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INTRODUCTION

During the last several years the mode of inheritance cf various
enzyme systems occuring in forest trees has been well documented.
However the data concerning genetic polymorphism of enzymes in Eu-
ropean larch are very scarce. Most data on larch concern enzyme va-
riation in needles of Siberian and Japanese larch (Larionova 1479,
Larionovaand Miljutin 1981, Mikami 1973).

Oniv one study describes the inheritance of enzyme patterns in
haploid macrogametophyte tissue of European larch (Mejnarto-
*czand Bergmann 1975).

Simultaneously, most of the present data concerning genetic po-
lymorphism of feorest tree enzymes are based on starch electrophoresis
separations and very little attention has been paid to the other me-
thods of enzyme separation. As has been shown recently, it is possible
that the use of iscelectric focusing or polyacrylamide electrophoresis
can provide additional informations about the nature of variation of
forest tree enzymes (McMullan and Colangeli 1982, Szmidt
1982).

In this paper we describe the genetic polymorphism of esterase
(E.C. 3.1.1.2) and acid phosphatase (E.C. 3.1.3.2) in haploid macroga-
metophyte tissue of European larch analysed by means of isoeleciric
focusing. Attempts have also been made to determine the level of ge-
netic variation in a seed orchard of this species, composed of clones
originating from Poland.

* This work was done within problem MR-II-16 cosrdinated by the In-
stitute of Dendrolegy of the Polish Academy of Sciences in Kérnik.
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MATERIALS AND METHODS

Open pollinated seeds were collected from 24 clones of European
larch growing in the clonal seed orchard near Kornik and stored at
3°C. Selected clones represented all origins of European larch from
Poland including Polish larch (Larix decidua subsp. polonica).

From 10 to 76 seeds were analysed for each clone. Before separation
seeds were germinated on filter paper until 1 -3 mm long radicles were
visible.

*

EXTRACTION AND ISOELECTRIC FOCUSING

Haploid macrogametophyte tissue was isolated from germinated
seeds, and homogenized in double_distilled water containing 0,06%0 2-
-mercaptoethanol. Homogenates were soaked into pieces of Whatman
3MM filter paper and placed on 5% acrylamide gel slabs containing
20/p Ampholine pH 3-10 (LKB Produkter AB, Bromma, Sweden) for
esterase, and 2,5%0 Servalyt pH 3-7 (Serva Feinbiochemica, Heidel-
berg, Germany) for acid phosphatase separation. 1 M NaOH and 1 M
H;PO, served as cathode and anode solutions respectively. Separation
was conducted for 4 hours at the following wvoltages: 30, 100, 150, 200,
250, 300, 400 and 500 every 30 min. Cooling temperature was appro-
ximately 12°C. Esterase (EST) was stained for 20 min. at room tem-
perature according to Shaw and Prasad (1970). For acid phospha-
tase (APH) visualization gels were incubated for 15 min. in 0,2 M acetate
buffer pH 4,5 and than stained with 70 mg of e-naphtyl acid phosphate
and 140 mg of Fast Blue RR salt in 100 m! of acetate buffer pH 4,5.
Stained gels were subsequently immersed in 5% acetic acid and fixed
in glycerol or dried on a filter paper.

Agreement between the observed segregation patterns of EST and
APH variants with 1:1 proportions expected for Mendelian characters
was checked using the Chi-square goodness-of-fit test (Snedecor
1961). The Chi-square test was also used for the estimation of hetero-
genity of results over clones analysed (Mather 1963). Expected he-
terozygosity values were calculated according to N ei (1975).

RESULTS

ACID PHOSPHATASE (APH)

APH patterns comprised 5 to 7 closely located but well resolved
bands (Fig. 1). Bands denoted as 1, 2 and 3 were sometimes veryv Iaint
or did not appear at all especially when homogenates from dry seeds
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#ig. 1. Acid phosphatase patterns from European larch macrogametophytes.
Phot. E. Szubert

were analysed. No variation was found among the European larch
clones investigated with regard to mobility of APH bands.

ESTERASE (EST)

From 13 to 15 bands of esterase have been found in our material.
They differed both with regard to activity and isoelectric points. Ho-
wever due to faint staining, bands occuring in the middle part of the
gel (region C — Fig. 2) were omitted from further analysis. The re-
maining intensively stained bands occurring in the anodal and cathodal
parts of gel were reproducible enough to permit interpretation. They
have been grouped in 3 regions designated as EST-A, -B and -D. Re-
gions EST-A and -B occupied very close positions on the gel which
made it difficult to distinguish between them. However, two clones
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Fig. 2. Esterase patterns from European larch macrogametophytes. Phot. E. Szubert
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(10-16 and 15-88, Tab. 1), possessed segregating variants within eacix
region indicating that regions A and B should be considered separately.
In regions EST-A and -B 5 and 4 different variants have been fourd
vespectively. They differed with regard to their isoelectric points as
weil as number ofr bands (1 or 2) and staining intensity, including so
called “silent” variants i.e. variants showing no enzyme activity (Fig. 2).

In the region EST-D 3 segregating variants consisting of 2 or 3 bands
were found.

In all three regions only one or two alternative variants occurr=d
simultaneously in one clone. Chi-square tests confirmed that all va-
riants segregated in good agreement with 1:1 proportions expected for
a Mendelian character (Tab. 1). The lack of significant heterogeneity
indicates consistency of data over the clones heteromorphic for EST-A,
-B and -D regions (Tab. 1).

i

Table 1

Segregation EST variants from macrogametophytes of heterozygous larch clones, Chi-square
goodness-of-fit test of 1: 1 segregation ratio and heterogenity

‘ S;é;egation pattern" ! Deviation } He?érbéeneity
i No. . s e —- H

Enzyme region Clone No I B 3 4 3 i : I : o P
EST-A 02-12 T T 0.143  050-075 + - -
10-16 3 - 38 - - 0.000 0.995 - -

joint 53— 81 - - 0.038  0.75-0.90 0.105  0.50-07%
| 15-88 35 - - - 26 1328  0.10-0.25 - -
i02-17 - - 16— 21 | 0676 ; 0.25-0.50 ! - -
EST-B S 10-26 | 23 - — 27 - | 0320 1 050-075 . - | ~
. 15-88 | 26 - - 35 — 1 1328 | 010-025 @ - -

| joint I 49 -~ 62 — | 1523 | 010-025; 0125  050-0.75
10-16 - 41 35 - - 0474 © 0.25.050 | - -

|

P02-11 - 14 - 13 - 0037 | 075-090 - -
[ 10-27 - 15 - 13 - 0.143 ¢ 0.50-0.75 - -

L joint - 29 - 62 - 0.164 ' 0.50-0.75 0.016  0.90-0.95
EST-D | 15-17 | 11 13 - ~ 1 0800 . 025-050 - -
15-65 | 10 14— - - 0.667 | 0.25-0.50 - -

| joint 2121 - - - 0.000 | 0.995 1467  0.10-0.25

f i . i
. 10-01 14 - 19 - - 0758 | 0.25-0.50 | - -
Table 2

Frequencies of EST and APH variants in European larch seed orchard, values of expected (h.)
and observed (hy) heterozygosity

i Variant

! | .’
Enzyme ‘ i i 5 } 3 [ 1 ; 5 | fe : f1y
EST A I 0813 | 0083 | 0063 | 0020 | 0021 | 0327 | 0167
B ‘0042 ! 0220 | 002t | o708 ! - | 0444 0208
D | 0938 | o042 | o021 | - : - | o118 . 0125
APH | tooo | - | - l - - {0000 | 0.000
i 1 § i H
Average | i ! } J | H,=0.222 | Hp=0.125
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VARIATION WITHIN SEED ORCHARD

All investigated clones were monomorphic for one and the same
AFH variant. Esterase patterns were variable among the clones, ho-
wever at each of the EST regions one variant occurred with prevailing
frequency in the seed orchard analysed (Tab. 2). The expected and
ohserved heterozygosity value was 0,000 for the monomorphic APH.
For esterase regions expected heterozygosity value ranged from 0,118
to 0,444 and the observed values were on the average 50% lower
{(Tab. 2.

DISCUSSION

Genetic polymorphism of acid phosphatase has been extensively
studied in recent years and in most cases this enzyme was reported to
be highly polymorphic (Lundkvist 1975, Mejnartowicz 1979,
Witter and Feret 1979, Szmidt 1982). Only in the case of red
pire, lodgepole pine and western red cedar no variation was found
with regard to acid phosphatase electrophoretic patterns (Fowler and
Morris 1977, Conkle 1979, Copes 1981). Separation of acid pho-
sphatase from European larch female gametophytes by means of starch
electrophoresis revealed 4 zones of activity of which one is coded by
a single genetic locus (Mejnartowicz and Bergmann 1975). In
our study, however, all 24 clones investigated had identical invariant
acid phosphatase patterns.

The wvariation observed in activity of acid phosphatase patterns
probably resulted from differences in the stage of development of par-
ticuilar seeds. This suggestion was supported by the fact that separation
of macrogametophytes from dry seeds yielded very faint APH pat-
terr.s and the most anodal bands were not visible at all. On the other
hand samples from seeds following prolonged germination showed the
mest intensive staining. Similar changes in enzyme staining intensity
between seeds germinated for different periods of time were reported
bv Conkle (1971).

Taking into account the limited number of clones studied here the
observed monomorphism of acid phosphatase isoelectric focusing pat-
terns nced not be representative for natural populations of European
larch. However iscelectric focusing of this enzyme from other conifers
resuited in highly polymorphic patterns (Szmidt 1982, Szmidt
unpublished). Furthermore variability of acid phosphatase electropho-
retic patterns from European larch was also rather low (Mejnar-
towiczand Bergmann 1975).
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To our knowledge, esterase polymorphism has not been studied in
European larch so far. In other conifers this enzyme was found tc be
very polymorphic following both electrophoretic and isoelectric focu-
sing separation (Lundkvist 1977, Rudin and Ekberg 1978, Wit~
ter and Feret 1979, Szmidt 1982). Our present study shows that
in the case of European larch also, esterase can be resolved into a va-
riety of bands differing with regard to isoelectric points and activity.

Unfortunately some bands on our gels were to faint to permit fur-
ther analysis. According to Rudin and Rasmuson (1973) certain
esterase bands from Scots pine needles also stained very poorly when
e-naphtyl acetate was used as a substrate. The use of other alternative
substrates considerably improved staining of these bands. It is there-
fore possible that a more complete picture of esterase isoelectric focu-
sing patterns in European larch could be achieved by the use of dif-
ferent staining methods. Segregation patterns of esterase variants cc-
curring in the regions EST-A, -B and -D indicated good accordance
with 1:1 proportions expected for a one locus/two alleles system.
However taking into account the multibanded nature of certain variants
the above explanation does not look appropriate here. Similar segre-
gation of complex esterase variants has been reported for two other
conifers (Witter and Feret 1979, Szmidt unpublished). As pointad
out by the former authors such complex enzyme patterns can hardiy
be explained as single gene products. Therefore, more detailed bioche-
mical studies are required to understand better the molecular nature
of the observed esterase variants. Nevertheless, good reproducibility of
our results as well as Mendelian segregation of EST-A, -B and -D
variants prove their usefulness as genetic markers for European larch.

The estimates of genetic variation in the seed orchard studied here
confirm suggestions of Mejnartowicz and Bergmann (1975) of
considerable homozygosity of European larch with regard to biochemi-
cal markers. The observed average proportion of heterozygotes (H=
=0,125) was much smaller than wvalues reported for other conifers
Lundkvist 1979, Mejnartowicz 1979, Szmidt 1980). The
same was true for expected heterozygosity values. As pointed out by
Mejnartowicz and Bergmann (1973) low genetic polymorphism
of European larch can result from its reproductive biclogy. Natural
populations of this species usually consist of small groups of scattered
trees which facilitates inbreeding and consequently increased homo-
zygosity. In addition, unlike e.g. Scots pine, larch pollen grains have
no air sacks and therefore their migration is limited. It is possible that
the above phenomena have still more pronounced effects in seed or-
chards due to selected clones and limited clone number which could
also account for the low genetic diversity found in our material.
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SUMMARY

Genetic polymorphism of acid phosphatase (APH) and esterase
(EST) was studied in macrogametophyte tissue of 24 European larch
clones by isoelectric focusing. One monomorphic zone of APH and 3
polymorphic zones of EST have been found. Segregation patterns of
EST wvariants within each region were in accordance with those ex-
pected for Alendelian characters. Estimation of genetic parameters con-
firm earlier data about low enzyme polymorphism of this species.

Institute of Dendrology
62-035 Ko6rnik, Poland
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Ogniskowanie w punkcie izoelektrycznym enzymow kwasnej fosfatazy
L esterazy modrzewtia europejskiego (Larix decidua)

Streszczenie

Stosujac metode ogniskowania w punkcie izcelektrycznym na zelu poliakry-
lamidowym, badano polimorfizm genetyczny kwasnej fosfatazy (APH) i esterazy
(EST) w haploidalnej tkance makrogametofitu u 24 klonéw modrzewia eurcpej-
skiego. Wykazano istnienie jednej monomorficznej strefy APH i trzech polimor-
ficznych stref EST. Statystyczna analiza czestosci wystepowania réznych fernnir-
pdw EST w probkach nasion z pojedynczych drzew heteromorficznych, wykaza-
ta zgodnos¢ z dziedziczeniem w stosunky mendlowskim. Analiza czestoici feno-
typoéw 1 heterozygotycznosei potwierdzila wezesniejsze cane o malym poiimorfiz-
mie enzymatycznym modrzewia europejskiego.

Dokycuposanue 8 UB0IACKTPULECKOL TOUKE (hepieHTO8 KuCAO pocparazv
L 3cTepasbl AUCT8EHALLbL egponelcrol (Larix decidua)

Peswae

Hpavenss vetox orycupoBanus B H303I€KTPIHYLCKON TouKe Ha DOMHAKPHIAMILIHOM
£E18 HCCACAOBATH TEHCTAMRCKUI nOIMMOpENaM kucaoll docdarmsnt (APH) u screpas
ST 5 T@LIOHIHOA TKAlNH MakporaMero®uTa 24 KIOHOB JIHCTBEHHHLE! espomnefickoii, [o-
Kajaio cyuiectsopanlie oinoli MonoMopdofi sousr APH u tpex noanmopduwx 30u EST.
CTaTioTHYCCKNl 4HAMUS UACTOTH BCTPEYaeMOCTH pasauuileix ¢deHoTunos EST B ceMeHax
COGPAHHBIX ¢ OTIAQIBHBIN TETEPOMOP(HBIX IePeBhCB YKASLBAGT Ha COOTBETCTBHC ¢ HACIE-
AOBAHHEM 110 MEHICAEBCKOMY COCTHOWEHHI0. HHAMW3 wacroTsl ()EHOTHNIOB H TETEPOSUTOT-
HOCTH NOATBEPKIA&CT [OJVUSHHBlE DpaHee J4HILIE O HCE3UMAUYHTCILHOM  3H3UMATHUECKOM
QOIIMOphUIME JLICTBEIHLS enponeiicKoil,




