conclusive, support this principle but, based on the defi-
nitions of HarL (1984) the HAM shoots do not represent an
ativistic development.
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Summary

Methods developed in our laboratory for extracting and
characterizing electrophoretic variants of enzymes from
needle tissues were used in this study for the analysis of
the genetic control of allozyme variants of a 7 X 7 black
spruce diallel cross. From this controlled mating scheme
1,066 progeny were analyzed. Of the 16 enzymes tested,
seven (AAT, ACO, GDH, LAP, MDH, PGM, and SDH)
produced phenotypes that were variable and had banding
patterns that possessed good activity and high resolution.
For one of these enzymes (AAT), two variable loci were
present.

Key words: allozymes, inheritance, Picea mariana, pedigree cer-
tification, electrophoresis, somatotyping.

Zusammenfassung

In dieser Studie wurden in unserem Labor entwickelte
Methoden zur Gewinnung und Charakterisierung elektro-
phoretischer Enzymvarianten aus Nadelgeweben zur Ana-
lyse der genetischen Kontrolle von Allozymvarianten eines
7 X 7 Kreuzungs-Diallels mit Picea mariana angewandt.
Aus diesem kontrollierten Kreuzungsschema wurden 1066
Nachkommen analysiert. Von den 16 getesteten Systemen
produzierten 7 (AAT, ACO, GDH, LAP, MDH, PGM und
SDH) Phéanotypen, die variabel waren und Bandmuster
hatten, die eine gute Aktivitdt und eine hohe Festigkeit
besaflen. Fiir eines dieser Enzymsysteme (AAT) waren 2
variable Loci vorhanden.

Introduction

Black spruce (Picea mariana [Mur.] B.S.P.) grows in all
10 provinces and two territories of Canada. It is a commer-
cially important species, as the long fibres make this tree
highly desirable to the pulpwood industry. A specific mat-
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ing design, the diallel cross, was initiated by MoORGENSTERN
(1974) at the Petawawa National Forestry Institute for the
purpose of evaluating variance components such as those
due to selfing, maternal, and reciprocal effects. In this
report we examine the isozyme composition of progeny
from a 7 X 7 black spruce diallel cross that was established
at Petawawa in 1973. We used techniques that were deve-
loped in our laboratory for the extraction of enzymes from
vegetative tissues of conifers (Piter. and CHEeLIAK, 1984; CHE-
uak and Prrer, 1984aj. The purpose of the study was to
demonstrate the genetic control of allozyme polymorphisms
at seven loci of black spruce. In addition, we describe other
enzyme systems of black spruce that either lacked variation
or whose starch gel phenotypes were difficult to interpret.
Isozyme analysis also indicated that some progeny of a
cross did not have the expected genotype compositions, sug-
gesting contamination. The use of isozymes as simple ge-

FEMALE PARENT

29 52 59 60 62 63 65
29| M 14 M 16 17 18 19
£(|52| M 21 22 23 24 25 26
§59 27 28 29 30 31 32 33
;JGO 34 35 36 37 38 39 40
Sle2| 41 42 43 44 45 46 47
63| 48 49 50 51 52 53 54
65/ 55 56 57 58 59 M 6l
Figure 1. — Design of the controlled mating scheme used for

seven black spruce trees and the cross numbers allocated to each
cross. “M” indicates that the cross was missing.

149



netic markers may thus play a role in maintaining the
identity and genetic integrity of breeding stocks.

Materials and Methods

Diallel cross design

Controlled matings, involving seven black spruce trees
growing at the Petawawa National Forestry Institute (Lat.
45%9’N and Long. 77°21’'W), were performed in the spring
of 1970 (Figure 1). Of the possible 49 two-way combinations,
45 were successfully crossed. Self-pollinations and biparen-
tal crosses were made inside standard pollination bags.

Mature control-pollinated cones were harvested in the
fall of 1970 and the seeds extracted. Seed was stored at
—18° C until used for sowing in the greenhouse in March,
1971. In July, 1971, seedlings were transferred to the nur-
sery. Seedlings were then planted in spring, 1973, in the
field at the Petawawa National Forestry Institute. Plant-
ing was by a random block design involving 27 trees for
each cross. Each cross consisted of three separate blocks
with nine trees within each block.

Tissue collection and preparation

Needles were collected from each tree in March 1984,
and stored at 4° C in plastic bags for up to three months
until completion of electrophoretic analyses. Gametophy-
tes were also examined from seeds of each of the seven pa-
rental trees.

Needle tissue was cut into small pieces and 100 mg were
homogenized with 0.5 ml of the needle extraction buffer as
described by Cueniak and PiteL (1984a, b). Fine purified sand
was added to the chilled pestle and mortar to ensure opti-
mal tissue extraction. Each extract was then placed in a
0.5 ml polystyrene sample cup. For, gametophytes, these
were placed individually in the cups, together with 50 ul
of seed extraction buffer (Yen and O’MaLiey, 1980) and
then homogenized using a teflon head fitted into a moto-
rized grinder. After homogenization, crude seed and
needle homogenates were absorbed onto 11 X 1.5 mm wicks
cut from Whatman 3MM filter paper.

Electrophoresis and enzyme detection

The composition of gel and electrode buffers, the electro-
phoretic conditions, and the type and concentration of starch
used were as described by Cueriak and Prrec (1984b). The
following enzymes displayed isozyme variation, and were
routinely assayed: aconitase (ACO, EC 4.2.1.3), aspartate
aminotransferase (AAT, EC 2.6.1.1), glutamate dehydroge-

nase (GDH, EC 14.1.3), leucine aminopeptidase (LAP,
EC 3.4.11.1), malate dehydrogenase (MDH, EC 1.1.1.37), and
phosphoglucomutase (PGM, EC 2.7.5.1). Although shikimate
dehydrogenase (SDH, EC 1.1.1.25) displayed isozyme varia-
bility, technical difficulties precluded assay of all progeny.
ACO, MDH, and SDH were run using the histidine/citrate
gel and electrode buffer systems as decribed by CueLiak
and PrreL (1984a, b), while the other five were run using
the lithium/borate buffer systems. The composition of the
staining mixtures for each enzyme was as decribed by
CuEeLiak and PrTeL (1984a).

Statistical analysis

The maximum likelihood log-linear G test (SokaL and
Routr, 1969) was used to test for agreement of the observed
to expected segregation ratios in the progeny of the con-
trolled crosses. A heterogeneity G(Gy) was calculated from
the sum of each cross and the pooled distribution of all
crosses (Gy = Grp-Gy, where G, is the pooled test statistic,
and G the total test statistic given by Gy = 3Gy, i =
1, ..., n; where n is the number of distributions tested)
for a particular expected distribution.

Results and Discussion

Monomorphic enzymes

Enzymes with no observed variations in banding patterns
among the seven parental trees, or any of the progeny, in-
cluded isocitrate dehydrogenase (IDH, EC 1.1.142) and
phosphoenolpyruvate carboxylase (PEP-C, EC 4.1.1.31).

Polymorphic enzyme zones

Among the seven parental trees or their progeny, eight
enzyme systems were inferred to be variable and easy to
score. These were AAT-2, AAT-3, ACO, GDH, LAP-i,
MDH-3, PGM, and SDH. In addition, variation was observ-
ed for aldolase (ALD, EC 4.1.2.13), MDH-4, and 6-phospho-
gluconate dehydrogenase (loci 1 and 2) (6PGD, EC 1.1.1.44),
but these were difficult to score consistently. Some varia-
bility among the progeny was detected for phosphoglucose
isomerase (locus-2) (PGI, EC 5.3.1.9) but this variability did
not appear to be heritable.

Aspartate aminotransferase

Three zones of activity were observed on gels stained for
AAT, with variation among parent trees being present for
the two slowest zones, AAT-2 and AAT-3 (Figure 2).
These results differ from that of a 5 X 5 white spruce, dial-
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Figure 2. — Representative banding patterns for seven variable enzyme systems in black spruce and their genotypes.
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lel (Cueuiak and Pirer, 1984b) in which variation among
parent trees was observed only in the fastest zone (AAT-1).
In another study with black spruce (BoyrLe and MORGEN-
STERN, 1985) only two loci were present for AAT. For AAT-2,
six of the parent trees displayed the same band (Table 2,
Figure 2), while for the seventh tree (62) three bands were
present. This last tree wasinferred to be heterozygous. Cros-
ses among trees with a single band resulted in progeny
with only a single band. Crosses among trees with a single
band and the inferred heterozygote produced progeny with
either single- or triple-banded phenotypes in exactly equal
proportions (Table 2). Heterogeneity G values were not sig-
nificant. The one cross (41) that indicated a significant de-
parture from that expected is likely due to chance. The in-
termediate band had approximately double the staining in-
tensity of the upper and lower single bands, indicating a
dimeric subunit structure for AAT-2. Selfing of the hetero-
zygous tree (62) resulted in three classes of progeny in ap-

Table 1. — Inferred genotypes for seven black spruce pareniai
trees.
Parent tree*)
ENZYME LOCUS 29 52 59 60 62 63 65
Aat-2 11 11 1 11 12 11 11
Aat-3 11 11 13 11 12 11 11
Aco 11 11 13 12 11 11 11
Gdh 11 11 11 11 11 11 12
Lap-1 n 11 10 10 10 10 11
Mdh-3 11 11 11 11 12 13 10
Pgm 11 13 11 13 12 11 11

*) The representative banding patterns for each inferred parental
genotype are shown in Figure 2.

proximately a 1:2:1 ratio (Table 2). These results suggest
that this region is under the control of a single locus.

For AAT-3, three different gel phenotypes were observed
among the seven parental trees (Figure 2, Table 2). Five of
the seven parent trees carried the same three-banded
phenotypes. It was hypothesized that these trees were ho-
mozygous for AAT-3. Crosses among these trees, as well
as the selfed lines, produced progeny with the same three-
banded phenotypes. Crosses of parental trees of the three-
banded phenotype with trees of either of the parental
four-banded phenotypes (trees 59 or 62) resulted in close
agreement of observed and expected segregation in the
progeny (Table 2). The two trees with four-banded phe-
notypes are inferred to be heterozygous. Crosses of these
two parental trees (59 and 62) resulted in four classes of
progeny in approximately a 1:1:1:1 ratio (Table 2). The
progeny from the selfing of these two parental trees con-
formed to Mendelian expectations and resulted in three
types with a 1:2:1 ratio (Table 2). These patterns suggest
that this region is controlled by a single gene, AAT-3.

Aconitase

One zone of activity was observed on gels stained for ACO
(Figure 2). Five parental trees (29, 52, 62, 63, and 65) stained
for one single band and were thus inferred to be homo-
zygotes (Table 1). One parental tree (60) had two bands,
one of which had the same mobility as the above trees and
another band of faster mobility. The last parental tree (59)
also had two bands, one of which was common to the above
five trees, but with the other band being of slower mobility.
These last two parental trees (59 and 60) are inferred to be
heterozygotes. Crosses among homozygous trees produced
progeny with only one band coincident with the mobility of

Table 2. — Goodness-of-fit tests for single-locus segregation patterns at seven loci iprblack spruce.
OFFSPRING GENOTYPES G-TESTS
ENZYME CROSS NO. OBSERVED EXPECTED LACK OF OVERALL
LOCUS TYPE CROSSES i1 12 22 13 33 23 10 00 20 30 |11 12 22 13 33 23 10 00 20 30 FIT HETEROGENEITY
Aat-2 11x12 12 154 154 © 0o 0 0 © 0 1 1 0 0o 0 o0 O 0 0| 0.00{i) 10.15(11)%)
12x12 1 4 7 7 0 0 0 0 O 0 O 1 2 1 0 0 0 0 0 0| 1.73(2) -
Aat-3  11x12 10 137 117 0 0 0 0 0 0 O0 O 1 1 0 0 0 0O O o0 O O] 1.58(1) 2.33(9)
12x12 1 4 11 3 0 0 0 0 o0 0 O 1 2 1 o 0 0 0 O O0 O 1.04(2) -
11x13 9 121 0 0 99 o0 0 0 0 0 © 1 ¢ 0 1 0 O 0 o0 0 0] 2.20(1) 5.58(8)
13x13 1 3 0 0 0 8 0 0 o0 0 O 1 0 0 2 1 0 0 0 0 0| 2.41(2) -
12x13 2 15 12 0 10 0 17 0 0 0 0 1 1 0 1 0 1 0 0 0 0] 2.17(3) 5.00(3)
Aco 11x12 9 121 107 0 o 0o 0 0 0 0 0 1 1 0 0 0 0 0 O O O]0.86(1) 5.33(8)
12x12 1 -5 16 2 ¢ 0 0 0 0 0 O 1 2 1 0 0 0 O O O 0/ 4.95(2) -
11x13 9 115 0 0 107 0 0 0 6 0 o 1 0 0 1 0 0 0 © 0 0 0.29(1) 5.35(8)
13x13 1 6 0 0 12 3 0 0 0 0 0 1 0 0 2 1 0 0 o0 ©0 0 1.45(2) -
12x13 2 12 15 0 3 0 15 0o 0 0 0 1 1 0 1 0 1 0 0 0 O 2.03(3) 1.97(3)
Gdh 11x12 10 132 113 0 0 0 0 o0 0 O0 O 1 1 0 0 0 0o O o0 O oO 1.48(1) 10.52(9)
12x12 1 2 12 6 o 0 0 o0 0 o© 0 1 2 1 0 0 0 0| 2.90(2} -
Lap-1 10x10 16 307 0 0 0 0 0 0 88 0 ¢ 3 0 0 0 0 o0 O 1 0 0 1.60(1) 19.87(15)
Mdh-3 11x12 8 87 119 0 0 6 0 0 0 O 0 1 1 0 0 oO0 0 0 0 0 © 4.99(1) 2.33(1)
12x12 1 5 4 0 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0 o0 0.11(2) -
11x13 8 105 0 0 91 0o o0 0 O 0 O 1 0 0 1t ©0 0 0 o0 © O] 1.00{1) 1.60(7)
13x13 1 4 ¢ 0 16 3 0 0 0 0 0 1 0o 0 2 1 0 0 0 0 0 3.76(2) -
11xlu 7 77 0 0 0 0 0 93 0 0 O 1 ¢ 0 0 0 O 1 0 0 o0 1.51(1) 2.21(6)
10x10 1 7 [ 0 0 0 9 4 0 0 1 0o 0 o0 1] 0 2 1 0 0 1.03(2) -
12x13 2 12 13 0 17 0 11 c 0 0 0 1 1 0 1 0 1 0 o 0 0 1.51(3) 3.83(3)
12x10 2 15 14 0 0 0 0 12 0 8 o0 1 1 0 0 0 © 1 0 1 0] 2.50(3) 1.17(3)
13x10 1 7 0 0 5 0 0 9 [V ] 5 1 0 0 1 0 0 1 0 0 1 1.65(3) -
Pgm 11x12 8 108 97 0 0 0 0 0 0 0 0 1 1 0 0 0 0 6 0 0 0§ 0.59(1) 7.55(7)
12x12 1 2 15 1 0 0 0 0 0 o0 O 1 2 1 0 ¢ 0 0 0 0 0/ 9.07(2) -
11x13 14 176 0O 0 167 0 0 0 0 O0 O 1 0 0 1 0 0 0 0 0 o0/ 0.24{1) 14.39(13)
13x13(a) 2 13 0 0 2 10 0 0 0 0 O 1 0 0 2 1 ¢ 0 0 0 0| 0.58(2) 2.32(2)
13x13(b) 2 7 0 0 21 7 0 0 0 0 O 1 0 0 2 1 0 0 0 0 0] 1.41{(2) 1.94(2)
12x13(c) 4 12 18 0 9 0 11 0 0 0 o 1 1 0 1 0 1 g 0 0 0 3.42(3) 1.93(3)
12x13(d) 2 12 18 0 14 0 6 0 0 0 o 1 1 0 1 0 1 0 0 0 0/ 6.51(3) 1.52(3)

*) Degrees of freedom associated with the test are in parentheses.

(a) Represents crosses for 52 X 60 (Table 1)
(b) Represents selfs for 60 and 52 (Table 1)

(c) Represents crosses for 52 X 62 (Table 1)

(d) Represents crosses for 60 X 62 (Table 1)
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the parental band. Crosses between the homozygous trees
and either of the two heterozygous trees (59 or 60) produced
progeny with either single or double-banded phenotypes
in approximately equal proportions (Table 2). Heteroge-
neity G values were non-significant. Progeny from the
selfing of the two heterozygous trees produced three clas-
ses of phenotypes in approximately a 1:2:1 ratio (Figure 2,
Table 2). Crosses between the two heterozygous trees pro-
duced four classes of progeny in an approximate 1:1:1:1
ratio (Figure 2, Table 2). No significant levels of heteroge-
neity were observed among progeny of the above crosses.
The above patterns indicate that ACO in black spruce is
under the control of a single gene which codes a func-
tionally monomeric enzyme.

Glutamate dehydrogenase

One zone of activity on the gels was observed for GDH
(Figure 2). Six of the seven parental trees produced a single
sharp band-and were inferred to be homozygotes (Table 2),
while the seventh parental tree (65) had a faster and a more
diffuse zone of activity and was inferred to be a heterozy-
gote. Crosses among inferred homozygotes produced only
one class of progeny, all having a single band of activity
that migrated coincident with the parental band. Crosses
between trees inferred to be homozygous and the hetero-
zygous tree produced two types of progeny, one with a
sharp band and the other with a diffuse band, representing
many individual bands as a result of multimeric subunit
structure (MirToN et al. 1979; Apams and Jovy, 1980). Segre-
gation ratios did not differ significantly from expected
(Table 2). The one cross (55) not conforming to a 1:1 expec-
tation is likely due to chance. The selfed cross of the hete-
rozygous tree (65) produced three classes of progeny in
approximately a 1:2:1 ratio (Table 2). The above results in-
dicate that GDH in black spruce is under the control of a
single locus, as in white spruce (CHeuiax and PireL, 1984b).

Leucine aminopeptidase

Gels stained for LAP had two zones of activity, only one
of which (LAP-1) was variable among the plants surveyed
(Figure 2). Two loci have also been observed for other
species, such as Norway spruce (Picea abies K.) (LUNDKVIST
and Rupin, 1977) and pitch pine (Pinus rigida MiLL.) (GURIES
and Lepic, 1978). However, three LAP loci have been re-
ported in knobcone pine (Pinus attenuata Lemm.) (CONKLE,
1971). A monomer structure of the enzyme was proposed
(Lunpkvist and Rupin, 1977). For black spruce, three of the
seven parental plants had a single band of activity for
LAP-1 and were inferred to be homozygous for the same
allele (Table 1). Crosses among these plants resulted in
progeny with the same single band. Although four parental
trees (59, 60, 62, and 63) had the same banding pattern as
the other three trees (although with somewhat reduced ac-
tivity), they were inferred to be heterozygotes based on
the results of crosses among each other and also with the
homozygous trees (Table 1, Figure 2). Crosses between in-
ferred homozygous and heterozygous trees resulted in prog-
eny with the same banding patterns as the parental trees.
However, crosses among the four inferred heterozygous
trees, as well as for the selfsof each, resulted in progeny dis-
playing two different types of phenotypes in approximately
a 3:1 ratio (Table 2). The one cross (36) that indicated a sig-
nificant departure from expected is likely due to chance. One
phenotype had the common single band for LAP-1, while for
the others no band was present. The segregation patterns
suggest that these four inferred heterozygous trees have
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a “null” or “silent” allele which, although it cannot be de-
tected in heterozygotes (“10”” form), will display itself in the
homozygotes (“00” form). Unlike most codominant isozyme
systems, this null system must necessarily appear as a clas-
sical Mendelian dominant/recessive gene. Null alleles for
LAP have also been observed in Norway spruce (LUNDKVIST
and Rupin, 1977) and trembling aspen (Populus tremuloides
Micux.) (Cueriak and PiteL, 1984c). However, Guries and
Lepic (1978) have suggested that some null alleles may
be artifacts as a result of using systems with synthetic
substrates which are not likely to occur in vivo.

Malate dehydrogenase

Four zones of activity were observed on gels stained for
MDH (Figure 2). Two of these zones (inferred to be loci 1
and 2) were invariant among the plants surveyed. The
slowest zone (MDH-4) was variable, but difficult to score.
The other zone (MDH-3) displayed several different pheno-
types (Table 1). The most heavily stained band for MDH-3
is thought to be an interlocus heterodimer, formed be-
tween the loci encoding Mdh-2 and Mdh-3. A similar
phenomenon has been observed for other conifers (e.g.
EL-Kassay, 1981; Cueuak et al., 1985; Cueuiak and PrreL,
1985). The MDH-3 locus was weakly stained, and in some
of the crosses only the heterodimer was observed. Four of
the parent trees (29, 52, 59, and 60) were inferred to be
homozygotes while the other three trees (62, 63, and 65)
were inferred to be heterozygotes. For tree 65, the banding
pattern was similar to that of the homozygous trees except
that the banding was not as strong. This tree was inferred
to be a heterozygote that contained a “null” allele. Analy-
ses of gametophytes from the seeds of this tree produced
two types of patterns in approximately a 1:1 ratio; one type
having the same banding pattern as the gametophytes of

--the homozygous trees, and the other with the absence of

any bands for MDH-3.

Crosses among inferred homozygous trees produced pro-
geny with the same banding patterns as for the parental
trees. Crosses between inferred homozygotes and all three
types of heterozygotes resulted in progeny that conformed
to Mendelian expectations by segregating in approximately
a 1:1 ratio (Table 2). Only with the pooled data for crosses
of the four homozygotes with tree 62 was there a depar-
ture from the expected frequency (Table 2). Progeny from
the selfing of each of the three heterozygous trees resulted
in three classes of progeny in approximately a 1:2:1 ratio
(Table 2). Crosses between plants inferred to be heterozy-
gotes produced four classes of progeny in approximately a
1:1:1:1 ratio.

Phosphoglucomutase

PGM appeared as a single zone of activity with three
different gel phenotypes observed among the seven paren-
tal trees (Table 1, Figure 2). Four of the seven trees (29, 59,
63, and 65) stained for one band and were inferred to be
homozygotes. One parental tree (62) displayed two bands:
one band with the same mobility as the four homozy-
gous trees and the second band with reduced mobility.
The last two trees (52 and 60) also had two bands, one
with the same mobility as the homozygous trees and the
other with a mobility intermediate between this band
and the slow band of the other heterozygous tree (62).
These last three trees (52, 60, and 62) were inferred to be
heterozygotes.

Crosses among the inferred homozygous trees produced
progeny with a single band coincident with that of the



parental bands. Crosses between the homozygous trees and
either of the two types of heterozygous parental trees pro-
duced one- and two-banded progeny in approximately a 1:1
ratio (Table 2). Heterogeneity G values were not significant.
Progeny from the selfs of these two types of heterozygous
trees produced three classes of phenotypes in approxima-
tely a 1:2:1 ratio (Table 2). The cross between the two hete-
rozygous trees having the same slow allele (trees 52 and 60)
also produced progeny in a 1:2:1 ratio as expected (Tables 1
and 2). Crosses between the two types of heterozygous trees
(52 or 60 crossed with 62) produced progeny in approxima-
tely a 1:1:1:1 ratio. The above crosses conform to Mendelian
expectations and indicate that PGM in black spruce is
under the control of a single gene that codes for a func-
tionally monomeric protein. The presence of only one locus
of PGM for black spruce observed in this study is similar
1o the results of Cueuak and Pirer (1984b) and King and
Dancik (1983) for white spruce, and agrees with those of
BoyLe and MorcensTERN (1985) in another study of black
spruce. Under different electrophoretic conditions, Stewart
and ScHoer (1986) have observed two PGM loci in white
spruce.

Shikimate dehydrogenase

A single zone of activity containing three different phe-
notypes were observed on gels stained for SDH (Figure 2).
Although insufficient trees were analyzed to obtain proper
segregation data for parental crosses, our results suggest
that the two-banded phenotype represents heterozygous
trees while the two single bands represent trees that are
homozygous for alternate alleles. In studies with needles
of Douglas-fir (Pseudotsuga menziesii var. [Mirs.] Franco),
NeaLke et al. (1984) observed one zone of activity and indi-
cated that SDH was functionally monomeric. Also, results
by Linuarr et al. (1981) for ponderosa pine (Pinus ponderosa
Laws.) indicated that SDH was a monomer. However; -Lin-
HART et al. observed the presence of three alleles, rather
than the two present for black spruce.

Occurrence of mislabelled trees

~ Results for the above black spruce 7 X 7 diallel indicated
progeny in the selfed lines crossed as expected with no
detectable contamination (i.e., outcrossed trees). For
example, a parent homozygous for one enzyme locus, e.g.
“11” for AAT-2, produced progeny that were only of*the
homozygous “11” genotype. The presence of a “12” genotype
among the progeny would be an indication of outcrossing.
‘These results are unlike those of a recent study dealing
with the genetic control of allozyme variants of a 5 X 5§
white spruce diallel (CHeiiak and Pirer, 1984b) in which
many plants from the selfed lines had been detectably
outcrossed for several of the parents. However, in the black
spruce study, one cross (cross 58, putatively of 60 X 65)
produced phenotypes for LAP and MDH-3 that should not
have been present. For MDH-3, one allele (3), detected in
the progeny in all three blocks, was not present in either
of the supposed parents. The progeny contained the expect-
ed “11” and “10” genotypes for MDH-3 (Table 1), as well as
eight “13” genotypes. If we assume that tree 60 is the
female parent, then the observed progeny fit a distribution
predicted where the pollen both of trees 63 and 65 was
contributed to produce cross 58 (Table 1). In addition, for

LAP, the presence of progeny with “00” genotypes also in-
dicates that pollen from tree 63 could have been present.
The data from this cross was not used in this report because
of the obvious contamination.

In addition, data from a few trees in other crosses were
not used because the observed gel phenotypes were not as
expected (e.g. having double bands when only one should
be present). Evidence of errors in controlled crosses, as
determined by the use of isozyme markers, has also been
reported by Apawms (1981), who suggested that the isozyme
technique can detect most errors in seed-handling and
control-crossing experiments. In another example (CHeLIAK
and PiteL, 1984c), electrophoretic techniques were useful
in demonstrating that putative clones of trembling aspen
were actually composed of several distinct genotypes. There-
fore, the use of isozymes as genetic markers allows for the
certification of progeny from control-pollinated families as
well as ramets of clones to be placed in seed orchards,
breeding archives, or clone banks.
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