Vorwort

“What are you doing here so shortly after midnight?”,
LaANGNER used to address a doctoral student who happened
to turn up at the Schmalenbeck institute before 9 o’clock
in the morning. One must know that LaNneNer was a hard-
working man who had seen the student’s lamp burning
when he left the building around midnight the night be-
fore. Although he himself hardly ever arrived only second
or even third at the office in the morning, he had never
expected the student to be this early.

This attitude toward his coworkers was not the least
among the reasons for the atmosphere of industriousness
and scientific productivity which he created. Lancener di-
rected the Institute of Forest Genetics and Forest Tree
Breeding in Schmalenbeck for the 22 years between 1949
and 1971 in a way that made those who worked there feel
like members of a family.

This family and many other friends all over the world
express their cordial congratulations on the occasion of
Lancner’s 80th birthday. We also extend our warmest
wishes for the continuation of his proverbial health and
youthfulness.

Lancner has published far more than one hundred articles
on diverse aspects of forest tree breeding and the evolving
field of forest genetics. In 1971, when LancnNer retired from
active service, his curriculum vitae was presented in this
— his — journal. Fifteen years later, a few words may be
added concerning his presumable satisfaction to observe
that the population genetics of forest trees is being widely
studied with modern techniques. He not only paved the way
for the establishment of this scientific field in forestry.
During the fifties and sixties, when only a limited body of
population genetic concepts existed, he published papers
which may be considered as landmarks in the field of
forest genetics. These articles both enlarged the store of
experimental evidence and advanced the manner of think-
ing. The world of forest genetics and forest tree breeding
has benefited greatly from this strong contributor.

Ad multos annos!

H. H. HATTEMER
Abteilung Forstgenetik
und Forstpflanzenziichtung
der Universitidt Gottingen
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Summary

Two sets of trees, 46 relative sensitive and 45 relative
tolerant individuals, were selected from six open pollinated
Pinus sylvestris families in a field trial stressed by air pol-
lutants in Northrhine-Westphalia, Fed. Rep. of Germany.

The trees were genetically identified at nine electropho-
retically-detectable enzyme gene loci. Comparisons of ge-
netic parameters between the sensitive and the tolerant set
showed the following results:

Allele and/or genotype frequencies at gene loci of gluta-
mate dehydrogenase (GDH) and glutamate oxaloacetate
transaminase (GOT) differed significantly between the two
sets. The tolerant trees had higher multilocus heterozygo-
sities (actual and conditional) that exceeded with H, = 41
and H; = .80 the values among the sensitive trees by about
30% and 10%, respectively. This indicates that GDH- and
GOT-gene loci, as well as the other gene loci were partly
involved in the sensitivity against the environmental stress.
Genic and genotypic multilocus diversities were each about
2.5 times greater in the tolerant than in the sensitive set.
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Single locus genetic distances between the two sets did not
exceed d = .32.

Key words: Pinus sylvestris, genetic differentiation, isozymes, air
pollution.

Zusammenfassung

Von sechs Pinus sylvestris Nachkommenschaften — ent-
standen aus freier Abbliite — wurden zwei Kollektive ge-
bildet, die B&ume unterschiedlicher Immissionstoleranz
umfaBten, Dafiir wurden 46 relativ immissionsensitive und
45 relativ tolerante Kiefern in einem immissionsbelasteten
Feldversuch in Nordrhein-Westfalen (Bundesrepublik
Deutschland) ausgewihlt.

Die Versuchsbdume wurden an neun elektrophoretisch
nachweisbaren Enzym-Genloci genetisch identifiziert. Ver-
gleiche genetischer Parameter zwischen dem sensitiven und

toleranten Kollektiv erbrachten folgende Resultate:

1) dedicated to Prof. Dr. W. Lancener. on the occassion of his 80th
birthday.
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Allel- und/oder Genotypfrequenzen an Genloci der Glu-
tamatdehydrogenase (GDH) und Glutamatoxalacetattrans-
aminase (GOT) unterschieden sich signifikant zwischen den
beiden Kollektiven. Die toleranten Biume wiesen mit H, =
0,41 und H, = 0,80 emne um etwa 30% bzw. 10% héhere
Multilocus-Heterozygotie (aktuell und konditioniert) auf,
als die sensitiven. Dies 148t erwarten, daB neben Genloci
der GDH und GOT auch die anderen untersuchten Genloci
die Immissionstoleranz mit beeinflussen. Die genische und
genotypische Multilocus-Diversitdt war in der toleranten
Gruppe jeweils um etwa das 2,5-fache grofler, als die ent-
sprechenden Werte der sensitiven Gruppe. Der genetische
Abstand zwischen den Kollektiven war an den einzelnen

Genloci nicht gréBer als d = 0,32.

Introduction

Man-made environmental pollution has caused a rapid
increase of stress factors in forest ecosystems. Severe eco-
logical damage has to be expected. One of the long-term ef-
fects of air pollution is selection. In extreme cases extinc-
tion, i.e. a break down of the genetic system of forest tree
species by a high reduction of the population size will be
the result of environmental stress.

Beginning with the sixties, clonal, family, and prove-
nance studies have already indicated that sensitivity to
different air pollutants has a genetic basis (for a literature
review see: MejNartowicz 1984). However, only the appli-
cation of the isozyme technique made a quantification of
selection on basis of genes possible. Indications of such se-
lection processes were published by several authors. MEgj-
nNarTowicz (1983), investigating a Pinus stand affected by
SO, and fluoride, could differentiate sensitive and tolerant
trees by isozyme gene markers. Fumigation experiments
with SO, showed, that the genetic structures at isozyme
gene loci of sensitive and tolerant Norway spruce clones
differed significantly (Scuorz and Beremann 1984). Genetic
differences between tolerant and sensitive beeches (Fagus
sylvatica) as studied by isozyme gene loci were also found
in an adult forest stand under environmental stress (MuL-
LER-STARCK 1985).

The objective of this investigation was the question,
whether the so called field resistance against air pollutants
of young pines (Pinus sylvestris L.) was associated to a ge-
netic differentiation based on isozyme data.

Material and Methods

The investigated population is located in the Northrhine-
Westphalia forest district Xanten, at an elevation of 45 m
above sea level. The trees originated from open pollination

of three relative sensitive and three relative tolerant seed
parents, formerly located in Mengeder Heide. For this in-
vestigation 46 sensitive and 45 tolerant trees were selected
from in total 640 individuals. The selection of the experi-
mental trees based on scorings of the number of needles per
year, colour of needles and needle necrosis, when the trees
were four years old in 1972 and air pollution was mainly
due to SO,.

For genotyping meristem tissue of young vegetative buds
was collected. As far as seeds from the experimental trees
were obtainable, additional endosperms were used for the
enzyme separation.

The isozymes assayed, their acronoyms, the applied gel-
und electrode buffer systems, the number of gene loci scor-
ed and references refering to the genetic control are given
in Table 1. ‘

The enzymes were extracted by 0.05 M tris/0.04 M HC]
buffer, pH 7.5, with addition of 30 mg/ml water-insoluble
polyvinylpyrrolidone (PVP) and 2 mg/ml ethylenediaminete-
traacetic acid (EDTA II). The raw extracts were separated
by horizontal starch gel electrophoresis: Gel-concentration
12%, voltage 15—30 V/cm, bridge distance 10-—14 cm.

The staining recipes for SDH (Suaw and Prasap 1970),
IDH (Nicuors and ruppre 1973), 6-PGDH (Brewer 1970),
GDH (Suaw and Koen 1968), GOT BRrewBaker et al. 1968),
PGM (Brewer 1970), and LAP (Scanparious 1969) were
slightly modified.

Genetic parameters

The allele and genotype frequencies were summed up for
the sensitive and the tolerant set and the genetic structure
at each gene locus was compared by the 2 X C contingency
table. Actual and conditional heterozygosities (Grecorius
et al. 1986), as well as genic and genotypic diversities (Gre-
corius 1978) were computed for the sensitive and tolerant
set, respectively. Additionally the genetic distances be-
tween these groups were calculated according to GreGorius
(1974), even though some criticism of this parameter was
published recently (Katz and Goux 1986).

Results

Comparisons of the allele and genotype frequencies re-
sulted in significant differences between the two sets at
the GDH- and GOT-gene loci (Table 2).

The genotype GDH-A,A, was most frequent in the sen-
sitive set (.74), whereas the heterozygotes GDH-A,A, were
found predominantly in the tolerant pines (.51). Corres-
ponding to these genotypic structures the allele frequen-
cies differed significantly. The allele GDH-A,; was more

Table 1. — Isozymes assayed, acronyms, applied gel electrode buffer systems, number of scored gene loci and the reference(s) of the
genetic control.

Isozyme system E.C. No. Gel / No. of Reference(s)
electrode scored
buffer system loci
shikimate dehydrogenase (SDH) 1.1.1.25 A 2 SZMIDT and YAZDANI (1984)
isocitrate dehydrogenase (IDH) 1.1.1.42 A 1 no reference / putative genetic control
6-phosphogluconate dehydrogenase (6-PGDH) 1.1.1.43 A 1 SZMIDT and YAZDANI (1984)
glutamate dehydrogenase (GDH) 1.4.1.3 B 1 CHUNG (1981)
glutamate oxaloacetate transaminase (GOT) 2.6.1.1 B 3 RUDIN (1975), CHUNG (1981), MULLER-STARCK (1982)
phosphoglucomutase (PGM) 2.7.5.1 B 2 no reference / putative genetic control
leucine aminopeptidase (LAP) 3.4.11.1 B 2 RUDIN (1977)

A - Gel buffer: 0.14 M tris - 0.04 M citric acid, pH 7.0/ electrode buffer: 0.028 M tris - 0.008 M citric acid, pH 7.0

(SHAW and PRASAD (1970), modified)

B - Gel buffer: 0.08 M tris - 0.01 M citric acid, pH 8.7/ electrode buffer: 0.06 M NaOH - 0.30 M boric acid,

(POULIK (1957), sligthly modified)

pH 8.2
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_Table 2. — Genotype and allele frequencies at nine isozyme gene
loci in two sets of Scots pine differing in sensitivity to air pol-

lutants.
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SDH-A A Az .13 .08 2.59 n.s.
A2Az .75 .76
A2 As .05 .12
AzAs .05 .02
AaAs .02 .02
A .07 .04 2.12 n.s.
A= .86 .87
As .05 .08
As .02 .01
SDH-B Bi1B2 .09 .12 .21 n.s.
BzB2 .91 .88
B .04 .06 .20 n.s.
Bz .96 .94
6-PGDH-A A1 - - 1.96 n.s.
A1 A2 .38 .54
Az Az .62 .46
A .19 .27 1.31 n.s.
Az .81 .73
GDH-A A .02 .07 9.47 (P£.01)
A A2 .24 .51
Az Az .74 .42
A .14 .32 8.39 (P£,01)
A2 .86 .68
GOT-A Ay - .02 .02 n.s.
A A2 1.0 .98
Az Az - -
A .50 .51 02 n.s
Az .50 . .49
GOT-B BB .09 .09 14.94 (P£.01)
B1B2 - -
BiBa .38 .43
B2B2 .04 .02
BzBa - .23
BaBs .49 .23
Bp .28 .30 5.36 n.s.
B2 .04 .14
Bs .68 .56
@TC GG .18 .26 4.52 n.s
Ci1Cz .47 .59
CzC2 .36 .16
¢ .41 .55 3.22 n.s.
C2 .59 .45
PGM-A AA .02 .02 5.50 n.s.
A1 Az - .1
Az A2 .93 .80
A As - -
AzAs .05 .07
Ashs - -
M .02 .08 3.05 n.s.
Az .96 .89
As .02 .03
LAP-B B1By - - .88 n.s
B1Bz - .02
B1Ba - -
B2B2 .97 .96
an:! - -
BaBs .03 .02
B1 - .02 .89 n.s
B2 .97 .97
Bs .03 .01

frequent in the tolerant set (.32) than in the sensitive one
(.14). The allele GDH-A, predominated with a frequency
of .86 and .68 in the sensitive and tolerant set, respectively.

The frequencies of the GOT-B genotypes were very simi-
lar in both sets, except GOT-B,B, which was only obser-
vable in the sensitive set, at frequencies of .23. The allele
GOT-B, was about four times as frequent in the sensitive
set as in the tolerant one. However these differences were
not significant as the other gene loci did not differ at a
significant level.

Actual and conditional multilocus heterozygosities among
the sensitive trees were ﬁn = .31 and H. = .72, whereas
H, = .41 and H, = .80 were calculated among the tolerant
trees. Genotypic multilocus diversities were VSI&N = 517
for the sensitive and Vyo, = 124.2 for the tolerant trees.
The genetic multiplicity was not different between the two
groups of trees. But the genic multilocus diversity differed
to a great extent (TISEN = 21.7, VTOL = 52.5).

GENIC DISTANCE

GOT~A

01

L GENOTYPIC DISTANCE
AP.g

0.1

Figure 1. — Genic and genotypic distances at the studied gene
loci. The radii of the circle sectors represent the distance based
on the respective gene loci. Radii of the dotted circles represent

the mean distance.



The genetic distance, which will result in 0.0 if the com-
pared sets are genetical identical, reached maximum values
at the GDH gene locus. Distances of .18 and .32 were com-
puted as allelic and genotypic distances, respectively,
whereas the mean distances were?lgenic = .08 and dgenotypic
= .14. Figure 1 demonstrates the distance values for each
gene locus as well as the mean distance values.

Discussion

The recent forest decline is caused by complex stress,
based on interactions between several pollutant compo-
nents and natural stress factors. Therefore, it would be dif-
ficult to relate certain effects, genetic ones or others, to a
certain pollution component. However, in this study the
separation of the experimental trees into two sets is based
on characters, which were measured and scored in the be-
ginning seventies, when sulphur dioxide was very probably
one of the main stress factors in Northrhine-Westphalia.

For monitoring genetic differentiation between the sen-
sitive and the tolerant set of trees by isozyme systems, iso-
zymes itself or products controlled by gene loci closely
linked to the isozyme gene loci should be involved in
metabolic processes affected by toxic components.

The enzymes GDH and GOT are essential for the ami-
noacid metabolism, whereas IDH is involved in the tricar-
bonacid cycle. The activity of these enzymes is altered by
SO, and other toxic gases. Low concentrations of SO, in-
creased the activity of these enzymes (Rase and Krees 1980).
Hence considering the study mentioned above, there was
reason to expect a certain relationship between the gene
loci coding for these isozymes and field resistance of the
respective trees. Indeed, genetic differences could be found
at GDH- and GOT-gene loci comparing two sets differing
in the field resistance. Since the IDH-gene locus was mo-
nomorphic in all trees, an important role of this isozyme
in the variation of tolerance mechanism is not very pro-
bable in the Scots pine trees of this investigation.

The isozyme data elaborated in this study suggest that
certain isozyme genotypes may have a viability advantage.
However monogenic effects are not very probable, since
in trees tolerance and resistance are predominantly con-
trolled by polygenes. Therefore a close association of bio-
chemical markers and tolerance/resistance genes, as for
example found in Aegilops ventricosa against the fungal
desease eyespot (McMiLLN et al. 1986), cannot be expected
in long-lived forest tree species.

In the sensitive set the frequency of the allele GDH-A,
is higher than in the tolerant set. If the influence of the
respective pollutants persists, selection against this allele
is to be expected, resulting in changes of the genetic struc-
ture. In the extreme case this biallelic gene locus can be
come monomorphic. :

The classical hypothesis of heterozygotes superiority for-
mulated by Lerner (1954) supports reason to expect that
in a heterogeneous environment as found in field trials
plants with a higher degree of individual genetic multipli-
city have higher viability. This is supported by the present
study, where the mean heterozygosity was greater in the
tolerant pines than in the sensitive ones. Similar results
were found by MeNartowicz (1983) in an environmental
stressed Pinus sylvestris population and by MULLER-STARCK
(1985) in a Fagus sylvatica forest stand that suffered from
air pollution.

Since heterozygosity is limited by the genic structure, the
actual values were weighted by the maximum wvalues,
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which theoretically can be obtained. This so called condi-
tional heterozygosity is bounded by the most frequent allele
at the gene locus. At three gene loci (6-PGDH-A, GOT-A,
SKDH-B) H, coincide with the maximum attainable. This
gives expectation that H, is an inappropriate parameter
describing the variation of this set of data. At the other
gene loci the tolerant trees had higher H-values also after
conditioning than the sensitive ones, but the relative dif-
ference became smaller.

Likewise, recent genetic studies in other plant species
support the classical hypothesis of heterozygote superiority.
An association between heterozygosity of isozyme gene
loci and quantitative traits (especially concerning growth
characters) was found for example in Pinus rigida (Lepic
et al. 1983), in Populus tremuloides (mittoN and Grant 1980).
and in Zea mays (KauLer and WEeHRHAHN 1986). Never-
theless, it should be mentioned that not always an associa-
tion of heterozygosity at studied gene loci and quantitative
traits is observable in forest trees (EL-Kassasy 1982).

Under homogeneous environmental conditions as in con-
trolled fumigation experiments there is also no reason to
expect inferiority of individuals with low heterozygosity.
Indeed, in such experiments with controlled application of
single stress factors, heterozygosity was not higher in the
tolerant group, as found in two sets of Norway spruce
clones differing in SO, sensitivity in fumigation experi-
ments (Sciorz and BERGMANN 1984).

The genetic multiplicity of the tolerant and sensitive
pines did not differ in this investigation. Since the experi-
mental trees originated from.anly six open-pollinated seed
parents, different genic multiplicity between the two sets
was not very probable. However, in a natural stand of
beech MiLLer-Starck (1985) found that the tolerant trees
contained one-third more different alleles and genotypes
than the sensitive ones.

Since high genetic multiplicity of a gene pool is a basic
requirement of high heterozygosity and since high hetero-
zygosity renders a high adaptive potential of a plant to
varying stress factors (Grecorius et al. 1985), the genetic
multiplicity of forest tree populations is to be preserved
to a great extent.
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Summary

Genetic diversity within and genetic differentiation
among six populations of black spruce (Picea mariana
[MiLL.] B.S.P.) in central New Brunswick were investigated
using allozyme frequencies at 12 loci. Average heterozy-
gosity ranged from 0.192 to 0.253 in the different popula-
tions. On the average, the percent heterozygous loci/indi-
vidual ranged from 17.08 to 22.29, the average number of
alleles/locus from 2.17 to 2.50 and the effective number of
alleles/locus from 1.24 to 1.38. These values are comparable
with those from other conifer species though they might be
biased upwards somewhat due to the limited number of
polymorphic, independently segregating loci sampled.
Other measures of genetic diversity produced similar
results.

Partitioning the observed variation into within- and
among-population components by using F-statistics led to
an estimate of within-population variation amounting to
99 per cent of total variation. These results suggest that
emphasis be placed on intra-population sampling in black
spruce for tree improvement. The relationship between
geographic distance and Nei’s genetic distance appeared
to be weak, suggesting that isolation by distance may not
be responsible for the observed differentiation.

Key words: Picea mariana, isozymes, population stiructure, gene
diversity, genetic distance, heterozygosity.

Zusammenfassung

Innerhalb und zwischen 6 Populationen von Picea ma-
riana im mittleren New Brunswick wurde die genetische

*) Present adress: Canadian Forestry Service, Petawawa Nat. for.
Inst., Chalk River, K0J 1J0 Ontario, Canada.
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Diversitidt durch elektrophoretische Methoden untersucht.
Es wurden die Genhiufigkeiten an 12 Loci ermittelt. Der
durchschnittliche Heterozygotiegrad lag in den verschiede-
nen Populationen zwischen 0,192 und 0,253. Die Durch-
schnittswerte lagen in folgenden Bereichen: % der hetero-
zygoten Loci pro Individuum, 17,08—22,29; Zahl der Al-
lele pro Locus, 2,17—2,50; und Zahl der effektiven Allele
pro Locus, 1,24—1,38. Diese Werte sind mit solchen anderer
Koniferen vergleichbar, kénnen allerdings etwas hoch ein-
geschitzt sein, da sie auf einer geringen Zahl von poly-
morphen, unabhiingig aufspaltenden Loci beruhen. Andere
Messungen der genetischen Diversitit ergaben &hnliche
Resultate.

Die Aufteilung der beobachteten Variation in Komponen-
ten ,innerhalb“ und ,zwischen“ Populationen durch F-
Statistiken ergab einen Beitrag von 99% der Komponente
yinnerhalb“ zur Gesamtvariation. Die Plusbaumauswahl
sollte deshalb hauptsiichlich auf Auslese innerhalb der Po-
pulationen beruhen. Die Korrelation zwischen geographi-
scher Entfernung der Populationen und Nei’s genetischer
Distanz schien schwach zu sein, sodaB Distanzisolation we-
nig EinfluB auf die beobachtete Differenzierung haben
mag.

Introduction

The population structure of a species has been defined
by Riecer et al. (1976) as: “The sum of all factors governing
the pattern by which gametes from various individuals
unite with each other during fertilization”. Brown (1978)
recognizes two groups of evolutionary forces that affect the
values which various measures of population genetic struc-
ture may assume. These are firstly, the interaction with
other aspects of the population structure affecting, for
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