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What is molecular ecology? 
Artificially delimited discipline – ecological and evolutionary questions are 

answered by molecular-genetic approaches.  

 

 

 

 

It works on different levels of DNA variability (genome, individuals, 

populations, groups of populations or closely related species) 

 

It is in fact applied population genetics – analyses and interprets molecular-

genetic data 
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It is popular ... 
• journal Molecular Ecology (from 1992) – now 24 

issues/year 

• Textbooks 



• Molecular Ecology Resources encourages development of broad resources for the community 
including computer programs, statistical and molecular advances, and extensive molecular 
tools. The journal is a vehicle for dissemination of these resources, targeting a wide audience of 
researchers in the fields of evolution, ecology, and conservation. Articles in Molecular Ecology 
Resources are intended to facilitate studies addressing consequential questions in these fields. 

• In addition to novel resource articles, Molecular Ecology Resources publishes relevant Reviews, 
Opinions, and Comments. The journal also publishes occasional Special Issues that emphasize 
development of resources in a particular area. 
 





Why use genetic methods in ecology? 
 

• No other choice 
 

• cryptic species 
 

• paternity – mating is elusive and not always lead to fertilization 
 

• identification (species, sex, individual) from feaces or feathers 
 

• barriers to gene flow – not obvious from other data 
 

• number of migrants 
 

• genetic basis of adaptations (e.g. immune genes) 
 



 

•     ecological, evolutionary, and population genomics   

•     population structure and phylogeography 

•     landscape genomics 

•     community ecology and coevolution 

•     reproductive strategies 

•     relatedness and kin selection 

•     sex allocation 

•     population genetic theory 

•     analytical methods development 

•     conservation genetics 

•     speciation and hybridization 

•     microbial biodiversity 

•     evolutionary dynamics of QTLs 

•     ecological interactions 

•     molecular adaptation and environmental genomics 

•     impact of genetically modified organisms 

•     indigenous perspectives/methodologies 

Why use genetic methods in ecology? 



How to obtain genetic data –  
viz Genetic methods in zoology 

 
Genotyping – analysis of genotypes 

• identification of specific form of particular DNA 
molecule/fragment (=alele or haplotype)  - selection of the 
marker type depends on the level of genetic variability in 
population/species 

 

1) DNA extraction from tissues 

2) PCR amplification (in PCR-based methods) 

3) analysis of marker (lokus) variability 

 



„Molecular genetic“ methods 

• analysis of DNA polymorphism 

• length polymorfism (e.g. microsatellites) 

CGCACATCTCTAGCTTCGATTCAGGAA 

CGCATCTCTAGCTTTGATTCAGGAA 



Separation of DNA fragments according their size 

• Agarosa – up to 15 bp difference 

 

• Polyacrylamide – more precise (4 bp) 

 

• Capillary electrophoresis –  even 1bp differences 
(fluorescently-labelled fragments) 
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„Molecular-genetic“ methods 

• analysis of DNA polymorphism 

• sequence polymorphism („SNPs“): 

CGCATCTCTAGCTTCGATTCAGGAA 

CGCATCTCTAGCTTTGATTCAGGAA 

diploid genotype: C/T 



Methods for analysis of sequence variability 

• Sanger sequencing (very good for mtDNA, less for nDNA 
problém with heterozygotes) 

• SNP („single nucleotide polymorphism“) genotyping – 
např. RFLP, SSCP, microarrays – chips, atd. 

• high-throughput sequencing 

CCGATCAATGCGGCAA 

CCGATCACTGCGGCAA 

T 

G 



Population-genetic datasets 

Ind Marker 1 Marker 2 

Ind_1 170/172 133/136 

Ind_2 168/172 133/139 

Ind_3 168/168 136/139 

Ind Marker 1 Marker 2 

Ind_1 A/T C/T 

Ind_2 A/T T/T 

Ind_3 T/T C/T 

Ind Marker 1 Marker 2 

Ind_1 +/- -/- 

Ind_2 +/+ +/+ 

Ind_3 -/- +/- 

Ind Marker 1 Marker 2 

Ind_1 + - 

Ind_2 + + 

Ind_3 - - 

microsatellites SNPs 

SINE AFLP 



Types of data – codomiant markers 
no. loci 

no. 

individua

ls 

no. 

populatio

ns 

no. of 

samples 

in pop1 

no. of 

samples in 

pop, etc. 

genotypes (diploid), ie. lengths of PCR 
fragments in microsatellites – genotype is 
composed of two alleles/numbers 

GPS 

coordinates 

pop1 

pop2 



GenAlex 

http://www.anu.edu.au/BoZo/GenAlEx/ 



Genepop file format – simple 
ASCI .txt 
 
 
 
- alely for each locus are 
ranked according size and 
renumbered 
- eg. 128/130 is transformed 
to 10/11  



Sanger sequencing 



„Alignment“  contig (different sequencing reactions 
from multiple PCR from the same specimen) 

DNA sequences 



Illumina fastq format 



Contig from „reads“ obtained by HTS  

(high-throughput sequencing) 

individual reads 
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reference (in resequencing) consensus 



Comparison of sequences between 
different individuals PCR + Sanger  

= ca 1000 bp 



ddRAD 
(„snps“ file) 

= 500 000 bp (závisí na 
intenzitě sekvenování 

etc.) 
1 row = 1 specimen 

ddRAD 
(„usnps“ file) 
= 1 SNP/locus 
= 50 000 SNPs  



complete 
genomes 

(Feng et al. 
2020 Nature) 



So, what now with these 
datasets ... 


