
Genetics for Monitoring and Management 
Workshop 

December 16, 2013 
USGS San Diego Field Station 

Organizers: 
Amy Vandergast, US Geological Survey 
Andrew Bohonak, San Diego State University 



Genetics for Monitoring and Management 
Workshop 

Genetics 101: State of the Science  
 (Andrew Bohonak) 

Estimating Diversity and Effective Size 
within Populations 
 (Jonathan Richmond) 

BREAK 

Estimating Gene Flow and Movement 
Among Populations 
 (Amy Vandergast)  

Informing Action: Mountain Yellow 
Legged Frogs 
 (Robert Fisher) 

LUNCH & Small Group Discussions 

 

Managing for Genetic Variation: 
When, Why and How? 
 (Ollie Ryder)  

Special Consideration for Plants  
 (Norman Ellstrand) 

BREAK 

Genomics 
 (Bradley Shaffer) 

Informing Action: Mountain Lions  
 (Winston Vickers) 

Informing Actions:  Burrowing Owls  
 (Brenda Johnson) 

Small Group Discussions 



We most often study nuclear genes 
(inherited from both parents) 

Presenter
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… but also … 

mitochondrial genes, chloroplast genes, 
organisms with clonal reproduction or mixed 
reproductive modes, viruses, polyploid species 
(which have > 2 gene copies) … 
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Genetic variation is the norm, 
not the exception 
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Areas of genetic research 

Subdisciplines of genetics: 
Molecular genetics 
 - primarily concerned with 

biochemical mechanisms 

Transmission genetics 
 - patterns of inheritance from 

one generation to the next 

Population genetics 
 - why the genetic composition 

of populations changes in 
time and space 

Presenter
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1. Evolution is “genetic change in a 
population over time” 

-> the population is the unit of evolution. 

2. Despite regulatory focus on species, 
populations are usually the unit of 
management and conservation efforts.  

Why “population” genetics? 

Presenter
Presentation Notes
Some individuals homoz., some heterozygousThis is obviously a very simple model, but still very useful.



“Population” genetic variation 
Population: an intraspecific group of individuals 
 - in a single geographic area 
 - with the capability of interbreeding 

For data analysis, we almost always assume that 
individuals within a population mate 
 - completely randomly 
 - or according to a set of rules  
  not dependent on spatial position 
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“Population” genetic variation 
Population: an intraspecific group of individuals 
 - in a single geographic area 
 - with the capability of interbreeding 

For data analysis, we almost always assume that 
individuals within a population mate 
 - completely randomly 
 - or according to a set of rules  
 not dependent on spatial position 
 
Gene pool: all gene copies in the population 

For a genetic study in which “populations” are 
defined, keep in mind the biology of the 

organism, the scale of the study, and the way 
in which samples were obtained. 
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4 alleles 

POPULATION 
25 randomly mating individuals 

Gene pools 

GENE POOL 
50 gene copies 

for one particular gene 



The Hardy-Weinberg Model 
The simplest model of a gene pool, with many 

unrealistic assumptions. 

1. Provides a starting point for more realistic models 

2. Provides a null model for statistical tests.  When 
the Hardy-Weinberg model is rejected, there may 
be many reasons.  Examples: 

- nonrandom mating 
- predefined population does not fit assumptions 
- natural selection on the gene 
- methodological artifacts 



Diversity within and divergence among 
populations can be understood in terms of only 5 
factors: 

1. drift 
2. mutation 
3. nonrandom mating 
4. gene flow 
5. natural selection. 

When population parameters change,  
6. nonequilibrium conditions 

must also be considered. 

Population genetic analyses 



1. Quantitative genetics:  study of continuous traits 
for which the specific genetic basis is not known 

 - breeding experiments 
 - common garden experiments 
 - reciprocal transplant 
  experiments 
 - estimating heritability 
 - estimating the strength 
  of natural selection 

Types of population genetic analysis 



1. Quantitative genetics 

2. Population genomics:  Study of numerous genes 
to better understand the five microevolutionary 
processes 

 (mating, mutation, drift, gene flow, natural 
selection) 

 More narrow definition: separate genome-wide 
effects (drift, gene flow, phylogenetic history) 
from gene-specific effects (mutation, 
recombination, natural selection). 

Types of population genetic analysis 



1. Quantitative genetics 

2. Genomics 
3. Summary statistics for genetic diversity and 

divergence 

4. Analyze specific models of a particular process 
or scenario 

5. Analysis with gene genealogies (trees) 

Types of population genetic analysis 









3. Summary statistics for genetic diversity and 
divergence 
a) Estimate summary statistics 
b) Test statistical hypotheses 
c) Interpret in terms of the 5 microevolutionary processes 
 (mating, mutation, drift, gene flow, natural selection) 



3. Summary statistics for genetic diversity and 
divergence 
a) Estimate summary statistics 
b) Test statistical hypotheses 
c) Interpret in terms of the 5 microevolutionary processes 
 (mating, mutation, drift, gene flow, natural selection) 



4.  A priori models of a particular process or scenario 
a) Estimate model parameters 
b) Compare alternative models 



5. Analysis with gene genealogies (trees) 



1. Quantitative genetics 
2. Genomics 
3. Summary statistics for genetic diversity and 

divergence 
4. Analyze specific models of a particular 

process or scenario 
5. Analysis with gene genealogies (trees) 

Types of population genetic analysis 



1. Tissue collection and preservation 

• Project- and species-specific 

• General goal: to inactivate DNA-detroying enzymes 
as quickly as possible by freezing, dessicating or 
otherwise preserving the sample. 

• Ultracold freezer for 
 long-term storage 

• DNA and RNA 
 preservation and  
 extraction methods 
 differ. 

 

Methodological and logistical issues 



2. Identify goals for data collection 
- Delineate population boundaries - Estimate average interpopulation 
- Quantify intrapopulation diversity    movement rates 
- Quantify interpopulation divergence - Estimate individual movement 
- Estimate parentage  rates or ranges 

 

Methodological and logistical issues 

Example of project goal for fragmented habitat 

Primary goal: Quantify genetic diversity in habitat 
fragments of varying sizes 

Secondary goal:  Estimate 
average interfragment 
movement rates 

Presenter
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When you quantify a parameter, you get a point estimate, and an error bar.  It is transparent. When you test hypotheses, the issue of statistical power comes up.  You alluded to this in the information you sent.  As I see it, there are two problems (philosophically) with that approach.  First, small sample sizes or sloppy data collection will lead to failure to reject the null hypotheses ... but that doesn't necessarily provide you with a product that is useful for making decisions.Second, as you know, failure to reject the null does not mean that there is no effect.  When the null is not rejected, one could go further and do a retrospective power analysis, e.g., "We failed to reject the null hypothesis that disturbed and undisturbed pools contain equal genetic variation.  Based on the statistical power of this study, we estimate that if disturbance does in fact decrease genetic variation, the average decrease is less than 50%."  But when was the last time you actually saw someone phrase it like that?



2. Identify goals for data collection 
- Quantifying relationships or estimating parameters is 

preferable to testing hypotheses. 

Methodological and logistical issues 

Example of project goal for fragmented habitat 

Estimate how much lower genetic diversity (He) is in small fragments 
(< 10 hectares) than in large 
fragments.  Report the estimated 
decrease with a 95% CI. 

or 

Test null:   He [fragments < 10 ha] 
                = He [fragments ≥ 10 ha] 
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When you quantify a parameter, you get a point estimate, and an error bar.  It is transparent. When you test hypotheses, the issue of statistical power comes up.  You alluded to this in the information you sent.  As I see it, there are two problems (philosophically) with that approach.  First, small sample sizes or sloppy data collection will lead to failure to reject the null hypotheses ... but that doesn't necessarily provide you with a product that is useful for making decisions.Second, as you know, failure to reject the null does not mean that there is no effect.  When the null is not rejected, one could go further and do a retrospective power analysis, e.g., "We failed to reject the null hypothesis that disturbed and undisturbed pools contain equal genetic variation.  Based on the statistical power of this study, we estimate that if disturbance does in fact decrease genetic variation, the average decrease is less than 50%."  But when was the last time you actually saw someone phrase it like that?



3. Study design and analysis are goal-specific 
Examples 
a. Compare genetic diversity among sites? 
 -> sample as many sites as possible, modest to high 

number of genes (10+), 20+ individuals per site 
b. Estimate gene pool boundaries? 
 -> modest to high number of moderately or highly 

polymorphic genes (12+), 20+ individuals per putative 
gene pool, even spatial coverage 

c. Estimate the effects of a particular road on 
connectivity? 

 -> similar genetic requirements. Samples focused on 
multiple paired sites on same and opposite sides of road. 

Methodological and logistical issues 



4. Clarify short and long-term goals 
Examples 
a. Single study with specific goals and no long-term plans 
 -> choose most effective set of molecular markers to 

estimate parameters with a high degree of accuracy 
b. Plans for genetic monitoring / future studies 
 -> consider investing in additional genetic 

markers/technologies: cost-effectiveness may be a high 
priority 

 -> plans for continuing tissue collection and storage 
c. Model species / additional questions about physiology, 

adaptation, disease susceptibilty, etc. 
 -> potentially costly investment in genomics reources 

Methodological and logistical issues 
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