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Genetic Analysis of Some Polymorphic
Isozymes in Pinus densiflora([])*

— Inheritance of acid phosphatase, alcohol dehydrogenase

and catalase isozymes —
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ABSTRACT

Megagametophyte tissues of Pinus densiflora were subjected to study the inheritance of acid phosphatase
(ACP), alcohol dehydrogenase (ADH) and catalase (CAT) 1sozymes by starch gel zone-electrophoresis. At least
three or four zones were segregated for ACP isozyme. However, as one isozyme of ACP-A zone was separated
clearly, only that isozyme was analysed. Five isozyme phenotypes (Al - AS), observed in ACP-A zone, were
segregated to a simple Mendelian ratio, suggesting that these are controlled by five codominant alleles existed
at ACP-A locus. Two zones of activity were segregated in the gels after staining for ADH, the more anodal
zone (ADH-A) of the two was invariant in our materials. Three isozyme phenotypes (BI-B3) were observed
in ADH-B zone and these variants showed a 1:1 segregation pattern, suggesting that each variant is controlled
by three codominant alleles at ADH-B locus. A total of five isozyme phenotypes, composed of multiple bands,
were observed in CAT isozyme. The segregation of these phenotypes in heterozygous trees did not show any
significant deviation from a !:1 segregation. Therefore, the genetic control of CAT isozyme in Pinus densiflora
seeds seems to be based on a single locus (CAT-A) with five codominant alleles (A;-Aq).

Key words . Allozyme loci ; megagametophyte ; Pinus densiflora.

= )

414%¢) acid phosphatase (ACP), alcohol dehydrogenase(ADH) ¢ catalase (CAT) [ty ## /2] # G
& FHs s Qsted MAMEE $94 ZARE Arigs o ot Srstdch ACTEIM A« et
3~4 M9 mugo = sEEg o #2lxt BY ACP-A mlhel ErsEHtel ofredch ACP-A RU
ofd BAY SMALI-AS)S BEUME HHMEE 38 Mendel® 785 2o oj&ol zZz ACP-A
BB TES) FEESHE 5SS H UMM T oja AWMUz A-&e ¢ 4+ Atk 29 ADH kel (AD

L2 25 158 Received February 15, 1985.
PEEA B B KE College of Agriculture, Korea University, Seoul, Korea.
% This investigation was supported by the Korea Science and Engineering Foundation.



33

H-Ast ADH-B) f#=Iglovt, BEo R BE#H 47 wE ADH-A il e ol A& Mgl
A WE7 B W ADH-B sl A= 3702 MArE#E XRHA (BI-B3)Eol HAHAm o
o] B3] 1:1¢ #28E B ADH-B BEFE &A= 348 WM Tl ofs xumgo] +45
gk #Ae band2 FASE 5Me HAMER REMl CATAA TA=GoH, RMEAEL MHA4
ol F FHEMMC Sl 1:1BEEYE HEE BolA Ygonvr 4Rl gloid CAT RfBEHFK:

5712 MANBETF L HLESHE shubel EEFmE o AuEE ez FA S

INTRODUCTION

There has been an immense accumulation of data
on electrophoretically detectable isozyme poly-
morphisms in haploid and diploid tissues of various
coniferous tree species since the early 19707536 8)
Determining the inheritance mode of the various
isozymes is a prerequiste to their use in population
studies of forest trees and in other fields in tree

breeding programs.9 A1.18)

Megagametophyte of
conifer seeds provides an advantageous research
material for assessing isozyme variation. Each
megagametophyte in seeds represents a single
meiotic product, haploid nature regardless to em-
bryo, a diploid tissue. A large number of seeds
from some heterozygous mother-trees were analysed
to determine whether isozyme variants segregated
according to simple Mendelian ratio. An one-to-
one segregation of isozyme variants is evidence for
allelism.

Pinus densiflora is one of the important native
conifers in Korea which is also distributed in Japan
and Manchuria. A large amount of geographic mor-
phological variation has been recognized_22)
Through a series of researches, systematic classifica-
tion among natural populations was performed
based on morphological and anatomical character-
istics.2!) The estimation of genetic variation in
Pinus densiflora, based on isozyme analysis, was
performed depending on the band number of
peroxidase isozymes.n)

For the purpose of population study in the
future, the present paper contains a description
of inheritance mode of some isozyme systems,
acid phosphatase (ACP: E.C.3.1.3.2.), alcohol
dehydrogenase (ADH: E.C.1.1.1.1.) and catalase
(CAT: E.C.1.11.1.6.), which was ascertained from

megagametophyte analysis.
MATERIALS AND METHODS

QOpen-pollinated seeds collected from 150 trees
in five natural populations of Pinus densiflora were
dried and stored in the cool temperature (4°C).
Starch gel zone-electrophoresis was performed using
two modified discontinuous buffer system/s.z‘m)
The extraction and electrophoresis procedures were
already described in detail 12-1%)

After electrophoresis, the sliced gels were pre-
incubated in each staining buffer solution for ACP
and ADH, and in water for CAT for 15 minutes.
The preincubated gel for CAT was treated in 0.03%
H; O, for 2 minutes in the dark. The isozyme
phenotypes were made visible with following
staining solutions; ACP (70mg Fast Garnet GBC
salt, 80mg a«-Naphtyl acid phosphate, 6ml 10%
MgCl, solution, 100m! Acetate buffer pH 4.5),
ADH (20mg NAD, 20mg MTT, 10mg PMS, 3ml
95% ethyl alcohol, 100ml Tris-HCl buffer pH 8.0),
CAT (50ml 2%  FeCl;
K4 Fe(CN)g solution).

solution, 50ml 2%

A minimum of six megagametophytes per tree
were analysed, offering a 97% probability of detect-
ing a heterozygote. The distribution of isozyme
phenotypes in the seed sample of individual trees
was examined with regard to a 1:1 segregation ratio
assuming random distribution of gametes after
meiosis in each case, The statistical evaluation on
the agreement between observed and expected fre-

quencies was obtained from X2 -test,

RESULTS AND DISCUSSION

Acid phosphatase (ACP)

There were at least three or four zones of acti-
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Fig. 1. Electrophoretic phenotypes of acid phos-
phatase found in megagametophytes of
some mother-trees. All observed pheno-
types are presented on one gel.

Table 1. Segregation analysis of acid phosphatase
phenotypes found in megagametophytes of
heterozygous trees,

Individual ACP _ A Total

tree =~ ——————-—— sced  X}(1) P

Al A2 A3 A4 AS amount

KB-UIII2 25 26 51 0.02 090
KACII 1 30 42 72 200 0.10025
KAK 17 23 25 48 0.08 0.750.90
KB-Ull 4 22 32 54 1.85 0.100.25
SE-A 18 31 35 66 024 050075
KAK 12 36 32 68 024 0.5040.75
SE-S 15 48 56 104 0.62 02540.50
KA-JY 1 2525 50 0 >0.99
KAK 22 4553 98 065 025050
KB-UL 5 3240 72 .89 0.2540.50
SF-A 31 42 34 76 0.84 0.2540.50

vity on gels stained for ACP, but only the most
anodal zone (ACP-A) was separated clearly. On the
basis of migration rate, five isozyme phenotypes
(A1-A5), composed of equally stained double band,
were observed (Fig. 1). Observed isozyme pheno-
types in each heterozygous mother-tree were
segregated to a simple Mendelian ratio (Tab. 1).
Therefore, we can conclude that five isozyme
phenotypes, observed in ACP-A zone, are controlled
by a single locus with five codominant alleles.

Some investigators reported that two to four
alleles were existed at ACP-A locus in some coni-

1,4,5,7,15,17)

fers. Similar isozyme phenotypes,

composed of double bands, were reported also
in Picea abies.®) Pinus sylvestris'™) and Pinus

raeda. V)

Alcohol dehydrogenase (ADH)

Two zones of activity were segregated in the
gels after staining for ADH, designated as ADH-A
and ADH-B based on migration rate(Fig. 2). The
more anodal zone (ADH-A) of the two was invariant
in analysed materials and showed superior staining
reaction velocity and activity to ADH-B. Three
isozyme phenotypes (B1-B3) were observed in

ADH-B zone and they showed a 1:1 segregation

ADH=-A

—13182

—B3

Fig. 2. Electrophoretic phenotypes of alcohol dehy-
drogenase found in megagametophytes of
some mother-trees. All observed phenotypes
are presented on one gel,

Table 2. Segregation analysis of alcohol dehydro-
genase phenotypes found in megagarme-
tophytes of heterozygous trees.

Individual ~ ACP-A Total
(ree — —— seed x3(1) P
Bl B2 B3 amount

KA-K 110 3339 72 050 0.250.50
SE-A 13 4232 74 1.35 0.1040.25
KAK 7 21 27 48 0.75 0.250.50
KA-K 12 32 36 68 0.24 0.300.75
KA-K 22 42 56 98 2.00 0.100.25
KB-UIl 4 26 28 54 0.07 0.754090
SE-A 15 55 49 104 0.35 0.500.75
SE-A 18 38 28 66 1.52 0.100.23
SE-A 31 38 38 76 0 >0.99
CN-CK 1 65 86 151 292 0.0530.10
CNCK § 74 76 150 0.03 0.75090
KACII 1 35 37 72 0.06 3.750.90
KA-CIT 3 36 41 77 0.32 0.500.75
KB-UII 2 27 24 5t 0.18 0.500.75




pattern, suggesting that ADH-B isozymes are con-
trolled by a single locus with three codominant
alleles (Tab. 2).

This result is in accordance with the data of
Conkle,f’) and Rudin and Ekberg”) who also re-
ported that two zones of activity in Pinus attenuata
and Pinus sylvestris. Two zones of activity were
also reported by Conkle”) for Pinus contorta,
Pinus taeda, Pinus jeffreyi, Pinus lambertiana and
Pseudotsuga menziesii. Two to six alleles at the

second locus were also detected in these species.

Catalase (CAT)

A total of five variants, composed of multiple
bands, were observed on gels stained for CAT which
were designated as A1-AS (Fig. 3). All investigated
trees were characterized by one cr two clearly dis-
tinguishable CAT variants and only two mutually
exclusive CAT variants were observed alternately
in the heterozygous parent trees. Consequently,
we could presume that each variant, composed of
multiple bands,represents the phenotypicexpression
of an allele at one gene locus. The 1:1 segregation
ratio of these phenotypes in heterozygous trees
supported this hypothesis. Therefore, the genetic
control of CAT isozyme in Pinus densiflora megaga-
metophytes seems to be based on a single locus with
five codominant alleles (A, -As) (Tab. 3).

The above-mentioned exclusive CAT isozymes

were observed also in Pinus rz'gida.m) Szimidt'?)

A2 A3 A1 A4 A1

A4 A1 A5

Fig. 3. Electrophoretic phenotypes of catalase
found in megagametophytes of some mother-
trees. All observed phenotypes are presented
on one gel.
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Table 3. Segregation analysis of catalase phenotypes
found in megagametophytes of heterozygous

trees,
s Total
::edelwdual _ CATA  eed X2 P
Al A2 A3 A4 A5 amount
KBCII 1 37 35 72 0.06 0.75090
SE-A 13 43 31 74 196 0.10-0.25
KA-K 22 47 51 98 0.16 0.590.75
KB-Ul 5 38 34 72 0.22 0.5040.75
KA-CIIIS 30 36 66 0.55 0.250.50
SE-A 5 43 39 82 0.20 0.500.75
SE-A 18 29 37 66 097 0.250.30
KA-Cl 2 29 25 54 030 0.5040.75

observed seven variants, composed of multiple
bands, in Pinus syivestris. These variants showed a
1:1 segregation ratio. In conclusion, he reported
that CAT isozyme was controlled by only one gene
locus with seven alleles.

Isozyme phenotypes composed of multiple bands
are observed often from haploid megagametophyte
tissues and these phenotypes seemed to be due to
certain modification of the native enzyme mole-

cule 319
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