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Lecture outline

• DNA barcoding

• Nuclear genes

• Genome assembly 

• Genomics / museomics



Objectives of the lecture

• To understand the importance of biological collections in 
taxonomic research

• To understand what type of data can be obtained from 
collection specimens and samples, with a focus on sequence 
and genome-level characters

• To learn how the state-of-the-art DNA technology works for 
museum samples and how it can serve present and future 
taxonomic research



Taxonomic research

• The science of naming, defining (circumscribing) and classifying groups of 
biological organisms on the basis of shared characteristics

• Understanding biodiversity

• Order of Evolution

• Many applications 

(e.g., conservation)

UC Berkely, Jepson Herbarium



High throughput 
sequencing (HTS)

Millions of nucleotides

• whole genome sequencing
• reduced representation 
sequencing (e.g., RAD-seq, 
anchored enrichment)

Nuclear genes

Multi gene approach
Homologous recombination

Thousands of nucleotides

List of nuclear genes

• ArgK arginine kinase
• CAD       carbamoylphosphate

synthetase
• RpS5      ribosomal protein S5
• IDH        Isocitrate

dehydrogenase
• EF1-a    Elongation factor 1

alpha
• WGL      wingless
• Nex9     sorting nexin-9-like
• MDH     cytosolic malate

dehydrogenase 

Evolution of DATA used in taxonomic research

DNA barcoding

Single gene approach
maternal inheritance

648 bp

Mitochondria

Morphology

Wing colour / patterns Wing venation

Genitalia of male / female



Integrative approach

• Morphology

• DNA barcodes

• Genomic data (ddRAD-seq)



DNA barcoding

• DNA barcodes is a short sequence that can be used to identify 
an organism to species

• Standardised DNA region (500-1000 bp)

• Different gene regions are used to 
identify the different organismal 
groups (e.g., mitochondrial COI for 
animals, ITS for fungi, rbcL for plants)



DNA barcoding

PCR amplification e.g. CCDB e.g. BOLD Species discovery & biodiversity assessmentTissue sampling

maternal inheritance

Cytochrome oxidase I gene (COI)

DNA barcoding part
648 bp

ca. 1500 bp



DNA barcoding

• Inside the core lab  
facility at the CCDB

• Virtually all automated



DNA barcoding

• Data management
• BOLD system 

(www.boldsystems.org)

• Workbench for DNA 
barcoding data
• Manage

• Archive

• Mine

• Analyse

• Publish

• Share 

http://www.boldsystems.org/


DNA barcoding
• Provides high resolution in shallow relationships (species/population level)

DNA barcode sharing

Salokannel et al. 2021

Limnephilus, Trichoptera
(caddisfly)

Ivanov et al. 2018

Pardosa, Lycosidae
(spider)

Cryptic (=hidden) diversity / Deep split



Nuclear genes

• Homologous recombination

• Provide high resolution in deeper relationships 
(genus, tribe, family, order level)

• List of most commonly used genes

Genes Length (bp) Reference

ArgK arginine kinase 388 Wahlberg et al. 2016

Nex9 sorting nexin-9-like 420

CAD carbamoylphosphate synthetase 826 Wahlberg & Wheat 2008

RpS5 ribosomal protein S5 603

IDH Isocitrate dehydrogenase 722

EF1-a Elongation factor 1 alpha 1047

WGL wingless 400

MDH cytosolic malate dehydrogenase 407

Sihvonen et al. 2020



Nuclear genes

• DNA barcoding VS. nuclear data

• conflict OR congruence?

• Possible reasons behind the 
inconsistency can be
• Operational bias (misidentification)

• Maternally-inherited endosymbiotic bacteria 
(e.g., Wolbachia)

• Hybridization & incomplete lineage sorting

• Mitochondrial discordance

Empria longicornis group
(sawflies)

Nuclear DNA Mitochondrial COI

Prous et al. 2020



Development of new methods to extract DNA 
from museum specimens

• e.g. from very old samples or specimens in formaldehyde

• Non-destructive methods (e.g. TYPE specimens)



High-throughput sequencing (HTS) 

• Genomics and museomics – also known as next-generation 
sequencing (NGS)

• Rapid and cost-effective

• HTS techs enable hundreds of millions of DNA molecules to be 
sequenced at a time

• Enable more reliable phylogenetic and evolutionary analyses



High-throughput sequencing (HTS) 

• Whole genome seqeuncing (WGS)

• Reduced representation sequencing

- Restriction-site associated DNA sequencing (RAD-seq or ddRAD-seq)

- Target enrichment (TE)



WGS vs Genome reduction method 

WGS Genome reduced method



Genome assembly

• De novo assembly – not reference based

• Reference-based assembly

• NCBI (SRA) database 



Genome assembly

Genome

Reads

Genome

Sequencing

Assembly



Genome assembly

• Bioinformatics

- Next generation 
sequencing 
analysis 

- Visualisation of 
annotated 
genomes & 
assemblies 

- SNP variant 
analysis



Genome assembly

• Bioinformatics

- Assembly & 
mapping

- Reference mapping 
with reliable 
algorithms & de 
novo assembly 



Genome assembly

• Bioinformatics

- Alignment & 
phylogenetics

- Trusted alignment 
algorithms, MAFFT 
& Clustal Omega

- Build phylogenetic 
trees with RaxML & 
PAUP*



Museomics

• HTS technologies offer a promise of efficient ways of 
sequencing degraded DNA

• HTS involves sequencing of short fragments of DNA, which is 
characteristic of DNA extracted from old museum specimens, e.g. type
specimens

• Large volumes of sequence data from relatively small amounts of 
starting material

• Museomics opens up the variety of interesting taxa
available to study & the scope of questions that can be
investigated in order to further knowledge about
biodiversity

kaamranhafeez.com



Museomics: placing mysterious genera

• Whole genome sequencing (WGS) 
approach -> 332 genes

• Whalleyana species collected between 
1969 and 1974

• De novo genome assembly 



Museomics: exploring the suitability of a genome reduction 
method on museum specimens

• Target enrichment (TE) approach

• Museum specimens of Lepidoptera 
collected between 1892 and 2001

• De novo genome assembly 



Challenges in museomics

• Development of best-practices in isolating, processing, and analysing historical 
DNA (hDNA) remain underexplored.

• The quality of hDNA can be largely dependent on preparation types, tissues 
sources, archival ages, and collecting histories. 

• Researchers still face challenges in producing and analysing data. 

• Obtaining adequate sequencing coverage, minimizing missing data, correcting for 
DNA degradation, and removing contaminant DNA are major challenges for 
genome sequencing of hDNA samples. 



Biological collections and 
genetic data

Annina Kantelinen

23.8.2022



Contents

• Research examples

– Morphology

– DNA-methods

Lichens are small ecosystems: 
mycobiont & photobiont, but also 

other fungi, algae, secondary photobionts, 
protozoa and non-photosynthetic bacteria. 



Collections

• Natural history museums are diverse biobanks of 
biodiversity

• Many species are more accessible in collections than 
in their original habitats

– remote geographical areas

– rare or endangered taxa

– extinct taxa

– taxa that have not been seen 

since their initial collection



Type specimens

• When a species is first discovered by scientists, a type
specimen is nominated. If we are later in doubt about what
are the characters of the species, we can check the type.

• ´The Type´ – a song by John Hinton for the Natural History
Museum London
– https://www.youtube.com/watch?v=gfQL7bXwzvM

• Type specimens are often old and DNA-sequencing can be
difficult…



Morphology and old type

• A new character, crystalline granules, was relevant in 
linking an old type specimen to fresh material 

– The original M. prasina type specimen is from 1825

– Fresh material resolved into three DNA lineages

”Micarea prasina 1” ”M. prasina 2” M. prasina s. str.

Launis et al. 2019



Morhology and DNA barcoding

• ”Deficiently known forest lichens – identification
through DNA-barcoding” 2011-2012 

• Specimens were collected, morphologically
identified, sequenced, and deposited in the 
herbarium and DNA databases

• DNA barcode was created for 108 lichen species

– Also scientifically new species



Morphology and molecular systematics

• Sequencing hundreads of specimens is not always
possible or smart

• New article: Lichen speciation is sparked by a substrate 
requirement shift and reproduction mode differentiation. 
Kantelinen et al. 2022

-516 studied herbarium specimens in
Central Europe and Fennoscandia
-Reproduction mode (sexual/asexual)
-Substratum (bark/decaying wood/other)
-3 DNA loci of selected samples



Ancient DNA

• AncientDNA and museomics methods are rapidly 
evolving
– Morphology is useful, but requires expertise and time

• Collections are increasingly used in biogeographical, 
environmental and taxonomic studies

New article: DNA sequencing historical lichen specimens. 2019.
Kistenich et al.
-Target sequences (mtSSU)
-Samples from every 25 years from present to 150 years back in time. 
-Received satisfactory DNA sequence information for 54 of 56 specimens
-Recovered full-length sequences for several more than 100-years-old specimens!



Metabarcoding

• DNA-based identification meets HTS

– 500-1000 bp, 16S rDNA

• Great for mixed species samples

– environmental samples, eg. dead wood

– community ecology

New article: PacBio amplicon sequencing
for metabarcoding of mixed DNA samples
from lichen herbarium specimens. 2019. 
Gueidan, C. et al.



Genomics & lichens

• Genomic studies in lichenology are considerable 
delayed due to the symbiotic nature of lichens

• Symbiosis makes it difficult to obtain myco-
/photobiont genomes by techniques                   
widely used in other groups of                       
organisms

– Researchers have tried to culture                                          
the mycobiont, but obtaining and                                 
maintaining such cultures is difficult                                     
and unpredictable

By Nefronus - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/



Whole genome sequencing

• More data, wide range of research questions

– Evolution, adaptation, metabolism, genetics… 

New article: The lichen symbiosis re-viewed
through the genomes of Cladonia grayi
and its algal partner Asterochloris glomerata. 
Armaleo, D. et al. 2019.
-The first parallel genomic analysis of lichen symbionts
-From cultures



Metagenomics

• Study of ALL genomes from a mixed community of 
organisms
– Environmental samples, eg. microbes
– Symbiotic organisms, e.g. lichens

• In metagenomics the DNA present in the entire lichen 
symbiosis is massively sequenced, and the mycobiont part 
is recovered using computational tools

“Because of its ability to reveal the previously hidden diversity of microscopic life, 
metagenomics offers a powerful lens for viewing the microbial world that has 

revolutionized understanding of the entire living world” 
Marco, D. 2011



Metagenomics & lichens

New(ish) articles:



Metagenomics & lichens

New(ish) articles:



Challenges and future aspects

• HTS challenges:

– De novo assembly, because no reference data available

– Short reads are bioinformatically demanding

– Low recovery

• HTS future:

– Short reads are becoming longer (Illumina 200 bp -> PacBio
15000 bp)

• Not just what you CAN do, but what you WANT to do

– What is your research question?

– What is your research question 5 years from now?



More info about the methods

• A lecture “Fundamentals of Genome Assembly” by Jared 
Simpson (Ontario Institute for Cancer Research) 
https://www.youtube.com/watch?v=5wvGapmA5zM

• Workshop on Genomics, Cesky Krumlov
(www.evomics.org)

https://www.youtube.com/watch?v=5wvGapmA5zM
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Today´s group work

• Form groups of 2-3 persons

• Examine a specimen and discuss how it could be
used in research
– Are DNA-studies possible?

– What might be the challenges?

– What kind of research questions would you like to ask?
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