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• DNA barcoding

– taxon identification 

using a standardized DNA region

Genebank (NCBI)

http://www.ncbi.nlm.nih.gov/genbank/

BOLDSYSTEM

http://v3.boldsystems.org/

BLAST or special programs

Species identification



DNA barcoding
Hebert et al. 2003

The use of limited (approximately 600 bp) mitochondrial DNA 

sequence data as an inexpensive, easy way to ‘‘scan’’ and identify all of life.



. . . enabling the rapid and inexpensive identification of the estimated 10 million 

species on Earth.  (Savolainen et al. 2005)

Database needed!



COI 





Hesperiidae Costa Rica (Skippers)



The 28 last instar caterpillars



escolar

Lepidocybium flavobrunneum

health concerns

bluefin tuna 

Thunnus maccoyii

critically 

endangered

albacore 

Thunnus  alalunga

Lowenstein et al. 2009

Sushi



DNA barcoding – parasites

Avian malaria

Haemoproteus, Plasmodium, Leucocytozoon

DNA from bird blood, parasite-specific primers 

→ parasite lineages



Culex pipiens

Alcaide et al. 2009

Arthropod bloodmeal



Illumina

NGS



• Shezhad et al. 2012

• 12S rRNA

• Illumina

Leopard cat in Pakistan

Prionailurus bengalensis



Metagenomics

• Metagenomics: 

DNA sequencing of environmental samples

• water (sea, pool), clouds…

• Reconstruction of ancient vegetation

(permafrost)

• Earthworm extracelular DNA from soil…

• Gut microbiome



Kreisinger et al. 2017

Microbiota



intraspecific divergence 

<<

Interspecific divergence



Barcoding gap



Cypraeidae 
Meyer & Paulay 2005



When barcoding fails: Genome chimerization (admixing) and reticulation obscure phylogenetic and taxonomic relationships

Metschnikowia

Molecular Ecology Resources, First published: 20 January 2022, DOI: (10.1111/1755-0998.13586) 

(a) D1/D2 domain sequences. (b) ITS1–5.8S–ITS2 sequences



Hares in Spain and Portugal

• L. timidus mtDNA in Lepus granatensis, L. castroviejoi, 
and L. europaeus 

• L. timidus retreated from this region at the end of the last ice 
age

• Similar situation in bats, newts, fish...

mtDNA

L. timidus

L. granatensis

L. europaeus

L. timidus mtDNA







Introgression from local into the invading species



→ human numt



numts and DNA barcoding
Song et al. 2008



Retension of ancestral polymorfism

Lineage sorting

→ reciprocal monophyly



… more and more problems



Species delimitation

• Distances

– ABGD

– (Automatic Barcode Gap Discovery)

• Phylogenies (trees)

– „minimal phylogenetic units“ (OTUs)

– BPP (Bayesian Phylogenetics and Phylogeography)

– GMYC, PTP…





Molecular identification of individuals

• microsatellites



Repeats

• more than half of our genome

• Interspersed (transposony)

• Tandem (mini- a mikrosatellites)

• Minisatellites (longer motifs: 10 - 100 nucleotides)

• Mikrosatellites (1 - 6 nucleotides motifs) 

• Human - 700 000 msats, 3 % of genome

CTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTT



• Mutation rate 10-3(2) 10-7

• Male germline > female germline

• Slippage

CTTTCTTTCTTTCTTT

CTTTCTTTCTTTCTTTCTTT

CTTTCTTTCTTTCTTTCTTTCTTT

CTTTCTTTCTTTCTTTCTTTCTTTCTTT

CTTTCTTTCTTTCTTTCTTTCTTT



• Simple Mendelian inheritance

• Highly variable

• Paternity, population structure…





gel

capillary

detector
laser





CTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTT

CTTTCTTTCTTTCTTT

GAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAA

primer primer

GAAAGAAAGAAAGAAA

primerprimer

Fluorescent labels



Multiplex

More loci in one reaction

standard



Primers for new loci: traditional approaches 
genome library, hybridization with probe, sequencing



NGS



70 66 54 12

Cross-species amplifications

70 66 54 12

Some msats are surprisingly conserved, but…



Pyrenean brown bears
Taberlet et al. 1997

• Faeces, hairs

• 24 msats

• 4 males a 1 female

• Otters, faeces

• →Molecular scatology



allelic dropout

allelic dropout

allelic dropout and false allele.

allelic dropout

allelic dropout

→ multiple tube approach



• Clonality

• Genetic elimination (genome loss)

• Genetic chimeras



• Rotifera – Bdelloidea

• Ostracoda (Darwinula)

• Partenogenetic clones

Darwinula stevensoni



Gynogenesis

Ambystoma – genome of 4 species



Automixis with fusion of cleavage nuclei, sister nuclei, or nonsister nuclei, with or without recombination

Meiotic apomixis with suppression of the first or second division, 
with or without recombination



Premeiotic chromosome doubling





Pelophylax hybridogenesis 

P. lessonae LL P. ridibundus RRP. esculentus LR



P. esculentus LR

Sympatry with P. lessonae LL

LR

LR

RR

R

LR

L



Genetic chimeras



Deep sea fish



• marmosets and tamarins

• Callithrix jacchus (also Saguinus)

• Dizygotic twins

• Hematopoietic chimeras



Canine transmissible venereal sarcoma (CTVS)

Sarcophilus harrisii





Microchimerism



Chang a Eng
Siam twins

born 1811

Nikita from Irkutska

Lydia Fairchild

Fusion of embryos

(heteropaternal superfecundation 2.4%)

→ genotypes of ovaries and somatic tissues may differ

Blaschko's lines



Lydia Fairchild



Molecular sexing – birds

• CHD1W a CHD1Z (Griffith et al. 1998)

• ATP5A1Z a ATP5A1W (Bantock et al. 2008)

• Genes on sex chromosomes

• Primers amplify introns of both genes

• Introns may differ in length

♂♂♂ ♂♀ ♀ ♀

Z

Z

Z

W

♂ ♀



Molecular sexing - mammals

• Y (Sry)
(duplex PCR with an autosomal or X gene)

• Sry DNA-binding motif (HMG box) 

• Microtus cabrerae 
Sry on Chr X

Ellobius, Tokudaia 
Sry is missing

Dicrostonyx torquatus, 
Mus minutoides 
feminizing X* → X*Y females

• Microtus oregoni 
females XO somatic cells, XX germ cells, 
males XY somatic cells, 0Y germ cells

Bryja a Konečný 

2003

Ellobius

Tokudaia osimensis

M. cabrerae

D. torquatus

Mus minutoides



qPCR



Gynandromorphs

Double fertilization of 

binucleate eggs

Loss of the W 

ZW / ZZ
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