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Abstract

Genetic analysis of esterase isozymes in Taiwan wild rice (Oryza perennis
var. formosana) and cultivars of rice (0. sativa L.) by starch gel electrophoresis shows a
total of 9 anodic bands and 3 cathodal bands. The cathodal bands are controlied by a
single locus with two codominant alleles. The 3-band zymogram represents heterozygo-
tes. No variant is observed for anodic bands Al and A4 in wild rice and the cultivars
examined. Each of loci A2, A3, A5, A6, and A7 has one null variant, Bands A8 and A9
showed segregation in some families but genetic analysis is incomplete. A2 and A3
loci are linked with 11,3 map units apart. The samll Taiwan wild rice population showed
a high proportion of genetic polymorphic loci (75%), and the average heterozygosity was
22.2%. The cultivars examined display fewer bands than wild rice. This could be the
result of fixation of various loci for null alleles during development of varieties. Taiwan
wild rice is on the verge of extinction; without protection this genetic resource could be
lost permanently.

Introduction

A large amount of genetic variation has been found in natural plant and animal

populations by electrophoretic studies of isozymes (Lewontin 1974, Ayala et al. 1974,
Allard ef al. 1975). Information on genetic structure of economic plant species and their

wild relatives is important for genetic improvement programs in crop plants. Many
isozyme studies on cultivated plants such as maize (Schwartz and Endo 1966), barley
(Kahler and Allard 1970), wheat (Brewer et al. 1969) and soybean (Gorman and Kiang
1978) have been reported, but relatively few studies have been reported on rice, one of .
the most important crops of the world. Enzyme polymorphism in the cultivated rice
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(Oryza sativa L.) and its relatives has been studied with acid phosphatase (Pai et al. 1975,
peroxidase (Pai ef al. 1973, Endo 1971, Chu 1967, Chu and Oka 1967), and esterase
(Nakagahra 1977). Nakagahra et al. (1975) reported variation and geographic cline of
esterase isozymes in rice varieties of Asian region. To our knowledge there has beer
no estimate of genetic variation in wild rice populations by isozyme analysis. We studied
genetics of esterase isozymes of the Taiwan wild rice population and cultivars, and
estimated genetic variation of the population.

The Taiwan wild rice population has become nearly extinct, and the possible causes of
its disappearing have been discussed (Kiang et al. 1979). During the 1920’s and 1930’s
Taiwan wild rice (Oryza perennis var. formosana) was growing abundantly in a large
number of irrigation ponds and ditches around Sinchu and Taoyuan highland areas in
Northwestern Taiwan (Hara 1942). Oka and Chang (1961) visited the area in 1957, and
found only three populations, each less than one thousand plants. They reported that the
populations showed a great deal of morphological variation, and suggested that they
contained much genetic variation (Oka and Chang 1961). In 1976, one of us, Wu, visited
the sites studied by Oka and Chang, and found a small population of about 70 plants
growing along the edge of a pond on mud which had been brought up from the bottom of
the pond. Plants sampled from this small population were used for this. study.

We found a great amount of genetic variation in the population, confirming the
previous report (Oka and Chang 1961). We also found that the esterase zymograms of
- wild rice were different from those of the cultivars examined. We made a genetic analysis
of esterase isozymes based on the data gathered. ‘

Materials and Methods

In 1976, 23 plants were sampled from the small Taiwan wild rice population found
at Patu village, Taoyuan, Taiwan. These plants were maintained in large clay pots.and in
concrete beds at the Institute of Botany, Academia Sincia, Taipei, Taiwan.

Selfed seeds were collected from each wild rice plant. Crosses between wild rice
and cultivars Taichung No. 65 (T65) and Tainan No. 5 (T5) were made. The selfed and
intercrossed F; seeds were grown, and their selfed seeds (F2) were . harvested from
individual plants. Twelve wild rice selfed seeds and twelve hybrid ‘(Fl) seeds were grown
in concrete beds. In addition to T65 and T5, 15 cultivars were also grown for esterase
isozyme study. , , :

Horizontal starch gel electrophoresis of leaf extracts was used for the esterase
isozyme analysis. Gel preparation, buffer systems, and the method of staining for
esterase activity were similar to those reported previously (Wu and Kiang 1979).

Results

Esterase zymograms of wild rice and rice cultivars are shown in Fig. 1. A total of 9
anodic bands and 3 cathodal bands was observed. )

Lo



July 1979

Kiang & Wu—Estarase in Rice

105

+

P> D> P>
DWHUT oy 0

>

A

B

C

F G

H

Fig. 1. Zymograms of esterase isozymes in Taiwan wild rice and cultivars. A, B, and C are wild
rice PS5, P10, and P21 respectively. P10 showing three cathodal bands is a heterozygote at
C1 locus. D, E, F, G, and H are cultivars Taichung 186, Taichung 65, Hsien 8, Chia-Hsien

11, and Taichung-Tsai-Lai 1, respectively.

Cathodal bands

Three zymograms were observed: one fast migrating band (F), one slow band (S)

and a three-band pattern (See Fig. 1B).

Plants showing the F-band by selfing produced only the F-band offspring, and the
progeny of S-band plants were all S-band (Table 1). This observation was also true for
the cultivars examined. Progeny of selfed 3-band plants, (e.g. P10), gave S-band, 3-band,
and F-band zymograms in a 1:2:1 ratio (Table 1). Both cultivars T65 and T5 showed the
S-band, and the progeny of T65 X P10, P10 X T65, and T5 X P10 segregated in a 1:1’
ratio for the S-band and 3-band zymograms (Table 2). The F; hybrid (T65 X P10)
T10-20 and its selfed progeny were all the S-band phenotype (Table 1). Based on the
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analyses of the data we conclude that the 3 types of cathodal zymograms are governed oy
a single locus (C1) with two codominant alleles (ClF, CIS). The 3-band zymogram is

Table 1. The zymograms of esterase Cl locus in Taiwan
wild rice, cultivars and their selfed progeny

Progeny
Parent Zymogram S 3-band F
P2 F 0 0 12
P3 F 0 0 5
P4 F 0 0 6
P5 S 12 0 0
P6 S 9 0 0
P12 S 12 0 0
P14 F 0 0 12
P16 F 0 0 5
T65 D S 20 0 0
s® S 20 0 0
H6D F 0 0 20
KH11® F 0 0 20
T10-209% S 24 0 0
P10® 3-band 15 23 8
P11® 3-band 2 7 3
P13® 3-band 2 7 3

(1) Cultivars: Taichung 65 Tainan 5; Hsien 6;
Kaohsiung Hsien 11.

(2) F, ofT65 X P10,

(3) The segregation of progeny deviating from a
1:2:1 ratio is not significant. (X* test).

Table 2. The zymograms esterase C1 locus in
hybrids of Taiwan wild rice and cul-

tivars
Progeny
Parent S 3-banded F
165 X P10D 15 7 0
P10 X T65 2 3 0
s X pio® 5 3 0

(1) The segregation of progeny deviating
from a 1:1 ratio is not significant (X?
test).
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formed by intragenic dimerization. Thus, a heterozygote for the c1¥ and €18 will
show the 3-band zymogram: the F-band, the S-band and a heterodimer in between.
The cultivars were either homozygous for the Sallele or the F allele, corroborating
their supposed pure-line status.

Anodic bands

a. All of the wild rice and the cultivars examined showed band A1l regardless
whether other bands were present. It was a weak band in comparison with others.
Since there was no variant observed, genic analysis was not possible. We assume band
Al is governed by a single locus Al.

b. Anodic band A2 is a unique band observed in wild rice. No band A2 was
observed in the 17 cultivars examined. One single wild rice plant, P10, did not reveal
band A2 (Fig. 1B). Progeny of crosses T65 X P10 and T5 X P10 did not show band A2
either. Progeny of some wild rice plants segregated at band A2 and the ratio of plants
with band A2 and without (null) does not deviate from a 3:1 ratio (Table 3). We deduce
that band A2 is controlled by locus A2 with allele A2 and a null allele (A2%. Thus, P10
and the cultivars are homozygous for the null allele (A2°A2°, and wild rice plants
exhibiting segregation are likely to be heterozygous at the A2 locus (A2A2).

Table 3. The zymograms of esterase anodic band A2 (A2 locus) in Taiwan wild rice,
Cultivars and their progeny

Progeny zymogram

_Parent Zymogram Genotype band A2 no band A2 X2 value®
P2 band A2 A242°® g 4 0.20
P6 band A2 A242° 10 6 2.08
P8 band A2 A2A2° 24 9 0.11
P9 band A2 A2A2° 17 7 0.22
P11 band A2 A2A2° 13 3 0.75
P13 band A2  A2A2° 13 6 086
P14 band A2 A2A2° 14 2 2.08
P21 band A2 A2A2° 10 7 3.31
P23 band A2 A2A2° 12 7 2.12
P10 null A2°A2° 0 68
T65 null A2°A2° 0 20
TS null A2°A2° 0 20
T65 X P10 0 21
T5 X P10 0 8

(1) The X2 value calcualted based on a 3:1 ratio.
(2) A2° null allele.
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c. Anodic band A4 was present in all of the samples (including culiivars) regard-
less of the pattern of zymograms. It was often stained deeper than other bands in wild
rice. Genic analysis of band A4 was impossible without a variant. We tentatively assume
that band A4 is controlled by a separate locus form others.

d. Anodic bands A3, A4 and A5 were considered together in analysis. Some wild
rice showing a 3-band zymogram by selfing produced only the 3-band progeny
(e.g. P5, Table 4); others showed segregation among their progeny (e.g. P10, Table 4).
The cultivars H6 and TTL1 showed the 3-band Zymogram, and their selfed progeny were
found to show the 3-band zymogram. The progeny of the 2-band cultivars (T65; T5)
all revealed the 2-band zymogram (band A3 and A4) similar to that of their parents. The
progeny of P10 segregated for either 3 bands, 2 bands, or 1 band (Table 4). It seems
likely that two separate loci are responsible for band A3 and A5. P10 is probably
heterozygous for null alleles at both A3 and AS loci (A3A3°A4A4AS5°), and thus
selfed progeny will segregate in a 9:6:1 ratio for 3-band: 2-band: 1-band. The observed
ratio did not significantly deviate from the expected 9:6:1 ratio. The expected ratio
should be 9:3:3:1 for 3-band: 2-band (bands A3, A4): 2-Band (bands A4, A5): 1-band

Table 4. The zymograms of esterase anodic bands A3, A4 and A5 (A3, A4 and AS loci)
in Taiwan wild rice, cultivars and their progeny

Progeny zymogram

Parent Zymogram Genotype 3-band 2-band I-band Expected ratio
ha A3 A4AS 12
P5 3band 45 4242 0 0
@
p1o® 3.pand ﬁ%oﬁﬁ-go 4 25 1 9:6:1
[o]
T65 2-band —I’g %—gigo 0 20 0
(A3A4)
TS 2band A3 AdAS o 20 0
A3 A4 A5
Hé 3band A3 A4AS 20 0 0
A3 A4AS
TTLI® 3band A3 ALAS 20 0 0
A3 A4AS
165 X P1o® : 13 11 0 1:1
5 X P1o® 4 0 1:1
T65 X P7 7 0 0

(1) Deviation of the observed from the expected is not significant,
(2) A3° and A5° are null alleles at loci A4 and AS respectively.

(3) Cultivar, Taichung Tsai Lai No. 1.
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(band A4). In counting, all the 2-band individuals were scored as one class. Another line
of evidence also supports the hypothesis. Both T65 and T5 showed bands A3 and A4,
but not AS; they are homozygous for alleles A3, A4 and AS5°at these three loci (
A3A3A4A4A5°A5°). When they were crossed with wild rice P10 (A3A3°A4A4A5
A5°) the F1 progeny segregated in a 1:1 ratio for 3-band: 2-band, as would be expected
based on the hypothesis that bands A3 and AS are governed by two separate loci (
A3, A5) and each has two alleles (A3, A3° and AS, A5°) and P10 is heterozygous for
both loci (Table 4). The segregation data in the F, of T65 X P10 and T5 X P10 also
support this hypothesis (Table 5). The F; plant T10-4 (progeny of T65 X P10) showed

-Table 5. The zymograms ofFI and FZ of T65 X P10 (T10) and T5 X P10 (510) showing
segregation of esterase anodic bands A3, A4, and A5

F, zymogram

F, Zymogram  Genotype 3-band 2-band l-band Expected ratio
T10-4 2band A3 AdAS 0 57 0
A3 A4AS
T10-160  3band A3 A4AS g 30 3:1
A3 A4A5
[¢]
20 3band A3 A4AS 15 8 0 3:1
T10 an A3 A4AS°
0-140  3pana A3 AGAS 44 4 9:6:1
n an A3 A4 AS
5103® band A3 AdAS 11 0 3:1
3-ban A3 AdAS® P

(1) By the X? test deviation of the observed from the expected is not significant.

a 2-band zymogram (bands A3 and A4), and its selfed progeny (F 5) all showed the zymo-
gram similar to their parent (Table 5). The F 1 Plants T10-16, T10-20 (progeny of T65
x P10) and 510-3 all showed the 3-band zymogram and their F, segregated in a 3:1 ratio
for 3-band: 2-band (bands A4 and AS). These observations indicate that the F, plants
T10-16, T10-20 and 510-3 were heterozygotes for the null allele at AS locus. The Fy
plant T10-14 (Progeny of T65 X P10) displayed the 3-band zymogram and its progeny
segregated by 19 3-band, 14 2-band and 1 1-band, which does not deviate from the expect-
ed ratio (9:6:1) significantly (Table 5). Thus, T10-14 is a double heterozygote for A3
and A5 loci, and its genotype is similar to one of its parents P10.

e. Anodic bands A6 and A7 were considered together. The wild rice plants all
displayed only band A6, except P10 and P21 which showed both bands A6 and A7.
The selfed progeny of those individuals showing band A6 all showed band A6 only
(e.g. P17, P18, P19 Table 6). Cuitivars showing band A6 produced selfed progeny
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showing band A6 only (e.g. T65, T5 Table 6) and those displaying both bands A6 and A7
produced progeny displaying both bands.

The wild rice P10 selfed progeny segregated as 6 band-A6, 24 Band-A6 band-A7,
and 3 band-A7, which does not significantly deviate from a 9:3:3:1 ratio (Table 6). The
progeny of P21 segregated in 9 band-A6 band-A7 and 6 band-A6 (Table 6). The
deviation from a 3:1 ratio is not significant. Based on the data we deduce that bands A6
and A7 were governed by two separate loci, each having two alleles. Genotypes of P17,

Table 6. Zymograms of esterase anodic bands A6 and A7 in Taiwan
wild rice, cultivars and their progeny.

Progeny Zymogran (band)
Parent Zymogram Probable A6 A6, A7 A7
(band) genotype

A6 A7°
P17 A6 A6 AT
e as 12 0 0
P18 A6 A6 AT g3 0 0
‘ A6 A7
P19 A6 A6 AT 6 0 0
A6 A7
p1o® A6,A7 A6 AT 6 24 3
A6° A7
p21® A6 A7 AS AT 6 9 0
A6 A7
. Q
T65 A6 A6 AT 9 0 0
A6 AT
o
TS A6 A6 AT 5 0 0
A6 A7 -
H6 A6, A7 A6 AT 0 20 0
A6 A7 .
TTLI A6,A7 A6 AT 0 20 0
A6 A7 »
T65 X P10® 11 10
TS X P10® 6 2

(1) Deviation from a 9:3:3:1 (bands A6, A7: band A6: band A7: no
band) ratio is not significant. :

(2) Deviation from a-3:1 (bands" A6, A7: band A6) ratio is not signifi-
cant.

(3) Deviation from a 1:1 (bands A6, A7: band A6) ratio is not signi-
ficant, .
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P18, P19, T65 and T5 are probably homozygous at A6 locus (A6A6), and homozygous
for the null allele at A7 locus (A7°A7%). P10 is most likely a double heterozygote for null
alleles at both A6 and A7 loci (A6A6°A7A7°), since selfed progeny segregated 9 :3:3:1.

Further evidence seems to support this hypothesis. The progeny of T65 X P10
segregated as 11 band-A6 and 10 band-A6 band-A7. This observation is in agreement
with the expected 1:1 ratio (Table 6). Further evidence ¢ stai :d from the F, of T65 X
P10 crosses also supports this hypothesis. The F; T'J<4 displayed band-A6 without
band-A7, and its progeny all showed band-A6 only (Table 7). The F, plants T10-14 and
T10-20 showed both bands A6 and A7. Their progeny approximated a 9:3:3:1 ratio
for band-A6 band-A7: band-A6: band-A7: no + ad (Table 7). Thus, plants T10-14 and.
T10-20 were likely dihybrids for loci A6 and A7. The progeny of T10-19, which showed
both bands A6 and A7, segregated in 8 band-A6 band-A7: 3 band-A6. Although the
number of progeny is rather small, the ratio does not deviate from the 3:1 ratio. There-
fore, T10-19 was probably heterozygous for the null allele at locus A7 (Table 7).
The presence, or absence of band-A6 or band-A7, or both bands did not associate
with the presence or absence of any other particular bands.

f. We observed segregation of bands A8 and A9 in some of the families but the
genetic analysis is incomplete because of insufficient data.

Table 7. F, and F, of T65 X PI0 showing segregatioh of esterase
anodic bands A6 and A7 (A6 and A7 loci).

Zymogram Probable F, zymogram (band)

F, (band)  genotype A6,A7 A6 A7 onband
T10-4 A6 - AGAT o 57 0 0
A6 A7

{+] [«] .

T10140 A6, A7 ACAT 45 5 4 1
A6 A7
o o

110200 a6, a7 ASAL 4 5 3 1
v A6 A7
1e]

T10-199  A6,A7 A6 AT 8 3 0 0
A6 A7

110219 A6,A7 ACAT 6 4 2 0
A6 A7

(1Y Deviation from 2 9:3:3:1 (bands A6, A7: band A6:band A7:no band)
ratio is not significant.

(2) Deviation from a 1:1 (bands A6, A7: band A6) ratio is not signi-
ficant.

Linkage . v

Wild rice plants showing bands A2, A3, A4 and A5 produced 4-band, 3-band, and
2-band progeny (Table 8). The 2-band progeny all showed bands A4 and A5. The ratio
of 4-band to 2-band approached a 3:1 ratio (Table 8). Based on the data, we hypothesize
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Table 8. Zymograms of Taiwan wild rice and their selfed progeny show-
ing segregation for esterase anodic bands A2, A3, A4 and A5

Progeny zymogram
Parent = Zymogram 4-band 3-band 2-band (A4 A5)

P2 4-band 11 2 2
P6 4-band 10 3 3
P8 4-band 24 4 5
P9 4-band 17 2 5
P11 4-band 13 1 2
P13 4-band 13 4 2
P14 4-band 14 1 1
P20 4-band 6 0 4
P23 4-band 12 1 7
P21 4-band 10 3 4

Total 130 21 35

that the plants are heterozygous for nullalleles at A2 and A3 loci, and that the two loci
are linked.

Some progeny showing a 3-band zymogram were observed. These 3-band in-
dividuals were probably the products of crossing over between loci A2 and A3. If this
hypothesis is correct, the frequency of crossover between A2 and A3 loci is 21 /186
X 100 = 11.3%. A larger number of offspring from crosses involving those putative
double heterozygotes with homozygotes null at loci A2 and A3 is necessary to make a
better estimate of linkage strength.

Polymorphism and average heterozygosity

A total of 8 esterase loci were examined in the Taiwan wild rice population. Six
out -of 8 loci were found to be polymorphic (0.75). The average heterozygosity was
calculated by the method of Nei (1975). At a given locus the homozygosity is estimated
by j; =2X;%and the heterozygosity is h; = 14, where X, is the frequency of the ith allele.
Average heterozygosity (H) is the average of h; over all loci examined. H is not related to
the frequency of heterozygotes in populations, but it is a useful measure of gene diversity
(Nei 1975). Two polymorphic loci among the 8 loci examined did not have sufficient
data to allow estimating allele frequencies. These two loci (A6, A7) were excluded from
calculation of average heterozygosity. The average heterozygosity based on the six
esterase loci was estimated to be 0.222.
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Discussion

A small sample from a small Taiwan wild rige population was studied. Unfo&u-
nately the population is nearly extinct (Kiang ef al 1979), and we were unable to ex-
amine a larger sample size to make a better estimate of the average polymorphic loci and
heterozygosity. Based on the information gathered in this study the average poly-
morphism for esterase loci is high (0.75). The average heterozygosity is in the range of
heterozygosity reported for most natural populations (Lewontin 1974). The average
frequency of heterozygotes was 0.27 which supports the previous report that Taiwar
wild rice populations had a high frequency of heterozygotes (Oka and Chang 1961).
Although cultivated rice is self-pollinating, Taiwan wild rice had 30.7% outcrossing
(Oka 1956). Hybridization between wild rice and cultivars has occurred (Oka and Chang
1961, Kiang et al. 1979), and by virtue of vegetative propagation, the wild rice can retain
alien genes from cultivars even though those genes may decrease fertility. Through
outcrossing, hybridization with cultivars, and vegetative propagation, the wild rice
population can maintain a high proportion of polymorphic loci and heterozygosity.

The esterase cathodal bands in rice were not reported previously. The cathodal
bands are controlled by a single locus (Cl) with two codominant alleles. Since the three
genotypes of locus Cl can be readily identified by zymograms, it is a good marker for
genetic studies. In anther culture of wild rice we demonstrated that the Cl locus could be
successfully used as a marker for screening for pollen derived plants (Wu and Kiang 1979).

We observed a total of 9 anodic bands. Using the agar-gel thin layer method
Nakagahra er al. (1975) reported 14 esterase anodic bands. Since they used agar-gel it is
difficult to compare their observations with ours. Katayama and Chern (1973), using
starch gel, reported 8 esterase anodic bands. Our observation on anodic bands is com-
parable to theirs, but they did not report genic analysis.

Tlie wild rice showed more anodic bands than the 17 cultivars examined (Fig. 1).
Oryza perennis is considered to be the progenitor of the cultivated rice O. sativa L. (Oka
1974). During breeding and selection each variety of cultivated rice is fixed for different
alleles at different loci, and some of the loci are probably fixed for null alleles, This
process would reduce the number of bands.

The number of individuals examined from some of the families was small. In-
dividuals of various zymograms should be included in crosses, and more F, families
should be examined. Backcrosses of F,'s to cultivars could give beiter information as to
the genetic basis of the various isozyme bands. Unfortunately the study was discon-
tinued and the genetic models in this report were based on the data gathered during
summer 1977 through spring 1978. Until more information becomes available alternative
genetic models of esterase isozymes in cultivated rice and its wild relatives cannot be
completely ruled out. This study clearly suggests that Taiwan wild rice contains
considerable variability which can be useful in rice improvement. The species is on the
verge of extinction. To preserve genetic resources, Taiwan wild rice should be restored .
and protected in its natural habitat.



114 Botanical Bulletin of Academia Sinica Vol. 20

Acknowledgement

The authors wish to thank Dr. H. I. Oka for giving us the wild rice seed, starch,
and field information about the Taiwan wild rice populations, and Miss S. F. Chiou and
Mr. F. M. Chang for their assistance with laboratory and field work. This work was
supported in part by grant from the National Science Council of Republic of China.

Literature Cited

Ayala, F, J., M. L. Tracey, L. G. Barr, J. F. McDonald and S. Perex - Salas. 1974. Genetic variation
in natural populations of five Drosophila species and the hypothesis of the selective neutrality
of protein polymorphisms. Genetics 77:343-384.

Buttery, B. R. and R. I Buzzel. 1971, Properties and inheritance of urease isoenzymes in soybean
seeds. Can. J. Bot. 49:1101-1105.

Chu, Y. E, 1967, Variation in peroxidase isozymes of Oryza perennis and O. sativa. Japan. J,
Genetics 46:147-152, )

Chu, Y. E. and H. 1, Oka. 1967. Comparison of variations in peroxidase isozymes between perennis-
sativa and brevigulataglaberrima series of Oryza. Bot. Bull. Academia  Sinica 8:261-270.

Endo, T. 1971. Expression of allelic peroxidase isozymes in heterozygotes of Oryza perennis.
Japan. J. Genetics 46:1-5,

Endo, T., B. B. Shahi and €. Pai. 1971. Genetic convergence of the specific acid phosphatase
zymograms in Oryza sgtiva. Japan. J. Genetics 46:147-152,

Gorman, M. B. and Y. T. Kiang. 1978. Models for the inheritance of several variant soybean
electrophoretic zymograms, J. Heredity 69:255-258.

Hara, S. 1942. Taiwan wild rice and the inheritance of morphological traits. Plants and Animals
10:9-13. (in Japanese)

Kahler, A. L. and R. W. Allard. 1970. Genetics of isozyme variants in barley. I. Esterase. Crop
Sci. 10:444-448,

Katayama, T. and J. L. Chern, 1973, Zymogramic studies on diploid Oryza punctata and its
related species. Japan. J, Breed. 23:329-333.

Kiang, Y. T., J. Antonovics and L. Wu, 1979, The extinction of wild rice (Oryza perennis var.
formosana) in Taiwan. J. of Asian Ecology. (in press).

Lewontin, R. C. 1974, The Genetic Basis of Evolutionary Change.. Columbia Mniversity Press.

346P. .
Nakagahra, M. 1977, Genic analysis for esterase isoenzymes in rice cultivars. Japan. J. Breed.
27:141-148,

Nakagagra, M., T. Akihama and K. I. Hayashi. 1975. Genetic variation and geographic cline of
esterase isozymes in native rice varieties. Japan. J. Genetics 50:373-382.

Nei, M. 1975, Molecular Population Genetics and Evolution. North-Holland Publishing Co.
Amsterdam. 288P,

Oka, H. 1. 1956.. Observations on natural populations of Formosan wild rice. Ann. Rep. Inst.
Genetics, Japan. 6:4647.

Oka, H. I. 1974. Experimental studies on the origin of cultivated rice. Genetics 74:475-486.

Pai, C., T. Endo and H. I. Oka. 1973. Genic analysis for peroxidase isozymes and their organ
specificity in Oryza perennis and O, sativa. Can. J. Genet. Cytol. 15:845-853.

Pai, C., T. Endo and H, I. Oka. 1975. Genic analysis for acid phosphatase isozyme in Oryza perennis
and O. sativa. Can. J. Genet, Cytol. 17:637-650.

Schwartz, D. and T. Endo, 1966. Alcohol dehydrogenase polymorphism in maize - simple and
compound loci. Genetics 53:709-715.

Wu, L. and Y. T. Kiang. 1979. Using an-isozyme marker to detect pollen~derived plants from anther-
culture of wild rice, Bot, Bull. Academia Sinica 20:97-101.



July 1979 Kiang & Wu-—Estarase in Rice 115

oy gy olicb ey Sl AGIVALZES
(Esterase isozymes) ;Z & BT
=AY 5B
th o B 9T B W 4 BF 5E B

o BB BBk (Starch gel electrophoresis) ¥ & # ¥ L §8(Oryza Perennis var.
formosana) f#: B 18 (0. Sativa L)MELRECBEAEE ST, BRIBEBER
WHSEREREY, L3I PREEETRE —REM & T (Heterozygotes) 3 28
— B R (locus) B35 , IR O BEBRE RSN, Ay RA, EFEBNHTRBHR
HEEEABEBEE S —A, , Az ,A; , RA; SEREABRR-FEF (
) FES R T (allele) . Ag fIAg ZER BB RBRYE , HBEH T LWBEA R
m=a . A, fIA; “HRESHEM NS 11386 (map unit) k—/ EEKE
BYARBESEEN S HEE SRR E (genetic polymogrphic loci) ( 5% ) , UK
B 2.2 %1y RS A T (heterozygosity) , HIEB L FARBERELHWEFEW ,
EREETEHREN/LBED , ARNAEHEYRTFHEENER , fBFEBE
ERBRENEE , EAREMURE , X HEREESCERBL





