstract
Microsporidia are a phylogenetically diverse group of ubiquitous en-
doparasites related to fungi, that infect hosts from all major metazoan 
taxa and in all environments. They are particularly frequent in aquatic 
ecosystems and commonly found in freshwater gammaroid amphipods. 
These parasites influence the host behaviour and physiology, including 
predation, thermal preference, and tolerance to pollutants as well as al-
ter biological processes, such as the distortion of the sex ratio. Moreover, 
concomitant dispersion with hosts, and further spill over to local species, 
has been reported.
The aim of our study was to detect, assess prevalence and identify pu-
tative microsporidians infecting Gammarus species flock from ancient 
Lake Ohrid (North Macedonia). The small subunit rRNA gene (i.e., 16S) 
of microsporidians from gammarids collected in the lake and from sur-
rounding watercourses were analysed to detect the parasites and inves-
tigate their molecular affinity and diversity. It is the first survey of micro-
sporidians infecting the endemic species flock in Lake Ohird. The results 
show that ca. 30% of studied gammarids are infected with the parasites. 
Microsporidians were found in all studied species (both coming from 
the endemic flock and local G. roeselii and G. balcanicus populations) 

and in the full depth range of the lake (down to 280 metres) as well as 
in surrounding springs. The species of microsporidians were identified 
through blast searches as Dictyocoela muelleri, D. roeselum, Nosema sp., 
and Microsporidium sp. Both private haplotypes and putative endemic 
lineages were recovered. Their effect on the endemic communities has 
yet to be assessed.
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Abstract
The genus Centaurea s.l. is one of the richest and most taxonomically 
complex of the Asteraceae family. It includes between 400 and 700 spe-
cies, of which more than 70 are found in Bulgaria – a territory consid-
ered as one of the secondary centers of speciation of the genus. There 
is a large number of endemics (Bulgarian and Balkan) with endemism 
reaching up to 50% in some groups, such as Cyanus gr. Due to the ongo-
ing active speciation in the Balkans, the boundaries between closely re-
lated taxa cannot be easily established based entirely on morphological 
features. DNA barcoding is cost-efficient and reliable approach for iden-
tifying and retrieving previously known species with the potential to ac-
celerate the discovery of new plant species. Despite the huge potential of 
the method, no any Bulgarian population from this genus has been bar-
coded so far. The present study presents the first DNA barcoding data of 
11 species of the genus Centaurea s.l. from 12 populations based on four 
regions – ITS, matK, rbcL and trnH-psbA. The first three DNA barcodes 

are promising whereas the trnH-psbA has somewhat lower resolution. 
The preliminary results suggest that the ‘Cyanus’ group is well separated 
from the ‘Centaurea s.str.’ group which corresponds well to their treat-
ment as different subgenera or genera. Within ‘Cyanus’, grouping of taxa 
corresponds well to the morphology of the species. Within ‘Centaurea 
s.str.’, although a relatively low number of species has been included, 
grouping of taxa in most cases is congruent with the morphological 
characters. However, there are some incongruent tree topologies which 
should be investigated further both by repeating the extraction and se-
quencing of the samples, and by addition of new, presumably closely re-
lated species in the study.
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Abstract
The genus Stachys is one of the largest in the Lamiaceae family. 
Representatives of the genus are among the most ancient medicinal 
plants used in the ethnomedicine. The Balkan endemic species S. thra-
cica, S. bulgarica and S. scardica are included in The Red Data Book 
of Bulgaria and due to their endangered status are scarcely studied. 
The aim of the present work was to examine the genetic status of these 
three endemic Stachys species during the process of their ex situ con-
servation. To gain information about their taxonomic position in the 
genus Stachys, we applied the DNA barcoding approach. Nuclear (ITS) 
and plastid (rbcL, matK and trnH-psbA) DNA barcodes were gener-
ated and aligned with accessions available in the data base. In the con-
structed phylogenetic trees S. thracica was placed in a cluster together 
with S. alpina, S. germanica and S. cretica, while S. bulgarica and S. 
scardica were clustered with S. officinalis. The ex situ conservation was 
achieved by the initiation of in vitro shoot cultures and their subse-
quent adaptation in ex vitro conditions. To check the genomic stability 
of the plants during the acclimatisation from in vitro conditions to ex 
vitro, analysis by sequence-related amplified polymorphism (SRAP) 

markers was performed. No difference was detected between the 
SRAP profiles of in vitro cultivated and ex vitro adapted S. thracica and 
S. scardica plants. In S. bulgarica, only 0.4% fragment difference was 
detected. The obtained results indicated that the three Stachys species 
preserved their genetic stability during the process of in vitro multipli-
cation, which is a prerequisite for conserved bioactive capacity. 
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Abstract
Nepeta nuda L. (Lamiaceae) is a medicinal plant with a wide distribution 
in Europa and Asia. In Bulgaria, N. nuda is also known as “naked (or hair-
less) catmint”, which likely refers to the naked or sparse short hairy stem 
and leaves. This study aims to generate DNA barcodes for precise genetic 
discrimination and determination of phylogenetic position of the plant 
among other Nepeta species. To achieve this goal, we applied the DNA 
barcoding technique based on conserved nuclear (internal transcribed 
spacer/ITS) and chloroplast (rbcL, matK, trnH) DNA regions. The gen-
erated DNA barcode sequences were submitted to the Barcode of Life 
Data System (BOLD) database (https://www.boldsystems.org; accession 
number BUL002-22). The obtained N. nuda DNA barcodes and corre-
sponding sequences of other Nepeta species available in the BOLD and 
NCBI data base were utilized for taxonomic classification. ITS-derived 
sequences for Nepeta species were the most enriched in the database, 
and DNA fragments matching 47 Nepeta species were selected for con-
struction of phylogenetic tree. The results show that N. nuda is clustered 

in a subclade together with N. sheilae, N. deflersiana, N. isaurica, N. con-
gesta, N. heliotropifolia, N. schiraziana and N. cataria. The information 
in BOLD was also retrieved for rbcL and matK, and corresponded to 15 
and 10 different Nepeta species, respectively. For trnH, only NCBI se-
quences corresponding to 6 different Nepeta species were found. Тhe 
three chloroplast markers highlighted the close relation of N. nuda to 
N. italica, N. tuberosa, N. cataria, N. grandiflora and N. hemsleyana. In 
conclusion, we suggest a DNA barcode system for genetic discrimination 
of N. nuda, which could assist its accurate taxonomic characterization.
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Abstract
In this study we present an unsupervised machine learning technique 
called self-organized map (SOM) as a tool to determine the population 
structure of 179 bread wheat advanced cultivars and old accessions from 
Bulgaria, based on genotyping data generated with an optimized wheat 
25K Infinium iSelect array. SOM is a type of artificial neural network 
that is learned through competitive training. On the other hand, neural 
networks with backpropagation of error are trained by error correction 
(Kohonen 1990). The array contained 24 145 SNPs markers, which were 
reduced to 19 019 by removing markers with minor allele frequency 
(MAF) less than 5% and markers with more than 20% missing values. In 
a previous study we used STRUCTURE software (Porras-Hourtado al. 
2013) and K-mean clustering algorithm (Li and Wu 2012) to obtain the 
optimal number of subpopulations of 179 wheat varieties (Alexandrov et 
al. 2021).  In this study, we used the “kochonen” (Wehrens and Buydens 
2007) and “SOMbrero” packages in the R software environment. To es-
timate the subpopulations with SOM, we changed the input-output pa-
rameters of the network so as to get the best correlation with the results 
obtained from the previous study. It has been observed that SOM has a 
huge potential to be used in the field of genetic diversity research, as the 
results obtained from the application of artificial intelligence coincided 

with great accuracy with the results obtained from previous analyses. 
The advantages of this type of neural network are that the data is eas-
ily interpreted and understood. Hidden connections between the input 
data can also be detected by using SOM. Once the network is trained, all 
new data that is submitted is classified automatically.
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Abstract
Wheat (Triticum aestivum L.) is a globally important crop for food and 
nutritional security that requires sufficient water supply for optimal 
production. All stages of wheat growth and development are adversely 
affected by reduced water supply, which limit productivity across large 
areas of Central and Southern Europe. Since drought episodes are ex-
pected to occur more frequently and with a greater intensity, the re-
search efforts are devoted to identification of key traits associated with 
drought resistance that could be used as direct and indirect selection cri-
teria for wheat drought tolerance. We evaluated and quantified several 
key genetic and molecular features of wheat genotypes with contrast-
ing drought tolerance under severe dehydration followed by rewatering. 
Dehydration was triggered by treatment of wheat with 250 mM sorbitol 
in hydroponic systems. Plant status was evaluated non-destructively 
by measuring leaf relative humidity, chlorophyll and nitrogen content. 
The drought-tolerant genotype displayed higher chlorophyll and ni-
trogen content, when grown under drought and benign conditions. 
After rewatering, significant differences in these parameters were not 
detected. Since root architecture appears to be a key trait for breeding 
against dehydration, we analysed the members of the DEEPER ROOTING 
(DRO) gene family that allow the root to penetrate deeper into soil  

increasing yield even upon water shortage. Expression patterns of DRO 
members showed genotype-specific changes under drought and the fol-
lowing rewatering, which correlated well with plant drought resistance. 
Our experiments suggest that genes affecting root system architecture 
could contribute to development of wheat cultivars with higher drought 
adaptability. 
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Abstract
Plants have evolved a variety of mechanisms to protect genetic infor-
mation and give adequate responses to environmental variability. The 
chromatin accessibility plays an important role in plant DNA damage 
response (DDR) and adaptation to environmental changes (Bhadouriya 
et al. 2021). Here, we propose a strategy to assess the response of the 
plant model species Arabidopsis thaliana to high temperature focusing 
on specific epigenetic traits linking genome methylation status, DDR and 
chromatin compaction.
We evaluated the response of Arabidopsis wild type Columbia-0 (Col-
0) and the hypomethylated mutants ddm1-10 and met1-1 to high tem-
perature as a DNA damaging agent assuming to induce DNA injury 
directly or via the oxidative pathway (Kantidze et al. 2016). For the 
evaluation of DNA integrity and unrepaired DNA damage, the roots 
of 8-days-old Arabidopsis seedlings that were germinated from heat-
treated seeds (1 h at 50°C) were analyzed by the alkaline/neutral and 
enzyme-modified comet assay using the lesion-specific enzymes Fpg 
and Endo III, which convert into DNA strand breaks the oxidative pu-
rines and pyrimidines, respectively. The comet data revealed that the 
mutant line ddm1-10 accumulated more DNA damages after tempera-
ture exposure compared to Col-0 and met1-1. This is consistent with 

the observation that hypomethylated mutants show an increased chro-
matin accessibility (Zhong et al. 2021). In both mutant lines, the num-
ber of DNA breaks exceeded the number of Fpg- and EndoIII-sensitive 
sites. The differences in chromatin organization were visualized using 
micrococcal nuclease (MNase) digestion. Application of temperature 
stress at the seed level induced less phenotypic changes in the wild-
type plants and hypomethylated mutants than its application at the 
seedling level, although in the mutants, these changes were still more 
visible than in wild-type plants. 
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Abstract
In recent years, medicinal plants have a unique place in our live and are 
widely used to treat a wide range of diseases. Globally, approximately 
2/3 of medicinal plants used in phytoterapy are collected from nature, 
leading to loss of natural habitats and a reduction in biodiversity. Hence, 
urgent need of their ex situ conservation emerges (Iqbal et al. 2017). 
Biotechnological methods offer possibilities for faster cloning of the 
plants (especially in difficult to reproduce species or with a long period 
of maturation) and conservation of genetic diversity. Advances in plant 
biotechnology, especially those associated to in vitro culture and molecu-
lar biology, have also provided powerful tools to support and improve 
conservation and management of plant diversity (Marchev et al. 2016).
Rhodiola rosea and Rhodiola kirilowii are valuable medicinal plants, pro-
tected by Law in many countries and widely used in traditional and folk 
medicine. Due to poor reproduction in nature and over harvesting has 
led to depletion of their natural habitats.
The results of our experiments led to the development of efficient sys-
tems for in vitro micropropagation of the endangered medical plants 
Rhodiola rosea and Rhodiola kirilowii. The systems was applied for mass 

clonal propagation. The obtained regenerated plants can be used to re-
store and preserve the gene pool.
In conclusion, biotechnological tools like in vitro culture, cryopreserva-
tion, and molecular markers offer a valuable alternative to plant diver-
sity studies and genetic resources conservation.
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Abstract
Fungi of the genus Colletotrichum are causal agents of plant diseases 
with constantly growing economic importance. Accurate pathogen iden-
tification is a significant prerequisite for effective disease control. The 
aim of the present investigation was to clarify the species affiliation of 
Colletotrichum isolates obtained from different hosts in Bulgaria and 
to determine the phylogenetic relationships between them by apply-
ing DNA barcoding. Thirty-five fungal isolates obtained from five bo-
tanical families (Solanaceae, Rosaceae, Musaceae, Cucurbitaceae and 
Caryophyllaceae) were morphologically characterized and subjected to 
molecular analysis based on four fungal barcode markers – the primary 
ITS barcode and the secondary marker regions ACT, EF-1a and TUB2. 
Three of the barcodes (ITS, ACT and TUB2) showed complete success 
rate of PCR amplification and sequencing and proved efficient for re-
liable identification at species level. BLAST analyses identified eleven 
Colletotrichum species assigned to five different complexes – C. coccodes, 
C. acutatum, C. gloeosporioides, C. dematium and C. spaethianum. The 
resolution power of ITS region was not sufficient to discriminate inter-
species variations within C. coccodes, C. dematium and C. spaethianum 

complexes confirming the requirement for secondary barcodes in order 
to resolve the genetic variability of the Colletotrichum isolates. DNA bar-
coding analyses revealed that the highest species variation was observed 
among the isolates from pepper (Capsicum annuum). Interestingly, an 
isolate from the same host identified as C. truncatum on the basis of 
morphological characters appeared to be C. circinans when applying 
DNA barcode markers. According to our knowledge, this species has not 
been reported as a causal agent of pepper anthracnose. Data obtained in 
this study improve our understanding of the genetic diversity within the 
Colletotrichum population pathogenic on cultivated plants in Bulgaria.
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Figure 1. A. Phylogenetic tree showing the taxonomic assignment of the Colletotrichum 
isolates based on TUB2 barcode marker. B. Colletotrichum circinans on pepper fruit 
(C. dematium complex); a. natural infection; b. black acervuli with dark setae; c, d, e. 
Sporulation of the isolate – in vivo and in vitro on PDA; j. conidia.
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Abstract
The aim of the study was to assess the composition of bacterial com-
munities in long-term heavy metal polluted soils and the environ-
mental effects on these communities. Topsoil samples were collected 
from five sites, located in the region of a non-ferrous metal plant KCM 
2000, Plovdiv, Southern Bulgaria, differently polluted with Zn, Pb, Cd, 
Cu and As. Soil physicоchemical properties were analyzed by standard 
protocols. The composition of bacterial communities was analyzed via 
Illumina sequencing of 16S rRNA gene amplicons. Pearson correla-
tion analysis estimated the relationships between soil properties and 
bacterial communities. Four soils were defined as heavily polluted and 
one as unpolluted (NPI=1) according to the Nemerow pollution index 
(NPI). Proteobacteria was the dominant phylum across sampling sites 
(27% - 42%). The subdominant phyla were Actinobacteria (15-23%) and 
Acidobacteria (17-5.85%). Chloroflexi was presented in lower abun-

dance (12-3.54%). Bacteroides were evenly distributed in polluted soils 
(7.7-10.44%) and decreased in unpolluted (2.48%). The abundances of 
Gemmatimonadetes and Planctomycetes were highest in the most pol-
luted soil (10%). Consequently, the structures of bacterial communi-
ties changed along the heavy metal pollution gradient, and the rate of 
changes was taxon-dependent. Pearson correlation analysis showed that 
Proteobacteria, Actinobacteria, and Firmicutes significantly negatively 
correlated with heavy metals, manifesting the sensitivity of these taxa to 
soil pollution. On the opposite, Gemmatimonadetes, Planctomycetes, and 
Chloroflexi related positively with heavy metals, demonstrating their 
potential to overcome the pollution stress. Our results showed that soil 
factors like pH, soil texture, and nutrients were also significant for the 
phylum distribution in the polluted soils. Long-term heavy metal pollu-
tion of soils changed the bacterial community structure in relation to the 
local soil characteristics. 
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Abstract
Results of microbiome Next Generation Sequencing (NGS) of cir-
cumneutral iron ochres contaminated by high levels of toxic arsenic 
(7 g·kg−1 to 130 g·kg−1) and antimony (0.25 g·kg−1 up to 12 g·kg−1) 
from three abandoned Sb mine deposits in Slovakia are presented. 
The samples were collected in three different seasons and 16S RNA, 
18S RNA and ITS markers were used to characterize co-existing bac-
terial and fungal communities. The 16S RNA analysis was dominated 
by bacteria (96.2%), represented mainly by Proteobacteria (68.8%) 
and Bacteroidetes (10.2%), but also Acidobacteria, Actinobacteria, 
Cyanobacteria, Firmicutes, Nitrosprae and Chloroflexi. The bacte-
rial communities of individual sites were highly similar and only sub-
tle seasonal changes were observed. In this As, Sb, Fe, sulfates and  

carbonates rich environment methylotrophic bacteria (Methylobacter, 
Methylotenera), metal/reducing bacteria (Geobacter, Rhodoferax), 
metal-oxidizing and denitrifying bacteria (Gallionella, Azospira, 
Sphingopyxis, Leptothrix and Dechloromonas), sulfur-oxidizing bac-
teria (Sulfuricurvum, Desulphobulbaceae) and nitrifying bacteria 
(Nitrospira, Nitrosospira) accounted for the most dominant ecologi-
cal groups. Fungi were dominated by Ascomycota and Basidiomycota, 
but representatives of Glomeromycota, Chytridiomycota and 
Neocallimastigomycota were also present. True aquatic fungi, terres-
trial microfungi with aquatic phase, litter and wood decomposing fungi, 
mycorrhizal and saprotrophic fungi represented the major ecological 
groups. Some of the species are well known to thrive in the metal pol-
luted environments, participate in metal sequestration and therefore 
we assume that fungi, together with bacteria, are highly important in 
the process of mobilization or immobilization of the potentially toxic 
arsenic and antimony species.
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Abstract
The structure and function of microbial communities are changed under 
heavy metal pollution. The aim of this study was to assess the fungal 
diversity in three soil samples, differently polluted with copper (Cu). 
Soil samples were collected from the valley of Topolnitsa River and its 
tributaries (Zlatishka and Pirdopska), Sredna Gora, Bulgaria. Soil phys-
icochemical properties were determined using standard protocols. In S3 
soil sample, the Cu concentration (110 mg kg-1) exceeded the Bulgarian 
maximum permissible concentration (MPC - 80 mg kg-1). In the other 
two soil samples (S2 and S5), Cu was under MPC (67.4 and 28.05 mg kg-

1, respectively). Soil DNA was extracted from samples, using E.Z.N.A soil 
DNA kit (Omega Bio-tek, USA). Three ITS-rDNA clone libraries were 
constructed with the pair internal transcribed spacer primers - ITS1 and 
ITS4, and the clones were sequenced. The alpha-diversity indexes of 
fungal communities were calculated. 
Our results showed that the highly contaminated S3 was dominated 
by phyla Ascomycota (41.89%) and Streptophyta (29.73%). The dom-

inant phylum in S2 was Streptophyta (50%), followed by Ascomycota 
(25%). On the opposite, the dominant phyla in S5 were Basidiomycota 
(51.22%) and Ascomycota (26.83%). Streptophyta was not detected 
in S5. Mucoromycota was found in low abundances (2.4% - S2 and 
8.6% - S5) only in soils with Cu under MPC. UPGMA hierarchical 
clustering was conducted to evaluate the distance between soil sam-
ples concerning their abiotic and biotic properties. Cluster analysis 
segregated soils in two clusters – cluster 1 (Cu <30 mg kg-1) and clus-
ter 2 (Cu > 67 mg kg-1). 
Based on the results, we conclude that both Cu pollution and local soil 
properties change the fungal diversity in a local-dependent manner.
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Abstract 
Nitrogen (N) deposition, as a result of anthropogenic activities, can 
cause serious irruptions in ecosystem services by affecting soil micro-
bial communities. Soil bacterial communities are involved in various 
processes related to major biogeochemical cycles and essential eco-
system services. Therefore, it is necessary to understand and predict 
the effects of environmental variables such as pH and N availability 
on their diversity and composition. Here, we investigated the diver-
sity and composition of soil bacterial communities along a natural soil 
pH gradient in pine forests in northern Estonia. The study sites also 
included areas with elevated soil N content uncorrelated to pH which 
allowed us to account for their effects on bacterial communities in-
dependently. We used metabarcoding, SPRING network and model-
based analyses to investigate the links between bacterial communities 
and environmental variables. Our results indicated that the most di-
verse and abundant bacterial phylum was Proteobacteria, followed by 
Acidobacteria, Actinobacteria. We utilized random forest algorithm 
to identify the most important predictors of bacterial richness and 
diversity followed by DistLM, GDM, and PERMANOVA multivari-
ate analyses of the communities’ compositional changes. Our results 

showed that soil pH and C:N ratio explained the greatest proportion 
of variability in bacterial diversity, richness and composition followed 
by other nutrients, climatic and biological variables. These significant 
effects were reflected in changes in relative abundance of different 
phyla. Results of network analysis indicated that the bacteria-bacteria 
network was strongly connected and was divided into 6 communities 
which were strongly related to soil pH levels. Partitioning the effects of 
C:N ratio from the effects of pH, vegetation, and climatic parameters; 
showed that variation of N availability causes substantial changes in 
relative abundance of bacterial taxa that are tightly associated with N 
cycling. This highlights the importance of such studies in predicting 
effects of anthropogenic activities on global biogeochemical cycles.
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Abstract
The front fields of the Antarctic glaciers are extreme environments and 
pioneering sites for ecological succession. Rising temperatures lead to 
deglaciation in the Antarctic habitats, and the new terrain is subject-
ed to the process of soil formation and microbial colonisation. In the 
present study, we investigated the formation of pathogenic fungal soil 
microbiomes as an effect of forefield deglaciation. Soil samples were 
taken from two different forefields, one formed several years ago and 
the other freshly uncovered. Both habitats were in the vicinity of the 
Perunika Glacier on Livingston Island. Total DNA was extracted and tar-
geted ITS amplicon sequencing was applied. The ITS marker sequences 
were then taxonomically identified. The abundance of the fungal taxa 
was calculated. Alpha and Beta diversity analyses to obtain fungal rich-
ness in samples were performed. Our results showed that soil habitat 
formation, initiated by deglaciation, was such that (1) in the newly de-
glaciated forefield, there was almost no fungal DNA, which prevented 

further analysis; (2) at older drier fields metagenome content was much 
higher. (3) Further analysis showed that the most abundant genera were 
Pseudogymnoascus, Simplicillium, Hanseniaspora, Mycothermus, and 
Malassezia. It is known that Pseudogymnoascus and Malassezia spe-
cies have pathogenic keratinolytic activity. In conclusion, the phylum 
Ascomycota, which dominated the core microbiome showed much high-
er ecological diversity and abundance i.e. potential for colonization of 
the glacier forefields, while the phylum Basidiomycota appeared to be 
less fit to these conditions.
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Abstract
Myxomycetes are a group of protists with ca 1000 morphospecies de-
scribed so far. Similar to other protists, in myxomycetes the first part 
of 18S gene is used as a barcoding marker (Schnittler et al., 2017). The 
barcoding gap analysis was done for both subclasses of myxomycetes – 
Collumellomycetidae (Borg Dahl et al., 2018) and Lucisporomycetidae 
(Leontyev et al., 2015). However, no comparative studies have been per-
formed yet.
We analyzed three small-scale datasets of partial SSU sequences rep-
resenting unique ribotypes from recently morphologically and geneti-
cally circumscribed taxa ((Leontyev et al., 2019, Yatsiuk, unpublished) 
to i) test the barcoding gap ii) compare the OTU-picking thresholds in 
Columellidia (COL) vs Lucisporidia (LUC). COL dataset included 50 
sequences from the family Lamprodermataceae; LUCR and LUCT, ac-
cordingly, comprised 41 and 46 sequences from Reticulariaceae and 
Trichiaceae.
Intra- and interspecific distances in both LUC datasets were significantly 
higher than in COL (p<0.05, 1-way ANOVA). In all datasets sequences 

were mostly closer to conspecific ones then to any of the nearest species, 
demonstrating local barcoding gaps. However, in both groups there were 
exceptions in cases of loose clusters of ribotypes (e.g. L.  ovoideum) or 
closely related species (e.g. A. ferruginea-A. versicolor complex).
The search for the optimal OTU-picking threshold by minimizing cu-
mulative identification error revealed that the optimal range for COL 
was 2.1-3.6 %. It was slightly greater than that of the larger-scale study 
of Borg-Dahl, 2019. However, in LUC datasets optimal thresholds were 
much higher: 19.3-19.9% in LUCR and 10.2-13.7% in LUCT. Interestingly, 
error rates did not reach zero in any of the datasets, meaning that the 
universal barcoding gap cannot be detected, probably because of differ-
ences in coalescence depths between species.
Striking differences in 18S variability between Columellidia and 
Lucisporidia must be considered in metabarcoding studies, and OTU-
picking threshold tuned separately for these subclasses.
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Abstract
The marine environment features oceanographic barriers that affect 
the distribution and connectivity of the biota present. Biogeography has 
been recently enriched and extended by phylogeography, which analy-
ses the distribution of genetic diversity within species. Metabarcoding 
represents a leap forward in our ability to assess biogeographic and 
phylogeographic patterns, as it allows the study of many species at a 
time, including the often-neglected small meio- and micro-organisms. 
We tested the utility of the metabarcoding approach in one key biogeo-
graphic area, the Atlanto-Mediterranean transition along the E Iberian 
coast. This transition is marked by two barriers, the Almeria-Oran Front 
(AOF) and the Ibiza Channel (IC). We sampled shallow hard-bottom 
communities at 12 sites over the littoral and performed community 
DNA metabarcoding using the cytochrome oxidase I (COI) marker. 

The resulting dataset was analysed at several levels: MOTU (Molecular 
Operational Taxonomic Unit, surrogate for species) beta diversity, ESV 
(Exact Sequence Variants, surrogate for haplotypes) beta diversity, and 
genetic differentiation within MOTUs (metaphylogeography). In a con-
text of high differentiation between localities and isolation by distance, 
we found nevertheless a strong effect at all levels of the AOF, which 
marks the main boundary between the Atlantic and Mediterranean wa-
ters. The IC had a comparatively minor role. With the MOTU dataset 
we obtained more clear cut patterns than with ESVs, and we discour-
age the use of the latter as the unit of biogeographic analyses. On the 
other hand, the metaphylogeographic approach using analyses of genetic 
variation within MOTUs provided the highest resolution in terms of dif-
ferentiating localities and groups of localities separated by geographic 
barriers. Metabarcoding coupled with metaphylogeography provides a 
new tool to integrate the simultaneous analysis of species turnover and 
genetic differentiation, unlocking a vast amount of information on the 
geographic distribution of biodiversity for basic and applied research.
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How dark of a taxon is Microgastrinae (Braconidae) really?

Amelie Höcherla
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Abstract
Entire families or subfamilies of Diptera and Hymenoptera are referred to as 
so-called “Dark Taxa”: They are hyperdiverse, taxonomically neglected and 
with numerous overseen and undescribed species – even in Germany. For 
these groups, hardly any current identification keys exist, and often there are 
no taxonomic experts. In order to make these enormously species-rich groups 
more tangible to science, we use an integrative approach within the project 
GBOL III: Dark Taxa for the Microgastrinae, a subfamily of parasitoid wasps 
within the Braconidae (Hymenoptera) specialized in attacking Lepidoptera 
larvae. Specimens are selected from a large number of malaise trap samples 
from various habitats in Germany, with a focus on alpine habitats as well as 
forests, but also urban gardens. Samples are sorted and individuals selected 
for DNA-Barcoding by parataxonomists. Using DNA-Barcoding as a way of 
pre-sorting samples, we are able to identify distinct clusters and lineages that 
putatively represent species. Finally, representative specimens of these clus-
ters (which correlate with BINs = Barcode Index Numbers) are morphologi-
cally verified by experts. Using this workflow allows to accelerate taxonomic 
work and glance at results, even with morphological identifications still in the 
future. We were able to identify 245 BINs within one single bulk submission of 
1,898 specimens. This almost equals the number of Microgastrinae species re-
corded for Germany (248), and indicates that the actual species diversity must 
be much higher than currently known.

P27
How does urbanisation impact pond biodiversity in a 
geographical gradient?
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Klaudyna Królikowskaa, Michał Sewerynb, Jakub Lachb, Grzegorz 
Tończyka, Annette Taugbølc, David A. Strandd, Jarek Brodeckia, Dominik 
Strapagielb, Karolina Bącela-Spychalskaa
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bBiobank Lab, Department of Molecular Biophysics, University of Lodz
cThe Norwegian Institute for Nature Research 
dNorwegian Veterinary Institute, Oslo, Norway
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Abstract
Urbanization is a process inducing the loss of natural habitats and one of 
the reasons of harmful changes in ecosystems. Urbanization leads to “biotic 
homogenization” and opens a gate for invasive species. Ponds are freshwa-
ter habitats existing in both urban and non-urban landscapes and they 
are biodiversity hotspots of many rare and endangered species. However, 
as these waterbodies are not monitored within a systematic manner, the 
knowledge about overall pond biodiversity still remains poor. 
The aim of the present study is to assess how urbanization impact inver-
tebrate pond diversity in the context of a geographical gradient, span-
ning from the southern Poland to the idle of Norway, based on environ-
mental DNA. Including metabarcoding of bacteria and fungi helped us 
evaluate the ecological quality of studied waterbodies. 
Pond water was sampled and filtered from replicated urban and ru-
ral ponds in close geographic proximity, within five geographic regions 
(Krakow – Trondheim). Characteristics of each pond was described on 
site and the water chemistry (N, P, TOC, pH, conductivity), microplastic 
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content and distance from metropolia were measured to determine the 
level of anthropogenic pressure. Environmental DNA was isolated from 
filters with different pore sizes: 2.0, 0.45 and 0,22µm. The isolation was 
done with the Dneasy Power Soil Kit adding Proteinase K to the proto-
col. DNA libraries were prepared using PCR-based amplification of the 
different regions depending of organism identification (16S rRNA for 
bacteria, LSU rRNA for fungi, COI for invertebrates). Sequencing was 
performed in a paired-end modality on the Illumina MiSeq platform 
rendering 2 x 250 bp paired-end sequences.
Alpha- and beta-diversity comparisons taking for account urban and 
rural environments and geographical range were done. The results will 
be shown during presentation. 
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Abstract
DNA barcoding method allows for easy and rapid identification of vari-
ous types of organisms based on their DNA. The main objective of this 
study is to obtain the sequences of different species of fungi, plants and 
animals to map biodiversity of Slovakia. In this study we present the 
practical use of this method for various organisms, possibilities of using 
different genes, and challenges associated with this method. Standard 
markers used for barcoding include the ITS and nucLSU regions for 
fungi, plastid genes rbcL and matK for plants and fragments of COI gene 
for animals. In the museum we deal with a wide range of samples and we 
encounter various difficulties. For example, some genera of fungi con-
tain unreadable sections in the middle of the sequence, in insects, it is a 
problem with samples killed with ethyl acetate or too old samples, where 
the DNA is mostly degraded. For the amplification of bird samples, we 
have found no consistent method for the whole group and we work with 
several different primer sets and conditions to be able to amplify most 
of the samples. The identification of various plant species according to 
their barcodes has also proven quite difficult, as plants are very specific 
and fast evolving group of organisms, and their distinction according to 
the short barcode regions is nearly impossible. Therefore, we would like 
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to emphasize the necessity of cooperation with specialized taxonomists. 
Our data are uploaded to the international BOLD database. To date, we 
have contributed the sequences of several species: 110 fungi, 151 plants, 
134 insects, 63 fish, 27 birds, 38 molluscs and several more. This research 
was supported by the Operational Program of Integrated Infrastructure: 
“DNA barcoding of Slovakia (SK-BOL), as a part of international initia-
tive International Barcode of Life (iBOL)” (ITMS2014+313021W683).
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Abstract 
The recent outbreak of Corona Virus Disease significantly affected hu-
man life. The infectious nature of the virus emphasizes the need for 
developing potential drugs to safeguard public health instantly. Plant-
derived antiviral therapies based on traditional medicine have become 
famous worldwide due to the low cost and fewer side effects compared 
to steroid medicine prescribed in allopathic medicine. Subsequently, 
the demand for medicinal plants as a source of therapeutic ingredients 
is escalating, leading to falsified adulteration. Moreover, morphologi-
cal characters in the powdered products are no longer intact, thus fa-
cilitating easy adulteration for a profitable trade. In this study, twen-
ty-five anti-viral and immunomodulatory products  mentioned in 
the Ayurveda pharmacopoeia of India were purchased from the trade 
markets. Validation of the products was done by using rbcL and ITS2 
DNA barcodes. Based on the two-locus DNA barcode approach, our re-
sults revealed species adulteration in eight products (32%). The highly 
recommended anti-viral products such as  Andrographis panicula-
ta and Withania somnifera were replaced by Senna sp. and Pueraria 
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sp., respectively. Identifying unauthentic species as adulterants in 
powdered anti-viral products threatens the reliability of traditional 
medicine and questions the safety of people. The current study forms 
the groundwork to provide legal evidence of adulteration in COVID-19 
anti-viral products in trade. Therefore, our study recommends two-
locus DNA barcodes (rbcL and ITS2) as a routine authentication tool to 
develop quality control protocol for market surveillance, and to ben-
efit all consumers, traders and regulatory agencies. 
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Bacterial communities in ballast tanks of cargo vessels -  
shaped by salinity, treatment and the point of origin of 
the water but “hatch” its typical microbiome
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Abstract
Ballast water has considered an important vector for invasive species, 
such as harmful algae, bacterial pathogens, viruses, and antibiotic-re-
sistant bacteria together with antibiotic resistance genes.
In this study, we investigated bacterial community composition (BCC) 
of BW carried by commercial ships visiting two Estonian ports, accom-
panied with analysis of local port water BCC and effectiveness of BW 
treatment. We hypothesized to observe differences in the BCC with 
respect to the ships previous ports of call, retention time in the ballast 
water tank and BW treatment. Treatment of the BW by UV only or in 
combination with chemical treatment caused significant change of BCC 
while the effect of time how long the BW travelled in the tanks had less 
significant effect. The salinity remained a stronger predictor of BCC 
differences compared to UV treatment even when the variation be-
cause of geographical location together with seasonal component was 
removed. Re-occurring taxa in individual ship tanks indicate that cer-
tain bacterial taxa colonize the water, sediment and surfaces (biofilm) 
of the tank. Port area BCC did not differ strongly from communities in 
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various BW, referring to constant spill of BW into port area. Special at-
tention was paid to potentially pathogenic bacterial genera. Our results 
hint that the members of these taxa are more likely to survive the UV 
treatment than the native marine bacteria and therefore linger and/
or colonize in the tank, which is a worrisome sign. The results of this 
study reaffirm the potential of modern molecular methods in use for 
a survey of the ballast water. Fluorescence microscopy proved to be a 
suitable method for operational assessing the condition of BW and for 
checking the effectiveness of the treatment applied to ballast water.
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Abstract
Mongolia is a country in Central Asia with a harsh arid climate, and a 
geographic location is divided into many climatic zones with rich and 
unique biodiversity. There are at least 128 native mammal species in 
Mongolia, ranging from large carnivores and ungulates to bats and ro-
dents, many of which are globally threatened or endemic to Central Asia 
(1).  In Mongolia, many crimes are committed related to the illegal hunt-
ing of large wild mammals and the animal trade in organs. We aim to 
establish the reference DNA barcode library for the use to determine the 
origin of animal organ and tissue on a scientific basis that will be used by 
law enforcement agencies, government, and public organizations such 
as customs, general agency for specialized inspection, animal protection, 

police, and forensic sciences. We have registered COI sequences of more 
than 80 specimens belonging to seven orders, 20 families, and 40 spe-
cies of mammals distributed in Mongolia. These sequences include 14 
species of rare mammals listed in the Mongolian Red Book, 3 species of 
Mongolian domestic livestock, 15 species of large mammals of economic 
and hunting importance and 8 species of small mammals. The registra-
tion in the NCBI database is also important to exchange information on 
the genetic diversity of mammals in Mongolia and the significance of sci-
ence and knowledge will be revealed as a theoretical basis for the effec-
tive protection and restoration of rare and endangered mammal species. 

Acknowledgements: The project was funded by Mongolian Foundation for 
Science and Technology (ShU/UZ-2020/02).
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Abstract
Kazakhstan is the ninth country in the world in terms of territory and 
it has specific flora that consisting over 6000 species in 29 floristic re-
gions. The country is bordered by the high mountain ranges in the east-
ern, southeastern, and southern parts. One of the important compo-
nents of forests in the mountain ranges is the Juniperus L. species, which 
has an important ecological role due to its water-protective, soil-pro-
tective and anti-mudflow characteristics. The genus Juniperus includes 
about 75 species in the world (Adams, 2014) with seven species grow-
ing in Kazakhstan - Juniperus communis, J. x media, J. pseudosabina, J. 
sabina, J. semiglobosa, J. sibirica, and J. seravschanica. The molecular 
taxonomy of Juniperus species was relied on DNA barcoding technology 
by using the internal transcribed spacer (ITS) nucleotide sequences and 
taxa representing seven species. The DNA sequences of ITS of Juniperus 
species were aligned with reference sequences from NCBI. The length of 
the aligned ITS region for Juniperus was varied from 1098 bp to 1113 bp, 
including ITS1, 5.8S, and ITS2. The phylogenetic tree was reconstructed 
based on Neighbor Joining method (Kumar et al., 2016). The NJ tree di-
vided Juniperus accessions into two large clusters, which corresponded 
with the Juniperus and Sabina sections. The results confirmed the mono-
phyletic origin of the genus. The ITS sequences of studied Juniperus 

species were deposited in GenBank. This research has been funded by 
the Science Committee of the Ministry of Education and Science of the 
Republic of Kazakhstan (Grant No. AP09259027).
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Abstract
DNA barcoding data is collected in the database: BOLD (Barcode of Life 
Data System: https://www.boldsystems.org/) and UNITE (https://unite.
ut.ee/) based on specimen voucher, and GenBank (https://www.ncbi.
nlm.nih.gov/nuccore) based on gene sequence. These databases import 
data from each other but stores their own data independently. Also, I 
have previously seen examples of duplicate entries registered directly 
with BOLD and entries registered from GenBank because the submit-
ters registered the DNA barcode sequence in both databases. We there-
fore attempted to bridge the sequence data and the occurrence data by 
surveying the status of these databases to get an overall picture of DNA 
barcoding research.
We downloaded all the data of ray-finned fishes (Actinopterygii) from 
GenBank and BOLD. For GenBank, 90,927 (7.1%) entries were annotated 
with BOLD ID, and for BOLD, there were a total of 299,466 registra-
tions, of which 138,050 (46.1%) were data imported from GenBank 
(Mined from GenBank, NCBI). We extracted 8,495 and 15,338 specie 
names in the species level, respectively. This was 37.5% and 62.5% for 
NCBI Taxonomy and 8.5% and 15.3% for GBIF Backbone Taxonomy. Of 
these, 7,955 were common, only GenBank was 540, and BOLD was 7,883. 
GenBank tends to describe more detailed taxon levels, but BOLD is more 

reliable because of the richness of specimen collection information and 
morphological information.
Recently, in addition to the COI gene used as a DNA barcode in animals, 
there is a movement to use genes such as 12S and mitochondrial genome 
as DNA barcodes. In GenBank, there are 386,076 (30.3%) entries for fish 
that have specimen IDs assigned but no BOLD IDs. These sequence en-
tries could be candidate for new DNA barcode sequences.
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Abstract
Soil biodiversity plays important roles in nutrient recycling in both 
the environment and agriculture. However, they are generally poorly 
studied worldwide. To reveal the diversity of soil macrofauna in Hong 
Kong, here, we initiated a citizen science project involving univer-
sity, non-government organisations, and secondary school students. 
Throughout a year of surveillance and species sampling across differ-
ent localities in Hong Kong, 151 soil macrofaunal species including 24 
millipede species were recorded and identified by morphology and/
or DNA barcoding. The soil macrofauna in Hong Kong found in this 
study mainly comprised of myriapods (millipedes and centipedes), 
and oligochaetes (earthworms). Information has been curated on an 
online platform and database (http://biodiversity.sls.cuhk.edu.hk/
millipedes). A postcard summarising the findings of millipedes in 

Hong Kong has also been made as a field guide and distributed to 
participants. The identified macrofauna species and their 646 DNA 
barcodes in this study established a solid foundation for further re-
search in soil biodiversity. It is also envisioned that the citizen sci-
ence approach used in this study could be used for long-term soil 
biodiversity monitoring, as well as adopted to reveal the biodiversity 
of other habitats in this region.
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Abstract
Bromus section Bromopsis comprises approximately 60 species with var-
ious ploidy levels and is the largest section of Bromus. Species of the sec-
tion occur naturally in Eurasia, Africa, and North and South America. To 
investigate the evolutionary relationships among the species of Bromus 
sections of the genus Bromus, we sampled several New and Old-World 
species of sect. Bromopsis, including Bromus tomentosus Trin., which has 
not previously been sampled in any molecular phylogenetic study. This 
Old-World perennial species is a polyploid (2n = 28, 42, 84, 156) dis-
tributed from eastern Turkey to Pakistan. We conducted phylogenetic 
analyses on 103 Bromus specimens based on DNA sequences from two 
nuclear ribosomal (ITS, ETS) and two plastid (rpl32-trnLUAG, matK) gene 
regions. Our result recovered B. sect. Bromopsis as polyphyletic, consist-
ent with results of previous molecular studies. In the nrDNA tree, species 
of Bromus sects. Bromopsis, Ceratochloa and Neobromus form a clade 
which is sister group of a clade comprises all species of section Bromus 
with strongly support. By contrast, in the plastid tree all sampled New 
and Old World species of B. sect. Bromopsis except B. tomentosus form a 

clade, and B. tomentosus with strongly support is sister to a clade com-
prising all sampled species of B. sects. Bromus and Genea. Given the dis-
cordant placement of B. tomentosus in the plastid and nrDNA trees, the 
species likely obtained its plastid genome via introgression. 
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Abstract
With over 250 fish species and an extension of approximately 2,800 
kilometers, the São Francisco river basin is a vital socioeconomic link 
between Brazil’s northeast and southeast regions. It is entirely con-
tained within Brazilian borders, draining portions of the Caatinga, 
Cerrado, and Atlantic Forest biomes, the latter two of which are in-
ternationally recognized as hotspots of biodiversity. The ichthyofauna 
of the basin has been harmed by anthropogenic activities, most nota-
bly hydroelectric dams and mining, which have caused pollution and 
silting of tributaries and springs. The ichthyofauna of São Francisco 
river remains poorly known, as evidenced by the often discovery of 
new and cryptic species via environmental DNA (eDNA) techniques. 
In eDNA studies, species identification is accomplished by comparing  

sequenced DNA to reference genomic libraries, such as the GenBank 
and BOLD repositories. Unfortunately, DNA sequences available 
in those libraries are limited, sometimes not properly identified or 
use out-of-date taxonomic nomenclature. This study builds a refer-
ence library for COI and 12S markers using sequences deposited in 
GenBank and BOLD, focusing on voucher specimens collected in the 
São Francisco river basin. Additionally, it presents novel mitochondrial 
genomes derived from Next Generation Sequencing (NGS) data, aim-
ing to identify new barcoding regions that may assist future studies 
of eDNA in the Neotropics. We believe this well-organized database 
will enable government agencies in developing more effective strate-
gies and management plans for fish diversity in the São Francisco river 
basin.
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Abstract
The Neotropical freshwater ichthyofauna is the most specious on Earth, 
including over 6,200 species with approximately 340 occurring in the 
Upper Paraná basin, in the Tropical Savannas of Brazil (Cerrado). This 
drainage encompasses rivers in the south-central region of Brazil and 
has one of the most threatened ichthyofauna in South America, largely 
due to the existence of hydroelectric dams that interrupt migrations 
between different fish populations.  With a few exceptions, fish distri-
butions in the Upper Paraná are poorly defined, making effective con-
servation actions and public policies for the Cerrado’s freshwater eco-
systems difficult. Environmental DNA sequencing has shown promise in 
species identification, with accurate surveys and no need for an invasive 
collecting strategy. The techniques use genetic material present in the  

environment, especially mitochondrial DNA, and next-generation se-
quencing (NGS) to inventory local communities. The accuracy of the 
identification of environmental DNA sequences depends on the or-
ganization of a reliable genomic reference library, where sequences can 
be compared to DNA barcoding from voucher specimens deposited in 
museum collections. However, there is no comprehensive reference li-
brary of fish DNA sequences available for the Upper Paraná basin that 
can be used to identify resident and transient ichthyofauna. This study 
organizes a reference library with DNA sequences deposited in reposito-
ries, including GenBank and BOLD, for both COI and 12S markers, from 
voucher specimens collected in the Upper Paraná basin. Furthermore, a 
novel genomic reference library of complete mitochondrial genomes is 
organized to facilitate the identification of prospective DNA sequences 
from others mitochondrial markers, therefore contributing to enabling 
conservation and maintenance plans for the local ichthyofauna and their 
dispersion patterns in the Upper Paraná basin.  
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Abstract
DNA barcoding assessments of floristic surveys from understudied 
geographic areas can enhance the development of regional barcoding 
libraries, providing vital data for community phylogeny construction 
and studies in ecology and conservation biology. This study aims to 
investigate the utility and species resolution capability of DNA bar-
coding in sympatric species known to hybridize. The genus Larrea 
provides an interesting system since it shows amphitropical distribu-
tion in North and South American deserts, and has paternal inherited 
chloroplasts. We analysed genetic patterns in both nuclear (ITS spacer) 
and chloroplast’ (gene rbcL) of Larrea tridentata in North America; 
and genotyped four South American congeners, Larrea divaricata, 
Larrea nitida, Larrea ameghinoi, and Larrea cuneifolia native to 
Monte Desert, the largest South American dryland. We performed 
phylogeographic analyses using individuals collected in populations 
along the total range of each species, including some overlapped popu-
lations. We aligned and analysed DNA sequences using haplotype trees 
and networks for each marker. The nuclear marker showed a geneti-
cally variable genus (29 haplotypes) and individualized each species, 
while showing traces of possible hybridization between L. cuneifolia 
and L. divaricata. L. divaricata, is the most genetically diverse taxon 

and is sister to L. tridentata. RbcL gene is less genetically variable  
(6 haplotypes), and suggested generalized chloroplast capture be-
tween L. nitida and L. cuneifolia, and localized between L. divaricata 
and L. cuneifolia. These results indicate that chloroplast capture and 
hybridization are widespread in this genus and confirm the usefulness 
of analyzing different types of genetic markers to identify species and 
understand evolutionary processes. Also highlighting the needed cave-
at when using barcoding genes in related plant species since they might 
reflect reticulated processes. These extended phenomena in plants 
maintained evolutionary lineages with a genetic mosaic and gave them 
resilience to face the changes that have occurred on the planet over 
millions of years.
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Abstract
The order Coleoptera (Insecta) is one of the most numerous in the 
animal kingdom, currently being described around 400 thousand 
species (Slipinski et al. 2011). The number of species within this or-
der in taxonomic literature varies, but it is certain that many species 
are yet to be described. DNA barcoding technique is a complete uni-
versal DNA-based system for species delimitation and identification 
(Hebert et al. 2003, Tautz et al. 2003) that intends to remove some of 
the difficulties of taxonomy based exclusively on morphological char-
acters (Pentinsaari et al. 2014). DNA barcoding is widely used for bio-
diversity studies and allows accurate identification of species, based on 
DNA sequences. Thus, the aim of this study was to survey the beetle 
fauna of the Republic of Moldova using the DNA barcoding technique. 
DNA barcode region sequences were obtained for specimens from 
the Buprestidae, Cantharidae, Coccinellidae, Melyridae, Nitidulidae, 
Phalacridae, Scarabaeidae, and Scirtidae beetle families, ensuring their 
identification up to the species level. DNA barcode regions proved to 
be a comprehensive tool for beetles’ identification. Even in the few cas-
es where DNA barcode regions did not provide enough resolution to 
the species level, at least they narrow options to a few related species.

This research was financially supported by GTI Training Course 
2016, CPEA-LT-2016/10140, and State program (2020-2023) 
20.80009.7007.12 “Diversity of hematophagous arthropods, zoo- and 
phytohelminths, vulnerability, climate tolerance strategies and the de-
velopment of innovative integrated control procedures for species of 
socio-economic interest”.
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Abstract
Hoverflies (Diptera, Syrphidae) are recognized as insect pollinators of 
exceptional importance (1). Considering the accelerating pollinators 
decline, the accurate identification of species within this insect fam-
ily is prudent. Nonetheless, due to the high diversity and the presence 
of cryptic taxa, there are still undefined species boundaries within the 
largest European hoverfly genus Merodon (Meigen, 1803)(2). One of 
the most demanding challenges is to resolve the taxonomy within the 
Merodon ruficornis group (3,4,5). We analysed both the 3’ and 5’ ends 
of the mitochondrial cytochrome c oxidase I gene (COI) (6,7), with the 
aim to delineate taxa within the Merodon ruficornis group. Tree topol-
ogy revealed a separation of almost all species and failed to discriminate 
between M. loewi and M. armipes from the Balkan, for which was previ-
ously showed to share the same COI haplotype. Furthermore, results of 
the present study indicated interesting differentiation patterns within 
two morphologically clear defined species. M. trebevicensis has been di-
vided into two different clades, indicating a potential presence of cryp-
tic taxa. Intraspecific dividing into different clades was also observed 
for M. armipes. The M. armipes from the Balkans was together with M. 
loewi from the Balkans. Conversely, M. armipes collected in Central and 

Western Europe has been clustered in the same clade as M. trebevicensis 
from Anatolia and Balkan mountain Dubašnica. Observed results pos-
sibly represent signal of introgression events between some populations 
of these species, especially during the glacial-interglacial cycles. These 
events can reduce the utility of mitochondrial gene in resolving taxo-
nomic relations between closely related taxa. Moreover, mitochondrial 
homogeneity between species could potentially be caued by Wolbachia. 
Considering the limits of the single-gene approach in molecular taxono-
my based on utilization mitochondrial regions, it is necessary to analyse 
nuclear markers alongside with the COI sequences.
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Abstract
The deliberate or accidental use of undeclared ingredients may occur 
throughout the entire value chain of the botanical products, from the 
cultivation or wild harvesting of the raw botanical material to the final 
packaged and marketed herbal preparation. The standard analytical 
tests are accurate to detect specific marker compounds, but they cannot 
assess the entire species composition of multi-ingredient products. To 
overcome this limitation, untargeted diagnostic tools are recommended 
to be used to ensure the quality and safety of such complex products 
[1,2,3,4]. In this study, DNA metabarcoding was used for the authen-
tication of 41 marketed herbal preparations, containing milk thistle 
(Silybum marianum (L.) Gaertn.) and sea buckthorn (Elaeagnus rham-
noides (L.) A.Nelson), collected from different retailers and importers 
in Romania and Germany, and to evaluate its ability compared with 
ultra-high-performance liquid chromatography-mass spectrometry  
(UHPLC-MS)-based metabolomics profiling. UHPLC-MS enabled the 

identification and quantification of multiple biomarkers in the analysed 
herbal preparations, and DNA metabarcoding provided insights into the 
total species diversity of these products. Our results showed various dis-
crepancies between constituent species and those listed on the products 
labels. We conclude that DNA metabarcoding is a reliable candidate for 
integration into the toolbox of analytical methods for quality control of 
fresh and/or processed botanical-based preparations. However, alone it 
is not offering a complete picture of the quality of the product, lack-
ing important quantitative and qualitative information on the bioactive 
secondary metabolites. Thus we recommend that DNA metabarcoding 
should be used as a complementary diagnostic tool alongside metabo-
lomics to improve the safety and quality of herbal products
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Abstract
Interspecific hybridization using wild related species is a promising 
strategy for broadening the genetic diversity of bread wheat. The gen-
ebank accessions of wheatgrass (Agropyron or Thinopyrum) species be-
long to the tertiary gene pool of hexaploid wheat. Wild gene variants 
responsible for agronomic traits such as leaf rust, powdery mildew and 
tolerance to drought- or heat stress can be transferred into the wheat 
genome through sexual hybridization (without using any GMO strate-
gies). However, their genetic variability has been underexploited so 
far. Agropyron glael is a Thinopyrum intermedium (2n=6x=42, JvsJrSt) × 
Thinopyrum ponticum (2n=10x=70, JJJJstJst) synthetic hybrid produced 
by N.V.Tsitsin. In order to transfer its advantageous agronomic traits into 
bread wheat, the winter wheat line Mv9kr1 was crossed with A. glael. 
Three different Mv9kr1-A. glael partial amphiploid lines were selected 
for the presence of leaf rust resistance and characterised by multicolour 
genomic in situ hybridization using J- and St-genomic probes (Kruppa et 
al 2016). These genetically stable lines with 54, 56 and 58 chromosomes 
were backcrossed with modern, high-yielding wheat varietes (Mv9kr1, 

Mv Karizma) to decrease the number of wheatgrass chromosomes and 
develop wheat-A. glael additions, substitutions and translocations. 
GISH and FISH with probes pSc119.2, Afa and 45S rDNA identified a 
translocation involving the chromosomes 6D and a St chromosome of A. 
glael. Further addition and substitution lines were also selected carry-
ing a pair of A.glael chromosomes in a wheat genetic background (Fig.1). 
These lines will be used to assign gene-based PCR markers to support 
the introgression process and to investigate synteny between wheat and 
A. glael chromosomes. 
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Figure 1. Multicolour genomic in situ hybridization on mitotic chromosomes of 
an addition line derived from the Mv9kr1 (wheat) × Thinopyrum synthetic hybrid 
(Agropyron glael) cross using St (Pseudoroegneria spicata, red) genomic DNA probes. 
Wheat chromosomes were counterstained with DAPI ’blue’.
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Abstract
The fungal genus Trichoderma (Ascomycota) has a cosmopolitan distri-
bution throughout all climate zones and represents an important factor 
in soil microbiota. The agricultural importance of these fungi, especially 
in organic farming, lies in their effective antagonism against soil-borne 
plant pathogens and the ability to promote plant growth. They are cur-
rently marketed as active ingredients of biopesticides (fungicides, ne-
maticides) and separately as plant growth enhancers and bio-stimulants 
of natural disease resistance in plants. The genus is hyperdiverse at the 
species level and it is impossible to accurately identify species solely 
based on their morphology due to the immense similarity of morpho-
logical characters in closely related taxa and an increasing number of 

newly described species which has led to numerous misidentifications or 
indeterminacies. Regarding the ecological and agricultural importance 
of Trichoderma species, it is first important to understand their biodi-
versity and biogeography, while correct species identification is a pre-
requisite for the registration of adequate Trichoderma-based pesticides. 
The biodiversity and biogeographical patterns of the genus Trichoderma 
on the Croatian territory are poorly known because previous studies 
were scarce. In order to assess the genetic diversity and occurrence of 
Trichoderma species in the Mediterranean region of Croatia, a total of 
50 Trichoderma strains were isolated from the rhizosphere of agricul-
tural plants, bulk soil and dead wood. Trichoderma species were identi-
fied on the basis of molecular sequence data (ITS, rpb2, and tef1 gene 
markers) in combination with the morphological characters and their 
evolutionary relationships were presented in the phylogenetic tree.



218 219

EP14
Testing COI primers for ichthyoplankton metabarcoding 
and their capability to assess local mesozooplankton 
communities

André O. Ferreiraa,b, Cristina Barrosoc, Joana Cruzd, Sofia Duartea,b, 
Conceição Egasc, Pedro Gomesa,b, Cláudio Oliveirae, Pedro E. Vieiraa,b, A. 
Miguel Piecho-Santosd,f & Filipe O. Costaa,b 

aCentre of Molecular and Environmental Biology (CBMA), Department of 
Biology, University of Minho, Braga, Portugal
bInstitute of Science and Innovation for Bio-Sustainability (IB-S), University of 
Minho, Braga, Portugal
cCenter for Neuroscience and Cell Biology (CNC), University of Coimbra, 
Coimbra, Portugal 
dCentre of Marine Sciences (CCMAR), University of Algarve, Faro, Portugal
eInstitute of Biosciences (IB), Universidade Estadual Paulista, São Paulo, Brazil 
fPortuguese Institute for the Sea and the Atmosphere (IPMA), Lisboa, Portugal

Keywords: metabarcoding, ichthyoplankton, mesozooplankton, cytochrome 
oxidase subunit I, biomonitoring

Abstract
DNA metabarcoding is particularly helpful for monitoring taxonomi-
cally complex communities and hard to identify morphologically, such 
as several zoo and ichthyoplankton, which contain eggs and larval stages 
of unknown species. However, the efficiency of metabarcoding in diver-
sity recovery is dependent on the targeted genetic markers and primers 
employed. In this work, we compared the performance of three different 
primer pairs from cytochrome oxidase subunit I (COI) genetic marker 
in species detection from marine mesozooplankton samples and its po-
tential to be implemented in biomonitoring programs. We employed the 
mlCOIintF/LoboR1 primer combination targeting marine metazoans, 

and two newly designed fish-specific primer cocktails for targeting the 
ichthyoplankton. Mesozooplankton samples were collected at 4 loca-
tions on the Portuguese coast – 1 in the northwest (Viana do Castelo) 
and 3 in the south (coastal lagoons of Ria de Alvor and Ria Formosa, 
and in the river Guadiana estuary). Bulk community DNA was extracted 
using a non-destructive protocol and amplicon libraries produced for 
the 3 primers combinations. After quality-filtering bioinformatic steps, 
we obtained 3.31 x 105 usable sequences, of which 81% were clustered 
into OTUs (operational taxonomic units) and 42.71 % were identified 
at species level - corresponding to 115 taxa from 11 different metazoan 
Phyla. The most diverse classes were Malacostraca, Actinopterygii, and 
Hydrozoa. As expected, the generic primer pair for marine metazoa (ml-
COIintF/LoboR1) retrieved a higher number of species (98) compared 
with the fish-specific primer cocktails (30). Nevertheless, 11 % of the 
total species were identified exclusively by the cocktails, of which 42% 
were fish. These results confirmed the potential of metabarcoding as a 
tool for profiling zooplankton communities and to assess ichthyoplank-
ton diversity. Multiple primers pairs increased species detection from 
different taxonomic groups, being the protocol optimization for fish-
specific primer cocktails, the next step for its implementation in fish 
stock assessments.  
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Abstract
The monitoring of larvae in plankton samples in recreational marinas, 
ports, or the close vicinities, may provide key information about non-
indigenous species (NIS) introduction status or detect their presence 
at an earlier stage. DNA metabarcoding is a powerful method to assess 
biodiversity but its efficiency is dependent on the methodologies em-
ployed along the analytical chain, namely the targeted genetic markers. 
Therefore, we aim to analyze the ability of two genetic markers - the 
mitochondrial cytochrome C oxidase subunit I gene (COI) and the vari-
able region V4 of the nuclear small subunit ribosomal gene (18S) - to as-
sess the seasonal dynamics of zooplankton communities, including NIS, 
through DNA metabarcoding, and further to compare it with a compiled 
list of zooplanktonic species identified via morphology that occur in the 
Lima Estuary. To this end, we sampled zooplankton communities, span-
ning three consecutive seasons (spring, autumn, and winter 2020/2021) 
in three sampling points in the recreational marina of Viana do Castelo, 
located in the Lima Estuary, North of Portugal. Globally, metabarcod-
ing recovered 157 species belonging to 19 phyla, with a dominance of 

Annelida, Crustacea, and Mollusca that represent 64.3% of all species. 
Even though our sampling area poorly represents the Lima Estuary, this 
approach allowed the detection of 6 NIS, which were not yet reported by 
traditional methods of identification. The composition of the zooplank-
ton communities recovered was greatly affected by the markers em-
ployed, and to a lesser extent by the season. Overall 18S detected more 
species and fewer species were recovered in winter. NIS were predomi-
nantly detected during spring and autumn, but only 5.1% of all species 
were detected in all seasons. This study shows the DNA metabarcoding 
efficiency in assessing the dynamics of zooplankton communities and 
highlights the interest in using a multi-marker and seasonal approach to 
species detection, particularly to target NIS.
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Abstract
In marine and coastal ecosystems, the proliferation of non-indigenous 
species (NIS) is among the top causes of biodiversity loss. Thus, it is es-
sential to prevent the entrance and proliferation of NIS by detecting 
their presence as early as possible at the most susceptible locations, such 
as ports and marinas. Molecular techniques, like DNA metabarcoding, 
may be faster and more effective in the early detection of NIS. Its high 
sensitivity allows the detection of species at any stage of their life cycle 
and when present at very low densities. However, the detection power 
can be affected by the methodologies employed through the DNA me-
tabarcoding analytical chain. This study aimed to assess the seasonal ef-
fects, sampling method (hard and artificial substrates, zooplankton and 
eDNA) and genetic marker (COI and 18S) in the recovery of NIS through 
DNA metabarcoding. Sampling was conducted in 3 seasons (spring, au-
tumn, and winter of 2020/2021) in the “Porto Atlântico” marina, which is 
located near a major commercial port of the North of Portugal (Leixões). 
Overall, 626 species were identified through DNA metabarcoding, with 

the dominance of Crustacea, Ascidiacea and Mollusca. The sampling 
method and season significantly affected the marine invertebrate species 
recorded, for both molecular markers, with a high proportion of species 
detected exclusively using one method (7 to 20%). Overall, 31 NIS were 
detected, 7 of which are considered invasive and 6 are presumed new 
records in mainland Portugal. Zooplankton sampling and winter were, 
respectively, the method and the season where the highest number of 
NIS was detected, but the maximum number was only attained when 
pooling the results from all sampling methods and seasons. Our study 
highlights that different sampling methods and genetic markers, over 
different seasons, are needed to detect NIS in marine habitats, since the 
number of species shared by these factors is low.
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Abstract
Oceanic islands are important evolutionary hotspots for terrestrial spe-
cies, but their impact on marine organisms’ evolution and biogeography 
is still poorly known. Indeed, the marine realm is often seen as a con-
tinuous medium, without evident geographical barriers to dispersal and 
gene flow of marine organisms. To investigate how the oceanic islands 
of Macaronesia shaped the evolution of local marine invertebrates, we 
conducted a meta-species screening by examining DNA barcode differ-
entiation (using cytochrome c oxidase subunit I – COI) among local pe-
racaridean (Crustacea: Peracarida) and polychaeta morphospecies.
A total of 26 species were studied (23 peracaridean and 3 polychaeta 
complexes). All species had high intraspecific genetic distances (>3%), 
reaching >20% in some cases. A total of 72 Molecular Operational 
Taxonomic Units (MOTUs) were diagnosed for these morphospecies. 
Conspecific inter-MOTU distances ranged from 3.4% (Ampithoe ramon-
di) to 26% (Janira maculosa). All the surveyed islands (except El Hierro) 
had private MOTUs, with the islands of La Palma (12) and Madeira (9) 
displaying the highest numbers. DNA barcode data uncovered an exhu-
berant endemic diversity of marine invertebrate fauna in Macaronesia, 

with phylogeographic discontinuity between archipelagos and even geo-
graphically close islands in some cases (for instance, between Madeira 
and Porto Santo). Sympatry was also observed in many species with 
different MOTUs co-occurring: e.g.  Platynereis dumerilii, 2 distinct 
and sympatric MOTUs in the islands of Lanzarote and Gran Canaria, or 
Perinereis cultrifera with 2 MOTUs co-occuring in Gran Canaria.
These findings call for a re-appreciation of the underlying evolution-
ary processes promoting diversity and segregation of these marine in-
vertebrates in oceanic islands. They also emphasize the genetic heritage 
hosted by these islands, highlighting the need to consider small marine 
invertebrate organisms and their fine-scale endemicity in the design of 
more effective networks of marine protected areas, in an ongoing sce-
nario of global change and mass extinction.
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Abstract
There is an urgent need to develop fast and reliable methods to assess 
forest biodiversity. The diversity of tree-related microhabitats such as 
tree holes is an important measure of forest structural heterogeneity 
and level of conservation. Tree holes harbour diverse and specialized 
arthropod communities of conservation value. To survey invertebrates 
in tree holes the wood mould is extracted from the cavity, placed in 
Berlese funnels to collect any living organisms and the substrate is 
subsequently sieved to recover any body remains of arthropods.
The identification of those body remains is challenging and often inaccu-
rate. In the present study, we apply metabarcoding techniques on arthro-
pod body remains sieved from wood mould excavated from tree holes to 
characterize arthropod communities. Our samples had low DNA concen-
trations and high contents of PCR inhibitors derived from cuticular pig-
ments and traces of humic acid. We developed a protocol to bypass these 
methodological problems, amplify and sequence 127-bp amplicons. 
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Abstract
Antarctica has an important ecosystem in the world with its unique bi-
odiversity. Terrestrial and glacial regions, eutrophic lakes, freshwater, 
and saltwater ecosystems on the Antarctic Peninsula offer a wide range 
of habitats for living organisms. Detection of Antarctic biodiversity 
and revealing the relationships between species in this biodiversity are 
of great importance for future conservation studies. During the 2nd 
and 3rd Turkish Antarctic Expeditions (2018-2019), fecal samples of 
Antarctic Peninsula top predator species (Weddell Seal and Southern 
Elephant Seal) were sampled (from different regions and populations) 
for diet analysis.
In this study, dietary analysis was carried out from fecal samples of 
Weddel seal and Southern Elephant seal species with environmental 
DNA metabarcoding method. Extracted DNA isolates were pooled into 
a single mixture for each species. After a detailed literature review, tar-
geted primer pairs were selected according to the dietary preferences 
of Antarctic top predator species. One-step PCR amplification was 
performed with universal primers that amplify a short region of the 
18SrRNA V4 region, COI and 12SrRNA genes. Samples were added to 
the libraries at equal concentrations by adapter ligation method and 
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high throughput sequencing performed using paired end amplicons of 
300 base pairs long. Approximately 1.5 million nucleotide sequences per 
library were obtained after sequencing. 1 million filtered reads were ob-
tained by analyzing the raw data through various bioinformatics filtering 
steps. The resulting filtered sequences were matched with EMBL/NCBI 
databases for eukaryotic, vertebrate, and invertebrate species. When 
the results were examined, it was seen that the Antarctic species could 
be successfully identified at the species level (such as Antarctic krill, 
Antarctic silverfish, Antarctic Yellowbelly Rockcod and algae species).

EP20 
DNA Metabarcoding as an alternative method for 
pollinator biomonitoring

Metehan Arıkan a,b, Gizem Geçgil a,b, Emre Keskin b 

aAnkara University, Biotechnology Institute
bAnkara University, Agricultural Faculty, Department of Fisheries and 
Aquaculture, Evolutionary Genetics Laboratory (eGL) 

Keywords: DNA barcoding, pollination network, biodiversity, pollinators

Abstract
As a result of ongoing global changes, a dramatic and parallel decline 
in pollinators and animal pollinated plant species have been observed 
worldwide. It is urgently necessary to understand the responses of polli-
nation networks to these declines in order to diagnose the risks to which 
ecosystems may be exposed, as well as to design and evaluate the effec-
tiveness of conservation actions. Identifying pollen grains by their DNA 
is an approach that has gained currency in ecological studies over the 
past decade and is now seen as an alternative or complementary to mi-
croscopic palynological analysis (Galliot et al., 2017).
In June 2020, a two-week sampling was carried out with the Malaise 
trap in Bozalan, Turkey. This date is a period when insects were active 
in the region. After the morphological observations of the insects col-
lected in the trap, each individual was photographed one by one. It was 
homogenized as mixed and DNA isolation was performed. At this stage, 
it was done to reach the genetic material of each individual. PCR reac-
tions were carried out with primers specific for the 16S region for in-
sects and with primers specific for the trnL region for pollen (Elbrecht 
et al. 2016). Positive PCR results of both plants and insects were ob-
tained from the mixed DNA samples. Pollen is thought to come from 
pollen carried by insects. Then, as a result of bioinformatic analysis of 
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the samples sequenced on the NextSeq 500 device, the plant species 
belonging to the region were determined and the species were listed. 
The results provide insights into building a network of insects and the 
pollen they carry. It also provides information about the plant diver-
sity existing in the ecosystem. In order to extract a species-specific 
pollination network, it may be possible to achieve results by making 
modifications to this protocol.
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Abstract
Among obligate groundwater organisms (stygobiontes), the Stenasellidae 
is a diverse family of isopods (Crustacea) that is mainly found in tropical 
Africa. However, our knowledge of the diversity and endemism of stygo-
biotic crustaceans found in Africa remains limited due to a lack of studies 
and a deficit in taxonomic expertise. Within the Stenasellidae, the genus 
Metastenasellus Magniez, 1966 is currently composed of nine species 
with a trans-Saharan distribution, but the recent descriptions of two new 
species in Cameroon suggest that its diversity is largely underestimated. 
Here, we further explore the diversity of Metastenasellus by sequencing 
the DNA barcode fragment of 57 Beninese and 27 Cameroonian speci-
mens from 24 and 29 localities respectively. A data set of 84 new and 8 
GenBank sequences was analysed with four species delimitation meth-
ods (ABGD, PTP, GMYC and KoT). All methods agreed on a minimum 
of 23 putative species, 11 from Benin and 12 from Cameroon. Ongoing 
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morphological scrutiny of the male pleiopods of these putative species 
confirm that they correspond to distinct species. The coexistence of two 
putative species in some localities is further evidence that they repre-
sent separate evolutionary lineages. The geographical distribution of the 
23 putative species suggests a restricted distribution and a low disper-
sal capacity of Metastenasellus species, as already observed for macro-
stygobionts in Europe. Given the number of potential species currently 
observed per sampled station, it is to be expected that many new species 
could be discovered by increasing the sampling effort. There also ap-
pears to be a decoupling between watersheds and species distribution, 
suggesting that watersheds are a rough approximation of water table 
boundaries or that the current distribution of Metastenasellus is more 
the result of historical factors than of dispersal constraints related to the 
current configuration of the catchment areas.

Figure 1. Metastenasellus sp. © Patrick Martin, Royal Belgian Institute of Natural 
Sciences.
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Abstract
The Barcoding Facility for Organisms and Tissues of Policy Concern (BopCo) 
acts as a focal point for identifying biological materials upon request, by pro-
viding access to the expertise and infrastructure necessary to identify organ-
isms of policy concern and their derived products. BopCo’s identification ser-
vice is available to all stakeholders who deal with such material and who need 
accurate species identifications. These can rely on (i) traditional morphology-
based approaches employing the taxonomic expertise and specimen collec-
tions at the Royal Belgian Institute of Natural Sciences (RBINS) and the Royal 
Museum for Central Africa (RMCA) and/or (ii) on DNA-based techniques like 
DNA barcoding, qPCR, RFLP, RADP, microsatellites or third generation se-
quencing technologies for which BopCo has access to fully equipped laborato-
ries at both RBINS and RMCA. A prerequisite to using DNA-based techniques, 
however, is the availability of comprehensive and reliable reference barcode 
libraries. Therefore, BopCo also contributes to improving DNA-barcode da-
tabases of taxa of policy concern by producing new DNA barcodes, which are 
made publicly available, and evaluates existing DNA barcodes for their utility. 
Examples displaying the taxonomic diversity, stakeholder range, policy con-
cern issues and utilised techniques will be presented.
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Abstract
Fungi are key inhabitants of soils. Due to their great diversity and com-
plex relationships they play an important role in all ecosystem processes 
and services, thus affecting the plant and soil health. An environmental 
DNA (eDNA) metabarcoding was applied for studying the genetic, taxo-
nomic and functional diversity of soil fungal communities in lavender 
and oil-bearing rose plantations managed by conventional and organic 
farming. It is a rapid and effective method widely used for species iden-
tification and distribution assessment that uses a high-throughput se-
quencing of the DNA present in a certain environment. The study was 
conducted in 2019-2020 in the Rose Valley area, Kazanlak municipality. 
Ten plots from each plant crop, managed by conventional and organic 
farming (2 x 5), were established and sampled. The composition, genetic 
and functional diversity of fungal communities were characterized using 
the Internal transcribed spacer 2 (ITS2) rDNA region. The community 
structure was further analysed at generic and higher taxonomic levels. 
The functional groups assignment was done by using a specialized soft-
ware and databases (FunGuild and FunFun). 

Analyses showed that the fungal community structure was mainly af-
fected by the plant species rather than the management type. The ge-
netic richness (the operational taxonomic units (OTUs) numbers) was 
similar for both studied crops and farming systems. Most abundant 
and frequent were Fusarium, Cladosporium and Alternaria species, 
some of them known as economically important plant pathogens. A few 
host-specific OTUs with high occurrence prevailed in samples of lav-
ender plantations e.g. OTUs of Chaetosphaeronema, Nothophoma and 
Chaetothyriales. The study provides the first comprehensive overview of 
composition and diversity of soil fungal communities in agroecosystems 
of aromatic plants in Bulgaria.

Acknowledgments: Thanks is due to the Bulgarian Ministry of Education 
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Abstract
The polar deserts are extreme habitats where terrestrial nematodes are 
one of the key components of the soil biota and occupy central position 
in the soil micro-food webs.
One rare species belonging to genus Labronema was recovered from 
two Arctic polar deserts – Hooker Island (Franz Josef Land Archipelago, 
Russian Arctic) and Devon Island, Canadian Arctic Archipelago, associ-
ated with different mosses and higher plants. Labronema magnum was 
described from wet sandy soil near a river in northern Sweden, north of 
the Arctic Circle by Altherr (1972). In the original description, the au-
thor provided morphometric data and illustrations. 
Here, we present new molecular data, based on the D2-D3 expansion 
fragments of 28S rDNA and additional morphological and morphomet-
ric characteristic. Тhe specimens from Devon Island generally agree well 
with the type population and this from Hooker Island, although some 
differences occurred: a shorter body, thicker cuticle, presence of cuticu-
lar irregularities around vulva. Small differences observed between the 
two populations seem to be less significant and representing intraspe-
cific variation. 

The DNA data and phylogeny reconstruction confirms previous findings 
(based on morphology) that Labronema is a heterogeneous genus with 
complicated taxonomy and systematic (Andrássy, 2009; Peña-Santiago, 
2019). The sequence of L. magnum is included in a large clade dominated 
by representatives of fam. Dorylaimidae, confirming the recent transfer 
of the genus to this family. 
The reconstruction of the phylogenetic relationships within Labronema 
genus is hampered by the limited number of available rDNA sequences 
in the GenBank (only two species). Therefore, more efforts aiming at tar-
geted and systematic integrative studies are needed. 
This is the first record of the species in polar deserts, showing that L. 
magnum has a circumpolar distribution.

Acknowledgments: The present study was supported by the project ANIDIV 
4, Bulgarian Academy of Sciences.
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Abstract
Biodiversity conservation heavily relies on the use of appropriate tools 
for characterising and monitoring patterns of the various components of 
biological diversity. Most often, conservation efforts are impeded by the 
lack of, ecological information and efficient large-scale monitoring tools. 
DNA barcoding is proving to be one of the most valuable molecular tools 
for improving biodiversity monitoring and conservation. DNA barcoding 
of a diverse arthropod collection using universal arthropod primers was 
successful for Lepidoptera and Coleoptera species, successfully barcod-
ing approximately 300 species from 55 different families. The DNA bar-
code dataset produced in this study represents the first DNA barcodes 
for a total of 60 species. Some of the species identified in this study are 
new records for the Maltese Islands. More than 50% of the Coleoptera 
species barcoded in this study have never been barcoded before, while 
only 9% of the Lepidoptera species represented new species DNA bar-
codes. DNA barcodes were also generated for several invasive alien spe-
cies of economic importance, allowing for the application of DNA bar-
coding to monitor and control invasive alien species. The discovery of 
new species for Malta of Coleoptera and Lepidoptera species, clearly 
demonstrates that the Maltese entomofauna deserves further attention 
for complete biodiversity inventories. Lack of knowledge on island fauna 

is considered crucial issues for biodiversity conservation on islands. This 
study therefore contributes towards biodiversity conservation by iden-
tifying the presence of species which were previously overlooked and 
by providing a molecular tool for a diverse group of Lepidoptera and 
Coleoptera species that can be used for various biomonitoring applica-
tions across Malta, the Central Mediterranean region and beyond. This 
study is an example of how DNA barcoding serves as an efficient and 
accurate molecular tool for species identification which can be applied 
to regulate potential introductions of pest species, for biodiversity in-
ventories, ecosystem biomonitoring and conservation.
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Abstract
Most DNA barcoding studies utilize the conventional cytochrome c oxi-
dase subunit 1 (COI) for species delimitation, however recent works are 
pointing towards the use of multiple genes up to genome level. While 
the latter is currently expensive especially when applied to large stud-
ies or routine work, the former usually provides enough information to 
discriminate between closely related taxa that may be difficult to delimi-
tate using COI. In the current study we compared the genetic variation 
of NADH dehydrogenase subunit 2 gene (ND2) and COI in a number 
of elasmobranch species. For this purpose, we designed a new protocol 
to amplify this gene using two newly designed primers ND2-MetF and 
ND2-TrpR. This protocol led to the sequencing of a 990 bp sequence 
from the ND2 gene in 36 Mediterranean elasmobranch species (n = 256) 
(Vella et al. 2017). The same specimens were sequenced for COI follow-
ing Ward et al. (2005). 
Analysis with COI produced 66 haplotypes, with a total of 262 (43.0%) 
variable sites, while the same analysis with ND2 produced 89 haplo-
types, with a total of 603 (60.7%) variable sites. This confirms that ND2 
is a faster evolving gene than COI and maybe useful in discriminating be-
tween more closely related elasmobranch taxa. A partition-homogeneity 
test detected no significant difference in the phylogenetic signals of the 

two genes. This protocol was applied to two closely related Serranus spe-
cies (Vella et al. 2021), where the interspecific divergence using COI was 
4.31% while that estimated through ND2 was 8.68%. These outcomes 
show that ND2 has the potential to be applied together with COI for spe-
cies delimitation of closely related taxa. 
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Abstract
The stone crayfish (Austropotamobius torrentium) and noble crayfish 
(Astacus astacus) are native European freshwater species with signifi-
cant population declines caused by anthropogenic pressure on their 
habitats, invasive crayfish species, and climate change. In order to de-
velop effective conservation for these threatened species, prerequisite is, 
among others, a sound knowledge of their genetic diversity patterns. The 
aim of this research was to assess genetic diversity of both native species 
in the freshwater habitats of Croatia using DNA barcoding based on se-
quencing a short fragment of the mtDNA cytochrome c oxidase subunit I 
(COI) gene. In addition, species distribution modelling was used to reveal 
the impact of ongoing climate change on their genetic diversity. Overall, 
392 sequences were obtained for these two species from the study area 
(118 for the stone crayfish and 274 for the noble crayfish). Phylogenetic 
reconstruction revealed the existence of high genetic diversity within 
stone crayfish, maintained in seven distinct mtDNA phylogroups (con-
taining 45 unique COI Croatian haplotypes). Since those geographically 
and genetically isolated phylogroups are highly relevant for conservation 

due to their evolutionary distinctiveness and restricted distribution, we 
declared them as distinct evolutionary significant units. Results for the 
noble crayfish showed that all Croatian haplotypes belong to two previ-
ously discovered genetic lineages, with the indication of a novel lineage 
(containing 16 unique COI Croatian haplotypes). Overlapping genetic 
data with potential future distribution of these two keystone species 
revealed their vulnerability; most of the populations with high and/or 
unique genetic diversity are located in the areas predicted to become 
unsuitable, and consequently have a high probability of being lost in the 
future. DNA barcoding proved to be a useful tool for studying species 
genetic diversity and guiding their conservation. Considering ongoing 
climate extremes and predictions, prompt actions should take place in 
order to preserve the existing diversity.
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Abstract
Tulsi (Ocimum tenuiflorum L.) is a highly traded medicinal plant due 
to its therapeutic properties and economically important essential 
oils. Two subtypes of O. tenuiflorum are ‘Rama Tulsi’ (green form) and 
‘Krishna tulsi’ (purple form), have been identified based on high or 
low methyl eugenol : eugenol ratios. Due to the presence of genotoxic 
carcinogens like methyl eugenol and methyl chavicol in Krishna tulsi, 
there is a need to ensure these two subtypes in tulsi herbal products 
are essential. However, their identification relies mainly on morphol-
ogy limited in powder form, and there is a need to develop an accurate 
method for the authenticity of the tulsi herbal product. In the present 
study, a simple and reliable molecular identification method was devel-
oped to distinguish between two subtypes of tulsi (rama and krishna). 
We compare the complete chloroplast genome sequence and identified 
three single nucleotide polymorphisms (SNPs) in the ycf1 region. The 
species-specific primer was designed based solely on the SNP posi-
tion of the ycf1 region that could differentiate rama and krishna tulsi 
subtypes using DNA sequencing and allele-specific PCR.  The results 
revealed two allele-specific fragments of 521 bp, specific to Rama and 

313 bp fragment specific to Krishna, with an common 821 bp fragment 
of both tulsi subtypes. Using these primers in allele-specific PCR, both 
tulsi subtypes rama and krishna could be efficiently distinguished. 
This study is the first to report in discriminating rama and krishna 
tulsi at variety level of tulsi species, and also indicating the utility of 
species-specific markers in species identification at variety level and 
herbal authentication.
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