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in Spruce Seedlots using Chloroplast DNA Restriction Fragment
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Abstract

Spruce seedlots containing species mixes and hybrids
of Sitka spruce (Picea sitchensis [Bonc.] Can.) and interior
spruce (Picea glauca [MoencH] Voss/P. engelmanni [PARgrY])
produce seedlings of unacceptable stocktype under opera-
tional nursery growing regimes in British Columbia. We
have investigated the utility of chloroplast DNA (cpDNA)
restriction fragment length polymorphisms for identifica-
tion of the species composition of these seedlots. A BamHI
library of Sitka spruce cpDNA was constructed in pUCS.
Two clones were selected by hybridization with a 10.5kb
BamHI fragment of white spruce cpDNA which is unique
to interior spruce. One of these (pSS4) containing a 4.3kb
BamHI fragment was tested in screening of pure and
mixed seedlots of Sitka and interior spruce. The results
show that this probe can be used to screen total DNA
samples to reliably identify and quantify the cpDNA com-
position of two week old germinants using a sample size of
0.5 g and allows less than 5% species contamination to
be detected. Analysis of seedlings from a hybrid seedlot
showed that both chloroplast types could be found in some
individuals. This result demonstrates the occurrence of
hybrid individuals in seedlots and suggests that chloro-

plasts can be biparentally inherited in Picea ssp. Seedlot
identification obtained with the cpDNA probe agreed with

the recommended growing regimes based on the nursery
performance of the seedlings.

Key words: Picea, chloroplast, DNA, polymorphism, hybrids.
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Introduction

Approximately 100 million spruce seedlings are produced
for reforestation operations in British Columbia annually.
Seed collections from natural stands of Sitka spruce (Picea
sitchensis (Bonc.) Carr.) and interior spruce (comprising the
white/ENGELMANN complex; Picea glauca [MoencH] Voss/P.
engelmannii [Parry] provide the majority of seed sown in
British Columbia nurseries. The overlap of natural ranges
of Sitka spruce and interior spruce and the lack of repro-
ductive barriers to hybridization have permitted the crea-
tion of several introgression zones (DaAuBenmire, 1968;
RocHe, 1969, Kranna et al, 1982). About 6 million spruce
seedlings are produced annually from seedlots collected
from the coastal zone of introgression between Sitka and
interior spruce. Since these seedlots are sown under the
same nursery growing regime, the production of seedlings
of unacceptable quality is expected due to the different
cultural requirements of each species (Brix, 1972). A.
reliable and cost effective means of screening these seed-
lots would allow mixed or hybrid seed to be grown under
suitable conditions for the predominant species or to be
discarded, and result in saving most of the loss now ex-
perienced. Several studies have been pursued to develop a
reliable screening method which would allow accurate
classification of spruce seedlots (see EL-KassaBy, 1988, for
review).

Recently it has been shown that chloroplast (cp)DNA
restriction fragment analysis can provide a tool for deter-
mining the presence of hybrid progeny (Szmipr et al., 1987;
Wacner et al., 1987; Szmipt et al., 1988; EL-Kassasy et al.,
1988). Analysis of inheritance in some gymnosperms have
revealed that, in contrast to angiosperms, cpDNA is pater-
nally inherited (NeaLe et al., 1986; NeaLe et al., 1989; NEALE
and Seperorr, 1989; SzmipT et al., 1987; WAGNER et al., 1989).

We have isolated a cloned cpDNA fragment from Sitka
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spruce that can be used in a routine, cost-effective method
for analyzing hybrid and/or mixed spruce seedlots prior
to nursery sowing. Results of screening individuals from a
hybrid seedlot suggest that biparental inheritance of chlo-
roplasts can occur frequently in spruce.

Materials and Methods
Plant material

Samples of mature individuals of white spruce and
ENGELMANN spruce were obtained from the British Colum-
bia Ministry of Forests research station at Vernon, B.C.
In view of the hybridization which commonly occurs be-
tween white and ENGeLMANN spruce in British Columbia,
the following criteria were used for species classification
of these individuals: The white spruce is a clone derived
from scion collected in Ontario, 44%50°’N 83%5'W elevation
245 m, where hybridization with ENceLmMANN spruce does
not occur. The ENGELMANN spruce was collected from the
East Kootenay region, 49°05°N 115°29'W, elevation 1,435 m,
and has cone morphology typical of ENGELMANN spruce.
Sitka spruce was obtained from a wild stand at Sooke,
Vancouver Island, B.C. (48°21’N, 123°50°W, elevation 20 m).
These samples were used as controls for species type in all
experiments. Seedlots and seedlings grown from seedlots
were obtained from the BC Ministry of Forests Seed
Centre and nursery at Surrey. B.C. The seedlots are seed
collections from wild stands (with the exception of one

from a seed orchard) the locations of which are presented
in table 1 and figure 5.

The seed was sterilized and stratified at 4 °C for 3
weeks. Germination was then allowed to proceed on damp
paper towels for 2 weeks at which time the shoots were
harvested for total DNA extraction.

DNA extraction

Chloroplast DNA was extracted following the protocol
of Waite (1988). Briefly, 100 g of needles were ground in
liquid nitrogen and suspended in extraction buffer. Fol-
lowing centrifugation the pellet containing chloroplasts
was resuspended and the chloroplasts purified by sucrose
density gradient centrifugation. Pelleted material was
also recovered and used as a source of nuclear DNA. Total
DNA was prepared by the method of Wacner et al. (1987).

Recombinant DNA methods

Unique BamHI cpDNA restriction fragments of Sitka
and white spruce were identified by electrophoresis on
0.8 % agarose gels containing TAE buffer (ManiaTis et al.,
1982). The 10.5 kb cpDNA fragment from white spruce
cpDNA and inserts of clones pSS4 and pSS6 were isolated
for use as hybridization probes. Restriction fragments
were isolated from 1% low melting point agarose gels and
labelled by the oligolabelling method of FrinBerc and
VogerLsTeIN (1983, 1984) to a specific activity of 2-5X10°
dpm/ug. A library of Sitka spruce cpDNA was prepared

Table 1. — Summary of analysis of spruce seedlots using cpDNA probe pSS4 on total genomic
DNA extracted from 200, 2-week-old germinants or 100, 1-year-old seedlings.

Seedlot Registration Identification
Material #§ SpeciesI Location Present Study Woods (1988)
Recommended
% interior growing
Species spruce Species regime
Seed 1855 Sxs Skeena Crossing Sx 40 Sx Ss
1873 Sxs Shames River Ss 0 Sx Ss
2647 ss Noeick River Sx <5 Ss Ss
2653 Sxs Shulbuckha Ss 0 Ss ss
2762 Sxs Carnaby Sx 50 Sx ss
2793 Sxs Kitimat Valley Ss 0 Ss Ss
2856 Sxs Lakelse River Ss 0 -1 Ss
3307 sSxs TFL 17 Ss 0 Ss Ss
3969 8xs Hankin Creek Sx <5 Sx Ss
3997 ss Bella Coola ss 0 Ss Ss
4127 Sss Phantom Road Ss 0 Ss Ss
4138 Sxs Kinskuch Ss 0 sx Ss
4189 Sxs Kitwanga Sx 20 Sx Ss
4204 sSxs Kildala Ss 0 Ss Ss
7754 sx Knight Inlet Ss 0 Ss Ss
7755 Sx Knight Inlet ss 0 Ss Ss
7757 sx Knight Inlet sx <5 Ss Ss
7761 Sx Knight Inlet ss 0 Ss Ss
8602 se Purden Mountain si 100 si si
9963 Se Dice Creek Ss 0 Ss Ss
9964 Se Dorothy Creek Sx <5 Sss Ss
9966 Se Dice Creek Ss 0 Ss Ss
28851 sxs Cranberry Sx 10 Ss Ss
29201 Sxs Kitwanga Road Sx 60 Sx. Ss
8eedling 6333 Ss Yellow Point ss 0
(seed orchard)
4144 Sw Tacheeda Mountain Si 100
9833 s8Sxs Whistler Sx 54
28851 sx Cranberry Sx 10 -1 Ss
28852 sx Calvin Creek sx <5
29201 Sx Kitwanga Road Sx 34 8x Ss

1) Ss, Sitka spruce;

Sw, white spruce; Se, Engelmann spruce;

Si, interior spruce (white or

Engelmann); Sx, hybrid spruce; Sxs, hybrid spruce with Sitka parentage.
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by ligation of BamHI digested cpDNA with BamHI
digested pUC8 followed by transformation into E. coli
strain DH5a. Approximately 300 transformants containing
inserts were selected as white colonies on LB plates con-
taining ampicillin 100 ug/ml, 1% X-gal (5-bromo-4-chloro-
3-indolyl-f#-D-galactopyranoside). Southern blotting and
colony hybridization was carried out using Gene Screen
filters following standard procedures (ManiaTis et al.,
1982). Prehybridization, hybridization and washing of the
filters was carried out at 65 °C as follows: Prehybridiza-
tion was carried out in 6x SSPE, 1% sodium lauroyl
sarcosine, 100 ug/ml sheared and denatured calf thymus
DNA. The same solution was used for hybridization with
the addition of 10% dextran sulphate and 3-5x 10% cpm of
probe. The filters were then washed in 2xSSC, 0.1% SDS
at 65 °C.

Results

Identification and cloning of chloroplast probes for distin-
guishing Sitka and interior spruce species

Electrophoresis of BamHI digested cpDNA from mature
individuals revealed a 10.5 kb fragment unique to white
spruce and fragments of 5.5 kb and 4.3 kb unique to Sitka
spruce. The unique 10.5 kb BamHI fragment of white
spruce was hybridized to the chloroplast and nuclear DNA
fractions of each species. This showed that the unique
Sitka BamHI fragments of 4.3 kb and 5.5 kb were homol-
ogous to this probe (Figure 1A). Also, it illustrated that
fragments prepared from electrophoresis gels were not
suitable for screening total DNA samples because of con-
tamination with nuclear repetitive sequences which cause
background problems (Figure 1A). The isolated 10.5 kb
white spruce c¢pDNA fragment was used as a probe to
screen the BamHI library of Sitka spruce cpDNA in pUCS.
Clones containing each hybridizing fragment, pSS4 and
pSS6, were recovered from the library. Inserts from each
plasmid were then used as probes in hybridization with
the nuclear and cpDNA of each spruce species (Figure
1B and C). These results showed that either probe may be
used in distinguishing the species and that no hybridiza-
tion is observed with the nuclear fractions.

Analysis of spruce seedlots

We chose to use the smaller probe, pSS4, to develop
routine screening of hybrid seedlots. One hundred opera-
tionally produced seedlings from each of six seedlots were
obtained from the B.C Ministry of Forests nursery at
the end of the growing season. Needle samples (0.5 g) of
all 100 seedling were pooled and total DNA prepared. Two
of the seedlots (6333 and 4144) had been classified as
pure species whereas the other four were thought to be
hybrids based on their growth in the nursery. The re-
sults of the cpDNA analysis confirmed these observations
(Figure 2) and allowed us to quantify the amout of each
species represented. It is clear that in pure seedlots from
outside the areas of introgression (Sitka spruce from
Vancouver Island and interior spruce from the Prince
George area, Figure 5) there is no detectable poly-
morphism within species for the 100 individuals screened.
Seedlings from seedlots collected from regions within the
coastal mountains showed cpDNA fragments typical of
both species (Table 1 and Figure 5).

The hybridizing bands were scanned using a densito-
meter with area integration and a standard curve was
generated from a series of mixtures of white spruce and
Sitka spruce total DNA standards (Figure 3). Hybridiza-

tion to ENGELMANN spruce was also quantified and found
to yield similar results to white spruce- The detection
limit of the procedure allows less than 5 in 100 of either
Sitka or interior species to be detected. While representa-
tions of less than 5% can be visualized using longer
exposures of the autoradiograms, quantification is not
possible at this level (Figure 3). Subsequent analyses were
carried out using two-week old germinants from pooled
samples of 200 seeds from each seedlot. A summary of
these results is presented in table 1 and compared to
analysis of these seedlots based on growth performance
(Woobs, 1988). The species assignments made using the
cpDNA probe are in good agreement with those estimated
by growth habit. In the case of seedlot #29201, seedlings
following lifting showed significantly less representation

Figure 1., — Hybridizatiorr-of spruce chloroplast probes to chlo-
roplast and nuclear DNA of Sitka and white spruce. Lane 1,
white spruce nuclear DNA; lane 2, Sitka spruce nuclear DNA;
lane 3, white spruce chloroplast DNA; lane 4, Sitka spruce chlo-
roplast DNA. All DNA samples were digested with BamHI. The
probes used were as follows: Panel A, unique 10.5 kb BamHI
cpDNA fragment of white spruce recovered from low melting
point agarose gel; panel B, insert from homologous cp DNA clone
(pSS6) of Sitka spruce; panel C, insert from homologous cp
DNA clone (pSS4) of Sitka spruce.

Figure 2. — Use of pSS4 as a probe for distinguishing coastal and
interior spruce chloroplast DNA in seedlots. Total DNA was
prepared from samples of 100 pooled seedlings from six seedlots
(lanes 1 to 6). Lane 1, pure Sitka spruce #6633; lane 2, pure
interior spruce #4144; lane 3, hybrid #9833; lane 4, hybrid
#28851; lane 5, hybrid #28852; lane 6, hybrid #29201.
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of interior spruce than the pooled seed. This may be ac-
counted for by the high culling rate of undersized seed-
lings grown from this seedlot, most of which are expected
to be interior spruce. In the case of seedlot numbers 9963,
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Figure 4. — Analysis of cp DNA content of individuals from

seedlot #9833. DNA was isolated from the needles of 14 individ-

uals digested with BamHI and Southern blotted. The blot was
hybridized with the pSS4 insert.

9964 and 9966 the species assignment Ss (Sitka spruce)
made from the data of Woods and from the DNA data
are both in disagreement with the tree seed registry
entry Se (ENceLmANN spruce). This might be explained by
the similar appearance of Sitka and ENGELMANN cones
which would be hard to distinguish in wild seed collec-
tions. The distribution of hybrid and mixed seedlots (Fi-
gure 5 and Table 1) shows that there is increasing repre-
sentation of interior spruce as one moves from West to
East across the coastal mountains.
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Figure 8. — Locations at which spruce seedlots were collected in British Columbia. x, seedlot used for analyses of seed; O,
seedlot used for analysis of seedlings; seedlots used for both are marked with both symbols; @, major cities.
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Analysis of individuals from hybrid seedlots

Analysis of seedlot #9833 from the Whistler region had
shown about a 1:1 ratio of Sitka to interior spruce
(Figure 2). We therefore chose to examine the cpDNA of
individuals from this seedlot. Of 14 individuals examined
5 show the Sitka type cpDNA fragment, 6 show the
interior spruce type DNA fragment and 3 individuals
show a mixed cpDNA content (Figure 4). Although the
parentage of these individuals is uncertain, biparental
inheritance of chloroplasts is suggested.

Discussion

We have developed a reliable and convenient means of
quantifying the species composition of spruce seedlots.
Examination of one or two hundred individuals in several
pure seedlots of Sitka and interior spruces indicates that
no significant intraspecies variation occurs with respect
to the cpDNA fragments used in the analysis.

Since the analysis can be performed using small amounts
of tissue (approximately 0.5 g), it is possible to analyze
seedlots within two weeks of germination. It should, there-
fore, be possible to analyze.all seedlots prior to nursery
growing or after cone collection and seed extraction;
although, in the latter case one might expect error due to
differential viability between species. This will enable
growers to alter growing regimes to suit the predominant
species or elect not to grow mixed seedlots, hence saving
most of the loss now experienced. The analysis is in good
agreement with the recommendations made for seedlots
from the zone of introgression based on their nursery per-
formance (Woobs, 1988). The test described here should
enable growing regimes to be adjusted without the need
for prior assessment of the seedlings in a nursery.

The results using this probe quantify the proportion of
interior spruce (EnceLMaNN/white complex) but do not
distinguish EnceLmanN and white spruce. While this dis-
tinction would be of interest to geneticists, it has no opera-
tional significance in nursery producton, since both species
can be successfully grown under the same regime and are
planted on similar sites.

The occurrence of both interior and Sitka chloroplast
types in hybrid individuals is interesting. Analysis of
cpDNA inheritance has been carried out for several gym-
nosperms including Pinus (Wacner et al., 1989; NeaLe and
SeDEROFF, 1989), Larix (Szmipt et al., 1987) and Pseudotsuga
(NEALE et al., 1989). Inheritance is generally paternal. How-
ever, interspecific hybrids within both Pinus (WaGNEr et
al.,, 1987) and Larix (Szmipt et al. 1987) may have the
chloroplast types of both parents, or recombined chloro-
plasts. In controlled crosses between L. decidua and L.
leptolepis, three of six progeny exhibited paternal inherit-
ance, two exhibited biparental inheritance, and one exhi-
bited maternal inheritance. Similar results are suggested
for Pinus banksiana and P. contorta hybrids, but in this
case frequent recombination (Wacner et al., 1987) and even
segregation of chloroplast types is observed within in-
dividuals (GoviNpARrajU et al., 1988). In addition, individuals
heteroplasmic with respect to chloroplasts have been found
in Pinus monticola (Wuite, 1990). Based on our results
Picea hybrids exhibit heteroplasmy. suggesting biparental
inheritance. We did not, however, detect any recombined
or novel restriction fragments among the hybrid indivi-
duals in the small number of ‘samples analyzed.

Since the seedlots were collected from a number of in-
dividuals, it is not known whether their intermediate
growth pattern is due to the existence of hybrids or a
mixture of individuals within the seedlot. The occurrence
of individuals with mixed cpDNA composition demon-
strates that these seedlots do, in fact, contain hybrid in-
dividuals. It is not possible to determine the exact fre-
quency at which hybrid individuals occur as we do not
snow the frequency at which biparental inheritance oc-
curs under controlled conditions. We are currently gener-
ating hybrid individuals from controlled crosses to exam-
ine this question.
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