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Outline:

• Why conservation genetics?

• How can R improve the genetic workflow?

• How can R help innovate genetic analysis?
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What did I study?
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How do we look at genetics?

Locus 1 Locus 2 Locus 3

Sample 1 112:124 100:100 222:226

Sample 2 112:112 130:135 230:230

Sample 3 124:132 130:135 222:238

BbB
cbC

Aaa
Mom Dad

Heterozygote

Homozygote



How do we look at genetics?

Locus 1 Locus 2 Locus 3

Sample 1 A:C T:T A:A

Sample 2 A:A T:G A:T

Sample 3 C:C T:G T:T

BbB
cbC

Aaa
Mom Dad

Heterozygote

Homozygote



How do we look at genetics?

Locus 1 Locus 2 Locus 3

Sample 1 A:C T:T A:A

Sample 2 A:A T:G A:T

Sample 3 C:C T:G T:T

BbB
cbC

Aaa
Mom Dad

Observed Heterozygosity
proportion of heterozygotes

Allelic Richness
# of alleles/# of loci 

Genetic Diversity
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How do we look at genetics?

Locus 1 Locus 2 Locus 3

Sample 1 A:C T:T A:A

Sample 2 A:A T:G A:T

Sample 3 C:C T:G T:T

BbB
cbC

Aaa
Mom Dad

Principal Components Analysis (PCA) 
group samples by similarity in allele frequencies

Population Structure
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• By hand or in Excel?

How do we calculate genetic diversity 
& population structure?



• By hand or in Excel?
− Numbers game

− Different (and sometimes complicated) equations

How do we calculate genetic diversity 
& population structure?

850 samples

x

19 genetic markers = 16,150 data points



• By hand or in Excel?
− Numbers game

− Different (and sometimes complicated) equations

How do we calculate genetic diversity 
& population structure?

850 samples

x

19 genetic markers = 16,150 data points

3,000 genetic markers = 2,550,000 data points



• By hand or in excel?

• Using specific software

How do we calculate genetic diversity 
& population structure?
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How do we calculate genetic diversity 
& population structure?



• By hand or in excel?

• Using specific software
− Long process that must be repeated if data updated

− Each software has a different data format

− Most GUIs have learning curves

− Different software uses different equations

− Output is in different formats

− Still may not get all of the metrics you want!

How do we calculate genetic diversity 
& population structure?



• By hand or in excel?

• Using specific software

• Using specific packages in R

How do we calculate genetic diversity 
& population structure?



How do we calculate genetic diversity 
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How do we calculate genetic diversity 
& population structure?

• genind

Code to convert from 
genotyping format

diveRsity
adegenet

hierfstat

ade4
• HWE
• Heterozygosity
• Allelic Richness
• Inbreeding Coefficient 

(FIS)
• Genetic Distance 

(FST)

• PCA
• Mantel test



• By hand or in excel?

• Using specific software

• Using specific packages in R
− Most packages use the same format 

− Multiple metric equations explicitly given

− Output in csv format

− Go straight to data visualization 

− Creates easy to follow, ubiquitous, and publishable code

How do we calculate genetic diversity 
& population structure?
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Genetic Structure without ade4



Genetic Structure with ade4



Genetic Structure with ade4



Data Visualization without ggplot2

From Tumas et al. 2019



Data Visualization with ggplot2

USA



Effect of developed land on genetic 
diversity
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Spatial Analysis + Genetic Analysis

Traditional Population 
Genetics

FRAGSTATS

Traditional Landscape 
Ecology



Spatial Analysis + Genetic Analysis

• raster
• rgdal
• sp

• adegenet
• diveRsity

vegan
lme4

developed land significantly impacts genetic diversity



Summa      y

• Genetic analyses are key for successful restoration

• Producing a few summary stats requires multiple software 
programs and data formats

• R provides a streamlined way to analyse genetic data 

• Data capabilities in R open up potential for other cross 
disciplinary analyses

• Genetic analysis R code could be easily shared amongst 
researchers and practitioners 



abc

Questions?

Feel free to contact me:
@HayleyTumas

Packages:
• adegenet
• poppr
• hierfstat
• ade4

• diversity
• raster
• rgdal
• sp
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