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The use of RAPD markers for the
identification of Sitka spruce (Picea

sitchensis) clones

WILHELMINA T. G. VAN DE VEN* & RONNIE J. McNICOL
Scottish Crop Research Institute, lnvergowrie, Dundee DD2 5DA, Scotland, UK.

DNA from 57 superior clones was amplified using arbitrary primers in the polymerase chain
reaction, in order to assess the genetic variation within Sitka spruce and to investigate if individual
clones could be identified. Six out of 30 primers gave reproducible banding patterns. Twenty-four
polymorphic bands were scored for the 57 clones studied and all the clones could be identified
using a combination of four or more primers. Nei's estimate of similarity was calculated and cluster
analysis was used to generate a dendrogram showing considerable variation among the superior
trees. Clonally produced material (ramets) could be recognized and mislabelled ramets were
identified.
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Introduction

Sitka spruce (Picea sitchensis (Bong.) Carr.) was intro-
duced into Britain around the 1 830s from N. America,
mainly from Washington and Oregon. The Forestry
Authority later imported material from British Colum-
bia, in particular from the Queen Charlotte Islands,
which have similar climatic and ecological conditions
to Britain. Sitka spruce adapted very well and is now
one of the most important species grown in Britain
(Rook, 1992). In breeding programmes only superior
trees are used as parents. These are selected from
stands and plantations around Britain on criteria such
as growth-form, height, straightness, branching habit,
disease resistance and timber quality. Selected trees are
tested in progeny trials and those of superior genetic
potential are kept. Cuttings from these trees are grafted
on seedling root stocks (ramets) before they are
planted in seed orchards, from which the seed for
commercial plantations is produced. A seed orchard
consists of a large number of clones, represented by
several, widely separated, ramets. Although the result-
ing seed crop is expected to reflect both the genetic
superiority and broad genetic base present among the
orchard clones (Adams & Joly, 1980), little is known
about the genetic variation available. Variation at
provenance and clonal level has been found in Sitka
spruce using phenolics and terpene analysis (Forrest,
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1994). In a recent study on outcrossing rates in Sitka
spruce using six polymorphic allozymes only 42 per
cent of 45 clones representing one seed orchard could
be identified (Cottrell & White, pers. comm.).

Molecular markers have proven to be very useful in
distinguishing among related genotypes. For finger-
printing crop plants restriction fragment length poly-
morphisms (RFLPs) have been used extensively
(Helentjaris & Burr, 1989). Fingerprints have also been
obtained with rDNA (Karvonen & Savolainen, 1992),
minisatellite (Nybom et al., 1990) and microsateffite
(Volkaert eta!., 1992) DNA sequence variation.

Recently, polymerase chain reaction (PCR) based
methods have been used for identification purposes.
These methods do not involve labelling of probes, are
thus less time consuming and require much less starting
material. In PCR, either known DNA sequences
(Bousquet et a!., 1990; D'Ovidio et a!., 1990) or
random DNA sequences (Williams et al., 1990) are
amplified. Wilde et a!. (1992) could distinguish 13
Theobroma clones using 14 random amplified poly-
morphic DNA (RAPD) primers. RAPD markers have
also been used in other species to distinguish among
cultivars, e.g. Rubus (Graham et a!., 1994) and to
assess the genetic polymorphism available in Pinus
leucodermis (Morgante et a!., 1992), Picea abies (Skov
& Wellendorf, 1992) arid Quercus spp. (Moreau et a!.,
1992).

In this study RAPD markers were used to assess the
genetic diversity of the clones within two seed orchards
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and to find markers that would distinguish among
clones.

Materials and methods

Plant material

Young shoots were collected from 55 Sitka spruce
clones grown in two seed orchards (12 and 13), which
were planted in 1981—83 and 1984—85 at Ledmore,
Perthshire, Scotland, U.K. Young shoots were also
collected from five ramets of each of five clones (94,
140, 1350, 1427 and 1609), grown in container pots at
the Forestry Authority, Northern Research Station,
Roslin, Midlothian, Scotland, U.K. Clones 94, 140 and
1350 were also among the 55 clones from the orchard.

DNA isolation

DNA was isolated from needles according to the
method used by Bousquet et a!. (1990). Some modifi-
cations were made: in the extraction buffer /3-
mercaptoethanol (0.2 per cent) was replaced by DTT
(0.1 per cent) which is less harmful, and an additional
phenol/chioroform/iso-amyl-akohol extraction and
RNase treatment at 70°C for 15 mm were performed
to purify further the DNA.

DNA ampilfication

Thirty random lO-mer oligonucleotides OPA-Ol to
OPA-20 (Operon Technologies Inc.) and SC1O-01 to
SC1O-10 (Graham et a!., 1994) were used in a PCR
according to Williams et al. (1990). Reactions were
carried out in 50 L, each containing 15 ng genomic
DNA, 200 1UM of each of dNTP, 0.2 M primer, 0.8 unit
Taq-polymerase and 1 >< reaction buffer (Boehringer
Mannheim) or 15 ng genomic DNA, 200 UM of each of
dNTP, 0.21uM primer, 1 unit Taq-polymerase, 1 x

reaction buffer, 1.5 m MgC12 and 0.05 per cent W-1
(detergent) (GIBCO-BRL). Reactions were overlaid
with 50 uL mineral oil to prevent evaporation. DNA
was amplified in a thermal cycler (0mm Gene, Hybaid)
using the following programme: 1 mm at 92°C, 1.5 mm
at 35°C and 2 mm at 72°C for 45 cycles followed by an
additional 5 mm at 7 2°C. The amplified samples were
kept at 4°C before separation on 1.5 per cent agarose
gels. Fragments were visualized under UV light after
staining with ethidium bromide. All reactions were
triplicated and only reproducible bands were
considered in this study.

Analysis

The gels were scored for the presence or absence of a
certain fragment and the data were analysed using
Nei's similarity index: (SAB 2NAB/(NA+ NB)), where
NAB is the number of shared fragments, NA the number
of fragments from clone A, and NB the number of frag-
ments from clone B (Nei & Li, 1979). Average linkage
cluster analysis was performed based on Nei's similar-
ity index and the calculations were carried out using
GENSTAT 5.2.

Results

Thirty lO-mer oligonucleotides were tested for their
capacity to differentiate among five Sitka spruce
clones, 94, 140, 1350, 1427 and 1609. Eleven of the
primers gave similar banding patterns for all five
clones. Eight primers gave either no bands or poly-
morphism occurred only in faint unreproducible
bands. Five primers gave very complex banding
patterns, and six primers gave reproducible banding
patterns by which the five clones could be
distinguished. These six primers produced four to eight
scorable bands (Table 1).

Table 1 Sequences of the six useful primers, with the number of scorable amplified
and polymorphic bands

Primer Sequence
No. amplified

bands
No. polymorphic

bands

SC1O-02 GGTCCTCAGG 5 2
SC 10-09 CAGTTCTGGC 8 4
OPA-08 GTGACGTAGG 4 3
OPA-09 GGGTAACGCC 6 4
OPA-18 AGGTGACCGT 7 7

OPA-19 CAAACGTCGG 8 4
38 24
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The six selected primers were used in combination
with two Taq-polymerase enzymes (Boehringer
Mannheim and GIBCO-BRL). The two Taq-poly-
merase sources, used with their own buffers, proved to
give similar patterns. Only a few differences were
found in faint bands, which did not affect our scoring.

The reproducibility of RAPD markers over vegeta-
tively multiplied material was assessed by using the
selected six primers on five ramets of each of the
above-mentioned five Sitka spruce clones (Fig. 1).
Ramets 3 and 4 from clone 94 showed similar banding
patterns, but different banding patterns from ramets 1,
2, and 5 from the same clone. This was also found with
the other five primers. The banding patterns generated
by each primer from the five ramets of the other clones,
140, 1350, 1427 and 1609, were identical. For further
analysis ramets 3 and 4 from clone 94 will be con-
sidered as clone 94a and ramets 1, 2 and 5 as clone
94b. Also clones 140 and 1350 will be considered as
140a and 1350a to distinguish them from the same
clones in the seed orchard.

A total of 57 clones, representing the clones in two
seed orchards and two additional clones, were
analysed using the six primers. They generated 38
reproducible bands of which 14 were consistent in all
clones and 24 were polymorphic, giving a mean of four
polymorphic bands per primer. The polymorphic
bands and their sizes are given in Table 2.

All 57 clones were scored for the presence or
absence of the 24 bands and the data obtained were
analysed using cluster analysis. The cluster analysis
produced both a dendrogram (Fig. 2) and a bandmap
(Fig. 3). The similarities among the Sitka spruce clones
range from 38 to 96 per cent (data not shown). The
dendrogram shows clone 1100 as the most divergent; it
joins the other clones at 45 per cent similarity. The
most similar at 95 per cent were clones 1101 and 94,

Fig. 1 Amplification patterns obtained
from five ramets (1—5) of each of five
Sitka spruce clones (1609—94) using
primer OPA-19. L: lambda EcoRl/
Hindlil size maker (in kb); —: scorable
informative bands.

Table 2 Polymorphic bands and their molecular size

Band Primer Size (in bp)

2.1 SC1O.02 1600
2.2 750
9.1 SC1O-09 1640
9.2 1140
9.3 1130
9.4 930

A8.1 OPA-08 2180
A8.2 1160
A8.3 1090
A9.1 OPA-09 930
A9.2 800
A9.3 620
A9.4 580

A18.1 OPA-18 1560
A18.2 1300
A18.3 1220
A18.4 970
A18.5 760
A18.6 710
A18.7 480
A19.1 OPA-19 1270
A19.2 1180
A19.3 890
A19.4 620

and 1102 and 1713. The dendrogram could be divided
into six clusters at 70—7 5 per cent similarity, and the
majority of the clones join together at 60 per cent
similarity.

The bandmap gives a graphical presentation of the
original data (Powell et al., 1991). The order of the
clones, on the left, is a result of cluster analysis of the
similarity indices calculated, placing genotypes with
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are very similar (95 per cent) and are thus placed next
to each other. Clones 94 and 94b are placed next to
each other and are in fact identical, indicated by the
stars, but different from 94a. Clone 1350 from the
orchard is also identical to 1350 from the containei
pots and the same holds for clone 140. The bandmap
can be used as a future reference, in finding the best
combination of markers to distinguish among two or
more clones. To distinguish between clones 61 and
427, bands A18.6 and A19.1 could be used, which are
present in 427 and absent in 61, or bands 9.1, A&1 and
A18.7, which are absent in 427 and present in 61. Only
one clone-specific marker was found; band Al 8.4 is
absent in clone 69.

higher similarity next to each other. The numbers at the
top represent the individual 24 polymorphic bands (see
band no. in Table 2) which have been arranged accord-
ing to their frequency (number at the bottom). The
stars on the right indicate if two adjacent clones are in
fact identical with respect to their amplification
products. As mentioned before clones 1102 and 1713
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Discussion

The average number of polymorphic bands amplified
per lO-mer primer in Sitka spruce (four) was not very
different from the number found in Black spruce (3.8)
and White spruce (5.2) (Mosseler et at., 1992),
although Bucci & Menozzi (1993) found an average of
9.7 polymorphic bands in Norway spruce. According
to Bucci & Menozzi (1993) the larger number of
amplification products in Norway spruce might result
from a larger genome size. They found 29 pg per haploid
genome in Norway spruce, whereas White spruce had
17 pg per haploid genome (Carlson eta!., 1991). The
genome size of Sitka spruce is not known. Although the
genome size is only one of the several contributory
factors affecting the number of amplification products,
others being constitution of amplification mix, thermal
cycling, sensitivity of gel staining system etc., the
genome size of Sitka spruce could be comparable to
that of White spruce.

RAPD markers proved to be consistent in clonally
produced ramets of Sitka spruce clones, which makes
them very useful for clonal identification. However,
within clone 94 two different banding patterns were
found, represented by two and three ramets, which
were morphologically indistinguishable. Two possible
explanations for this are: (1) the rootstock has taken
over from the graft, or (2) some ramets were mis-
labelled. If the rootstock had taken over from the graft
this should be visible as the rootstock is seedling
material and has a different needle morphology from
mature trees (W Brown, pers. comm.), which was not
observed. Also one would not expect that two or three
seedlings, obtained after open-pollination, would have
identical banding patterns for each of six 1 0-mer
primers. It seems most likely that some of the ramets
were mislabelled. According to Wheeler & Jech (1992)
mislabeling of orchard ramets is relatively common,
and in surveying 20 ramets of a Loblolly pine clone
four distinct multiocus genotypes were found. From

I I I I I I
1% 90% 80% 70% 80% 50% 40%

Fig. 2 Dendrogram generated after cluster analysis based on
Nei's similarity index of RAPD data.
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2—13 per cent of mislabelled ramets have been identi-
fied through the use of isozymes in several tree seed
orchards (Haiju & Muona, 1989; Wheeler & Jech,
1992). Correct identification of ramets of clones in a
seed orchard should be carried out at the time of
orchard establishment, when trees are easy to remove,
and certainly well before orchard production or breed-
ing. The long-term costs of mislabelling can be signifi-
cant and will increase as improvement programmes
move though generations (Wheeler & Jech, 1992).

Hamrick & Godt (1990) found gymnosperms to be
among the most genetically variable of plant species.

Fig. 3 'Bandmap' of polymorphic
amplified bands. A total of 24 polyp
morphic bands were generated (top),.
represents the presence of a band and
r no band present. Numbers on the
left represent the individual Sitka
spruce clones studied. The frequency
of each band occurring within this set
of clones is indicated by the nuffibers at
the bottom and the stars on the right
indicate instances where two adjacent
clones are in fact identical with respect
to the bands in the bandmap.
Additional information is given in the
text.

Within spruce species genetic variation seems high
based both on isozyme (Yeh & El-Kassaby, 1980; Yeh
et a!., 1986; Alden & Loopstra, 1987) and DNA
studies (Mosseler et a!., 1992; Tulsieram eta!., 1992).
High levels of genetic variation are important to safe-
guard against biotic and nonbiotic factors, especially in
long-lived crops such as trees. All the Sitka spruce
clones analysed are part of the breeding pool and, with
one exception, joined together at 60 per cent similarity
(Fig. 2). The variation within superior Sitka spruce
clones seems high but lower than the variation within
natural populations of Sitka spruce, which Yeh & El-
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Kassaby (1980) found to be 92 per cent using isozyme
data.

All the 57 Sitka spruce clones analysed could be
identified using a combination of six 1 0-mer primers,
which was not possible using six isozyme systems
(Cottrell & White, pers. comm.). A minimum of four
primers was required to distinguish all clones. Thus,
our results show that RAPD markers are effective tools
for distinguishing among individuals and are more
polymorphic than isozymes, which corresponds with
the results of Kremer et al. (1992) using oak and Lui &
Fumier (1993) with aspen.

RAPD markers were shown to be useful in detecting
variability in Sitka spruce and for identification of Sitka
spruce clones. Furthermore, mislabelled ramets could
be identified. We further wish to use these RAPD
markers to investigate mislabelling and outcrossing in
Sitka spruce seed orchards.
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