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Introduction

0 0O The fish fauna of Japanese waters is remarkably abundant and about 3,400 species have been ascertained
by MASUDA etal 1198400  Under such species diversity, the taxonomic and phylogenetic studies have been
extensively carried out by many workers from the morphological standpoint. However, many unresolved problems
concerning the phylogeny and evolution of fish still remain unclear.
00O On the other hand, during the last about 20 years, the phylogenetic and evolutionary studies have been
revitalized by the application of molecular techniques. Protein electrophoresis, protein sequencing and sequence
analysis of mitochondrial DNA or ribosomal RNA are among the molecular methods used in evolutionary studies.
Such molecular studies have made it possible for us to estimate the phylogenetic relationships among taxa and
their evolutionary processes quantitatively with common parameters such as protein or DNA, and in some cases
they have been providing much relevant and critical information about phylogeny in various groups of organisms
U FERGUSON, 1980 ; HiLLIs et al., 1996L1 To clarify many unresolved problems about the phylogeny of the fishes,
it would be desirable to introduce actively the molecular approaches which can provide the more analytical,
quantitative and useful data into the field of the fish phylogeny and taxonomy.
0 O The suborder Percoidei consist of many various families, and therefore it has been considered that the suborder
is many phyletic group. However, the phylogenetic relationships among families remained unclear until now.
Needless to say, the molecular phylogenetic study has not yet been carried out. In this study, the author adopted
five common fish species belonging to the five different families : Trachurus japonicus of the Carangidae, Ditrema
temmincki of the Embiotocidae, Sillago japonica of the Sillaginidae, Arctoscopus japonicus of the Trichodontidae
and Girella punctata of the Girellidae belonging to the suborder Percoidei, and attempted to estimate their
phylogenetic relationships at allozyme level. Previously, we repoted that allozyme electrophoresis is also effective
on the systematics at family leveld MATSUOKA, 1987 ; MATSUOKA and INAMORI, 1999 ; ASANUMA and MATSUOKA,
20020 In addition, Nei 19870 stated in his review that protein electrophoresis is almost equivalent to mtDNA
analysis in resolving power. Therefore, the author adopted the allozyme analysis. In this paper, the author
would like to report about the molecular phylogeny and population genetics of the above five species of the
five familes of the suborder Percoidei.

Materials and Methods

Fish
O O The fishes examined in this study were five species of the suborder Percoidei from Japanes waters : Trachurus
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Jjaponicus, Ditrema temmincki, Sillago japonica, Arctoscopus japonicus and Girella punctuata, The number of
individuals examined in each species and localites were as follows : 7. japonicus, 6, Aomori Pref. ; D. temmincki,
6, Aomori Pref. ; S. japonica, 6, Shizuoka Pref. ; A. japonicus, 6, Aomori Pref. and G. punctata, 6, Fukui Pref.
After collection, the whole bodies were stored at U 45°C.  After thawing at 4°C, the three tissuesd muscule,
liver and intestineld were cut off from these specimens and the crude extracts of these tissues were prepared
before allozyme electrophoresis as described below.

Electrophoretic method

U O Electrophoresis was performed on 7.5% polyacrylamide gels as described previouslyll MATSUOKA, 19850 :
About 0.2—0.3g of muscle, liver or intestine was individually homogenized in 1 or 5 vols of 20mm phosphate
buffer, pH 7.0, containing 0.1m KCI and 20mMm EDTA, by using a small polyethylene homogenizer of the
Potter-Elvehjem type in an ice water bath.  After centrifugation at 10,000 rpm for 5 min, 0.05—0.1ml of clear
supernatant was used for electrophoretic analysis of enzymes. Electrode buffer was 0.38 M Glycine-tris buffer,
pH 8.3. After electrophoresis, the gels were stained for the following 11 different enzymes : glucose-6-phosphate
dehydrogenase U0 G6PDL] lactate dehydrogense J LDHL malate dehydrogenase  MDHL malic enzymgl MEL]
nothing dehydrogenasel NDHL] superoxide dismutased SODL] aspartate amino transferaseld AATL peroxidase
0 POQ alkaline phosaphatasel] ALK esterased ESTU and cytosol aminopeptidasel] CAPL]  Stain recipes for
these enzymes have been described previouslyld MATSUOKA and HATANAKA, 19910

Results and Discussion

Protein polymorphism

0 O Nineteen loci were inferred from the allozyme variation in the 11 enzymes. Of 19 genetic loci, eight loci
0 MDH-1, MDH-2, EST-1, EST-4, EST-5, CAP-1, CAP-2 and CAP-3Uwere polymorphic. In general, the enzymes
such as EST and CAP were also highly polymorhic in echinoderms or insects studied in our laboratoryd eg.,
MATSUOKA and INAMORI, 1996 ; MATSUOKA et al., 1998 ; MATSUOKA and Asano, 1998 ; MATSUOKA and HATANAKA,
1991, 1998L1 Other 11 loci were monophoric. Table 1 summarizes the degree of genetic variation in five
species. The number of alleles per locus was in the range of 1.06—1.11, with a mean of 1.11. The proportion
of polymorphic locil PUis in the range of 5.9—15.8%, with a mean of 10.5%. The expected average heterozygosity
per locusl HU s in the range of 1.6—7.9%, with a mean of 4.5%. Gyllenstenll 198501 reported that the mean
H value in various fish species was about 5%. More recently, we also reported that the mean H value was
6.1% in seven species of the order Clupeiformesld AsANUMA and MATSUOKA, 20020 and it was 4.3% in four
species of the family Hexagrammidaell MATSUOKA et al., 2000L1 The present H valuest 4.5%were comparable
to those in many other fish species.

0 O with respect to the relationship between enzyme function and heterozygosity, Yamazakill 19770and Gojobori
00 19820 showed that the substrate-specific enzymes with functional constraints have lower heterozygosity than
the nonspecific enzymes.  These hold true for the fish enzymes here studied ; the non-glucose metabolizing
enzymesU the mean AU 5.5%0 including nonspecific enzymes were more variable than the glucose-metabolizing
enzymesl the mean HU 3.1%01 with functional constraints.  Previously, similar result was observed in seven
fish species of the order Clupeiformest] ASANUMA and MATSUOKA, 200201  Furthermore, the similar phenomena
were also found in our previous allozyme studies of echinodermsl eg., MATSUOKA and HATANAKA, 19910
These results can be explained by the neutral theory of Kimural 19830 : The glucose-metabolizing enzymes
have functional importance, and therefore functional constraint of these enzymes is much stronger than that of
other non-glucose metabolizing enzymes.  The more strictly functional constraint decrease neutral regions of
the molecules, and thus the probability of neutral mutation would be smaller for the glucose metabolizing-enzymes
than other non glucose-metabolizing enzymes.
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Table 1.0 Genetic variation in the five fish species of the suborder Percoidei

U Parameter Aj Sj Tj Dt Gp
1. No. of alleles per locus : 4 1.06 116 1.09 111 111
2. Proportion of polymorphic loci : PO %0 5.9 15.8 9.1 10.5 11.1

3. Expected average
heterozygosity per locus : HO %[l

AjQO Arctoscopus japonicus, SjO Sillago japonica, TjO Trachurus japonicus,
Dt0 Ditrema temmincki, GpU Girella punctata.

16 7.9 3.7 53 4.0

Table 2.0 Genetic identities above diagonalll and genetic distancest below diagonall
between five fish species of the suborder Percoidei

U Species 1 2 3 4 5

O 1. Arctoscopus japonicus O 0.445 0.224 0.412 0.316
O 2. Sillago japonica 0.810 o 0.259 0.360 0.442
0 3. Trachurus japonicus 1.496 1.352 O 0.523 0.230
O 4. Ditrema temmincki 0.888 1.021 0.648 u 0.264
U 5. Girella punctata 1.153 0.816 1.469 1.334 0
Genetic identityl] /0 and genetic distanceld DO were calculated by the method of Nei
019720

Phylogenetic and evolutionary relationships

OO0 In order to quantify the degree of genetic differentiation between five species, we calculated the genetic
identityd /U and genetic distancel DU between each species by the method of Neild 197200  Table 2 shows
the matrices of / and D values between all pairs of five species. The lowest D value DO 0.6480 was found
between 7. japonicus of the family Carangidae and D. temmincki of the family Embiotocidae.  On the other
hand, the highest D valueld DU 1.49600 was found between A4. japonicus and T. japonicus.  These values are
comparable to those observed in different families of many other animal groupst Thorpe, 1982L1  Namely, the
present molecular data are well consistent with their taxonomic position based on morphological criteria. To
clarify their phylogenetic relationships, the molecular phylogenetic tree was constructed from the NEI's genetic
distance matrix of Table 2 by using the UPGMA clustering method of Sneath and Sokald 197300 The divergence
time inferred from the NEI's equatioh! NEI, 19750using genetic distance is also given in the molecular phylogenetic
tree. The phylogenetic treel] Fig. 10indicated the followings :[0 100 The five fish species of five different families
are divided in two large clusters : one consists of 7. japonicus and D. temmincki, and the other A. japonicus,
S. japonica and G. punctata ] 20 T. japonicus and D. temmincki are most closely related to each other among
the five species and diverged laterl about 3 million years ago : 3MYLL] 030 In second cluster, 4. japonicus
and S. japonica are much closely related to each other and diverged in about 4MY. [0 40 G. punctata is more
genetically differentiated from other four species. It suggests that G. punctata might be one of the primitive fish.
0 O The morphological data for speculating their phylogenetic relationships is much scanty, since they belong
to the different families in taxonomy, and thus they have not almost common characters. In such cases, the
molecular approach would provide useful information for their phylogeny as shown in ASANUMA and MATSUOKA
00 2002L]  The molecular phylogenetic tree demonstrated the affinity between T. japonica and D. temmincki, and
that among the other three species.  This is well consistent with the morphological similarity of the tail fin
described in MAsuDA et al.l11988L1  Further, the close relation between A. japonicus and S. japonica agrees
with their similar body shape of slender type. Of many members of the suborder Percoidei, D. temmincki is
much specialized fish : the species is ovoviviparity and produces about 10—15 young fish in each year. This
suggests that the species is highly evolved fish and would be differentiated from other species in more recent
times as shown by the present molecular study. In future, this study would provide some useful data for the
systematics of the suborder Percoidei.
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Fig. 1. Molecular phylogenetic tree for the five common species of the suborder Percoidei.
It was constructed from the NEI's genetic distance by using the UPGMA clustering
method. The divergence time estimated from the Nei's equation using the genetic
distance is also given in the phylogenetic tree.

OO In recent years, many workers have adopted mitochondrial DNAL mtDNADO as the molecular marker for
investigating the evolutionary and phylogenetic study.  The molecular marker of mtDNA was developed by
A. C. Willson at California University. However, NEId 19870 showed that the resolving power of mtDNA is
not necessarily higher than that of allozyme study. According to the estimation of Nei 1987L] allozyme study
is expected to survey about 100 nucleotides per one genetic locus. As we usually examined about 30 loci
in allozyme study, it is equivalent to studing 3,000 base pairs at mtDNA level. Therefore, the resoloving power
of allozyme study is not lower than mtDNA analysis. Murphy ef al.lJ 19960 claimed that in phylogenetic and
evolutionary studies many molecular characters should be used and that the enzyme loci are the important molecular
characters in allozyme study. Needless to say, the number of molecular characters adopted in protein
electrophoresis is more enough than that of mtDNA study. In future, the author is planning to study the
phylogenetic relationships among many and various families of the suborder Percoidei at molecular level.

Summary

0 O The phylogenetic relationships and allozyme variation were studied in the five common fish species Trachurus
Jjaponicus, Ditrema temmincki, Sillago japonica, Arctoscopus japonicus and Girella punctatall belonging to the five
different families of the suborder Percoidei from Japanese waters by allozyme study of 11 enzymes. From
the allozyme variation observed in 29 genetic loci scored, it was calculated that average heterozygositiesl H
valuesU are in the range of 1.6—7.9%, with a mean of 4.5%. The H values were comparable to those observed
in other fish species. The NEI's genetic distancestd mean DO 1.100between five species of the suborder Percoidei
were comparable to those observed between different families in other animal groups. The molecular phylogenetic
tree for the five species of the five different families which was constructed from NEI's genetic distances indicated
the followings : The five species of the suborder Percoidei were divided into two large clusters : one consists
of T. japonicus and D. temmincki, and the other A. japonicus, S. japonica and G. punctata. Among five species,
T. japonicus and D. temmincki are most closely related to each other and diverged laterd about 3MYL In second
cluster, 4. japonicus and S. japonica are closely related to each other and diverged in about 4MY. Girella punctata



Molecular phylogeny of the suborder Percoidei 21

is more genetically differentiated from other four species and might be primitive type. These molecular results
were compared with non-molecular evidence.

References

AsanumA, T. and MATsuoka, N.O 20020 Phylogenetic relationships among seven fish species of the order Clupeiformes inferred
from allozyme variation. Bull. Fac, Agric. & Life Sci., Hirosaki Univ,, 4 : 1-150 In Japanesel]
FereusoN, A.U 19800 Biochemical Systematics and Evolution. Blackie, Glasgow.
GoJoeori, T.U 198201 Means and variances of heterozygosity and protein function. In : Molecular Evolution, Protein Polymorphism
and the Neutral TheoryU Edited by Kimura, MO pp. 137-148. Japan Scientific Societies Press, Springer-Verlag, Berlin.
GyLLENSTEN, U.00 198500 The genetic structure of fish : Differences in the intraspecific distribution of biochemical genetic variation
between marine, anadromous, and freshwater species. J. Fish Biol,, 26 : 691-699.

Hituis, D. M., MoriTz, C. and MABLE, B. K.O 199600 Molecular Systematics, Sinauer, MA.

KiMura, M.O 19830 The Neutral Theory of Molecular Evolution. Cambridge University Press, Cambridge.

MASUDA, H., AMAOKA, K., ARAGA, C., UENO, T. and YosHiNo, T.0 19840 The Fishes of the Japanese Archipelago. Tokai University
Press, Tokyol In Japanesel]

MATsuoka, N.O 19850 Biochemical phylogeny of the sea-urchins of the family Toxopneustidae. Comp. Biochem. Physiol., 80B :
767-771.

MATsuokA, N.O 19870 Biochemical study on the taxonomic situation of the sea-urchin, Pseudocentrotus depressus, Zool. Sci., 4 :
339-347.

MATsUoKA, N. and Asano, F.0 19980 Molecular taxonomic study on the variation of body color in the starfish Asterina pectinifera,
Bull, Fac. Agric. & Life Sci., Hirosaki Univ,, 1 : 1-8.

MATsuUokA, N. and HATANAKA, T.0 19910 Molecular evidence for the existence of four sibling species within the sea-urchin,
Echinometra mathaei in Japanese waters and their evolutionary relationships. Zool. Sci., 8 : 121-133.

MATsUOKA, N. and HATANAKA, T.0 19980 Genetic differentiation among local Japanese populations of the starfish Asterias amurensis
inferred from allozyme variation. Genes Genet, Syst., 73 : 59-64.

MATsUOKA, N. and INAmoRI, M.0O 199600 Phylogenetic relationships of echinoids of the family Temnopleuridae inferred from allozyme
variation. Genes Genet. Syst., 71 : 203-209.

MATsuokA, N. and INamori, M.0 19990 Phylogenetic relationships among four echinoids of the family Cidaridael] Cidaroidall based
on allozymes. Zool, Sci., 16 : 529-534.

MATSUOKA, N., Hosova, T., HAMAYA, T. and ABg, A.0 19980 Phylogenetic relationships among four species of stag-beetles
O Coleoptera : Lucanidaell based on allozymes. Comp. Biochem. Physiol., 119B : 401-406.

MATsuokA, N. and Asanuma, T.0 20000 Phylogenetic relationships among four fish species of the family Hexagrammidae from
Japanese waters based on allozymes. Bull. Fac. Agric. & Life Sci., Hirosaki Univ,.[] 3 : 5-13.

MURPHY, R. W., SITES, J. W., BUTH, D. G. and HAUFLER, C. H.O 19960 Proteins : Isozyme Electrophoresis. In Molecular Systematics
U Edited by Hillis, D. M., Moritz, C. and Mable, B. K.0J pp. 51-120. Sinaur Assoc. MA.

Nel, M.0O 19720 Genetic distance between populations. 4m. Nat., 106 : 283-292.

NEel, M.O 19750 Molecular Population Genetics and Evolution. North-Holland, Amsterdam.

Ne1, M.O 19870 Molecular Evolutionary Genetics, Columbia University Press, NY.

SNEATH, P. H. A. and SokaL, P.R.0 19730 Numerical Taxonomy. Freeman, San Francisco, CA.

THorpE, J. P.0J 198200 The molecular clock hypothesis : Biochemical evolution, genetic differentiation, and systematics. 4nn. Rev,
Ecol. Syst., 13 : 139-168.

Yamazaki, T.0 19770 Enzyme polymorphism and functional difference : mean, variance, and distribution of heterozygosity. In :
Molecular Evolution and PolymorphismU Edited by Kimura, M.0J pp. 127-147, Mishima : National Institute of Genetics, Mishima.



22 Molecular phylogeny of the suborder Percoidei

godgdooooobosbbbobbbbboo

obooboog

oooooooooobooooooooo

gbobobobooooobooboobobobooooo
goboobobooboobbooboobooobd
goboobobooboobbooboobooobd
gbobooobbooboboooobooobbod
ggbooobooboobbooboobooobd
goob0ooobbOoob0osOs@booobobooog
ggogoboboobobbo™oboobboodg
ggbooooboobooboboobooboboooobdg
gdoooobooboobbdnbbxbogonod
goobi100gooooobbboooogbaonO
110000000000000s0900015800000
oooooooboseb00O7o000OO0O00000OO0
gbobobobooooooboobobobobooooo

ODO0O0O0ON&d197200 000000000000 5s505
gooboobbobupGcMALUOOOOODDOOOOO
gdstodbbogzbooboobboobdooarbo
gobooboboobbooboobboobooboo
gobboobboobbooobboobosboboob
gogbooboobobuooboobboobooboboo
goboooboooobooobooobobobonbo
sgbodbbooboobooboboobooboo
gogbooboboobobuooboobobooboonb sdg
gboboooobooboboboboboooogoog
gboboooobooboboboboboooogoog
gbobooooboobooboboboboooogoo

000000 No. 50 17—220 2003



