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ABSTRACT. Intron length polymorphisms were used to investigate relationships among eight Rhododendron L. species 
(R. catawbiense Michaux., R. minus Michaux., R. ponticum L., R. keiskei Miquel., R. arboreum Sm., R. dichroanthum 
Diels., ssp. scyphocalyx Cowan., R. maximum L. and R. dauricum L.) and two hybrid cultivars [i.e., R. ‘PJM’ (R. minus 
var. minus x R. dauricum) and R. ‘Chionoides’ (R. ponticum x unknown)]. A total of 27 of these markers were used to 
estimate phylogenetic relationships among the species and draw inferences about the parentage of the cultivars, which 
is partially unknown. In general the expressed sequence tag-polymerase chain reaction (EST-PCR) marker-based 
phylogenetic map of the eight species is congruent with the currently accepted morphology-based classifi cation of 
these species at the subgenus as well as the section level. However, the constructed phylogenetic tree revealed that, at 
the subsection level, two species, R. arboreum (subsection Arborea Sleum.) and R. dichroanthum (subsection Neriifl ora 
Sleum.), are grouped under the same “clade” (80% bootstrap score), suggesting that these species are more closely 
related than indicated in the current classifi cation system that places them in separate subsections/clades. Moreover, 
our phylogenetic analysis of the three species belonging to section Ponticum G. Don. demonstrated a closer phyloge-
netic relationship between R. ponticum and R. maximum (bootstrap score of 74%) than between these species and R. 
catawbiense; such observation is consistent with a recent phylogenetic analysis of section Ponticum by Milne (2004) 
using the sequences of a chloroplast gene. Parentage analysis for the two cultivars confi rmed the interspecifi c lineage of 
R. ‘PJM’ and provided genetic support for the speculated R. ponticum and R. maximum parentage of R. ‘Chionoides’. 
Our results indicate that, in addition to their use in mapping studies, intron-fl anking EST-based PCR markers are 
valuable tools for conducting phylogenetic and parentage analyses and/or gene fl ow studies. 
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Rhododendrons are among the most important woody land-
scape plants. Broadleaf, evergreen members of the genus Rho-
dodendron (Ericaceae) are distributed throughout the Northern 
Hemisphere, ranging from tropical to polar climates (Leach, 1961). 
Species diversity has been used extensively by breeders to develop 
new cultivars or hybrids suitable for landscapes. Rhododendron 
breeders often strive to combine ornamental diversity found in 
less cold-hardy tropical taxa with the superior cold hardiness of 
northern hemisphere species to develop new ornamental cultivars 
for colder climates. Phylogenetic relatedness, or lack thereof, of 
species can provide breeders with useful insights into the breed-
ing strategies. Therefore, development of molecular markers is 
important for the phylogenetic studies. 

Phylogenetic and parentage analyses have received increasing 
interest recently for studying the evolutionary relationship among 
species and for the inference of family relationships and mating sys-

tem for various plants, including horticultural species. Numerous 
genetic markers have been employed for clonal diversity studies, 
map construction and the quantitative trait loci (QTL) analysis 
or fi ngerprinting in rhododendron, including isozymes (Krebs, 
1995), randomly amplifi ed polymorphic DNA (RAPD) (Iqbal et 
al., 1995), and amplifi ed fragment length polymorphism (AFLP) 
(De Riek et al., 1999; Dunemann et al., 1999; Escaravage et al., 
1998; Pornon et al., 2000). Recently, EST-PCR-based markers 
have been developed for DNA fi ngerprinting and genetic relation-
ship studies in blueberry (Vaccinium L. spp.), also an Ericaceous 
member like rhododendron (Rowland et al., 2003). 

Our group recently released rhododendron ESTs generated 
from the cDNA libraries that were prepared from nonhardened 
(summer-collected) and cold-hardened (winter-collected) leaf 
tissues (Wei et al., 2005a). We then used gene sequence align-
ment between rhododendron ESTs and the genomic sequences of 
arabidopsis [Arabidopsis thaliana (L.) Heynh.] homologs to design 
“intron-fl anking” EST-PCR based primers that would anneal to 
the target DNA in conserved exon regions and amplify across 
the more highly diverged introns (Wei et al., 2005b); a similar 
primer design method was previously used by Choi et al. (2004) 
who aligned Medicago truncatula Gaertn. ESTs with the genomic 
sequences of arabidopsis homologs and designed intron-targeting 
primers for developing EST-based markers to construct a genetic 
map of M. truncatula. Consistent with the expectation that EST-
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PCR primers fl anking less conserved intron(s) would generate 
relatively greater number of codominant polymorphic markers 
compared to the traditional approach (Pickering et al., 2004), 
the primers that we designed had signifi cantly higher effi ciency 
(61% vs. 13%, 4.7-fold) of polymorphism-detection compared 
with conventional EST-PCR methods (Wei et al., 2005b). Thus, 
EST-PCR based markers can serve as an effi cient and relatively 
inexpensive molecular approach in phylogenetic or mapping 
studies; EST-based markers are particularly more meaningful for 
QTL-mapping because they target expressed genes.

The objectives of the current study were 2-fold: The fi rst 
objective was to use the polymorphism data generated by in-
tron-fl anking primers to conduct phylogenetic analysis of eight 
Rhododendron species and compare it against currently accepted 
morphology-based classifi cation of these species to test the useful-
ness of these markers in establishing evolutionary relationships. 
Two recent reports used the sequence data of chloroplast genes 
[matK and trnL-F (Milne, 2004)] and a nuclear gene [RPB2-1 
(Goetsch et al., 2005)] to conduct phylogenetic analysis across 
Rhododendron genus; both studies used the sequence data of 
one or two genes and the former constructed phylogeny based 
on plastids. Milne (2004) noted that the plastid-based phylogeny 
does not necessarily match the evolutionary tree for the species 
because plastids’ history may differ from the species containing 
them. Moreover, since the evolutionary rates vary among different 
nuclear genes (Small et al., 2004) and therefore use of one or two 
genes might not provide a well resolved phylogenetic analysis, 
the current study used the polymorphism data for a batch of 27 
nuclear genes’ EST-PCR markers. 

The second objective was to determine if the EST-PCR-based 
marker system could be a useful tool in establishing/substantiat-
ing the parentage information for an interspecifi c rhododendron 
hybrid cultivar. Specifi cally, we tested if R. maximum, the long 
suspected but never confi rmed as a parent of the rhododendron 
hybrid R. ‘Chionoides’ (Salley and Greer, 1986), was indeed 
one of the parents of this cultivar; it is well established that R. 
ponticum is the seed parent of this hybrid whereas, based on 
certain morphological similarities, R. maximum is believed to be 
the pollen donor in this cross but this notion lacks any molecular 
support. We used EST-PCR primers in the genomic PCR analysis 
for two rhododendron cultivars (R. ‘PJM’, a positive control with 
established parentage and R. ‘Chionoides’) and compared their 
polymorphism patterns with their known or probable parents. 

Materials and Methods

PLANT MATERIALS. Eight Rhododendron species and two hy-
brid cultivars were used in this study. The species were selected 
from two subgenera of Rhododendron – subgenus Hymenanthes 
(Blume) Endl., the non-scaly leaved or elepidote species (numbers 
1, 3, 5, 6, and 8), and subgenus Rhododendron L., the scaly leaved 
or lepidote species (numbers 2, 4, and 7) (Table 1). The two hybrid 
cultivars used were R. ‘PJM’ and R. ‘Chionoides’. 

GENOMIC DNA EXTRACTION. Genomic DNA was extracted, 
using the protocol described by Wei et al. (2005b), from the 
young leaves collected in spring (May 2004) at the Horticulture 
Experimental Station (Ames, Iowa) of Iowa State Univ. DNA 
was quantifi ed by gel electrophoresis analysis by comparing with 
DNA concentration standards. 

“INTRON-FLANKING” EST-PRIMERS. The EST-specifi c primer 
pairs were designed as described in our previous study (Wei et al., 

2005b), which demonstrated that “intron-fl anking” EST-primers 
generate relatively higher PCR band polymorphism than conven-
tionally designed EST-primers. Twenty-seven primer pairs were 
previously demonstrated to generate polymorphic PCR bands in 
the surveyed six Rhododendron species (Wei et al., 2005b); the 
current study extended the application of these primers to eight 
species and two hybrids for phylogenetic and parentage analyses. 
The sequences for these primers were previously described in the 
supplemental Table 1 of Wei et al. (2005b). 

TOUCHDOWN PCR AND SEQUENCING OF GENOMIC PCR PROD-
UCTS. Genomic DNA was amplifi ed by touchdown PCR (Don 
et al., 1991) modifi ed as follows: PCR mixtures were incubated 
for 2 min at 92 °C for initial denaturation, followed by the fi rst 
10 cycles of denaturation at 94 °C for 30 s, annealing for 30 s at 
selected temperatures (see below) and elongation at 72 °C for 
1 min 30 s; the annealing temperature was decreased by 0.9 °C 
per cycle during the fi rst 10 cycles from 69 to 60 °C to increase 
the specifi city of the amplifi cation. After the fi rst 10 cycles as 
described above, 25 additional cycles were carried out at 94 °C 
for 30 s, 60 °C for 30 s, and 72 °C for 1 min 30 s followed by 
a fi nal 10-min extension at 72 °C. PCR amplifi cation was car-
ried out in a 20-μL reaction containing 20 ng of DNA, 0.2 mM 
of dNTP mix, 20 mM of MgCl2, 600 nM of each of the forward 
and reverse primers, 1 unit of Taq DNA polymerase and 2 μL of 
the supplied 10-fold concentrated PCR buffer (Invitrogen Life 
Technologies, Carlsbad, Calif.). PCR products were separated by 
agarose gel electrophoresis; band sizes were determined against 
1 kb plus DNA ladder or 100 bp DNA ladder (Invitrogen Life 
Technologies, Carlsbad, Calif.). To test the PCR specifi city, a total 
of 12 PCR bands were gel-purifi ed and sequenced as previously 
described (Wei et al., 2005b). 

EVALUATION OF PCR BAND POLYMORPHISM. After the separa-
tion by 1.2% (w/v) agarose gel electrophoresis, the genomic PCR 
band patterns were scored based on the size and presence/absence 
polymorphisms. They are coded as “character states” (i.e., the 
alternative forms of a homologous feature in different species) 
for the phylogenetic analysis of eight Rhododendron species. 
The symbols used for band scoring were: “S” for single band 
(S1, single type 1; S2, single type 2), “D” for double bands (D1, 
double type 1; D2, double type 2), and “T” for three bands (T1, 
triple type 1; T2, triple type 2). 

PHYLOGENETIC TREE CONSTRUCTION FOR RHODODENDRON SPE-
CIES. Following band scoring, the coded genomic PCR band 
pattern data were input into PAUP* (Swofford, 2002) to perform 
phylogenetic analysis. The bootstrap trees using both parsimony 
and distance models were used for the tree construction.

PARENTAGE ANALYSIS OF RHODODENDRON CULTIVARS. The 
cultivars R. ‘Chionoides’ and R. ‘PJM’ were used to test the 
ability of the intron-fl anking EST markers to confi rm known 
lineages or elucidate unknown parentages. Two related ap-
proaches were used here. The fi rst was “additive,” using the 
codominant EST-specifi c markers to look for unique parent 
(species) markers that are both present in the hybrid. The other 
approach was “subtractive,” ruling out possible parents based on 
their PCR banding patterns relative to the hybrid. According to 
this principle, basically the presence of alleles at any given locus 
in a hybrid offspring would rule out all those species as potential 
parents which could not have contributed these alleles; for the 
EST-based gene-specifi c markers, such as used in this study, it 
is reasonable to assume that the PCR product bands correspond 
to specifi c alleles.
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Results and Discussion

PCR BAND POLYMORPHISM AND PATTERNS ACROSS SPECIES. With 
a goal of constructing an evolutionary relationship of selected 
Rhododendron species, 27 EST-PCR primers (all those that 
produced PCR band polymorphisms using six Rhododendron 
species in our previous study; Wei et al., 2005b) and the genomic 
DNA from eight Rhododendron species as templates were used 
for genomic PCR amplifi cation and subsequent detection of 
PCR band pattern polymorphism; as examples, the PCR band-
ing patterns generated by six of these 27 EST-PCR primer pairs 
across the genomic templates of eight Rhododendron species are 
illustrated in Fig. 1. The specifi city of genomic PCR amplifi cation 
was verifi ed, as previously described (Wei et al., 2005b), by gel-
purifi cation and sequencing of the PCR products for 12 markers 
(seven in previous study, Wei et al., 2005b; fi ve in current study) 
(data not shown). 

A given EST-specifi c marker was considered polymorphic, 
for which at least one Rhododendron species’ PCR banding pat-
tern was different from the other seven. The PCR product band 
patterns were coded based on the number of bands in each of the 
PCR amplifi cation as described in Materials and Methods. For 
illustration, two such cases (Primers C35 and C42) are given in 
Fig. 1, in which the PCR bands are scored in the form of character 
state as “S” (single-band), “D” (double-band), or “T” (triple-band) 
in a combination with a number to distinguish band patterns 
within the same type. A defi nitive explanation for the generation 
of double or triple bands (as opposed to only single bands as 
expected for the codominant markers) for some of the primers 
used in this study is not clear. However, these multiple bands may, 
potentially, represent splice variants. Alternatively, these primer 
pairs may span a region of introns with high variability. Multiple 
bands may also be caused by the rearrangements of specifi c genes 
during evolution process. Future studies involving sequencing of 
individual bands and isolation of their full-length genes would 
provide insight into some of these questions.

PHYLOGENETIC ANALYSIS ACROSS EIGHT RHODODENDRON SPECIES. 
The polymorphism data of coded, differential genomic PCR band 
patterns for all 27 primer pairs (data not shown) were used to 
construct a phylogenetic tree. The two bootstrap trees constructed 

Table 1. The eight Rhododendron species and two hybrid cultivars used for the phylogenetic and parentage analyses.

Rhododendron genotypes Native range
Species for phylogenetic analysis
1. R. catawbiense (‘Catalgla’H)z Mid-Atlantic U.S. (North Carolina and Virginia) 
2. R. minusy (L62-570H) Southeastern U.S. (Florida, Tennessee, Georgia, North Carolina, Alabama)
3. R. ponticum (76/411 “B”R) Southwestern Eurasia
4. R. keiskei (L59-63AH) Japan
5. R. arboreum (64/118R) Southern Asia
6. R. dichroanthum ssp. scyphocalyx (no.H) Southern China
7. R. dauricum (67-143H) Eastern Siberia, northern China, Japan 
8. R. maximum (65-285H) Eastern North America (Nova Scotia to Georgia)
Cultivars for parentage analysis
‘PJM’
(R. minus var. minus x R. dauricum)
‘Chionoides’
(R. ponticum x unknown)x

zInformation in parenthesis under column one indicate the genotypes and their source; numbers with letter superscripts indicate 
accessions from H (The Holden Arboretum, Kirtland, Ohio) or R (Rhododendron Species Botanical Garden, Federal Way, 
Wash.)
yR. minus was formerly named as R. carolineanum. 
x“unknown” may be R. maximum. 

Fig. 1. Polymorphism patterns of PCR product bands using EST-specifi c primers 
in amplifying genomic DNA from eight Rhododendron genotypes. Only six 
out of 27 EST-PCR based markers are shown here with their PCR product 
band patterns. The order for the genotypes in lanes 1–8 is: 1) R. catawbiense 
‘Catalgla’, 2) R. minus, 3) R. ponticum, 4) R. keiskei, 5) R. arboreum, 6) R. 
dichroanthum, 7) R. dauricum, and 8) R. maximum. The full list of PCR band 
patterns for all the primers are not shown. The explanation for symbols used 
in the fi gure can also be found in the text; basically, for each individual gel 
image, S1 and S2 represent different “single-band type,” D1 and D2 represent 
different “double-band type,” and T1 and T2 represent different “triple-band 
type”; ID = identifi cation, bp = base pairs.

using parsimony and distance model, respectively, had identical 
topology. The phylogenetic tree using distance model is presented 
and compared with the currently accepted classifi cation system 
for Rhododendron species in Fig. 2. 
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According to current and generally accepted morphology-
based classifi cation system (Chamberlain et al., 1996; Cox and 
Cox, 1997), the genus Rhododendron can be divided into eight 
subgenera. Plants generally recognized as “true” rhododendrons 
belong to two of the subgenera: Hymenanthes and Rhododendron. 
The eight species surveyed in current study belong to these two 
subgenera, and their currently accepted classifi cation is illustrated 
in Fig. 2A. 

Our data (Fig. 2B) indicated that the phylogenetic tree for 
eight Rhododendron species using EST-PCR banding patterns 
is congruent at the subgenus level with the current classifi cation 
system (Fig. 2A): fi ve species under subgenus Hymenanthes 
according to the current classifi cation system (R. catawbiense, 
R. ponticum, R. maximum, R. arboreum, and R. dichroanthum) 
are clustered together with a 91% bootstrap score, and the two 
classifi cation approaches are also in agreement for R. dauricum, 
R. minus, and R. keiskei that belong to subgenus Rhododendron 
(compare Fig. 2A and 2B). 

More interestingly, the phylogenetic tree revealed that R. ar-
boreum (subsection Arborea) and R. dichroanthum (subsection 
Neriifl ora) within the section Poticum, are grouped under the 
same “clade” (80% bootstrap score), suggesting that these two 
species are more closely related than what is apparent from the 
current classifi cation system; a close relationship between these 
two species is consistent with their similar native distribution 
range (i.e., southern Asia and southern China) and near-similar 
cold hardiness (both species are generally considered as semi-
hardy to tender).

Our results further revealed that of the three species within 
section Ponticum included in this study, R. ponticum and R. 
maximum were grouped under the same clade with a bootstrap 
score of 74% (Fig. 2B), whereas R. catawbiense fell under a dif-
ferent clade. The demonstrated closer phylogenetic relationship 
between R. ponticum and R. maximum than between these two 

and R. catawbiense is consistent with 
recent observations by Milne (2004) 
and Goetsch et al. (2005) based on 
their molecular systematics studies 
involving chloroplast genes (matK 
and trnL-F) or a nuclear gene (RPB2), 
respectively, which highlights the 
feasibility and reliability of using 
EST-specifi c markers in phylogenetic 
analysis as conducted in the current 
study. 

Rhododendron maximum is native 
to eastern North America, stretching 
from Nova Scotia (Canada) in the 
north to Georgia (United States) in the 
south; R. catawbiense is distributed in 
a rather “narrow” belt of mid-Atlantic 
region (North Carolina and Virginia) 
(Chamberlain et al., 1996; Cox and 
Cox, 1997); while R. ponticum is 
distributed throughout southwestern 
Eurasia including area south of the 
Black Sea (northern Turkey, Cauca-
sus, and southeastern Bulgaria; native 
range) to Georgia, Armenia, Spain, 
Portugal and British Isles (Milne and 
Abbott, 2000). Milne (2004) suggested 

that within subsection Pontica, the diversifi cation of R. maximum 
and R. ponticum may have happened ≈5–3 million years ago and 
implied some form of trans-Atlantic migration through a brief 
land connection across northern Atlantic Ocean, or through the 
Bering Land Bridge (5.5–4.8 million years ago).

SIGNIFICANCE OF EST-PCR MARKERS FOR PHYLOGENETIC 
ANALYSIS. Previous studies have used chloroplast DNA sequences 
[e.g., rbcL, matK, trnK, and trnL-F (Kron, 1997; Kron and King, 
1996; Kurashige et al., 2001; Milne, 2004)] and nuclear ribosomal 
DNA sequences [nr18s (Gao et al., 2002; Kron, 1996)] to conduct 
phylogenetic analysis of Rhododendroideae (a subfamily within 
Ericaceae) and the genus Rhododendron. The current study used 
EST-PCR markers, which are based on nuclear gene sequences, to 
conduct the phylogenetic analysis of eight Rhododendron species. 
Recently, Goetsch et al. (2005) utilized nuclear gene RPB2-1’s 
genomic sequences (which contain both introns and exons) to ana-
lyze the phylogenetic relationship among Rhododendron species. 
The use of nuclear genetic markers can increase the resolution and 
effi ciency of phylogenetic analysis through potentially capturing 
more evolutionary events since the nuclear genome evolves at a 
faster rate than chloroplast or mitochondrial genome (Small et 
al., 2004). Furthermore, the use of intron-based genetic markers 
(Wei et al., 2005b and this study) is particularly advantageous 
because introns lack functional restraints and therefore evolve 
fast, which potentially enhances the resolution of closely-related 
taxa in phylogenetic analysis. Our results and that of Goetsch et al. 
(2005) demonstrate that the phylogenetic results for some species, 
based on the molecular data of nuclear genes, can deviate from 
the generally accepted classifi cation systems of rhododendron, 
which are mainly based on morphological characters (Cham-
berlain et al., 1996; Cox and Cox, 1997). As demonstrated by 
Milne (2004) and Goetsch et al. (2005), a systematic re-analysis 
of the rhododendron classifi cation using DNA sequence data 
can indeed generate a refi ned phylogenetic tree. To that end, the 
current study provides a cost-effi cient, alternative approach of 

Fig. 2. The classifi cation and phylogenetic analysis of the surveyed eight Rhododendron species. (A) The 
conventional classifi cation (Chamberlain et al., 1996; Cox and Cox, 1997); (B) The phylogenetic bootstrap tree 
of the surveyed Rhododendron species using the PCR band pattern data generated from the primers based on 
the 27 transcript sequences. Numbers at the branch nodes indicate the percentages of bootstrap values (based 
on 1000 bootstraps).

838.indd   817838.indd   817 11/16/06   3:15:03 PM11/16/06   3:15:03 PM



818 J. AMER. SOC. HORT. SCI. 131(6):814–819. 2006. 

using EST-specifi c markers that allows the use of sequences from 
many nuclear genes. 

PARENTAGE ANALYSIS OF HYBRID R. ‘PJM’ AND R. ‘CHIONOIDES’. 
Eighteen primer pairs (out of 24 tested) generated differential PCR 
product band patterns between or within the two hybrid groups 
studied (each group comprising the hybrid and it parents). Nine 
of these are illustrated in Fig. 3. The polymorphism patterns 
were used to explore the family relationship of two interspecifi c 
hybrids (‘PJM’, ‘Chionoides’) with their respective known and/or 
probable parents. 

The fi rst, scenario is where the hybrid PJM’s PCR product band 
pattern is same as that of both of its both parents (i.e., R. minus 
var. minus Rehder. and R. dauricum); this is evident in banding 
patterns for Primers 23, 26, 34, 35, and 42 in which the hybrid 
PJM bands are indicated by the triangle symbol (▼) (lane 2; Fig. 
3). The second scenario is where one of the parents has one band 
while the other has two and one or both of these bands can be 
tracked in the hybrid. This pattern is generated by Primers C24, 
C25, and C36 for PJM hybrid and indicated by solid arrow (↑) 
(lane 1; Fig. 3). The third scenario is that the hybrid PJM hybrid 
has two bands, each of them likely to be inherited from one of 
the known parents. This case is exemplifi ed by Primer 20, and 
indicated by * for ‘PJM’ (lane 2, Fig. 3). 

In all the scenarios, the inheritance of PCR bands between 
the parents and the hybrid can be established (i.e., there is at 
least one common PCR band between each of the two parents 
and the hybrid R. ‘PJM’, thus allowing the parentage analysis 
and tracking of gene fl ow in this cross). Such an approach can be 
extended to the parentage analysis (i.e., confi rming or excluding 
the probable parents) in hybrid R. ‘Chionoides’. 

Similar fl ow of genes (based on the tracking of PCR product 
bands) was also observed between the hybrid R. ‘Chionoides’ 
and its parents for all the primer pairs (18/24) that generated 
PCR band polymorphism (lanes 4–6, Fig. 3; results for only 
nine primers pairs are shown), which supports that R. maximum 
is likely a “true” parent for hybrid R. ‘Chionoides’, based on the 
screened EST-specifi c markers. Furthermore, by applying the 
“subtractive approach” (described in Methods section) to PCR 
product band patterns across eight Rhododendron species listed 
in Table 1, one can exclude all species except R. maximum as 
being the potential parent of hybrid R. ‘Chionoides’, based on 
the “intrackability” of bands between the individual species and 
the hybrid; no common PCR band(s) are shared between the 
other seven species and the hybrid R. ‘Chionoides’ in at least 
fi ve to nine (out of 27) primers’ amplifi cation products (data not 
shown). Taken all together, our data supports the long-suspected 
notion that R. maximum is likely the pollen parent for hybrid R. 
‘Chionoides’ (Salley and Greer, 1986).

Conclusion

This study demonstrates the suitability of EST-PCR based mark-
ers for the phylogenetic and parentage analysis of Rhododendron 
species and cultivars. Although the genotype sample size used 
in our study was relatively small and represented only available 
samples at the initial stage of current project, the congruence of 
our results with that of a recent report by Milne (2004) about 
the cladistic assignment of R. ponticum and R. maximum (Fig. 
2) supports the validity and the feasibility of using EST-specifi c 
markers in phylogenetic analysis. The cross-subsection “clade” of 
R. arboreum (subsection Arborea) and R. dichroanthum (subsec-
tion Neriifl ora) demonstrated in this study (with a high bootstrap 

Fig. 3. Examples of polymorphism patterns for the parentage analysis of 
Rhododendron cultivars R. ‘PJM’ (R. minus var. minus x R. dauricum) and 
R. ‘Chionoides’ (R. ponticum x unknown with R. maximum as the probable 
pollen donor parent) using EST-PCR based markers; ID = identifi cation; bp 
= base pairs.

score of 80%) also provides a good lead for future studies using 
the greater number of genotypes to better understand the phy-
logenetic relationships within section Ponticum. Furthermore, 
considering the high effi ciency and relatively low cost of EST-PCR 
based maker system, and their links to specifi c loci (genes), the 
utilization of such markers in rhododendron is anticipated to be 
applicable also to other species given the increasing availability 
of ESTs in public databases throughout woody taxa.
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