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Reduced Genetic Variation in Populations of Black Cherry 
(Prunus serotina subsp. serotina, Rosaceae) at Its Western 

Range Limit in Kansas

James B. Beck1,*, Carolyn J. Ferguson2, Mark H. Mayfield2, and Joey Shaw3

Abstract - We compared genetic variation at five nuclear simple sequence repeat loci be-
tween three populations of Black Cherry (Prunus serotina subsp. serotina) at the edge of its 
western range in Kansas to four populations from within the range interior. Although with-
in-population expected heterozygosity did not differ between edge and core populations, 
allelic richness was significantly lower in the edge populations. This finding is consistent 
with a loss of rare alleles due to genetic drift in demographically unstable edge populations.

Introduction

 The non-random distribution of species is one of the most salient features of life 
on earth, and understanding the forces that shape species’ ranges remains an area 
of intense interest in ecology and evolution (Antonovics 1976, Bridle and Vines 
2007, Hoffmann and Blows 1994, Mayr 1963). Many models of range dynamics 
feature adaptation (or lack thereof) to local conditions at range edges (Sexton et 
al. 2009). Because adaptation requires genetic variation, these models include as-
sumptions regarding the relative amount of genetic variation across species’ ranges. 
The abundant center model (ACM) is commonly invoked. This model assumes 
that environmental conditions are most favorable at the range center, becoming 
increasingly less so towards range margins (Brown 1984, reviewed in Sagarin and 
Gaines 2002). This cline in habitat suitability creates increasingly lower effective 
population sizes and increased genetic differentiation among populations near 
range margins. Together, these features limit adaptive potential in edge populations 
due to an overall loss of variation through genetic drift and the swamping effects of 
maladaptive alleles arriving from relatively large interior populations (Bridle and 
Vines 2007, Kirkpatrick and Barton 1997, Vucetich and Waite 2003).
 Although this prediction of reduced genetic variation toward range edges has 
been the subject of numerous studies (reviewed in Eckert et al. 2008), few of them 
have examined these dynamics in central North America—an area of major biotic 
change, a transition zone for various forest ecosystems of eastern North America 
to the Great Plains grasslands (Barbour and Christensen 1993, Küchler 1972). In 
particular, many eastern North American plant species reach their western range 
limits here (Kartesz 2013), presumably in response to decreasing precipitation. 
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A particularly dramatic example is Prunus serotina Ehrh. subsp. serotina (Black 
Cherry: Rosaceae). This taxon forms part of Prunus serotina s.l., which also 
includes P. serotina subsp. hirsuta (Ell.) McVaugh (Alabama Cherry) from the high-
lands of Alabama and Georgia; subsp. eximia (Small) McVaugh from the Edwards 
Plateau; subsp. virens (Woot. & Standl.) McVaugh from west Texas, New Mexico, 
Arizona, and northern Mexico; and subsp. capuli (Cav.) McVaugh (Capulí) from 
southern Mexico and Guatemala (McVaugh 1951). Although McVaugh assigned 
some individuals from Mexico and Guatemala to subsp. serotina, the main range of 
P. serotina subsp. serotina is in eastern North America, where it is found essentially 
throughout the United States east of 96° west longitude, at which point its range 
ends somewhat abruptly (Prasad and Iverson 2003). This longitudinal range bound-
ary presents an opportunity to evaluate the ACM’s prediction of reduced genetic 
variation in edge populations by comparing them to populations from well inside 
the main Black Cherry range.

Methods

Field sampling
 Samples were obtained from seven P. serotina subsp. serotina populations in 
2012. These included four populations from within the range interior and three 
populations at or near the western edge of its range in Kansas (Fig. 1). Names 
and geographic coordinates for each population are as follows: Chisholm Creek 
Park, KS (37.7429°N, 97.2740°W); Cross Timbers State Park, KS (37.8039°N, 
95.8446°W); Osage State Fishing Lake, KS (38.7711°N, 95.6649°W); Uni-
versity of Wisconsin-Milwaukee Field Station, WI (43.3906°N, 88.0260°W); 
Catoosa County, GA (34.9250°N, 85.0620°W); Lewis County, TN (35.5608°N, 
87.4440°W); and the Tyson Research Center, MO (38.5250°N, 90.5577°W). 
The Chisholm Creek Park population is particularly extreme geographically. 
Of the 143 Kansas specimens of Black Cherry at the Kansas State University 
(KSC) and University of Kansas (KANU) herbaria, only two were collected far-
ther west (just 0.23° and 0.07° westward). The Kansas populations were found in 
finite forested patches within agricultural or urban landscapes, and the interior 
populations were in areas of relatively continuous forest. Trees were informally 
sampled, although we made an effort to sample broadly across each local area. 
We obtained silica-dried leaf tissue from 10 individuals at the Catoosa County, 
GA site, and from each of 20 individuals in the remaining six populations. 
A voucher specimen from one individual per population was archived at the 
Kansas State University Herbarium (KSC), the University of Tennessee at Chat-
tanooga Herbarium (UCHT), or the Wichita State University Herbarium (WICH).

DNA extraction and SSR genotyping
 We extracted DNA from 130 samples using a modified CTAB protocol designed 
for 96-well plates (Beck et al. 2012), except that we performed tissue grinding using 
the reciprocating saw bead-mill described by Alexander et al. (2007). We assessed 
microsatellite, or simple sequence repeat (SSR), allele variation at five previously 
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published loci (UDP96-005 and UDP98-405 [Cipriani et al. 1999], UCD-CH14 
[Struss et al. 2003], PceGA34 [Downey and Iezzoni 2000], and M4c [Yamamoto 
et al. 2002]). Although P. serotina is a putative allotetraploid, three of these loci 
(UDP96-005, UDP98-405, and UCD-CH14) are specific to one of the two parental 
genomes (Pairon and Jacquemart 2008). Locus M4c is not specific to either parental 
genome (Pairon and Jacquemart 2008), and PceGA34 has not been evaluated. We 
labeled forward primers for each locus with 6-FAM or HEX, and the five loci were 
amplified using a multiplex PCR protocol (one triplex and one duplex). Each 8-μL 
reaction contained 2.5 μl 2X Qiagen Multiplex PCR Master mix (Qiagen, German-
town, MD), 0.2 μM each primer, and ~20 ng DNA template. Reactions involved 
denaturing at 95 °C (15 minutes) and 30 cycles of 94 °C denaturing (30 seconds), 
annealing at 53 °C (90 seconds), and extension at 72 °C (60 seconds), followed by a 
final extension at 60 °C (30 minutes). Amplicons were sized using the 500 LIZ stan-
dard on an Applied Biosystems 3730xl DNA Analyzer (LifeTechnologies, Carsbad, 
CA) at the University of Chicago Comprehensive Cancer Center DNA Sequencing 
and Genotyping Facility (Chicago, IL). Alleles were determined using GeneMarker 
1.9 (SoftGenetics, State College, PA).

Figure 1. Generalized range (following Prasad and Iverson 2003) of Black Cherry (Prunus 
serotina subsp. serotina) and the locations of the seven analyzed populations. Populations 
are as follows: A) Chisholm Creek Park, KS; B) Cross Timbers State Park, KS; C) Osage 
State Fishing Lake, KS; D) University of Wisconsin-Milwaukee Field Station, WI; E) Ca-
toosa County, GA; F) Lewis County, TN; and G) Tyson Research Center, MO.
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Data analysis
 Within-population expected heterozygosity (HE) at the four single-genome-spe-
cific loci (see below) was calculated in GenAlEx 6.0 (Peakall and Smouse 2006). 
Data at the 2-genome locus M4c were randomly subsampled to produce a maximum 
of two alleles per individual in GenoDive 2.0 (Meirmans and Van Tienderen 2004), 
and a sample-size-corrected measure of within-population allelic richness across all 
loci (A) was then calculated in HP-Rare (Kalinowski 2005). We evaluated differ-
ences between mean interior vs. mean edge HE and A with Welch’s t-tests on the R 
platform (R Foundation for Statistical Computing, Vienna, Austria).

Results

 No more than two alleles per individual were amplified at UDP96-005, UDP98-
405, and UCD-CH14, consistent with the claim that these loci amplify one of the 
two P. serotina subsp. serotina parental genomes (Pairon and Jacquemart 2008). 
In addition, PceGA34 also exhibited no more than two alleles per individual, sug-
gesting that it also targets a single genome. As previously demonstrated in Pairon 
and Jacquemart (2008), M4c frequently exhibited 3–4 (but not more than 4) al-
leles per individual. Details regarding the size and variability of each locus, along 
with measures of within-population variability are presented in Table 1. Although 
within-population HE (averaged across loci) did not significantly differ between 
edge (0.732) and interior (0.748) populations (t[4.03] = -0.46, P = 0.6721), average 
within-population A was significantly lower in edge (5.91) relative to interior (7.50) 
populations (t[3.84] = -3.37, P = 0.02975). Average within-population A was lower 
across edge populations at all five loci (UDP96-005: edge 4.33 vs. interior 4.51; 

Table 1. Size and variability of the 5 SSR loci across all populations and diversity across loci within 
populations. Size = fragment-size range in bp, # alleles = number of alleles, Ho = observed hetero-
zygosity, HE = expected heterozygosity, n = sample size, # genotypes = number of unique multilocus 
genotypes, and A = allelic richness. Per-locus heterozygosity measures were not calculated for the 
tetraploid locus M4c, and within-population heterozygosity measures were calculated excluding this 
locus.  Allelic richness was calculated with "diploidized" locus M4c.

Locus	 Size	 # alleles	 Ho	 HE 	  

UDP96-005	 91–11	 9	 0.707	 0.682	
UDP98-405	 109–125	 9	 0.521	 0.552	
UCD-CH14	 124–178	 28	 0.871	 0.869	
PceGA34	 128-174	 21	 0.900	 0.860	
M4c	 65-95	 15	 –	 –		

Population	 n	 # alleles	 # genotypes	 Ho	 HE	 A

Chisholm Creek Park, KS	 20	 31	 20	 0.725	 0.681	 5.38
Cross Timbers State Park, KS	 20	 39	 20	 0.763	 0.774	 6.66
Osage State Fishing Lake, KS	 20	 35	 20	 0.750	 0.741	 5.69
UWM Field Station, WI	 20	 58	 20	 0.725	 0.799	 8.07
Catoosa County, GA	 10	 41	 10	 0.700	 0.704	 7.69
Lewis County, TN	 20	 48	 20	 0.788	 0.729	 6.78
Tyson Research Center, MO	 20	 51	 20	 0.800	 0.758	 7.46
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UDP98-405: 3.41 vs. 4.23; UCD-CH14: 7.46 vs. 11.40; PceGA34: 8.24 vs. 10.22; 
M4c: 6.11 vs. 7.15). Although this difference was only statistically significant at 
UCD-CH14, our limited sample size (seven populations) likely constrained our 
power to detect effects.  

Discussion

 Our finding of reduced within-population genetic diversity in range-edge popu-
lations is consistent with previous work. Eckert et al. (2008) identified 68 studies 
that statistically evaluated this claim, and 65% found significantly lowered within-
population genetic diversity towards at least one range limit. It is also not surprising 
that allelic richness was significantly lower in edge populations, while expected het-
erozygosity was not. As a measure of the number of alleles present in a population, 
A is more sensitive to the presence/absence of rare alleles, which are most vulner-
able to loss through genetic drift. Edge populations are thought to be more strongly 
influenced by such drift due to relatively frequent extinction/recolonization and 
population size fluctuations, although tests of these demographic hypotheses have 
received mixed results (Murphy et al. 2006, Sagarin and Gaines 2002).  
 While we made no formal measures of such population dynamics in these 
seven populations, field observations suggest that the edge populations are prone 
to demographic fluctuations. Both recent mortality in trees of all size classes 
and clear signs of drought stress in living trees (wilting and leaf scorch) were 
frequently observed. In addition, only one of 60 trees sampled in the edge popu-
lations was in fruit. This anecdotal evidence suggests that these populations, 
presumably at their adaptive limit to precipitation, are declining in response 
to extreme drought conditions during 2011 and 2012 in the Midwest (NDMC 
2013). Long-term monitoring of fitness and demography in these and other 
P. serotina subsp. serotina populations at this precipitation gradient is needed to 
fully evaluate this possibility.
 The examined edge populations exhibited reduced genetic variability relative 
to interior populations, but this may not be a general feature of the P. serotina 
subsp. serotina range boundary. Although they did not statistically compare them 
to interior populations, Pairon et al. (2010) included three populations from near 
the western range limit in Nebraska and Oklahoma in their analysis of invasive 
Black Cherry in Europe relative to native North American populations. Although 
the Oklahoma population displayed the lowest allelic richness, the Nebraska sites 
exhibited allelic richness measures that were higher than those of many interior 
populations. Indeed, we have examined a single small section of the expansive 
range edge of Black Cherry (Fig. 1), and populations along this boundary likely ex-
perience many selective environments. We also classified all populations as either 
interior or edge, but an optimal strategy for an expanded study might describe the 
geographic position of each population as a continuous variable such as distance 
to range edge (Murphy et al. 2006). Future study of P. serotina subsp. serotina, 
that samples densely within all portions of the range interior and along the entire 
range boundary (see Eckert et al. 2008) is warranted. This and other expansive 
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range-edge studies of taxa with similar distributions in North American will ad-
vance our understanding of species distributions and are of particular interest due 
to changing environmental conditions in the region.
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