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GeneƟcs: The study of DNA, genes and heredity, how certain qualiƟes or geneƟc traits are passed 
from parents to their offspring. (Slide 14) 

DNA (Deoxyribonucleic Acids): are the building blocks of all life on earth. DNA is made up of the 
same four bases, A, T, G, C. DNA carries the geneƟc informaƟon for the development and funcƟoning 
of an organism. DNA is a two-stranded molecule shaped into a double helix where each rung of the 
ladder is a pair of bases either A and T or G and C. VariaƟon in DNA is what makes us look and 
behave differently. (Slide 14) 

Gene: A sequence of DNA that encodes for proteins that have specific funcƟons. For example, 
immune genes encode for proteins like anƟbodies that help our bodies fight infecƟons. (Slide 14) 

GeneƟc diversity: The amount of geneƟc variaƟon within a species and/or populaƟon. This is an 
umbrella term used to describe many possible measures of geneƟc variaƟon. In general, 
heterozygosity in some form is used to describe geneƟc diversity. For instance, how many of the 
geneƟc markers used are heterozygous for a given individual. (Slide 15) 

AdapƟve potenƟal: The ability of a species and/or populaƟon to respond to stochasƟc 
environmental change/emerging threats to their survival based on molecular changes. A selecƟve 
pressure (environmental change/threat) acts on the populaƟon and those with the geneƟc capacity 
to respond will survive to breed and pass on their successful genes. This is known as natural 
selecƟon. (Slide 15) 

GeneƟc boƩleneck: When a populaƟon is significantly reduced in size over a very short Ɵmeframe 
which results in extreme geneƟc diversity loss due to the loss of so many individuals. (Slide 16) 

GeneƟc driŌ: The random fluctuaƟon in allele frequencies. In large populaƟons, such fluctuaƟons do 
not have much influence on geneƟc diversity but in small populaƟons, geneƟc driŌ can cause loss of 
rare alleles and even fixaƟon where all members of the populaƟon have the same geneƟc variant. 
(Slide 16) 

Inbreeding: MaƟng between close relaƟves which share geneƟc material via shared ancestry. 
Inbreeding exposes deleterious recessive alleles by increasing the homozygosity of individuals. Such 
exposure is how individuals lose both geneƟc diversity and fitness (reduced survival or reproducƟve 
success). Individuals who are geneƟcally inbred are determined when genes are idenƟcal by 
descent. (Slide 16) 

GeneƟc admixture: The interbreeding between two populaƟons that represent different geneƟc 
diversity. Such interbreeding results in the mixed populaƟon being geneƟcally representaƟve of both 
source groups, thereby increasing geneƟc diversity. GeneƟc admixture also creates more 
opportuniƟes for breeding outside of a family lineage and so decreases populaƟon relatedness and 
potenƟal for inbreeding. (Slide 17) 

Sequencing: Technology that determines the order of DNA from a biological sample, either blood, 
Ɵssue, scat, air or water. There are a variety of sequencing technologies that result in different 
geneƟc marker types used to analyse the geneƟcs of individuals or populaƟons. (Slide 18) 



 

Locus: A locus is a physical site or locaƟon within a genome (such as a gene or another DNA segment 
of interest), somewhat like a street address. The plural of locus is loci. (Slide 19) 

Allele: An allele is one of two or more versions of DNA sequence (a single base or a segment of 
bases) at a given genomic locaƟon. All sexually reproducing species inherit one copy of a gene from 
their mother and one copy from their father. At every point along the genome, there are two 
possible alleles. (Slide 19) 

Heterozygous (opp. Homozygous): Heterozygous refers to having inherited different versions (alleles) 
of a genomic marker from each biological parent. Thus, an individual who is heterozygous for a 
genomic marker has two different alleles. By contrast, an individual who is homozygous for a marker 
has two copies of the same allele. (Slide 19) 

GeneƟc ComposiƟon EssenƟal Biodiversity Variables: are globally recognised metrics defined as 
geneƟc diversity (comprised of allelic richness and heterozygosity); geneƟc differenƟaƟon (comprised 
of number of geneƟc units and distance of geneƟc units), inbreeding and mean kinship (or 
relatedness), and effecƟve populaƟon size (Ne). (Slide 20) 

GeneƟc diversity: The amount of geneƟc variaƟon within a species and/or populaƟon. This is an 
umbrella term used to describe many possible measures of geneƟc variaƟon. In general, 
heterozygosity in some form is used to describe geneƟc diversity. For instance, how many of the 
geneƟc markers used are heterozygous for a given individual. (Slide 20) 

Allelic richness: The number of alleles present within a populaƟon for each geneƟc marker assessed. 
For SNP markers the maximum possible number of alleles is 2, for microsatellite markers which are 
based on length, allelic richness can be anywhere between 0 and 10 onwards. (Slide 20) 

Heterozygosity: Expected proporƟon of heterozygotes in a populaƟon at equilibrium. (Slide 20) 

GeneƟc differenƟaƟon: Is the geneƟc differences or distance between individuals. GeneƟc 
differenƟaƟon occurs when there is restricted gene flow between individuals and/or populaƟons. 
GeneƟc differenƟaƟon can lead to geneƟc diversity loss when populaƟons remain separated and 
cannot exchange geneƟc material. (Slide 20) 

Number of geneƟc units: Number of geneƟc lineages/units within a species. (Slide 20) 

Distance geneƟc units: Degree of geneƟc differenƟaƟon among populaƟons or units. (Slide 20) 

Inbreeding: MaƟng between close relaƟves which share geneƟc material via shared ancestry. 
Inbreeding exposes deleterious recessive alleles by increasing the homozygosity of individuals. Such 
exposure is how individuals lose both geneƟc diversity and fitness (reduced survival or reproducƟve 
success). Individuals who are geneƟcally inbred are determined when genes are idenƟcal by descent. 
(Slide 20) 

Mean kinship: The average relaƟonship of one individual in a populaƟon with the enƟre populaƟon. 
Animals with low mean kinship are geneƟcally important as they are not well represented within a 
populaƟon. (Slide 20) 

EffecƟve populaƟon size: The number of individuals that geneƟcally contribute to the populaƟon by 
producing the next generaƟon. Generally, the effecƟve populaƟon size is considerable smaller than 
the census size as there are many non-breeding individuals like juveniles, elderly individuals, and 
unsuccessful breeders within populaƟons. (Slide 20) 



 

Allele frequencies: Represent the proporƟon of each possible allele at a given locaƟon along the 
genome present within a populaƟon. Allele frequencies can range from 0-1, with 0 being absent from 
a populaƟon, and 1 being the only allele present. In both cases all individuals are homozygous at that 
genome posiƟon. When two alleles occur evenly in a populaƟon, the allele frequency is 0.5 for each 
allele. (Slide 21) 

Observed heterozygosity: Whether an individual is heterozygous at a given locaƟon along the 
genome. Along the DNA sequence, the final value will be a proporƟon of the number of 
heterozygous sites compared to the total number of sites examined. Values are between 0 and 1 
(Slide 21) 

Expected heterozygosity: The probability that an individual will be heterozygous at a given locaƟon 
along the genome based on the allele frequencies of the populaƟons. How many individuals are 
observed to be heterozygous guides the expected distribuƟon of heterozygosity. Values are between 
0 and 1 (Slide 21) 

Standardised heterozygosity: The observed heterozygosity of each individual divided by the average 
observed heterozygosity of the populaƟon. This metric places each individual into context with the 
rest of the cohort where the average then becomes 1 and if an individuals has a standardised 
heterozygosity value >1 they are more diverse than average, and a standardised heterozygosity value 
<1 they are less diverse than average. (Slide 21) 

Allelic richness: The number of alleles present within a populaƟon for each geneƟc marker assessed. 
For biallelic SNP markers the maximum possible number of alleles is 2, for microsatellite markers 
which are based on length, allelic richness can be anywhere between 0 and 10 onwards. (Slide 21) 

Internal relatedness: Is a metric of diversity which takes inbreeding into account, giving more weight 
to rare alleles over common ones. Values range from -1 to 1 with posiƟve values indicaƟng an 
individual is more homozygous (i.e. more internally related) and negaƟve values indicaƟng 
individuals are more heterozygous. (Slide 21) 

GeneƟc differenƟaƟon: Also referred to as geneƟc structure, it is measured as the degree of 
variaƟon in allele frequencies amongst populaƟons. GeneƟc differenƟaƟon usually arises due to 
restricted gene flow amongst populaƟons, for example, gene flow may be restricted due to a 
geographic barrier such as a river that limits the migraƟon of individuals between populaƟons. There 
are lots of different ways that we measure and visualise geneƟc differenƟaƟon amongst populaƟons. 
A few common approaches are the use of: 

(a) Structure barplots – these are created using a program called Structure that uses a geneƟc 
clustering approach to idenƟfy the number of disƟnct geneƟc (ancestral) populaƟons 
represented across sampled individuals. In Structure barplots, each bar represents an 
individual and the colours represent the geneƟc populaƟons they are assigned to. Some 
individuals may show mixed ancestry (different proporƟons from more than one ancestral 
populaƟon). This usually indicates the level of gene flow or admixture between the ancestral 
populaƟons. If all individuals in a sampled populaƟon are 100% assigned to a single colour, 
this indicates a lack of gene flow. 

(b) Principal Coordinates Analysis (PCoA) – PcoA is a mulƟvariate analysis method that reduces 
the complexity of datasets while preserving data covariance based on allele frequencies. 
PCoA is usually visualised as scaƩerplots showing the distribuƟon of individuals along the 
main axes of variaƟon (usually the top 1 – 3 axes of variaƟon). This method helps to visualise 
the clustering of individuals into putaƟve populaƟons and the relaƟve distances amongst 



 

them, but as PCoA is a data visualisaƟon tool, these should not be over-interpreted. Analysis 
using programs like Structure give more confidence in idenƟfying the number of geneƟc 
populaƟons. 

(c) FST (or analogues) – FST is a measure of geneƟc differenƟaƟon. It measures the degree of 
variaƟon in allele frequencies amongst populaƟons relaƟve to total variaƟon. FST ranges 
from 0 to 1 with zero indicaƟng no variaƟon in allele frequencies amongst populaƟons, that 
is, all populaƟons are completely connected via free exchange of individuals; whereas values 
close to one indicate complete absence of gene flow and fixaƟon of alternate alleles. Note 
that there are mulƟple analogues of FST that are calculated for different geneƟc data types 
based on the characterisƟcs/behaviour of different geneƟc markers. Commonly you will see 
FST presented for SNP datasets and Dest or GST for microsatellite datasets. 

(Slide 22) 

Genome: The enƟre DNA sequence or geneƟc code of an individual. Genomes can range in size 
depending on the species from very small bacterial genomes of ~100Mb to very large plant genomes 
>25Gb. (Slide 29) 

Reference genome: A high-quality genome sequence of an individual to represent the genome of a 
species. When we call geneƟc variants against the reference genome, the differences between the 
reference and the query individual are shown as geneƟc variaƟon. (Slide 29) 

Microsatellite: Small repeƟƟve regions of the genome that form during slippage when the DNA is 
replicaƟng during cell generaƟon. The different lengths of the repeƟƟve regions or microsatellites is 
how individuals are differenƟated. There can be hundreds of microsatellites along the genome, but 
most populaƟon geneƟc studies use between 5-30. (Slide 18) 

Single nucleoƟde polymorphisms: More commonly referred to as SNPs are single point changes 
along the genome, for example from T to A. The combinaƟon of these differences along the genome 
are how individuals are differenƟated. SNPs can be analysed in the tens of thousands so provide a 
more complete picture of an individual’s genome. (Slide 31) 

Whole genome re-sequencing: Sequencing the enƟre genome of mulƟple individuals rather than 
just geneƟc markers scaƩered throughout the genome. (Slide 33) 

 


