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Abstract. Georgia plume, Elliottia racemosa (Ericaceae), is a small tree endemic only to
the state of Georgia, where it is listed as a threatened species. Information about genetic
relatedness is critical for establishing approaches for safeguarding, reintroduction, and
conservation of this rare species. The genetic relationships among and within selected
georgia plume populations were evaluated using random amplified polymorphic DNA
(RAPD) in conjunction with site visits at which time a census and GPS survey were
conducted. Populations ranged from those containing eight to over 1000 individuals with
most populations containing few plants (less than 50 individuals). With one exception,
small populations with less than 50 individuals had more genetic similarity than
populations with greater numbers of plants. Two protected populations containing large
numbers of individuals were sampled extensively. Genetic similarity of individuals was
not associated with plant proximity within a population. The small number of individuals
and geographic isolation characteristic of many populations were associated with high
within-population genetic similarity. Conservation priorities should be given to pre-
serving as many different populations as possible to retain the genetic diversity of the
species. Whether the narrow genetic variation found in some populations may be
contributing to lack of sexual reproduction in the wild is an area for further study.

Georgia plume (Elliottia racemosa, Eri-
caceae) is a beautiful, rare, small tree en-
demic only to Georgia, where it is listed as a
threatened species (Georgia Department of
Natural Resources, 2006). It produces spec-
tacular plume-like white inflorescences that
are borne in summer. Flowering is protan-
drous, and anthers dehisce releasing pollen
within closed buds before stigmas are recep-
tive (Radcliffe et al., 2010). Reports on the
mode of pollination and seed dispersal are
lacking. The scarcity of seed production in
the wild is illustrated by the fact that fruit of
the plant was unknown until the discovery of
a single empty capsule in 1903 followed by
a 32-year lapse before the first seed was de-
scribed (Santamour, 1967). The observation
that pollen tetrads are aggregated by viscin
strands (Radcliffe et al., 2010) suggests that

pollen may be dispersed by insect pollinators.
Poor pollen quality may contribute to lack
of seed development in some populations
(Radcliffe et al., 2010; Santamour, 1967).
Unclear is whether a lack of genetic diversity
is limiting reproduction. Confined to the Coastal
Plain region, georgia plume was reported in
1978 to occur in only approximately three
dozen locations, although exact numbers of
individual plants were difficult to determine
(Duncan and Duncan, 1978). Recent reassess-
ments of reported historic occurrences indi-
cate that fewer than two dozen populations
remain with losses primarily the result of
anthropomorphic influences (Porter, 2010).

Georgia plume suffers from reproduction
problems in the wild. In recent times, no
seedlings have been observed in the wild
(Faircloth, 1970). Although plants can flower
abundantly in the summer, few fruit are pro-
duced. Low to no fruit production has been
detected for much of the plant’s known
history (Elliott, 1821). Georgia plume has
been observed to reproduce vegetatively in
the wild through root suckers; however, the
extent or degree of clonal patch occurrence
has not been ascertained. Georgia plume pop-
ulations are generally small, i.e., usually less
than 50 individuals, and are geographically
isolated from each other (Porter, 2010). Critical

to its conservation is an understanding of how
much genetic variation exists in the species.

Genetic diversity was examined among
10 populations of georgia plume using allo-
zyme analyses, and the species was reported
to have relatively low diversity when com-
pared with other woody plant species (Godt
and Hamrick, 1999). Although useful for
studies of genetic relationships, allozymes
have several drawbacks. This technique only
allows for well-documented genes that en-
code for soluble proteins to be studied. Also,
differences in protein expression can vary
between different tissues and within the same
tissue of an individual based on its develop-
mental stage or even different stress factors at
the time of sampling (Lee et al., 2002). With
the advent of DNA methodologies, a number
of methods have been developed to evaluate
genetic relatedness in species including RAPD
(Williams et al., 1990).

RAPD markers can determine relation-
ships among individuals (Gunter et al., 1996;
Neuhaus et al., 1993). RAPDs are relatively
inexpensive and relatively easy to use for such
work; however, they do present limitations,
i.e., reproducibility and the dominant nature of
the marker. Nonetheless, RAPDs can provide
important information in plant conservation
programs and have been used in a number of
studies of rare plants. Gonzalez-Perez et al.
(2009) used RAPD markers to investigate
genetic variation in the endangered legume,
Anagyris latifolia, that is endemic to the
Canary Islands. This species consists of small,
isolated populations similar to georgia plume.
Schiebold et al. (2009) assessed genetic simi-
larity in the rare German endemic, Calama-
grostis pseudopurpurea (saxonian reed bent
grass), and were able to identify clonality
for the species. Also using RAPD markers,
Kandedmir et al. (2004) investigated genetic
variation in different populations of Pinus
brutia (Turkish pine). Information from this
study was used to understand genetic variation
for use in breeding programs and to help
conserve genetic resources of this economi-
cally important tree species. Hollman et al.
(2005) used this technique to identify putative
clones of Agrostis canina (velvet bentgrass).

A recent assessment of previously reported
populations of georgia plume indicated that
extensive populations have disappeared as a
result of habitat losses resulting from agrofor-
estry, agricultural activities, and urbanization

Table 1. Random amplified polymorphic DNA
(RAPD) primers used for polymerase chain
reaction and the number of amplification
products produced.

RAPD
primer Sequence (5#-3#)

No. of amplification
products

2 AGACGCGTAG 7
3 TGGACCCACA 3
4 GTGGCTTCTC 5
5 GCGCAGTATC 8
6 CCACCGTACT 6
7 TCCGGCTGTT 6
8 TGTCCCGTTG 7

11 CACACGAGAC 7
12 CGTACACCAG 5
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(Porter, 2010). Nearly 40% of the 26 visited
populations no longer contained georgia plume
and the loss of 58% of these was likely caused
by human activity. Declining population size,
decreasing genetic diversity, and habitat frag-
mentation can lead to reproductive failure and
even further losses (Wetzstein and Yi, 2010).
Genetic diversity tends to be reduced in small,
isolated populations to the point where sexual
reproduction may not be possible (Ellstrand
and Elam, 1993) in outcrossing plants.

Current work on georgia plume has fo-
cused on propagation and safeguarding cur-
rent populations. A tissue culture protocol has
been developed that is effective with mature
field-collected material (Woo and Wetzstein,
2008a, 2008b), and field testing of tissue
culture-regenerated plants is underway in
native habitats (Wetzstein and Yi, 2010).
Furthermore, shoot regeneration cultures have
been established from 34 genotypes represent-
ing 12 populations (Radcliffe et al., 2011).
Tissue culture can be an important tool for
propagation, safeguarding, and reintroduction
of rare and endangered plant species. How-
ever, for the effective development of conser-
vation strategies, information on the genetic
structure and overall genetic diversity of a
species is critical, particularly in species with

small and fragmented distributions (Schiebold
et al., 2009). Knowledge about plant genetic
relationships can assist in identifying areas
that should be given priority for conservation
(Gonzalez-Perez et al., 2009).

The present study used RAPD markers to
evaluate genetic relationships in georgia plume
with an objective to determine relationships
among and within selected populations. This

information is critical for establishing ap-
proaches for safeguarding, reintroduction,
and conservation of this rare species.

Materials and Methods

Leaf tissue samples were collected for
evaluation from nine populations. A popula-
tion was defined as a group of individuals that

Table 2. Location, census of the total number of individuals, and number of plants used for random
amplified polymorphic DNA analysis of Elliottia racemosa (georgia plume) populations collected in
Georgia.

Population
County
location

No. of individuals in
the population No. sampled

Jaccard’s
coefficientz

Polymorphic
products (%)

C Bryan 8 4 0.59 29
I Candler 33 4 0.86 12

O Evans >1000 4 0.59 20
N Evans 29 4 0.81 16
G Tattnall 42 4 0.83 16
K Tattnall 11 4 0.90 6
F Tattnall �150 4 0.69 24

CHy Candler 92 62 0.38 44
BHx Tattnall >100 32 0.52 36
zJaccard’s coefficient is a measure of the shared characters or genetic similarity between individual
samples in each group.
yCharles Harrold Preserve population used for more extensive within population evaluations.
xBig Hammock Wildlife Management Area population used for more extensive within-population
evaluations.

Fig. 1. The locations and counties of georgia plume populations listed in Table 2 and sampled for DNA analyses. Inset shows orientation of the map within the
state of Georgia.
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had a continuous distribution over a specific
area (Li et al., 2008). Georgia plume popula-
tions are discrete and disjunct. From each
population, samples were randomly collected
from four individuals and corresponded to
collections made for in vitro propagation stud-
ies (Radcliffe et al., 2011). Plants were at least
15 m apart to decrease the collection of clonal
plants produced by root suckers. Two large
populations, i.e., Charles Harrold Preserve
and Big Hammock Wildlife Management
Area (WMA), were more extensively surveyed
with collections made from 62 and 33 in-
dividuals, respectively. Locations of sampled
individuals as well as locations of sampled
populations were recorded using GPS. Popula-
tions and individuals evaluated corresponded
to many of the genotypes established in culture.

Samples consisted of young, not fully ex-
panded leaves. After collection in the field,
tissue was placed in a plastic bag with moist
paper towels, transported to the laboratory,
and then maintained at –80 �C. DNA was

isolated using the DNeasy Mini Plant Kit
(Qiagen, Valencia, CA). Extracted DNA was
quantified using a NanoDrop ND-1000 spec-
trophotometer (NanoDrop Technologies,
Inc., Wilmington, DE). Samples were diluted
to a standard concentration of 1 ng�mL–1 for
use in a modified RAPD procedure. Poly-
merase chain reaction (PCR) mixtures (20
mL) were slightly modified from the DNA
amplification fingerprinting (Caetano-Anollés
et al., 1991) procedure used by Wadl et al.
(2008) and consisted of 2 mL DNA at 1
ng�mL–1, 2 mL 10· Stoffel buffer, 2 mL of 25
mM MgCl2, 2 mL of 2 mM dNTPs, 2 mL of 30
mM primer (Table 1), 4 U of Stoffel fragment
DNA polymerase, and 9.6 mL water. The PCR
temperature program was as follows: initial
denaturization at 95 �C for 2 min: 35 cycles of
95 �C for 30 s, 30 �C for 30 s, and 72 �C for 30
s and then 72 �C for 2 min (Wadl et al., 2008).
Amplification products were separated elec-
trophoretically on 1.2% agarose gels at 100 V
and stained with ethidium bromide. Amplifi-

cation products were rated visually as either
present (1) or absent (0). Similarity matrices
were generated with NTSYSpc Version 2.20q
(Applied Biosystems, Carlsbad, CA) based on
band scoring. Jaccard’s coefficient of similar-
ity was used to show similarity between sam-
ples. Cluster analysis using unweighted pair
group method with arithmetic mean was used
to generate dendrograms that showed simi-
larity relationships among samples.

Results and Discussion

Relatedness among populations. The
counties and locations of the georgia plume
populations evaluated in the study are shown
in Figure 1. During site visits, a population
census at each population was taken to de-
termine the size and extent of populations.
The location, census information, and num-
ber of plants collected for RAPD markers in
each population are shown in Table 2. Am-
plification with nine RAPD primers resolved
a total of 49 products (Table 1). Each primer
amplified between three and eight products
(Fig. 2).

The dendrogram produced from cluster
analysis shows how samples from respective
populations are genetically similar in terms
of Jaccard’s coefficient of similarity (Fig. 3).
In some cases, differentiation among popu-
lations was high. Some populations con-
tained individuals that clustered with each
other indicating high genetic similarity. This
was the case in populations G, I, K, and N.
These populations were geographically small
and consisted of less than 50 individuals with
a range of 11 to 42 plants (Table 2). These
populations separated in the dendrogram at
Jaccard’s coefficient values of 0.90, 0.86,
0.81, and 0.83, respectively, indicating that

Fig. 3. Dendrogram of genetic relationships between individuals from different georgia plume populations. Letters reflect different populations, whereas numbers
reflect individual plants within respective populations. Bars group individual plants from the same populations. Higher coefficient values indicate greater
genetic similarity and lower coefficient values indicate less genetic similarity.

Fig. 2. Amplification of genomic DNA of Elliottia racemosa plants (1–16) located at Big Hammock using
random amplified polymorphic DNA primer 5 (GCGCAGTATC). Products were scored as present (1)
or absent (0) and used to determine relatedness of samples. Arrow indicates polymorphic products at
�500 bp. M = molecular marker.

HORTSCIENCE VOL. 47(5) MAY 2012 565

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



individuals within each of these populations
share a large portion of the DNA fragments
assayed with other individuals in the same
population. As expected, there were fewer
polymorphic loci (ranging from 6% to 16%)
within these populations (Table 2). Two in-
dividuals in population K (K1 and K2) appear
to be clonal illustrating the occurrence of veg-
etative propagation by root suckers. It should
be noted that trees evaluated were at least 15
m apart to decrease the likelihood of collect-
ing clones. Population K is composed of only
11 individuals. The extent of clonality at this
and other small populations would be of
interest to determine.

In georgia plume, the occurrence of small,
isolated populations with low genetic diver-
sity may be contributing to the lack of ob-
served sexual reproduction in the wild. In
Dictamnus albus, burning bush, population

size was directly related to several fitness
characteristics such as flower number and
fruit size (Henson and Wesche, 2006). Sim-
ilarly, seed germination was directly related
to the size of Silene regia (royal catchfly)
populations (Menges, 1991), and seed pro-
duction was reduced to zero in fragmented
and severely reduced populations of Banksia
goodii (Good’s Banksia) (Lamont et al., 1993).
Studies evaluating reproductive fitness in geor-
gia plume and how it relates to population size
and genetic similarity are areas for further
study.

Low genetic variation within populations
has been observed in other species, particu-
larly when propagation in nature is by veg-
etative means. In a similar study assessing
genetic variability with RAPD markers, in-
dividual populations of Calamagrostis pseu-
dopurpurea had high genetic similarity

(Schiebold et al., 2009). Diversity was so
low that only two genotypes were identified.
Seeds produced in these populations were
often unviable or failed to germinate; per-
centages of seed staining positive for viabil-
ity were between 0% and 3%. A similar
pattern of low seed viability has been ob-
served in many georgia plume populations
(Fordham, 1991; Godt and Hamrick, 1999).

In contrast, three populations, BH, CH,
and O, had individuals that did not cluster
closely together (Fig. 3). Rather, these pop-
ulations had plants that grouped near indi-
viduals from other populations. These
populations separated in the dendrogram at
Jaccard’s coefficient values of 0.52, 0.38, and
0.59, respectively, indicating that these in-
dividuals shared fewer DNA fragments with
individuals within their respective popula-
tions than individuals from other populations.

Fig. 4. The location of sampled georgia plume trees from the population located on the eastern part of the 30-ha Charles Harrold Preserve.
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These populations are extensive with total
numbers of individuals ranging from 92 to
over 1000 (Table 2). Compared with smaller
populations, higher numbers of polymorphic
bands were amplified, which ranged from
20% to 44% (Table 2).

Population size did not consistently relate
to genetic similarity in all cases. Population
C, whose size is limited to only eight individual
plants, had a Jaccard’s coefficient value of 0.59
that is an intermediate value compared with the
other populations evaluated (Fig. 3). In a
study focusing on the endangered legume,
A. latifolia, higher than expected genetic
variation was found in isolated populations
(Gonzalez-Perez et al., 2009). The authors
concluded that higher amounts of genetic
diversity may be an indicator that there were
greater numbers of individuals in the past.
This could also indicate potentially higher
levels of gene flow.

Higher than expected genetic similarity
was observed for population F, which had
a Jaccard’s coefficient value of 0.69 (Fig. 3).
Loss of genetic variation can be a conse-
quence of reduction in population size or a
result of population fragmentation (Young
et al., 1996). It may be that founder effect
and/or genetic drift is occurring in small,
isolated georgia plume populations. Founder

effect is caused when a new population is
established from a small subset of a larger,
more diverse population. Because anthropo-
genic disturbances play a role in the current
distribution of this species (Porter, 2010), it is
likely that small pockets of low diversity
have been carved out of a once larger and
more diverse population. Therefore, some
current populations are likely to be remnant
subpopulations of a larger population.

Genetic drift may be occurring as a result
of anthropogenic disturbances, which is ob-
served when unique alleles are lost over time
as a result of random mating. The result is
similar to inbreeding depression in which
vigor and fitness are reduced over time. Low
genetic diversity in populations of other spe-
cies has been observed as a result of these
processes. Genetic drift reduces genetic vari-
ation within small or isolated populations.
Although any closed population will undergo
genetic drift, it is more pronounced as pop-
ulation size decreases (Ellstrand and Elam,
1993). Founder effect was observed to cause
a large reduction of genetic diversity in the
aquatic plant Butomus umbellatus (flowering
rush) (Kliber and Eckert, 2005).

As suggested by Li et al. (2008) with
Gentiana straminea, in some cases, conser-
vation efforts should focus on maintaining as

many populations as possible because there
are large genetic differences among popula-
tions and different populations represent a
large amount of genetic variability at the species
level. This also appears to be an appropriate
conservation strategy for georgia plume. We
have conducted a GPS/GIS survey of known
georgia plume populations that indicates
populations are small with 75% containing
fewer than 50 individuals (Porter, 2010).

Studies on the reproductive biology of
georgia plume found that pollen viability is
low to moderate with no developmental ab-
normalities in stigmas or styles (Radcliffe
et al., 2010). Plants in the wild are commonly
found to flower abundantly but with little or no
seed set. Isolated specimens in cultivation
have been reported to set viable seed indicat-
ing that Georgia plume is not entirely self-
incompatible. The current study suggests that
the high genetic similarity of individuals
within many georgia plume populations may
be contributing to the lack of sexual reproduc-
tion observed in the wild. Additional studies
are needed to ascertain if lack of genetic
diversity is limiting reproduction.

Relatedness within populations—Charles
Harrold Preserve and Big Hammock. Exten-
sive sampling was conducted at two popula-
tions, Charles Harrold Preserve and Big

Fig. 5. The location of sampled georgia plume trees from the population located in the Natural Area of the 2500-ha Big Hammock Wildlife Management Area.
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Hammock WMA. These populations repre-
sent some of the most extensive georgia
plume populations and are under protection
by The Nature Conservancy and the Georgia
Department of Natural Resources, respec-
tively. The locations of sampled georgia
plume trees from the population located on
the eastern side of the 30-ha Charles Harrold
Preserve are shown in Figure 4. DNA from 62
plants was analyzed from the Charles Harrold
Preserve population, which includes �80%
of all the individuals present at that popula-
tion. Amplification with nine RAPD primers
resolved a total of 49 products, 43 of which
(86%) showed polymorphisms. Each primer
amplified between three and eight products.
The location of sampled georgia plume trees
from the population located in the Natural
Area of the 2500-ha Big Hammock WMA are
shown in Figure 5. Thirty-two plants were
sampled from this population. Amplification
with nine RAPD primers resolved a total of
47 products, 33 of which (70%) showed
polymorphisms. Each primer amplified be-
tween two and eight products.

The evaluation of individual trees in the
Charles Harrold Preserve (Fig. 6) and Big
Hammock (Fig. 7) populations indicates that
individuals within these populations share
fewer DNA fragments than individuals in
other, smaller populations. In the Charles
Harrold population, the Jaccard’s coefficient
ranged from 0.49 to 0.97. There was no strong
partitioning of genotypes into clusters. Of 49
products, 86% showed polymorphisms. The
Big Hammock population likewise exhibited
low genetic similarity with Jaccard’s coeffi-
cients ranging from 0.56 to 0.95.

Clustering of individuals within each
population did not appear to be related to
geographic proximity. For example, in the
dendrogram of the Big Hammock population
(Fig. 7), individuals with high genetic simi-
larity (i.e., having a Jaccard’s coefficient
greater than 0.90) were as far apart as 450 m
(Samples 26 and 35) (Fig. 5) or as close as
35 m (Samples 9 and 10) (Fig. 5). Individuals
sharing the most DNA fragments were 215 m
apart for Samples 4 and 5 and 35 m apart for
Samples 9 and 10. Groups of trees that
clustered geographically within 20 m of each
other often showed large genetic dissimilarity.
In the Charles Harrold Preserve population, the
distances between genetically similar individ-
uals ranged from 2 to 12 m (Figs. 4 and 6). Two
clusters in the dendrogram (Samples 38 and 39
and Samples 42 and 45) had individual trees
that were within 3 m of each other. However,
trees that were in close proximity frequently
exhibited few shared DNA fragments. The
geographic extent of the Big Hammock
population was expansive and extended over
an area of 1100 · 750 m. Although it contains
some of the highest numbers of individuals,
the Charles Harrold Preserve population
covers a smaller area (230 · 135 m) of densely
growing individuals (note scale differences in
Figs. 4 and 5).

The relative large area and greater number
of individual plants at the Charles Harrold
and Big Hammock populations compared

with other georgia plume populations may
account for the higher genetic dissimilarity
observed in these populations. Other work
studying diversity in relation to population
size has generally found a significant positive
correlation between these variables. The ge-
netic variation of a population decreased as
population size decreased in Salvia pratensis
(meadow sage) and Scabiosa columbaria
(butterfly blue) (Van Treuren et al., 1991).
These species have been noted not only to
have declining numbers of populations, but
also have fragmented populations that contain
both large and small numbers of individuals.
These characteristics parallel those observed
in georgia plume populations. Populations of
Gentiana straminea, endemic to Tibet, are
dispersed widely through their range, but in-
dividual populations generally contain fewer
than 100 individuals. Genetic diversity in these
populations as determined by RAPD markers
was related to the population size (Li et al.,
2008). In the current study, the smaller number

of trees analyzed in the smaller populations
may have introduced sampling error and is an
area for further evaluation.

The current study indicates that many
georgia plume populations exhibit high ge-
netic similarity that appears to be related to
the characteristically small area and limited
number of individuals. Within such popula-
tions, individuals tended to group closely
together in cluster analysis. This suggests that
conservation priorities should be given to
preserving as many different populations as
possible to preserve the diversity of the species.
Small populations can be important in con-
servation because they may contain unique
genetic resources. Genetic variability within
populations of georgia plume appears to be re-
lated to population size. The Charles Harrold
Preserve and Big Hammock populations, two
atypically large populations, exhibit relatively
extensive genetic dissimilarity. The large
amount of potential genetic diversity in the
Charles Harrold Preserve and Big Hammock

Fig. 6. Dendrogram showing genetic relationships using Jaccard’s coefficient of similarity for individual
georgia plume plants within the Charles Harrold Preserve population. Higher coefficient values
indicate greater genetic similarity and lower coefficient values indicate less genetic similarity.
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populations adds to their importance in conser-
vation efforts.
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