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Abstract

Fourteen enzymes (seventeen loci) of Paragonimus westermani from the two localities,

Leyte and Sorsogon, of the Philippines were investigated by means of starch gel

electrophoresis. Eight enzymes (AK, EST, GDH, GPT, HK, ME, 6PGD and PGM) were all

single-banded and monomorphic in the two populations. Four enzymes, DIA, G6PD, MDH

and TO, showed two staining zones, indicating two genetic loci involved, without any

variation in both of the populations. Polymorphism was seen at GOT and GPI loci in Leyte

and Sorsogon, respectively. Nei's (1975) genetic distance between the two populations was

0.00588.

When the two Philippine populations were compared with a Japanese diploid population

(Ohita), a great difference was seen in allelic composition at 7 loci, GOT, G6PD-I, GPI, GPT,

MDH-I, 6PGD and PGM. Nei's genetic distance was, in average, 0.5234. Further, the

Philippine populations showed 0.5755 (in average) of the genetic distance for a Taiwan

diploid population (Taipin). These values suggested that the Philippine lung fluke may be a

separate species.

When the Philippine and Japanese triploid populations were compared, any common

allele was not found at the three loci, GOT, HK and PGM, in the Philippine lung flukes.

Therefore, the Philippine lung fluke was found not to be related to the ancestor of the

Japanese triploid of P. westermani in terms of the gene introgression, which is considered to

have been involved in the origin of the triploid type of the Japanese P. westermani.
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Introduction

The main agent of paragonimiasis in Japan,

Paragonimus westermani, has been known as

triploid, while all other Japanese species of
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Paragonimus are diploid (Sakaguchi and Tada,

1976a, b; Terasaki, 1977). Afterwards,

Miyazaki (1977) discovered a new type of P.

westermani which preserves numerous sperm in

seminal receptacle, and stated that this new

type may be bisexual and can be easily

differentiated from the conventional triploid P.

westermani. The new type was found to be

diploid later (Terasaki, 1980). Since then, the

existence of the diploid type of P. westermani

has been confirmed in various areas of Japan

(Nishida et al., 1981; Habe and Miyazaki,

1982; Shibahara, 1982; Sugiyama et ah, 1983;

Yoshimura et al., 1983; Sugiyama et al, 1984;

Kanazawa et ah, 1986; Shibahara, 1986;

Shiwaku et ah, 1986; Yokogawa et al, 1986).

On the other hand, P. westermani distri

buting in the Philippines was reported to

mature even in the albino rat (Yokogawa et al,

(1)



196

1977), and has been suspected to be a different

species from the Japanese P. westermani. The

Philippine lung fluke was also found to be

diploid (Terasaki, 1983). As to the taxonomical

status of the Philippine lung fluke, Miyazaki

(1978a) and Ito et ai (1978) studied the adult

and larval morphology in detail, and stated

independently that the lung fluke was a

separate species, naming it P. filipinus and P.

philippinensis, respectively. Afterwards,

Miyazaki amended his species after re-

examining a lot of specimens to be a subspecies

of the Japanese P. westermani (Miyazaki and

Habe, 1979). At present, there is still

controversy on the classification of the

Philippine lung fluke.

Meanwhile, after his morphological and

ecological search, Miyazaki (1978b) proposed

that the two types of P. westermani should be

different species, and named the triploid P.

pulmonalis. Hirai et al (1985) performed the

chromosome analysis of the diploid and triploid

P. westermani and found the triploid allop-

loidy, supporting Miyazaki's statement.

Agatsuma and Habe (1985) also tried to

examine 15 enzymes of both types by starch

gel electrophoresis, and found that out of 15

enzymes examined, the following five enzymes,

DIA, GOT, HK, LGG and PGM, showed

different electrophoretic patterns between the

two types, that is, the triploid type always

possessed additional bands in the five enzyme

loci, showing remarkably high level of hetero

geneity. They, therefore, stated that the

existence of this high heterogeneity in the

triploid can not be explained just by accumula

tion of single mutations, but by genome

introgression as a result of hybridization. From

these genetic studies, the triploid type of P.

westermani was considered a hybrid species

which had, recently, been brought about by

hybridization between the Japanese diploid P.

westermani and an unknown subspecies of P.

westermani or its closely-related species, and

has drastically spread throughout Japan

(Agatsuma and Habe, unpublished data).

Main purpose of this study is to analyze

genetic relationship between the Philippine and

Japanese

unknown

suggested

Hirai et al

status of

discussed

genetics.

P. westermani for detecting the

taxon of Paragonimus which has been

by Agatsuma and Habe (1985) and

(1985). In addition, the taxonomical

the Philippine lung fluke will be

from a standpoint of population

Materials and Methods

Collections were made at the same localities

of two provinces, Leyte (Leyte Island) and

Sorsogon (Luzon Island) in the Philippines, as

Ito et al (1978) and Miyazaki and Habe (1979)

surveyed previously. The metacercariae

collected were inoculated into dogs and adult

worms were recovered about 6 months after

inoculation. The adults were homogenized

individually and centrifuged at 3,000 rpm, and

the supernatants were applied for starch gel

electrophoresis. The 14 enzymes (17 loci)

examined in this study were as follows:

adenylate kinase (AK\ diaphorase (DIA-I),

esterase (EST), glutamate dehydrogenase

(GDH), glutamic-oxaloacetic transaminase

(GOT), glucose-6-phosphate dehydrogenase

(G6PD-I, -II), glucosephosphate isomerase

(GPI), glutamic-pyruvate transaminase (GPT),

hexokinase (UK), malate dehydrogenase

(MDH-I, -II), malic enzyme (ME), 6-phospho-

gluconate dehydrogenase (6PGD), phospho-

glucomutase (PGM), tetrazolium oxidase (TO-I,

-II).

Electrophoretic conditions and enzyme

staining methods followed the way described

previously (Agatsuma and Habe, 1985;

Agatsuma et al., 1987).

The normalized identity of gene (I) and the

standard genetic distance or average net codon

difference (D) (Nei, 1975) were used for the

discussion of relative phylogenetic relationships

among local populations of Paragonimus

westermani.

Results

1) Description of electrophoretic patterns of 14

enzymes in P. westermani from two localities of
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the Philippines.

The lung fluke numbers examined for each

enzyme are shown in Table 1. The following

eight enzymes showed a single band with no

variations either within or between popula

tions: AK, EST, GDH, HK, GPT, ME, 6PGD

and PGM. There were two staining zones on the

gel in the three enzymes, DIA, G6PD, and TO,

indicating involvement of two loci. No

variations, however, were detected at either

locus of the three enzymes (Out of two loci of

DIA, only one locus, DIA-I, was examined). In

the MDH pattern, multiple bands were obser

ved, showing at least two loci (MDH-I, -77)

involved. MDH-I locus encodes the bands

migrating into the cathod, while MDH-II was

responsible for the anodal one. But, no variants

were found at either loci. Only the two

enzymes, GPI and GOT, showed variations in

the populations. At GPI locus, the Sorsogon

population showed polymorphism, while the

Leyte was monomorphic, possessing the allele,

Gpi-c, which was predominant in Sorsogon.

Low polymorphism at the GOT locus was

found in Sorsogon and a predominant allele in

Sorsogon was the same as the one fixed in the

Leyte population.

2) Genetic variability in the Philippine popula

tion.

Proportion of polymorphic loci (P) was

0.0588 for both populations, showing a

extremely low value. Average heterozygosity

(//) was also very small in value, being 0.0031

(Leyte) and 0.0253 (Sorsogon). (H = 1 - j^qj5,
where q is the frequency of z'-th allele, and the

average is taken over the examined loci.)

3) Comparison of genetic structure between

two Philippine populations, Leyte and

Sorsogon.

No differences were seen in allele composi

tion at 15 enzyme loci. Only two loci, GOT and

GPI, showed different allele frequencies

between them. The Nei's genetic distance (D)

was 0.00588 (Table 3).

4) Comparison ofgenetic structure between the

Table 1. The individual numbers examined, and

genotype and allele frequencies at 17

enzyme loci in P. westermani from the two

localities, Leyte and Sorsogon, in the

Philippines

Enzyme loci

1. AK

a/a*

2. DIA-I

a/a

3. EST

a/a

4. GDH

a/a

5. GOT

b/b

b/f

W

f

6. G6PD-I

b/b

7. G6PD-II

a/a

8. GPI

c/c

c/d

d/d

c

d

9. GPT

b/b

10. HK
a/a

11. MDH-I

a/a

12. MDH-II

a/a

13. ME

a/a

14. 6PGD

a/a

15. PGM

g/g

16. TO-I

a/a

17. TO-II

a/a

Leyte

26

55

50

50

52

3

0.973

0.027

50

50

54

0

0

1.000

0.000

50

50

55

55

50

31

50

45

55

Populations

Sorsogon

30

35

30

30

35

0

1.000

0.000

30

30

14

20

1

0.686

0.314

30

30

35

35

30

30

30

30

35

* : presumptive genotype

t : allele

Philippine and Japanese diploid (Ohita) popula

tions.

The Ohita population was re-examined for
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Table 2. Comparison of allele frequencies at 17 loci in P. weslermani among 4 populations from the

Philippines, Taiwan and Japan

1.

2.

3.

4.

5.

7.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Enzyme loci

AK

a

DIA-I
a

EST

a

GDH

a

GOT

a

b

f

others

G6PD-I

b
c

G6PD-II

a

GPJ
a

c

d

others

GPT

a

b

HK

a

b

MDH-I

a

b

MDH-II

a

ME

a

6PGD

a

b

PGM

a

g

others

TO

a

TO-//

a

b

the

Leyte

1.000

1.000

1.000

1.000

0.973

0.027

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

Populations

Philippines

Sorsogon

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.686

0.314

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

Japan*

Ohita

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

Taiwan*

Taipin

1.000

1.000

1.000

1.000

0.756

0.222

0.022

1.000

1.000

0.671

0.329

1.000

0.740

0.260

1.000

1.000

1.000

1.000

0.195

0.805

1.000

1.000

* : Cited from Agatsuma and Habe (1985)

t : Cited from Agatsuma et al (1987)
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comparison in this study. The result of this

population survey was the same as previous one

(Agatsuma and Habe, 1985).

The loci having different alleles between

them were G6PD-I, GPI, GPT, MDH-I, 6PGD,

and PGM (Fig. 1). One allele, Got-b, at the

GOT locus was shared by both populations.
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The other 10 loci were found to be occupied by

the same fixed alleles between them. Average

genetic distance (D) was 0.5234 (Tables 2 and

3).

5) Comparison ofgenetic structure between the

Philippine and Japanese triploid (Tsushima)

Table 3. Matrices of genetic distances (D) (above the diagonal) and normalized identity of genes (I)

(below the diagonal) between each pair of 4 populations from the Philippines, Taiwan and

Japan

the Philippines Japan Taiwan

l\

LT

SG

OT

TP

Leyte (LT)

0.99414

0.58915

0.55906

Sorsogon (SG)

0.00588

0.59583

0.56578

Ohita (OT)

0.52908

0.51780

0.89513

Taipin (TP)

0.58151

0.56955

0.11079*

* : One locus, LAP, was excluded from this study (Agatsuma et ah, 1987).

GOT G6PD-I GPI

a/a a/b

GPT

b/f

MDH-I

Jp

Tw Sg

6PGD

a/a a/b b/b

PGM

d/d

a/a

Jp

Tw

b/b

b/b a/a

Jp L{

■w Sg

b/b

Jp

Tw

a/a

4

a/a 9/g

Sg

Fig. 1. Electrophoretic patterns of seven enzymes, which showed differences, in Paragonimus westermani from

the Philippines (Lt: Leyte, Sg: Sorsogon), Taiwan (Tw: Taipin), and Japan (Jp: Ohita). Presumptive

genotypes for the respective patterns were also given (a/a, a/b, and etc.,). O: origin. Arrows show

electrophoretic direction
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populations.

The Tsushima population was used for

comparison. There was no difference between

the present and previous results in the

electrophoretic patterns of the triploid

(Agatsuma and Habe, 1985).

Three loci, GOT, HK and PGM, were

compared in the present study. No common

aliele at each of the three loci was found

between the two populations.

6) Comparison ofgenetic structure between the

Philippine and Taiwan populations.

The Taiwan P. westermani was surveyed for

comparison, and no difference was found in

electrophoretic data between this study and

previous one (Agatsuma et al., 1987).

The loci showing different alleles between

the two populations were G6PD-I, GPI, GPTy

MDH-I, 6PGD, PGM and TO-II (Fig. 1). The

other 10 loci revealed no difference in aliele

frequencies between the populations. Average

genetic distance (D) was 0.5755 (Tables 2 and

3).

Discussion

In this study, Paragonimus westermani from

the Philippines was compared with the Japanese

and Taiwan P. westermani using enzyme

electrophoresis, and the genetic distance or the

degree of genetic differentiation (Nei, 1975)

was estimated between them. Comparing the

two local Philippine populations, the Nei's

genetic distance, 0.00588, was obtained. When

the Philippine populations were compared with

the diploid population from Japan and Taiwan,

the average genetic distances were 0.5234 and

0.5755, respectively. According to the data

which have been reported in different groups of

plant and animal species, the value between

intra-specific local populations falls into the

range of 0.013-0.058, the value between

subspecies populations may be in the range of

0.163-0.306, and the value between separate

species tends to be in 0.559-1.066 (Avise,

1975). Comparing these values with ones

obtained from this study, the genetic distance

between the two local populations was within

the range of the conventional values for

inter-local populations. However, the value

between the Philippine and Japanese or Taiwan

populations fell within the range of the

conventional inter-species level. Incidentally,

the value (0.1108) between Japanese and

Taiwan populations fall within the inter-

subspecies range (Agatsuma et al., 1987).

Figure 2 showed a dendrogram constructed

from the data in Table 3. The dendrogram also

indicates that the Philippine populations are

considerably differentiated genetically from the

cluster consisting the Japanese and Formosan

populations. The present results, thus, corres

pond the previous study which showed that the

Philippine P. westermani can easily mature even

in the albino rat (Yokogawa et al,,1977), and

also support the statement by Ito et al. (1978)

that the Philippine lung flukes should be

0.5-

0.4-

0.3-

0.2-

O.1-

o.o-J

I

LT SG JP TW

Fig. 2. Dendrogram constructed from Nei's genetic

distances (D) (Table 3) between 4 different

populations of P. westermani derived from the

Philippines, Taiwan and Japan. For abbreviation

see Fig. 1.
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classified into a separate species.

The main purpose of this study was to find

an unknown subspecies of P. westermani or its

related species of Paragonimus which is

considered as an ancestral lung fluke of the

Japanese triploid P. westermani, that is, to

detect the five set of alleles present at the 5 loci

of the triploid in a certain taxon of

Paragonimus from some habitats (Agastuma

and Habe, 1985). We tried to find out 3 kinds

of alleles in question at the respective three

loci, GOT, HK and PGM present in the

Japanese triploid. However, we failed to find

any allele out of the 3 alleles in the Philippine

populations. It was, thus, concluded that the

Philippine P. westermani is very remote

genetically from the Japanese diploid and

triploid P. westermani and bears no relation to

the unknown ancestral species (or subspecies)

in terms of the genetic structure.
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