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Genetics and Resource Management

Inexpensive
• Do not need and prior genetic knowledge

Conservation
• Helps land managers know where conservation $$$ will be best used
• Maintain geneflow and genetic variation

Address taxonomic concerns
• Species status
• Species boundaries and relationships to other species
• Eligibility for the ESA

Rare Plants
• Examine evidence of hybridization
• Population Structure
• Measure genetic variation, diversity, population connectivity….. Etc

Presenter Notes
Presentation Notes
A lot of our questions for rare plants are based on our lack of knowledge about that plant. Origination, who is it related to, what does the population structure look like, etc. With genetics, we have the technology to answer a lot of questions that help land managers appropriately manage populations. For example, we can determine genetic diversity and population structure to prioritize certain populations, examine species boundaries, or even address whether certain species should be listed under the ESA. The technique we use is inexpensive compared to other methods and the turn around time takes less than 1 year because we don’t need prior genetic information. So once we have all this information, we can help land managers determine where their conservation $$$ is best used…….because we know that is a limited resource.



Genetic methods
• ddRAD – genome skimming technique

• Modern

• Fine-Scale observations between:
• Individuals
• Populations
• Closely related species

• 1000’s of unique genetic regions
• Whole genome
• Single Nucleotide Polymorphisms (SNP’s)

*Versus 10 -20 microsatellite regions on unknown regions of the genome* 

• Relatively inexpensive
• No prior genetic information



Molecular Characters of the Colorado Endemic,
Corispermum navicula Mosyakin
(Amaranthaceae): Species Delimitation and 
Implications for Management 

Final Report – May 31, 2022

Exploration of species boundaries and genetic 
structure of Draba weberi Price & Rollins 
(Brassicaceae)

Final Report – August 30, 2022

Presenter Notes
Presentation Notes
So I’m not going to speak about all the plants we work on, because I would be up here all day (and nobody wants that). Instead, we wanted to highlight 2 projects that we finished this year because they 1. speak to the power of what genetic data provides for land managers, but also 2) suggests we don’t understand enough of the current biodiversity that is literally in our backyards. Both D. weberi and C. navicula were species that were up for review to be listed under the ESA. We were contracted by FWS to examine these species because of the limited knowledge we have about them which makes them incredibly difficult to manage. 



Corispermum navicula

Presenter Notes
Presentation Notes
Corispermum is an endemic plant in Jackson County, CO found in the North Sand Hills Special Recreation Area and East Sand Hills Northeast of Walden, CO. This is an annual species that has broad morphologies and has been confusing to botanists since its discovery. There has been speculation of hybrids, integration with other Corispermums, but no one had been to nail down species. So when Mit and I started this project in 2020, we thought we would just go and collect samples from each site, find some outliers…… easy peasy. We were wrong. 2 years later, I was still walking around the sand hills and searching everywhere for Corispermum in Southern Wyoming and west of Walden because we couldn’t make sense of what the data was telling us. 



Figure 4. Maximum Likelihood phylogenetic tree with rapid bootstrap support values. Bootstrap values greater than 95% are depicted with *, while bootstrap values of 100% are depicted with **. 
This tree supports the distinction of plants collected from the Northern Sand Dune System and outgroups. Substructuring between The Northern Sand Dune System and the access road (RD) is 
significantly supported, but some plants collected on S_NSH are also located in this group. Genetic distinction between ESH (green) and NSH (N_NSH:orange, S_NSH:grey) are not supported.

Presenter Notes
Presentation Notes
This is a phylogenetic tree where individuals are grouped with other like individuals and clades or groups are are shown with bootstrap support values. We generally feel that bootstrap values less than 80% are non-informative and not statistically supported. Populations have been color coded. For example, grey individuals were collected from the southern section of the NSH and green was collected from ESH. Immediately we saw that there was some population structure that was loosely associated with geographic location. Some admixture between populations. But this was not statistically supported. This suggests that individuals are all closely related….. So we wanted to know how related…..



Inbreeding Coefficients - GIS

• Ranges from -1 to 1
• Negative values are associated 

with outbreeding
• 0 = no inbreeding
• 1 = completely inbred
• > 0.4 = high levels of 

inbreeding

Table 3. The mean number of alleles (A), observed heterozygosity (Ho), expected 
heterozygosity (He), and Inbreeding Coefficient (Gis) is shown for all species and populations.  

Population N A Ho He GIS

COVI 5 1.303 0.012 0.140 0.918

COWE 2 1.149 0.013 0.137 0.904

COAM 9 1.370 0.012 0.133 0.907

RD 22 1.087 0.010 0.009 -0.160

ESH 40 1.312 0.011 0.037 0.694

N_NSH 45 1.426 0.013 0.067 0.811

S_NSH 51 1.358 0.010 0.080 0.881

Presenter Notes
Presentation Notes
So one way to test how related individuals are is by looking at the inbreeding coefficient. GIS values range from -1 to 1 with negative numbers representing outbreeding and positive numbers representing inbreeding. 0 = no inbreeding and 1 = all the inbreeding. With hermaphroditic and self-compatible species, we generally use the 0.4 to 0.5 range to indicate high levels of inbreeding. All populations are incredibly inbred….. Except RD which I’ll talk about in a minute. So how inbred are these plants?



Kinship Coefficients

• Range from 0 – 1
• 0 = complete strangers
• 0.25 = half – sibllings
• 0.50 = full siblings / parent –

child
• 1 = clone/identical twin

• 14 clones

Population # Comparisons # > 0.5 Range mean s.d.

COVI 10 6 0.24 - 0.85 0.49 0.20

COWE 1 1 0.51 - -

COAM 36 13 0.29 - 1.0 0.54 0.27

RD 231 231 0.79 - 0.87 0.83 0.01

ESH 780 111 0.01 - 0.60 0.36 0.14

N_NSH 990 45 0.00 - 0.79 0.20 0.17

S_NSH 1,200 316 0.00 - 1.00 0.29 0.28

All Samples 14,790 803 0.00 - 1.00 0.11 0.18

Table 5. Kinship Coefficients measured for all individuals sampled within each population and 
outgroups. The range of coefficients is shown (low - high) and the mean and standard deviation 
of each population was calculated.

Presenter Notes
Presentation Notes
We dove a little further and ran an analysis that generates Kinship coefficients which tells us how similar the genotypes between 2 or more individuals are. Kinship coefficients range from 0 – 1 with 0 being two complete strangers and 1 = identical twins or clones. 50% similar genotypes are found between parents and children or between two siblings. We found that most individuals were more related than full siblings. There were 14 clone pairs. So let’s talk about RD…… This groups consisted of individuals that were more closely related to each other than any other group, with over half of the clone pairs. So this suggests that every individual in this population was almost identical and any gene flow with other populations calculated to an out breeding event which is why we saw the negative GIS.



Axis 1: 24.58%

A
xi

s 2
: 1

3.
02

%

Figure 6. Principle Component Analysis plot of Axis 1 
(24.58%) and Axis 2 (13.02%) based on a genome-wide SNP 
dataset. Bar graphs with eigen values for each axis are shown 
in the inset figure. 95% confidence intervals for each group are 
included. The seven collection groups are identified with 
various colors, but do not correspond to any cohesive genetic 
grouping. ESH (green), S_NSH (black), N_NSH (orange), RD 
(yellow), JCR33/COAM (purple), and outgroups COVI (red) 
and COWE (turquoise).  

Axis 1: 24.58%

PCoA

Presenter Notes
Presentation Notes
PCOA shows how similar these individuals are by sharing the same coordinate space almost completely. RD is still off doing inbreeding in the corner. What is special about this analysis however, is that we also can’t distinguish between any of the out groups – which are more closely related to the NSH than the population on the RD is related to C. navicula



Conclusions
• Corispermum navicula does not warrant 

treatment as a distinct species

• “Existing structure does not correspond to 
previous descriptions of C. navicula’s
distribution (Mauz & Dawson 2007, Neale 
et al. 2013), existing herbarium records, or 
general morphologies (Naibauer and 
McGlaughlin 2021). 

• Corispermum Berring Land Bridge 
Colonization ~38,000 years ago

• Explains the lack of genetic variation seen 
among Rocky Mountain Corispermum

• Wind pollinated – wide dispersal ability
*Model species for phenotypic plasticity

Presenter Notes
Presentation Notes
We feel that C. navicula does not warrant treatment as a distinct species – no morphological, ecological, or geographical descriptions help up with the genetic data. In our digging to try and explain some of these results, we found out that Rocky mountain Corispermums were a bering land colonization about 38,000 years ago. So when you have a wind pollinated plant with a wide dispersal ability, they need a lot of time to differentiate. And we’re not seeing that differentiation at this time. Fun Fact – we also found out that Asian Coripermums are used as a model species for studying phenotypic plasticity.



Draba weberi

Presenter Notes
Presentation Notes
Moving on – lets talk about Draba next. D. weberi is an extremely narrow endemic to wet rocky outcrops in 4 river drainages just south of Breckenridge. Draba weberi is a member of the Crassa Complex which is comprised of many other yellow flowered and sterile mustards. Among the crassa complex, hair morphology is one of the most widely used methods to differentiate between species, but most of these characteristics overlap among multiple species. D. weberi has been described as a microspecies that lies somewhere between two true species – but this theory had not been tested genetically. Also microspecies do not qualify for protection under the ESA, so determining what it actually is was crucial for understanding how to protect it. 



Figure 3. A ML phylogenetic tree with rapid bootstrap support values. Results are based on a dataset consisting of 15,286 SNP’s shared among 127 individuals. Samples collected in from the Tenmile-
Mosquito Range are labeled with specific abbreviations, population name, and unique identifier. Samples collected from herbaria are labeled by their specific name, county and state where they were collected, 
and accession number. Draba weberi samples are highlighted in green.   Refer to Tables 1 and 2 for more sample details.

Presenter Notes
Presentation Notes
This is another phylogenetic tree of multiple species in the Crassa complex which are distinct from other Drabas  and most of them do come out as being true taxonomic entities. However if we zoom into the Draba weberi group…..



Figure 3. A ML phylogenetic tree with rapid bootstrap support values. Results are based on a dataset consisting of 15,286 SNP’s shared among 127 individuals. Samples collected in from the Tenmile-
Mosquito Range are labeled with specific abbreviations, population name, and unique identifier. Samples collected from herbaria are labeled by their specific name, county and state where they were collected, 
and accession number. Draba weberi samples are highlighted in green.   Refer to Tables 1 and 2 for more sample details.

Presenter Notes
Presentation Notes
We find that D. streptobrachia is nested within our D. weberi group. This suggests that D. weberi is not genetically distinct from the more widespread streptobrachia. But what about these bootstrap values? We sampled a lot of individuals to answer this question and because of that intense sampling, we got a ton of genetic variation. We feel like the variation we were able to capture is very similar to the amount of variation we saw in other species which is measured by branch length.I would like to point out that we do have two clades for D. weberi and one of them does not have any D. streptobrachia in it……. We feel like is still D. streptobrachia for multiple reasons including the fact that samples collected from less than 3 meters apart appear in separate clades and they could not be morphologically differentiated. And individuals from all 4 drainages are found in both clades. We think we just happened to collect two different lineages. 



Axis 1 (14.65%)

Ax
is 

2 
(1

3.
22

%
)

Legend
DRAL = D. albertina
DRAU = D. aurea
DRCA = D. cana
DRCRF = D. crassifolia
DRCRA = D. crassa
DREX = D. exunguilata
DRGR = D. grayana
DRFL = D. fladnizensis
DRLO = D. lonchocarpa
DRSP = D. stectobilis
DRST = D. streptobrachia
DRSTR = D. streptocarpa
DRWE = D. weberi

Figure 4. Principle Component Analysis (PCA) plot of Axis 1 (14.65%) 
and Axis 2 (13.22%) based on a genome-wide SNP dataset consisting of 
15,286 SNP’s shared among 127 individuals. Bar graphs with eigen 
values for each axis are shown in the inset figure. 

PCoA

Presenter Notes
Presentation Notes
We also ran a PCOA and DRWE and DRST occupy the same space in the same quadrant which confirms our suspicion that D. weberi and D. streptobrachia are the same species. 



= D. weberi

Presenter Notes
Presentation Notes
Soooo big picture..... Here is the distribution of D. streptobrachia. I have also added the entire distribution of D. weberi as shown by these purple stars. Historically, anything collected in these 4 drainages has been identified as D. weberi when even on Hoosier Ridge D. streptobrachia is collected. This is apparent to us that we have collection site bias for one species when it really just is a small subset of the distribution of D. streptobrachia. 



Conclusions
• “The results shown in this final report demonstrate 

that D. weberi is not a distinct taxonomic entity as 
described by Price (1991) and should be subsumed as 
D. streptobrachia “

• In the original description of D. weberi (Price 1991) it is 
noted that D. streptobrachia is likely a close relative 

• D. streptobrachia is the older named taxon



Wrap it up

• Corispermum navicula
• Under consideration for ESA
• Taxonomic issues
• Annual plant

• Incredibly difficult to manage

• Draba weberi
• Under consideration for ESA

• Microspecies?
• Unstable population trends

Using resources to conserve the species that need it 

Presenter Notes
Presentation Notes
SO we have two plants that are both up for ESA decisions that we knew very little about. Based on our genetic work, we were able to determine that these things don’t exist and therefore should not be sucking resources when there are other plants and organisms that actually require a little bit of help. 



Other Projects

• Completed
• Eriogonum brandegeei
• Eriogonum pelinophilum
• Sclerocactus glaucus

• Sclerocactus dawsonii
• Corispermum navicula
• Draba weberi

• Sclerocactus phylogenetics of the West
• Sclerocactus mesa-verdeae
• Sclerocactus cloverii

• Ongoing
• Phacelia formosula – coming soon
• Lygodesmia dolorensis
• Oenothera acutissima
• Penstemon penlandii
• Penstemon scariosus var. albifluvis
• Penstemon grahamii
• Astragalus osterhoutii – coming soon
• Eutrema penlandii – coming soon
• Mimulus gemmiparus – coming soon
• Penstemon yampahensis – coming soon
• Penstemon acaulis – coming soon
• Physaria X1
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Questions
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