
Conservation genetics: 
introduction. 



What is diversity? 



What is GENETIC diversity? 



GENETIC diversity and EVOLUTIONARY POTENTIAL 



Importance of genetic diversity 

IUCN recognizes the need to conserve genetic 
diversity for three reasons: 

 
1) Genetic diversity is needed for populations to evolve 

and to adapt to environmental change 
 

2) Loss of genetic diversity is usually associated with 
inbreeding and reduction in reproduction and survival 
of species that normally outbreed  
 

3) Genetic diversity contributes to ecosystem diversity 
and resilience 



What is Conservation Genetics? 

“Conservation Genetics encompasses the use 
of genetic theory and techniques to reduce the 

risk of extinction in threatened species. 
 

Its longer-term goal is to preserve species as 
dynamic entities capable of coping with 

environmental change.”  



Examples of the use of genetics to aid conservation 

• Reducing extinction risk by minimizing inbreeding and loss of 
genetic diversity 
 
• Identify species or populations at risk due to reduced genetic 
diversity. 
 
• Resolving fragmented population structures (gene flow). 
 
• Resolving taxonomic uncertainties. 
 
• Defining management units within species. 
 
•Detecting hybridization. 
 
•Non-intrusive sampling for genetic analyses. 



What do we need to 
know to understand 

Conservation Genetics? 



CONSERVATION 

GENETICS 



BIOLOGIA DELLA CONSERVAZIONE - MODULO di Genetica della Conservazione 
 

Giovedì 16 Aprile - Conservation Genetics: introduction. 
Aims and tools. What is conservation genetics?; examples of the use of genetics to aid conservation; 
importance of genetic diversity; molecular evolution and genetic markers. Introduction to Molecular 
Taxonomy and Population Genetics. Taxonomy: species concepts, DNA barcoding, definition of 
Conservation Units (MU and ESU), hybrids. Population genetics: micro-evolutionary forces (mutation, drift, 
gene flow, selection), Hardy-Weinberg equilibrium, expected heterozygosity (He), allelic diversity, haplotype 
and nucleotide diversity. 

 

Martedì 21 Aprile - Genetics of small and fragmented populations. 
Effective population size and inbreeding. Definition of the effective population size (Ne). Relation between 
He and Ne. Effects on Ne due to unequal sex ration, non-random number of progeny, fluctuations in size. 
Definition of fixation index (FIS). Relation between FIS, He and Ne. Inbreeding depression and population 
viability, Purging. Population fragmentation and gene flow. Measuring the effects on genetics of population 
fragmentation (Fst). Gene flow, isolation by distance and landscape genetics. 
 

Giovedì 23 Aprile -  Practice: population genetic analyses. 
 

Martedì 28 Aprile - Genetics and conservation issues. 
Short introduction to quantitative genetics: the concepts of heritability, selection differential and response 
to selection. Genetically viable populations and reintroduction: the 50/500 rule and the evolutionary 
potential on a long-term population; genetic adaptation to captivity. Conservation genetics workflow. 

Conservation Genetics 



CONSERVATION 

GENETICS 



CONSERVATION 

GENETICS 



MOLECULAR EVOLUTION:  
Mutations generate GENETIC diversity 



MOLECULAR EVOLUTION: Where is GENETIC diversity? 



MOLECULAR EVOLUTION: Where is GENETIC diversity? 



• Non-coding DNA : gaining of an overview of the amount of genetic 
diversity, heterozygosity, population structuring and relationships  by 
using neutral markers.  
 
•Coding DNA : Analysing  particular alleles/genes  (selection . . .)  

Choosing MOLECULAR MARKERS 



• amplification (PCR) of “barcode” marker 

• Run on gel of PCR products 

• Sequencing (chromatogram) 

specificity, quantity… 

Collecting data... 



Kind of data 

1 AGATCGCTGCAATACTACTACT--- 

2 AGATCGCTTCAATACT--------- 

3 AGATCGCTTCAATACT--------- 

4 AGATCGCTTCGATACTACT------ 

5 AGATCGCTTCGAGACTACTACTACT 

Single 
nucleotide 

polymorphisms 
(SNPs) 

Microsatellites 
(STRs) 



CONSERVATION 

GENETICS 



CONSERVATION 

GENETICS 



What to conserve?  



All!? 

Set 
priorities! 



Taxonomy 

Taxonomy is the science of defining groups of biological 
organisms on the basis of shared characteristics and 

giving names to those groups. 



Taxonomy 

Taxonomy is the science of defining groups of biological 
organisms on the basis of shared characteristics and 

giving names to those groups. 

Species concepts: 
 
- Biological species concept (BSC) “group of actually or potentially 
interbreeding natural populations which are reproductively isolated 
from other such groups” (Mayr, 1942). 
 

- Phylogenetic species concept (PSC) “group of individuals that 
share at least one uniquely derived characteristic/the smallest 
identifiable monophyletic group of organisms within which there is 
a parental pattern of ancestry and descent” (Cracraft, 1983). 
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Taxonomy and phylogeny (1) 

Pages et al. 2008. Phylogenetic tree of the Ursidae family based on the analyses of 14 combined nuclear genes and 
reconstructed following Bayesian methods. Numbers above branches reflect supports (Bp/pp) obtained from the analysis of 
the three datasets (d1, d2, d3). The snow-flake stands for the acquisition of hibernating abilities by the common ancestor of 
the Ursus genus. 



Taxonomy and phylogeny (2) 

Bon et al. 2008. Molecular phylogeny inferred from complete mitochondrial genome sequences. 

? 



Osmoderma eremita s.l. 

• Endemic (genetic) 
species in Italy:  

     O. cristinae and  
     O. italicum  

Dealing with cryptic species … 



Morimus asper s.l.   Morimus asper 
funereus 

Relative 
frequencies  

of COI 
haplogroups in 

M. asper s.l. 

ganglbaueri 

funereus 

asper 

verecundus 

Dealing with morphologically variable species … 



Easy (?) tools for identification: 
DNA barcoding 



ATCGATCCATCGT 

ATCGATCTATCGT 

AACGTTCTATCGT 

GGGGATCCCTCCA 

Time 

DNA barcoding 



ATCGATCCATCGT 

ATCGATCTATCGT 

AACGTTCTATCGT 

DNA BARCODE is an approach developed to identify taxonomic units.  
It is based on the analysis of mutations in a “barcode marker”. 

GGGGATCCCTCCA 

A specimen can be identified through a DNA “BARCODE”… 

… within the same species 

… in a very closely related 
species (sibling) 

… in a very distant 
species time 

DNA barcoding 



DNA BARCODE is based on 
the premise that variation 
in the barcoding gene is 
lower within species than 
between species. 

DNA barcoding 

Barcode gap 



 USEFULNESS of “barcode” markers 

• It allows non-specialists to identify species already described on a morphological basis, 
especially sibling species. 
 

• It allows to distinguish di cryptic species (morphologically identical, but different 
genetically). 
 

• It allows identification of eggs, larval stages… 
 

• It allows identification from remains of animal and plant tissues. 

 “Barcode” marker requirements 

• Easy to “isolate” (from the rest of DNA) in many species, 
and easy protocols. 

 
• It has a mutation rate suitable for species discrimination. 
 
• It is “nearly identical” in individuals of the same species. 

Citocromo ossidasi 1 



barcodeoflife.org  

Fish Barcode of Life 
Campaign (FISH-BOL) 

Lepidoptera 
Barcode of Life 

Mammalia 
Barcode of Life 

Campaign 

151.195 insect species with “barcode”  
out of 1 million of described species  
(5 millions estimated)… 15% of species 

Barcode projects 

Specimens with barcode  3.458.464  
SPECIES with barcode 214.717 

… … 

DNA barcoding 



From Species to Conservation Units 

 

MANAGEMENT UNITS (MU) 
‘any population that exchanges so few migrants with others as to 

be genetically distinct from them’ (Avise, 2000). 
 

Significant differences in allele frequencies at multiple neutral loci 

 
 

EVOLUTIONARY SIGNIFICANT UNITS (ESU) 
‘one or more populations that have been reproductively isolated 
for a considerable period of time, during which they have been 

following separate evolutionary pathway. 
 

Reciprocal monophyly in mtDNA and significant allele frequency differences at neutral 
nuclear loci (adaptive variation). 

 



Hybrids 

Hybridization: mating between different species or two genetically 
distinct populations that produces offspring, regardless of fertility of 
offspring.  



Hybrids 

Hybridization: mating between different species or two genetically 
distinct populations that produces offspring, regardless of fertility of 
offspring.  

Introgression: acquisition of genes from one species to another 
through hybridization resulting in fertile offspring that further 
hybridize with parental populations or species (“backcross” ). 
 

•  Over several generations, introgression can result in a complex mixture 

of parental genes, while in simple hybridization 50% of genes will come from 
each of the two parental species. 

 
•  Without introgression, the parental species or populations are not 

“contaminated” by hybridization  



Levels of hybridization 
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CONSERVATION 

GENETICS 



Population Genetics 



Population Genetics 

Population genetics is the study of the distributions and changes of 
allele frequency in a population, shaped by four main evolutionary 
processes: 1) natural selection, 2) drift, 3) mutation, 4) gene flow.  



“To evaluate allele frequencies in populations  
and understanding how and why they change” 

General Aims of Population Genetics 

Homozygotes 

Heterozygotes 

Homozygotes 



Counting ... 

homozygotes purple allele = 3 
homozygotes green allele = 4 
purple/green heterozygotes = 4 

purple allele = 10 
green allele = 12 

Allele freq. 
10/22 = 0.45  
12/22 = 0.55 

Genotype freq. 
3/11 = 0.28  
4/11 = 0.36 
4/11 = 0.36 

N =11 



Allele and genotype frequencies are the basic  
descriptors of genetic variability in our populations 

Thinking like a population genetist… 

How to use this information to know “something 

more” about the evolution of populations? 

“In theory, he is supposed 
to be at home at 7.00 pm” 

EXPECTATION 

“Today, he came back at 
home at 9.00 pm” 

OBSERVATION 

“He probably spent two 
hours in a traffic jam… ” 

Possible 
EXPLANATION 

The “COMING BACK HOME” THEORY 



The Hardy-Weinberg equilibrium (HWE) 

IF… 
• infinite population (very very very very … too BIG!) 
• random mating (all possible male-female combinations) 
• no selection on particular genotypes 
• no migration 

Compute allele frequencies 

q =  3/12 =   0.25 p =  9/12 = 0.75 

0.252 

= 
 0.06 

0.752 

=  
0.56 

2 x 0.75 x 0.25 
=  

0.38 

EXPECTED heterozygosity (He) = 2pq = 1 - (p2 + q2) = 0.38 

OBSERVED heterozygosity (HO) = 1/6 = 0.17 

q =  1 – p = 1 - 0.75 = 0.25 

THEN… 

the EXPECTED genotype frequencies  are: p2   2pq   q2 



The Hardy-Weinberg equilibrium (HWE) 

How to detect (statistically) departures from HWE?  

CHI SQUARE TEST 

He = 0.38 HO = 0.17 We expected but observed 

Chi square 

Chi-square is a statistical test comparing 
observed data with data expected to be 

obtained according to a specific hypothesis 

First compute the chi-square value! Then look where this value 
“is placed” in the Chi-square probability distribution 



OBSERVED         = 4          = 1           = 1   

EXPECTED        = 0.56  x6          = 0.38  x6             = 0.06  x6   

EXPECTED         = 3.36          = 2.28           = 0.36 

The butterfly population - EXAMPLE 

p2   2pq  q2 

=  (4 - 3.36)2 / 3.36 + (1 - 2.28) 2 / 2.28 + (1 - 0.36) 2 / 0.36 = 

=  0.122 + 0.718 + 1.138 = 1.98 

3.84 (p=0.05) 

1 degree of freedom 

Reject the null hypothesis (HWE) 
if the computed chi-square value  

is higher than the critical value 
 

1.98 is not higher than 3.84… 
 

Butterfly population is in HWE! 

1.98 (p=0.17) 

   

N =6 



Thinking like a population genetist… 

• infinite population (or, at least, very very very…BIG!) 
• random mating (all possible male-female combinations) 
• no selection on particular genotypes 
• no migration 

EXPECTATION: Hardy-Weinberg equilibrium 

OBSERVATION: My data  

TEST OBSERVED vs. EXPECTED 
= YES or NO 

• small population 
• mating is not random (sexual selection) 
• selection on particular genotypes! 
• migration from other populations 

POSSIBLE EXPLANATIONS 



Tools! 
What kind of data? 



Quantifying genetic diversity  

DIPLOID 
bi-parental 
inheritance 

Kind of data 

HAPLOID 
maternal 

inheritance  
or 

paternal 
inheritance 

Genes placed 
on autosomes 

mtDNA 

Y 



• Expected heterozygosity (He): expected proportion of heterozygotes (HWE) 

Quantifying genetic diversity  

• Number of alleles (n): two 

• Allele frequencies (p, q): observed proportion of alleles 

• Observed heterozygosity (HO): observed proportion of heterozygotes 

three  more… 

One locus 

He  = 2pq = 1 - (p2 + q2) 
If two alleles 

 Single locus 

 Diploid data 



Expected heterozygosity (He) or  “gene diversity” (Nei, 1987) 

n° of alleles 

Quantifying genetic diversity  

If more than two alleles at one locus… 

sum of the frequencies of homozygotes  
for each allele (p, q, r…etc..) 



Quantifying genetic diversity  

Preferred over Ho to compare populations…  
not (so) dependent on sample size, but only on allele frequencies! 

Why so much emphasis on He? 

Pop 1  N = 6 Pop 2  N = 12 

He  = 0.38 

HO = 0.17 

He  = 0.50 

HO = 0.17 



 Multiple loci 

• Allelic diversity (A): average number of alleles per locus  

Locus 1 Locus 2 Locus 3 

A = (2+2+1)/3 = 1,66 

• Mean expected heterozygosity (He) or mean “gene diversity”:  
  the expected heterozygosity averaged over all sampled loci 

highly dependent on 
population size, and thus 
more sensitive to loss of 

genetic variation than He  
 

(describes the “adaptive 
potential” of a population). 

Quantifying genetic diversity 

 Diploid data 

Locus 1 
Locus 2 Locus 3 



• Allelic richness (RS):  
 
the average (or) number of alleles per locus (= allelic diversity) 
… adjusted for the sample size ! 

 Multiple loci 

Locus 1 Locus 2 Locus 3 
 Diploid data 

Quantifying genetic diversity  

RS  allows comparisons of the allelic diversity 

among populations  
 

(with different sample sizes, usually the smallest sample size is 
“imposed” for correction with a rarefaction method) 



Quantifying genetic diversity  

Summary 

 Diploid data 

 Single locus 

• Number of alleles (n) 

• Allele frequencies (p, q, …) 

• Observed heterozygosity (HO) 

• Expected heterozygosity (He) 

 Multiple loci 

• Mean expected heterozygosity (He) 

• Allelic diversity (A) 

• Allelic richness (RS)  

 Haploid data 

• haplotype diversity (H): ( = He at the haplotype level!) 

• nucleotide diversity (π): ( = He at the nucleotide level!) 



The term “haplotype” indicates a “haploid genotype” 
 

a single copy sequence, uniparentally inherited, which has 
a certain frequency in a population. 

Quantifying genetic diversity  

 Haploid data 

Haplotype 1 (in 4 individuals)  

Haplotype 2 (in 2 individuals)  

Haplotype 3 (in 2 individuals)  



• haplotype diversity (H): ( = He at the haplotype level!) 

n° of haplotypes 

frequency of ith haplotype  

Quantifying genetic diversity  

 Haploid data 



• nucleotide diversity (π): average number of nucleotide differences 
per site between any two sequences ( = He at the nucleotide level!) 

frequency of sequence i and j 

Genetic distance  
between sequence 

i and j 

Quantifying genetic diversity  

 Haploid data 



Seq. 1 (0.5) ATCGTGCTGT 

Seq. 2 (0.4) ATCGTCTAGT 

Seq. 3 (0.1) ATCGTCTACT 

Quantifying genetic diversity  

Nucleotide diversity -EXAMPLE 

i j pi pj πij pi pjπij 

1 2 0.5 0.4 0.3 0.06 

1 3 0.5 0.1 0.4 0.02 

2 3 0.4 0.1 0.1 0.004 

2 1 0.4 0.5 0.3 0.06 

3 1 0.1 0.5 0.4 0.02 

3 2 0.1 0.4 0.1 0.004 

SUM 0.168 

nucleotide diversity (π): 
average number of nucleotide 
differences per site between 

any two sequences  
( = He at the nucleotide level!) 

For this dataset, it is EXPECTED to 
observe less then 2 nucleotide 

differences at each site 
 

(= He at the nucleotide level!) 

frequency 


