Diversity 2011, 3, 375-389; doi:10.3390/d3030375

diversity

ISSN 1424-2818
www.mdpi.com/journal/diversity

Article

Genetic Risk Assessment of a Threatened Remnant Population
of Hairy Prairie-Clover (Dalea villosa var. villosa) in the
Canadian Prairie

Yong-Bi Fu *, Gregory W. Peterson and Ken W. Richards

Plant Gene Resources of Canada, Saskatoon Research Centre, Agriculture and Agri-Food Canada,
Saskatoon, SK S7N 0X2, Canada; E-Mails: Gregory.Peterson@agr.gc.ca (G.W.P.);
Ken.Richards@agr.gc.ca (K.W.R.)

*  Author to whom correspondence should be addressed; E-Mail: Yong-Bi.Fu@agr.gc.ca;
Tel.: +1-306-956-7642; Fax: +1-306-956-7246.

Received: 4 June 2011; in revised form: 13 July 2011 / Accepted: 28 July 2011 /
Published: 8 August 2011

Abstract: Hairy prairie-clover [Dalea villosa (Nutt.) Spreng. var. villosa] is a threatened
Canadian wildflower. To facilitate the efforts of conserving this threatened plant, amplified
fragment length polymorphism (AFLP) technique was applied to assess genetic diversity in
a remnant hairy prairie-clover population in the Canadian Prairie. Three AFLP primer pairs
were employed to genotype 610 individual plants from the population and 15 plants from a
North Dakota composite population, and 100 polymorphic AFLP bands were analyzed.
The assayed plants displayed 23% AFLP variation present between the remnant population
and the North Dakota composite population, but maintained a high level (91%) of AFLP
variation within patches of the remnant population. The individual genetic distinctiveness
measured by average AFLP dissimilarity was positively associated with latitude and
negatively with elevation. The among-patch AFLP variation was significantly related to
inter-patch distance, indicating local genetic differentiation within the remnant population.
However, the proportions of within-patch AFLP variation were not associated with any
patch characteristics assessed (i.e., patch size, perimeter, nearest neighbor distance, mean
inter-patch distance). No fine-scale genetic structure was found within three large patches,
suggesting little genetic correlations present for plants five meters apart. Some genetically
distinctive and diverse patches were also identified. These findings indicate that the genetic
risk of the remnant hairy prairie-clover population in the Canadian Prairie is low.
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1. Introduction

The last decade has seen a substantial increase in the number of threatened plant species
worldwide [1]. Considerable efforts have been made to protect the remnant populations of threatened
plant species [2,3]. However, insufficient efforts have been made to assess the genetic risks of the
threatened plant species [4,5]. Modern molecular techniques make a marker-based genetic diversity
analysis more feasible than before to poorly known plant species [6]. The marker-based analysis can
accurately measure the extent and correlative change of genetic diversity with influencing
environmental and habitat factors in small plant populations and has been successfully applied to many
threatened plant species [4,7,8]. Thus, an informative assessment on genetic risks of threatened
remnant plant populations is possible.

Understanding genetic variation of plant species is important for predicting the evolutionary
potential of the species and for formulating the effective strategies of conserving remnant plant
populations [2,9]. Remnant populations can be theoretically predicted to have greater chance of
deteriorating in genetic variation and becoming increasingly differentiated due to founder effects at the
time of fragmentation, increased random genetic drift, elevated inbreeding, and reduced
interpopulation gene flow [10-12]. In the long term, these small populations may have reduced ability
to adapt to changing environments and potentially become extinct [4,13,14]. Consequently, remnant
populations have gained attention in conservation and been subjected to research. However, empirical
studies of small, isolated populations have yielded variable results [9,12]. Cases have been reported in
which fragmented populations of some widespread plant species promoted gene flow and were not
detrimental [15-17]. Several factors responsible for such discrepancy have been proposed such as
interspecific longevity differential, pre-fragmentation abundance, different mating system, the
presence of seed banks, and interaction of animal population and seed dispersal [12]. The influences of
these factors on the extent and change of existing genetic diversity during habitat fragmentation are,
however, less well understood [18,19]. Further research efforts are warranted to assess variable genetic
effects of habitat loss on endangered plants [20,21].

Hairy prairie-clover [Dalea villosa (Nutt.) Spreng. var. villosa] is a member of the Fabaceae or pea
family and has become a threatened Canadian wildflower (Global Rank: G5T5; COSEWIC status:
threatened; Saskatchewan Provincial Rank: S1, and Provincial Protection Status: endangered). It is
found in central North America, from Manitoba and Saskatchewan south to New Mexico and Texas,
and from Colorado east to Michigan [22], and becomes rare in Saskatchewan, Manitoba, Montana,
Iowa and Wyoming. This species is restricted to sandy sites or sand hill blowouts. Survival of the
species is primarily threatened by the processes of and negatively influencing factors for sand dune
stabilization [22]. As dunes continue to become vegetated via invasive weed species like leafy spurge
(Euphorbia esula L.), the continuous loss of habitat for this species is expected.
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The hairy prairie-clover plant is a perennial with a woody taproot and caudex and reproduces by
seeds. In the Canadian Prairie, the plants flower from late July to late August and set seed in
September [23]. The total Saskatchewan population was estimated to be in the low to mid-hundreds [23].
Conservation efforts have been initiated and a recovery strategy is being developed to protect this
species in the Canadian Prairie by field assessment, conservation strategy formulation, and critical
habitat research [24]. However, little is known about the biology of this species and the genetic risk of
small remnant patches [22].

To facilitate the efforts to conserve the remnant hairy prairie-clover populations, we conducted a
genetic risk assessment of a threatened population of hairy prairie-clover in the Canadian Prairie using
amplified fragment length polymorphism (AFLP) technique. The AFLP markers [25], although scored
dominantly (i.e., without distinction between homozygotes and heterozygotes) and not always
homologous [26], has been widely applied to assess genetic variability in many plant species and is a
robust, highly effective tool for poorly known plants [27-29]. The specific objectives of this study
were: (1) to assess genetic variation and spatial structure within the remnant hairy prairie-clover
population and (2) to evaluate the associations of genetic variation with patch characteristics such as
patch size and perimeter.

2. Materials and Methods
2.1. Plant Sampling and Tissue Collection

The remnant hairy prairie-clover population studied here was located in the Canadian Prairie and
managed by the Agri-Environmental Services Branch, Agriculture and Agri-Food Canada (AAFC)
(Figure 1). The population has spanned over an area of approximately 123 square kilometers. Patches
of variable sizes ranging from a few to hundreds of plants are scattered over sparsely-vegetated active
sand dunes or sand hill blowouts in a mosaic of forest, shrubland, grassland and barren sand patches.
Some commonly associated species include its close relative D. purpurea Vent., Stipa comata Trin. &
Rupr., Calamovilfa longifolia (Hook.) Scribn., and Rosa woodsii Lindl. [23].

Two sampling strategies were applied in this study. Distribution-focus sampling selected plants
from as many small patches as possible to increase the coverage of the existing plant distribution
across the remnant population. This sampling yielded a collection of 188 plants from more than 70%
of the previously identified patches, particularly those of sizes a few plants only. Patch-focus sampling
increased sampling intensity within the selected patches of variable size to enhance the assessment of
genetic variability and patchy characteristics. This sampling yielded a collection of 422 plants from 32
defined patches (i.e., those patches with clear boundary and isolation; Figure 1). In either sampling
strategy, plants at least 5 m apart from each other were randomly selected to minimize the sampling of
close genetic relatives and the GIS information for each selected plant was recorded. Young and
growing leaf tissues from 2—4 cm long branch tips of selected plants were individually collected in
paper envelopes and immediately stored in cool containers with dry ice. On the same day, the collected
tissues were transported to and re-stored at —80 °C at Plant Gene Resources of Canada, Saskatoon
Research Centre, Agriculture and Agri-Food Canada. The collected samples were later freeze-dried
and kept at —20 °C for AFLP analysis.
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Figure 1. Location of the remnant population of hairy prairie-clover in the Canadian
Prairie and distribution of 32 defined patches with clear boundary and isolation.
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To compare the genetic diversity of this remnant population with other populations, a composite
population of multiple sources representing the wide distribution of hairy prairie-clover plants in North
Dakota was obtained from USDA-NRCS Plant Materials Centre, Bismarch, North Dakota. Seeds were
grown in a greenhouse at the Saskatoon Research Centre and young leaf tissues were individually
collected from 15 growing seedlings for this study.

2.2. AFLP Analysis

Genomic DNA was extracted from 50 mg of freeze-dried leaf tissue using the E.Z.N.A. Plant DNA
mini-kit (Omega Bio-Tek, Doraville, GA, USA) spin method. Extracted DNA was quantified
fluormetrically with Hoechst 33258 dye (Sigma Life Sciences, Oakville, ON, Canada) against known
concentration standards and diluted to 25 ng pL~' with water. AFLP analysis was conducted according
to Vos et al. [25] using restriction enzymes Eco RI and Mse I (New England Biolabs, Pickering, ON,
Canada). Selective amplification was preformed with primer pairs: E+AGG/M+CTG,
E+ACC/M+CAG, and E+ACG/M+CTG with the Eco RI primer radiolabelled with y-"P-dATP
(Perkin-Elmer, Waltham, MA, USA) and separated on 35 cm x 50 cm x 0.4 mm, 5% (19:1)
acrylamide:bisacrylamide, 7 M urea, denaturing polyacrylamide gels. Gels were transferred to Whatman
3MM blotting paper, dried, and exposed against Kodak BioMax MR film for one to four days at
—80 °C. Three additional randomly selected samples were duplicated across all the gels as control to
minimize technique-related and scoring errors. Data from the autoradiograms were scored manually.
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2.3. Data Analysis

The presence/absence AFLP data for all the samples were analyzed for the level of polymorphism
by counting the total number of bands and the number of polymorphic bands, calculating the
proportion of polymorphic bands, and generating mean band frequencies with respect to primer and
population. This was done using a SAS program written in SAS IML [30].

To assess AFLP variance components and test their statistical significance levels, analysis of
molecular variance (AMOVA) was performed using Arlequin 3.0 [31] with respect to group
(population or patch). This analysis allows for partitioning of the total AFLP variation into within- and
among-group components, measuring inter-group distances as a proportion of the total AFLP variation
residing between any two groups (Phi statistic), and estimating group-specific Fst [32]. Four models of
genetic structuring were made: (1) remnant vs composite populations; (2) distribution-focus vs. patch-
focus samples; (3) all defined patches; and (4) defined patches of size 10 or larger. The significance of
variance components and inter-group distances was tested with 10,100 random permutations.

The optimal genetic structure was inferred using a model-based Bayesian method available in the
BAPS software [33]. Clustering of individual plants was done using the model for non-linked markers
and 20 replicate runs of the algorithm with the upper-bound values (K) for the number of clusters
ranging between 2 and 30. Recently, the BAPS analysis was found to display more advantage in
inferring genetic structure over the STRUCTURE [34,35] analysis (e.g., see [36-38]). The advantage
largely reflects its power of estimating optimal cluster number and admixture coefficient with much
less computation time.

To assess the genetic associations of the 625 individual plants, a neighbor-joining analysis was also
conducted using PAUP* [39] and a radiation tree was displayed using MEGA 3.01 [40]. The
individual genetic dissimilarity was estimated using the simple matching coefficient [41] and
following Fu [42] as the average AFLP dissimilarity of a sample against the remaining samples. A
higher average dissimilarity obtained from unlinked markers means that the sample has a genetic
background more distinct from the other samples [42]. This assessment was done using a SAS program
written in SAS IML [30]. Linear regressions were separately performed of individual genetic
distinctiveness estimates over individual position characteristics such as latitude, longitude, and elevation.

To assess the genetic associations of plants among the assayed patches, a dendrogram was
generated from the inter-patch genetic distance matrix using the unweighted pair-group method,
arithmetic average (UPGMA) clustering procedure in NTSYS-PC 2.01 [43]. The Mantel test was
carried out to assess the correlation between patch genetic distances and patch differences in distance,
elevation, and size. Simple linear regressions were separately made of within-patch AFLP variation
over patch characteristics such as patch size (in term of polygon area), patch perimeter, nearest
neighbour distance, and mean inter-patch distance. Some of these patch characteristics were provided
by Dr. Darcy Henderson, Environment Canada.

Fine-scale spatial genetic structure within a patch was assessed using GenAlEx v6 software [44] for
three defined patches of the largest sample sizes and genetic distances at individual levels were
generated. Mantel test was applied to assess the association of individual genetic distances with
individual position characteristics such as latitude, longitude and elevation.
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3. Results and Discussion
3.1. AFLP Variation

The three AFLP primer combinations detected a total of 131 DNA fragments among the 625
individuals, of which 128 (97.7%) fragments were polymorphic and scored. However, only 100
polymorphic bands displayed a consistency of presence or absence in all the control samples across all
the gels and thus were used for further data analysis (Table 1). The primer pair E+ACC/M+CAG had
the highest number of polymorphic bands (35), while the primer pair E+AGG/M+CTG had the highest
mean band frequency of 0.471. The frequencies of all the polymorphic bands ranged from 0.002 to
0.998 and averaged 0.401. A substantial proportion of the polymorphic bands (i.e., 45%) had
frequencies smaller than 0.01. These frequency distributions suggest that the assayed primer
combinations sampled various parts of hairy prairie-clover genomes. The finding of the high level
(97.7%) of AFLP polymorphism indicates that this species is genetically highly heterogeneous and is
consistent with the observation of the outcrossing nature of this species by bee-pollination, although
the extent of outcrossing remains unknown. Two closely related species D. purpurea Vent. and
D. candida Michx. ex Willd. are both highly outcrossing, being pollinated by a diversity of bee and fly
species [45]. Such a high level of AFLP polymorphism is expected for an outcrossing plant
species [46] and is compatible with those AFLP findings reported in other outcrossing plant species
native to North America [27-29,47,48].

Table 1. Patterns of amplified fragment length polymorphism (AFLP) in the remnant
population of hairy prairie-clover with respect to AFLP primer pair.

Percentage of Number of Frequency of polymorphic bands
Primer Pair polymorphic bands | polymorphic
observed bands used Mean Range
E+AGG/M+CTG 100 33 0.471 0.002-0.998
E+ACC/M+CAG 95.7 35 0.410 0.002-0.998
E+ACG/M+CTG 97.3 32 0.319 0.002-0.997
All primers 97.7 100 0.401 0.002-0.998

3.2. Population Variation

Analysis of AFLP variation revealed 23.3% AFLP variation present between the remnant
population in Saskatchewan and the composite population from North Dakota (Table 2). The
population-specific proportional variation (Fst) was 0.2331 in the remnant population and 0.2306 in
the composite population. These population-specific Fst values measure the extent to which each
population differs genetically from the combined population as a whole [49], thus suggesting a little
more distinctness for the Saskatchewan threatened population than for the North Dakota composite
population in the centre distribution of the species. Such AFLP finding is somehow expected, as the
plants from the composite population may represent various seed sources in North Dakota. Within the
remnant population, the plants collected from distribution-focus and patch-focus sampling displayed
non-significant differentiation in AFLP variation (Table 2). This suggests that the two sampling
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strategies yielded little difference in sampling AFLP variation. The patterns of patch AFLP variation
presented and discussed in the later section should be representative for the whole remnant population.

Table 2. The results for the analysis of molecular variance of 625 assayed plants of hairy
prairie-clover with four models of genetic structuring.

Model and source of variation df Variance components % variation
Remnant vs composite populations
Between populations 1 2.07 23.30%***
Within populations 623 6.82 76.70
Distribution- vs patch-focus samples
Between groups 1 0.01 0.05ns
Within groups 608 6.79 99.95
All defined patches
Among patches 31 0.64 9.52%**%
Within patches 390 6.08 90.48
Defined patches (of size >9)
Among patches 22 0.57 8.49%H**
Within patches 345 6.11 91.51

Note: ns is for non-significance at P > 0.05; **** for statistical significance at P < 0.0001.

The model-based Bayesian inference of the genetic structure among the 625 plants sampled from
the remnant and composite populations revealed five optimal clusters with the highest log likelihood of
—13,578.6 (Figure 2A). Only three plants (0.5%) had multiple memberships of various clusters. The
cluster size ranged from 18 for cluster 5 to 221 for cluster 3. The smallest, cluster 5, consisted of
15 individuals from the North Dakota composite population and three plants from the remnant
population and was the most divergent cluster (Figure 2B). The membership composition of other four
clusters was not unique with respect to plant location and patch. Overall, the genetic structure
presented in the four optimal clusters for the remnant Saskatchewan population was weak (Figure 2B).

The assessment of individual genetic association from both remnant and composite populations
revealed not only the heterogeneous nature of this species, but also little distinctness of the hairy
prairie-clover plants in the North Dakota composite population from the remnant Saskatchewan
population (Figure 3). The assayed plants were loosely clustered into five clusters, similar to the
model-based structure inference (Figure 2). These clusters did not seem to be associated with the plant
locations, nor with the defined patches. More interestingly, the plants from the North Dakota
composite population did not form their own cluster, differing slightly from the BAPS inference
(Figure 2A), but seemed to be derived from a subgroup of the Saskatchewan plants. It is possible that
the composite plants assayed may not truly reflect the original source populations, as the 15 sampled
seeds may be offspring of the original composite population with some level of genetic change.
Also, as expected, there was no clear separation among the plants either from patch-focused or
distribution-focus sampling.
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Figure 2. Genetic structure of 625 assayed hairy prairie-clover plants inferred using
the BAPS software. (A) five optimal clusters; (B) genetic divergence among five

optimal clusters.
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Figure 3. AFLP-based neighbor-joining dendrogram of 625 assayed plants of hairy
prairie-clover. The plants of defined patches are labeled with patch number, from the
distribution-focus sampling with letter n, and of the North Dakota composite population
with s and highlight.
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The assessment of individual genetic distinctiveness with plant location characteristics revealed that
the plants in this remnant population were significantly associated with latitude and elevation readings,
but not with longitude reading (Figure 4). These associations, although explaining relatively small
proportion of variation, might signal that more gene flow had occurred in the south than the north sides
of the population, and similarly, more gene flow for the plants on the hills than on the bottom of sand
dunes. These patterns of variation could be generated due to restricted seed dispersal, limited bee
pollination, or directed sand movement.

Figure 4. Correlation analysis among the genetic distinctiveness estimates of individual
hairy prairie-clover plants, site latitude (A) and elevation (B).
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3.3. Patch Variation

An analysis of AFLP variation among the 32 defined patches was made. These patches had sample
sizes ranging from 3 to 40 and averaging 13.2 (Figure 5). Nine patches had a sample size smaller than
10 and three patches had a sample size larger than 20. The AFLP analysis showed that 90.5% of the
total AFLP variation resided within defined patches and only 9.5% existed among various defined
patches (Table 2). Removing patches of size less than 10 generated similar results with 91.5% of the
total AFLP variation residing within the patches (Table 2). Thus, a patch of considerable size in this
population maintained a relatively high level of genetic diversity. This may also help to explain the
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weak genetic structure observed at the individual plant level (Figure 3), as some plants shared more
genetic backgrounds with plants from different patches than those within patches.

Estimates of patch-specific proportional AFLP variation (Fst) ranged from 0.086 to 0.118 and
averaged 0.098 (Figure 5). The assessment of these patch-specific F'st values with patch characteristics
revealed non-significant associations of patch genetic variation with patch size (in term of polygon
area), patch perimeter, nearest neighbour distance, and mean inter-patch distance (results not shown).
These patterns of non-significant association remain the same when only 23 patches of size greater
than 9 were considered. These findings indicate that these patch characteristics may not directly
contribute to the change in within-patch AFLP variation if any. A patch of several plants should
maintain considerable genetic variation [48].

Figure 5. AFLP-based UPGMA dendrogram of the assayed plants in the 32 defined
patches within the remnant population of hairy prairie-clover, along with patch sample size
(Ps) and patch-specific proportional AFLP variation (Fst). A patch is labelled with a letter

P followed by a number.
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The correlation analysis of patch genetic distances with patch differences in distance, elevation, and
size revealed a significant association with geographic distances (Figure 6), not with patch elevation
and size. A patch of plants were more genetically distinctive to a patch far away than to a patch nearby.
The assessment of patch genetic associations showed the most genetically distinctive patch was
patch#4, followed by patch#5, #7, #3, and #12 (Figure 5). Identification of these genetically distinctive
patches is useful for the effective in situ management of the remnant population and for sampling
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germplasm for ex situ conservation.

Figure 6. Correlation analysis between genetic and geographic distances for the 32 defined
patches within the remnant population of hairy prairie-clover.
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3.4. Spatial Variation within Patches

Fine-scale spatial genetic variation was examined within three large patches (i.e., patch#19, #21,
#32 with sample sizes 40, 23, 28, respectively). The physical areas for these three patches ranged from
50 to 100 m long and 20 to 40 m wide and were estimated in the polygon areas of 8668, 3955, and
6821 m’, respectively. However, no spatial genetic structure was found in any patches, as none of the
estimated autocorrelation coefficients were statistically significant at P < 0.05 (results not shown).
This was further confirmed by the Mantel test finding non-significant individual genetic associations
with individual sampled locations within the patches (results not shown). These findings indicate the
presence of little genetic correlation among plants five meters apart within each assayed patch. The
lack of fine-scale genetic structure may reflect the sampling bias of excluding plants within five
meters. It is possible that some fine-scale genetic structure exists within five meter distance due to
limited seed dispersal [50]. Also, relatively dense plants (i.e., roughly 2—4 plants/m?) growing nearly
continuously within each patch may signal some genetic relatedness present among nearby plants.

3.5. Implications for Hairy Prairie-Clover Conservation

The patterns of AFLP variation presented here are useful to the management and conservation of
hairy prairie-clover in the Canadian Prairie. First, the assayed patches appear to be maintaining large
genetic diversity, implying that the genetic impact of random drift and inbreeding was small (if any) in
these patches. This implication was also supported by another two findings that the patch AFLP
variation was not significantly associated with patch size and the hairy prairie-clover plants
from patch-focus and distribution-focus sampling displayed little AFLP differentiation across the
remnant population.

Second, the findings of large AFLP variation and non-significant spatial variation with a patch also
imply little genetic risk for this remnant population. The conservation effort may be emphasized less
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on genetic factors and more on reproductive biology and ecological attributes of the population. The
maintenance of active bee pollinations including suitable habitat for nesting appears to be crucial to
avoid possible genetic risks. Further studies on plant regeneration ability associated with various
ecological and environment factors may yield useful information for long-term conservation of
this population.

Third, the significant association of patch variation with inter-patch distance implies that the genetic
management may be focused on patches that are far apart, particularly those patches in the north side
of the remnant population. More attention should be paid to the most genetically distinctive patches
such as patch #4, #5, #7, #3, and #12. Gene flow may be relatively limited for plants in the north side
of the population and located on the bottom of sand dunes.

Fourth, the revealed patterns of genetic variation within the population are useful for sampling hairy
prairie-clover plants for patch restoration. The estimated genetic distinctiveness and genetic distinctive
patches should provide some guide on the effective sampling of genetic diversity either for restoration
or ex situ conservation. The patches in the south side of the population tended to have more
AFLP variation and the plants in the bottom of sand dunes may not necessarily have more AFLP
variation. Also, seeds from a few patches should capture considerable genetic variation harbored in
this population.

Fifth, it remains unknown how general these patterns of AFLP variation are with respect to other
hairy prairie-clover populations in the Canadian Prairie or other sand dune specialist species. Given the
finding of large AFLP variation and the nature of outcrossing, however, it is not difficult to reason that
the genetic risk may be relatively low for the other remnant populations in the Canadian Prairie [48].
Further genetic and ecologic studies with more populations in the northern range of the
species distribution should yield more useful information to identify the potential risks of the
remnant populations.

4. Conclusions

This diversity analysis revealed large AFLP variation and non-significant spatial variation with
patches of hairy prairie-clover, suggesting low genetic risk for this remnant hairy prairie-clover
population. The revealed patterns of AFLP variation were informative to the management and
conservation of hairy prairie-clover in the Canadian Prairie.
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