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Abstract Van Melle (1947) proposed that juniper cultivars of the Pfitzer Group were of Gjayca’ J. ‘Hetzii', J. ‘Fruitlandii, J. ‘Gold

hybrid origin and ascribed the nameJuniperusxmediaMelle. This purported hybrid of J.  coast' 3. *Kalley’s Compact’,J. sabinaand
chinensisL. x J. sabinaL. has not been accepted unanimously by the horticultural j ssninaTamariscifolia’ were collected for
community. Random amplified polymorphic DNAs (RAPDs) were used to analyze and analysis. Voucher specimens have been de-
establish new evidence for the hybrid origin of the Pfitzer Group, using both parents and ,sjted in Herbaria. Adams’ collections are
seven cultivars of the Pfitzer Group. Principal coordinate analysis (PCO) of 122 RAPD ith the Gruver Science Research Center Her-
bands demonstrated that samples d chinensiscluster tightly together, as do thd. sabina  parjym (SRCG) and Le Duc’s collections are
samples. Cultivars of the Pfitzer Group lacked affinity with either species, but stood apart ¢ the Kansas State Univ. Herbarium (KSC)
as a distinct cluster. The data support Van Melle’s conclusion that the Pfitzer Group is (Table 1).

separate fromJ. chinensisand indicate hybrid origin from parents J. chinensisand J. Leaves were desiccated in silica gel
sabina We recognizeJuniperus xpfitzeriana (Spath) Schmidt [Pfitzer Group] as the  (pemeke et al., 1992) in the field. DNA was
correct name for cultivars of Pfitzer junipers. Juniperusxmedia,proposed by Van Melle, ayiracted using the hot cationic hexadecyl
was rendered illegitimate because of the earlier namk mediaV.D. Dmitriev. trimethyl ammonium bromide (CTAB) proto-

col (Doyle and Doyle, 1987) with the addition
Historically, cultivars of the Pfitzer Group most commonly planted cultivars of juniperof 1% (w/v) polyvinyl pyrrolidone (PVP) and
have been ascribed ttuniperus chinensis (Kriissmann, 1991). Pronase E (150g). Polymerase chain reac-
(Cupressacea®artling). Van Melle (1947) Welch (1966) was one of the first propo-tion (PCR) was performed in a volume of 15
studied an extensive number of both preservetents of the new nomenclature. Some univeptL containing 50 ma KCI, 10 mw Tris-HCI
and living specimens of both cultivated andities were incorporating the new nomenclagpH 9), 2.0 rm MgCl,, 0.01% gelatine, and
noncultivated plants. He concluded that ture into woody plant courses by the 1970<).1% Triton X-100, 0.2 m of each dNTP,
chinensisPfitzeriana’ was of hybrid originJ(  but the horticultural community has been slovd.36 um Primers, 0.3 ng genomic DNA, and
chinensis J. sabingd, and proposed the nameto adopt Van Melle’s classification. Currently,0.6 unit of Taq DNA polymerase (Promega).
Juniperusxmediafor the purported hybrid. some authors (Dirr, 1998; Flint, 1998) awaitA control PCR tube containing all compo-
He recognized vampfitzeriana (male), var proof before adoptind. xmediaas the correct nents, except genomic DNA, was run with
globosa(male) var. arbuscula(female), and name for the Pfitzer Group. However, at leastach primer to check for contamination.
var.plumosgfemale). The probable origin of 14 important horticultural references have A MJ Programmable Thermal Cycler (MJ
the Pfitzer Group was seed sent back to Franedopted Van Melle’s treatment (Lewis, 1995)Research) was used for DNA amplification.
in the 1860s by Armand David from Ho LanKriissmann (1991), although adopting the neWhe thermal cycle was: 9€ (1.5 min) for
Shan of “Inner Mongolia.” Plants from the classification, qualified his position by statinginitial strand separation, then 40 cycles of 38
seed were grown extensively by French anthat “Detailed cytological investigation could°C (2 min), 72C (2 min), 91°C (1 min). Two
Belgian nurserymen by the 1870s (Van Melledetermine if it (Pfitzeriana) is a hybrid or aadditional steps were used for final extension:
1947). ‘Pfitzeriana’ was selected by Spatliorm ofJ. sabina...”. He recognized 28 culti- 38°C (2 min) and 72C (5 min). Amplification
Nursery in 1890s and has become one of thars in the Pfitzer Group. products were analyzed by electrophoresis on
Van Melle’sname J. xmedia,is rendered 1.5% agarose gels and detected by staining
- illegitimate under Article 64.1 of thaterna-  with ethidium bromide. The molecular weight
Rece"é?d for %ubhcatlogglge 2‘0"' _1b99fscceptegg tional Code of Botanical Nomenclaturemarker was pGEM DNA (Promega) and the
for publication21 Apr. 1999. Contribution no. - (Greuter, 1994), for it is a homonym 8f gels were photographed under UV light with

177-) from the Kansas Agricultural EXpenmen{j{pedia V.D. Dmitriev (Czerepanov, 1973). Polaroid® film 667. Fourteen-mer primers

atoarttligniﬂ:ﬁgﬁgﬁiﬁ:ﬁ%’;‘ﬁgﬁ r\};v,mﬁ; O:rr,]dc,\'ﬂli:;_'i'her_efore, Dimitriev's use of the nanle (Table 2) gave several bright bands, had no
souri Botanical Garden for providing plant specimediahas priority. Lewis (1995) argued forfalse bands (in the controls), and yielded re-
mens for the study. This research was supported the conservation of the nandexmediabe- producible results in replicated analyses. The
part by Kansas State Univ. The cost of publishingause of its historical use, dating from 1947RAPD bands were scored by molecular weight
this paper was defrayed in part by the payment ofhe request was rejected and the name prand assigned a code based on primer number
page charges. Under postal regulations, this papgbsed by Schmidt (1983) dfxpfitzerianahas prefix and molecular weight category. In addi-
therefore must be hereby markedvertisement oan accepted. The original Pfitzer plant, stilion, the RAPD band intensity was scored as:

solely to indicate this fact. . s : _ A —faint B — e A = ki
IAssistant Professor- current address: 10180 sarflive at the Spath Arboretum, Berlin, Ger-0 = no band; 4 = faint; 5 = medium; 6 = bright

Ana Rd., Atascadero, CA 93422. many, has be_en a_ssigned t__he denomipati(hrand_, in refergnce to a gray tone standard.

?Plant Biotechnology Center, Baylor Univ., BoxJuniperus xpfitzeriana (Spath) Schmidt Nonlinear scoringwas used to accentuate pres-
669 Gruver, TX 79040. ‘Wilhelm Pfitzer'. ence or absence. Simple presence or absence
3Agronomy Dept., Augusts1Agricultural College, A comparison of volatile leaf essential oilswas found to be less sensitive than this semi-

Urumgi, Xinjiang, China. by Fournier et al. (1991) showed that quantitative scoring.
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Table 1. Vouchers for the specimens studied.

Sample Specimen Collection
Species Cultivar designation origin identification
J. chinensis Pyramidalis C1 China Adams6764
c2 China Adams5765
C3 China Adams6766
J. xpfitzeriana Fruitlandii FR Kansas State Univ., Le Duc353
tag on plant
Gold Coast GC Nursery stock, Jenco Le Duc356
Nursery
Hetzii HZ University, typical Le Duc350
Hetzii
Kallay’s Compact KC Nursery stock, Jenco Le Duc363
Nursery
Wilhem Pfitzer Pz Kansas State Univ., Le Duc352
typical Pfitzer
Pfitzeriana Aurea AR Nursery plant purchased Adams8237
at WalMart store
Pfitzeriana Glauca G1 Nursery stock, Jenco Le Duc359
Nursery
Pfitzeriana Glauca G2 Nursery plant purchased Adams3238
at WalMart store
J. sabina S1 Switzerland Adams7611
S2 Switzerland Adams7612
S3 Switzerland Adams7614
Tamarisicifolia ™ Nursery plant purchased Adams8236

at WalMart store

Table 2. List of the primers used in this study for the random amplification of polymorphic DNA (RA|

by PCR.

Code Sequence (5°-3")

Data were coded into a matrix by character
values. Similarity measures were computed
using absolute character state differences
(Manhattan metric), divided by the maximum
observed value for that character over all taxa
(= Gower metric; Adams, 1975). Division by
the character state range was tried, but was less
informative than using the maximum observed
character value (i.e., including zero in the
range). Principal coordinate analysis (PCO) of
the similarity matrix follows Gower (1966).

Results and Discussion

The 14 primers gave a total of 122 usable
RAPD bands. Computation and subsequent
PCO ordination using the first three coordi-
nate axes revealed several patterns (Fig. 1).
The first three principal coordinates extracted
23%, 20%, and 10%, respectively, of the vari-
ance among the 15 operational taxonomic
units (OTUs). All samples ofluniperus
chinensiglustered tightly together. A similar
grouping appeared among tlle sabina
samples, with thd. sabina'Tamariscifolia’
nesting within the cluster. The purportéd

edia cultivars exhibited no affinity with
eitherJ. sabinaorJ. chinensisbut stood apart
as a distinct cluster, with the exception of

Code Sequence (5"-39pitjandii’ (FR). Principal coordinate 3 ac-

134 AAC ACACGAG
153 GAG TCACGAG
184 CAAACG GACC
212 GCTGCGTGAC
218 CTCAGCCCAG
234 TCCACG GACG
244 CAG CCAACCG

249 GCATCTACCG
250 CGACAGTCCC
265 CAGCTGTTCA

counted for 10% of the variation and chiefly
separated ‘Fruitlandii’ (FR) from the other

268 AGG CCG CTT A Junipers (Fig. 1). Coordinate 4 (7.64%) (not
327 ATA CGG CGT ¢ shown) separated ‘Kallay’s Compact’ (KC)
346 TAG GCGAACG and ‘Gold Coast’ (GC) from the other juni-
347 TTG CTT GGC G pers. No pattern was evidentin any of the other

=sabina

52
51

53
™™

C1 €2 chinensis

1(2

3(10%)

coordinates.

Adams (1982) demonstrated that the most
effective way to visualize both artificial and
natural hybridization was to plot the first two
axes that separate the putative parents. How-
ever, samples al. chinensisandJ. sabina
from the Ho Lan Shan area were not available
for comparison, and thé chinensisand J.
sabinasamples are presented as proxies. There-
fore, a synthetic fhybrid was created for the
purpose of this analysis by adding together all
the bands that were present in eithesabina
or J. chinensispecause RAPD markers are
inherited as simple dominants (Tingey and
Tufo, 1993). The synthetic, ppeared mid-
way betweend. chinensisindJ. sabina(Fig.

2). Nevertheless, ordination was similar to
that obtained by Adams (1982) for both syn-
thetic and natural hybridization. Adams (1982)
noted that principal coordinates separate
groups, and a group of hybrids arising from
several different parents can form a group.
Thus, whether intermediate plants constituted
a hybrid or a third “intermediate” taxon is
difficult to prove. The F (Fig. 2) appeared
midway between the clusters formed by the
samples of. sabinaandJ. chinensishut was
separated from the Pfitzer cluster. Although
FR was somewhat removed from the other
Pfitzer cultivars, it was still within the hybrid
distance. These cultivars showed a strong clus-

Fig. 1. PCO ordination of individuals df chinensigC1, C2, C3),J. sabina(S1, S2, S3) and selectedt€’ group. Note that the original purported
cultivars of the Pfitzer Group AR = ‘Pfitzeriana Aurea’, HZ = ‘Hetzii’, FR = ‘Fruitlandii’, GC = ‘Gol(hyb“(_j was derived from a collection of seeds
Coast’, G1 and G2 = ‘Pfitzeriana Glauca’, KC = ‘Kallay’s Compact’ and PZ = ‘Wilhelm Pfitzer’ bagg@rminated, grown, and dispersed throughout

on 122 RAPD bands.
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the nurseries of Europe.
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