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. A E ARE ALEsITE. A7)
3 Tris citrate(pH 8.0). LiOH(pH 8.
1). Poulik(pH 8.2). T.M(pH 7.4) buffer

=98 x88le] 12% starch gel A7|9%5 S 4
Alstget. 719 % =42 Table 29 #r} A
719 E3 dolzl zt ga P wEgsdwWA A
NGB ol &3t 74 AMAYE FHAFEE &
8t BIOSYS-1 program(Swofford and

Selander. 1981)-& o] &3t Z} kel FHS
2 E (allele frequency). FTHEIANE(%
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polymorphism) 2 o] 8 #FH AR = (heterozy-
gosity) #E Tl 7+ Al {33 ol HE
& Fetgh(Selander, 1976). 7+ J& /A4
A A BAE Rogers(1972)9) &34 ZdA
()9 Nei(1972)2] #4A zelA(D)E T3
& UPGCMAW® (Sneath and Sokal,
1973)2. 2 dendrogram< 2Aste Hln HE
shgi .

Table 1. Collecting localities, date, and number of specimens of the genera Anguilla and Anago.

Collection Localities

No. of Specimens Collection Date

Anguilla japonica

1. Namhae: Namhae-up, Namhae-gun, Kyongsangnam-do

2. Haenam: Haenam-up, Haenam-gun, Chollanam-do

June 26, 1992
June 25, 1992

= ~] 00 W

3. Inchon: Yonan-pier, Inchon-shi May 31, 1992

4. Cheju: Chongiyeon, Sokwipo-shi, Cheju-do July 29, 1992
Anguilla marmorata

5. Amami: Amami [sl., Japan 5 June 24, 1993
Anago anago

6. Inchon: Yonan-pier, Inchon-shi 10 June 23, 1993
Table 2. Buffer systems and stains for electrophoresis.

Buffer system E.C.No. Enzyme Volt/Time
Continuous tris citrate Il 26. 1. 2 Alanine aminotransferase (Alat) 100V/3hrs
(TC i, pH: 8.0) 27.4 3 Adenylate kinase (Ak-1,2)

27. 3.2 Creatine kinase (Ck-1,2,3)

1.1.99. 5 oGlycerophosphate dehydrogenase (oGpd-1,2)

1.1. 142 Isocitrate dehydrogenase {Idh)

1.1. 1.27 Lactate dehydrogenase (L.dh-1,2)

1.1. 1.37 Malate dehydrogenase (Mdh-1,2)

53. 1. 8 Mannose-6-phosphate isomerase (Mpi-1,2)

27. 5.1 Phosphoglucomutase (Pgm-1,2)
Discontinuous tris citrate 42 1. 3 Aconitase (Aco) 200V/3hrs
(Poulik, pH: 8.2) 1.1. 1.40 Sorbitol dehydrogenase (Sdh)
Lithium hydroxide 31. 1.1 Esterase (Est-1,3,4) 250V/3hrs
(LiOH. pH: 8.1) General protein (Gp-1,2,3,4,5)

34.11.11 Peptidase (Pept-1,2,3)

53. 1.9 Phosphoglucose isomerase (Pgi-1,2)
Tris maleic EDTA 42 1. 2 Fumerase (Fum) 100V/5hrs
(TM, pH: 7.4) 26. 1.1 Glutamate oxaloacetate transaminase (Got-1,2)

1.1. 1.40 Malic enzyme (Me-1,2)

1.1. 1.44 6 Phosphogluconate dehydrogenase (6Pgd)
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3. MtDNA &4

%3 % mitochondria®l 3| ¥& 7t 4
%39l Bernachetz® Dodson
WL ol& mtDNAZ F&sl3d.
AxE A9t 98l 1-2g9] 23-E& homo-
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EDTA., pH 7.4)22 vl allx A XAE
el EulE 8 w=FuE Fo| HE2F
Z Algo doldle d4A DNAS RNAE A
Asl7] #18td DNase 13 RNase AE 238}
Art. 10% NP-402 ©]% mitochondria®l =
< B3 & A gLl HdEdE FEFEn
mtDNA FAHEE AA 70% ethanolZ A
Ha ¥ AFUE ARYE FRFE FJM4En
Avise 5(1984)¢] ¥hiol wal HFEAE el
& & Mack 5(1986)¢ "ol st 0.
8% agarose gel®7|d 5 S AT HI|GE
% o]%d DNAAHE ethidium bromide
(EtBr)Z g4% ¥ UV-illuminatorZdeolA
AHE #ld ¥ A& #9489t 7 DNA
AR olFkol W2 HH {FAM(FEH Y |71
MY 33 =(pih) (Upholt. 1977)& F3ld
Het @ F3 Holg BT,

2
=
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1. SEAEA D}

BgolE 233 #3gold dE FHEAEA
A7 20709 &4 9 wiaivhd A F 397
o FAAE AEFAT 7 FAA R 5A
1A W1=& 3 Hye Table 33 2th, AA
3970 fd &% Pgm-1. Pept-2. Got-1 % 37}
A 2E Wolst glol 3% ERU Y /4
2L At

Wgo] 43w A% Idh, Mpi, 6Pgd.
Got-2. Me-1, Pgi-1, Pgi-2, Est-1, Est-3,
Pept-1. Sdh, Aco % 127 +3=H30.8%)F
ALt ezl §H2H69.2%) % WHolt glo]
EF 598 /304 9o 6Pgdst Acodl %
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FE AT BTN Wol& YA, AF
A 1A= Aco, Est-1, 6Pgdo A o8
2tz WolE YeAdY. Idhe g
A, Mpi-1. Got-2. Pgi-1, 2 Sdhe Q33
oA, 283 Pgi-2v deldelM gt Hel &
YEMNATE, 6Pgdst Acov 4™ EFoA A
olg e, Est-1¥ EHHSE, Me-12
AFdE-S A Yoo welg et
WA,

Fejgole] A 6Pgd Got-2, Pgi-l,
Est-3, Gp-2°14 ®¥eol& vehlslen Est-
10, Est-3¢. Gp-2b1ale Hejgo] 589 &
A A ot

FYH E3te WAgolet FeFole HA &
A2 19709l A& (Table 3)7F A3 tha
W-QIARE 35 Aol B,

j8atole] HeE Pgm-2, aGpd-1, Ldh-
1. AcocllA ®ol7} glgglon Yoz gzt
= Wol7t giddtt.

AA /A2 F aGpd-1. oGpd-2, Mdh-1,
Mdh-2, Ldh-1, Ldh-2. Mpi-2, Ak-1, Ck-
2, Ck-3. Alat, Fum, Me-2, Est-3. Pept-
3. Gp-1. Gp4. Ipo ¥ % 187 #4dxe Z
FTE R Genetic markerg #ZAx5YUct
(Table 3, Fig. 1). Pgm-2. aoGpd-1. Ldh-
12 FEFo]dAg WHols Vel Uiz
2%2 Hol7k T, Acod ABE WA e
I HggoldAs Hols Yoy Fepd
oM F 5/ AAZ Welrt g, Gp-
29} B¥v Fejgololnt Wolz} i}

ZE A 2 0 dHolIEE 7 Ade
Table 49 3t} wWAgol 43 g {43
Wol Hp = 0.057, Hg = 0.06580% o)
Fole Hp=0.067, Hg = 0.053. #lEAole
Hp = 0,018, Hg = 0.0202.24 #3839
A WHolrt A Wk

Table 39 FHJNAREE ol &35t zZF H
2 F0e fA14 A (S) (Rogers. 1972) st
A ZpelA (D) (Nei, 1972)F F3 AdE
Table 5¢ 2t}

Waolel AL #gdd®y 3T S=0.
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Table 3. Allele frequencies of 3 species of the genera Anguilla and Anago

Population Population
Locus Locus
Aj Am Aa Alj Am Aa
1 2 3 4 5 6 1 2 3 4 5 6
Idh a 100 .88 100 1.00 1.00 1.00 b 1.00 1.00 1.00 1.00
b 12 c 1.00
Pgm-1 a 100 100 100 1.00 1.00 1.00 Alat a 1.00
b 1.00
Pgm-2 ta) 1.00 1.00 1.00 100 1.00 o5 e 100 100 1.00 1.00
c .05 6Pgd a 1.00
b .19 .07 .10
- . . . 1.
oGpd-1 g 1.00 1.00 1.00 00 o . 67 50 57 .50 50
' d .33 31 36 50 .40
c .95
d 1.00 Got-1 a 1.00 100 100 100 100 1.00
aGpd-2  a 1.00 Got-2 a .07 .10
b 1.00 b 1.00 1.00 .93 1.00 .90
c 100 1.00 1.00 1.00 ¢ 1.00
Mdh-1 a 1.00 Fum a 1.00
b 1.00 1.00 1.00 1.00 b 100 1.00 1.00 1.00
¢ 1.00 c 1.00
Mdh-2 a 1.00 Me-1 a 1.00
b 1.00 1.00 1.00 1.00 b 50 .12 .14 1.00
c 1.00 c 50 88 .86 1.00
Ldh-1 a 100 1.00 1.00 1.00 Me-2 a 1.00
b .05 b 1.00
c .95 ¢ 100 1.00 1.00 1.00
1.
d 00 Pgi-1 a .07 .10
Ldh-2 a 1.00 b 1.00 100 .93 100 .90 1.00
b 1.00 .
c 100 1.00 1.00 1.00 Pgi-2 g ?3 1.00 1.00 1.00 1.00 1.00
Mpi-l a 100 100 93 1.00 1.00 1.00 Est-1 a 100 75 93 50
b .07
b .10
Mpi-2 a 1.00 c .25 .07 .50 .90
b 1.00 d 1.00
¢ 100 1.00 1.00 1.00 Est-3 s 12 07 70
Ak-1 a 1.00 b 1.00 88 93 1.00
b 1.00 1.00 1.00 1.00 c .30
I 1.00 d 1.00
Ak-2 a 100 100 1.00 1.00 1.00 Est4 a 1.00
b 1.00 b 1.00
Ck-1 a 1.00 ¢ 1.00 100 1.00 1.00
b 1.00 1.00 1.00 1.00 1.00 Pept-1 a 12 .36
Ck-2 a 1.00 b 1.00 8 64 100 1.00 L0
b 1.00 ¢ :
¢ 1.00 100 1.00 1.00 Pept-2 a 1.00 1.00 1.00 1.00 1.00 1.00

Ck-3 a 1.00 Pept-3 a 100
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Table 3. (Continued)
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Population Population
Locus Locus
A.j A.m A a Alj A.m A a
1 2 3 4 5 6 1 2 3 4 5 6
b 1.00 1.00 1.00 1.00 Gp-5 a 1.00
c 1.00 b 100 1.00 1.00 1.00 1.00
Gp-1 a 1.00 Sdh a 1.00
1.00 b 1.00 1.00 .93 1.00 1.00
¢ 1.00 100 1.00 1.00 .07
Gp-2 a 1.00 Aco a .25
b .20 b .70
¢ 1.00 100 1.00 1.00 .80 c .16 .12 .07 .05
v w8 w T
b 1.00 1.00 1.00 100 1.00 ) ’ : ’
f 1.00
Gpd a N 1.00
b 1.00 b 1.00
¢ 1.00 1.00 1.00 1.00 c 100 1.00 1.00 1.00
973(D = 0.004) 2.2 FA@AN 71 74 Zel7t glo] FdsA Jvewtt. 7 g F
WAl ) Awel WE H4A 2AANE S=  AUSE HEAoIs 2042 Tehgolsh Wl
0.957°19 . WAool FejAole] F RAA  Fdo] ek 18709 HALEG At gL A

ZdBAE S =0.420(D = 0.869) 2™ FE
Zolet HEAFole) FHA ZAXE S=0.193
(D = 1.698)2.2 ZABAZ Ad HA
Table 59 #4373 dxE& EUW=Z dendro-
grame A Fae= Fig. 29 20},

2. mtDNA =24 Zx}

WAolF 3FANNET mtDNAE FE3to
6baseS <43le 10709 AMFALZ A 2]dhd
mtDNAZ A& 243t Z4 FHAE wWE
7+ Aa 2 5o AHSY vayDEY TF
A¥ F¥ Table 63 2t} AHFHINA 2
A 37|18 Foz 4EE mtDNAZZ& ¥
= 16.8Kb, FH&ol= 16.7Kb, HE A<=
17.7Kb2 Z7Zk velgon) wige] 43de 7
S AU "HHgge] TdstA T
Bgl T WAolet Refigold|x, Sma & 3F
ERo] HEAQJARSS den veA AA
oM 1) ol MHES 73 o
Bst Elle A oo 548 AR Fd& 24
3, Wgole FejFoie Bgl 19} Hin dlllelA]

HEE 72 UATh FeHFolep wigolge]
At 3edUTe HEHod FRde T
AP Bl 2w o] weRAoz Jeyr
Table 6& o] 83l £ FEFHHSF B¥&(F
W G71FBE(p S 73 A (Table 7)
WAJoie} Hejatoiete] Hit FUIXBELE p=
3.4%9 o™ WAoE 233 ®BAoiee H
A7|ABEL p=9.6%2 A ebrt

e
AT HFE5EY fH8 2AHFPAR Hol o]&
1 e AVYdEHE T FARLEAY
mtDNARAM & A3z cel 434 #Hol} Ho
ol 74 2 AZH fAB/AE W3led g8
£3) olgwye AfHAe RARFHAE
X8e §AE 7HAa o] HE 1A
of ¥ E FAld H&se ATFvE L3
o] FojR 2 e AF |t}
Wizl 3 Anguillidae), W34 (Anguilla)
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Fig. 1. Zymogram of 3 species of the genera Anguilla and Anago. 1: A. japonica 2: A. marmorata 3: A. anago

of &3l WA (A, japonica)®t FEIF(A.
marmorata)e BHOolA A @ste] Lepto-
cephalus®#4718 AA Aty dFAFez &
ghel A 3-5d9 A&7hE 7FRF oA
uttz Yz adged 4Eg ske 5§

gr15 JHHl o FoE fElUetE v Eete] o
B ogivk, 2aA, Ad%dAolERd BExdE
3240 o]Fo|th(Chyung. 1977: Choi et al..
1990). AlAIH 2 WA 15 1650 &
FERCE gelA 9len(Ege. 1939: Tesch.

1977 Nelson,
¥3lar o).
Wl olfel FHF M A olg9 &
AR WelFwE WAlst Hp = 0.057, Hg =
0.065. Fe7o17F Hy, = 0.067, Hg = 0.053°.
2 BolRFe HTRAAE HolFxet AL
}(Selander, 1976), sitiel ©@4o] /Ao H
&l Aol (Salmo), FA7H¥°](Rainbow trout)
9 &7lr 71 B (Gasterosteus aculeatus,
14 HoldE B

1984) F2livetele 2%l &

Pungitius sinensis)1 &< 4
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Table 4. Genic variations of 3 species of the genera Anguilla and Anago.

Mean No. of alleles % Polymorphism Heterzygosity
per locus (A) per locus (%P) Direct (Hp) Expect (Hg)

A. japonica

1. Namhae 1.1 10.3 0.051 0.053

2. Haenam 1.2 17.9 0.051 0.062

3. Inchon 1.3 25.6 0.048 0.066

4. Cheju 1.1 7.7 0.077 0.077
A. marmorata

5. Amami 1.2 154 0.067 0.053
A. anago

6. Inchon 1.1 10.3 0.018 0.020

Table 5. Rogers’ {1972) coefficients of genetic similarity (S)above diagonal) and Nei’s (1972) coefficients of genetic
distance (D)(below diagonal) of the genera Anguilla and Anago.

1 2 3 4 5 6
A. japonica
1. Namhae 0.964 0.961 0.958 0.412 0.216
2. Haenam 0.009 0.973 0.948 0.430 0.221
3. Inchon 0.009 0.004 0.937 0.421 0.221
4. Cheju 0.017 0.028 0.033 0.418 0.221
A. marmorata
5. Amami 0.882 0.841 0.873 0.879 0.193
A. anago
6. Inchon 1.572 1.560 1.561 1.555 1.698
¢ L ! G0 F9 @AY (Zacco temmincki) e
A. Japonica o] (Plecoglossus altivelis), #|Ato]&el 7l
948 é ::‘"*‘ae o}(Liza haematocheila)d%e] 83 o}
. enam .
:420 3 Inchon fA 18t (Yang and Min, 1987: Hong et
215 l_4_ Cheju al.. 1993: Lee et al.., 1989b) WAl 2%
A, marmorata o §3A WHo|7} ¢ MIFE ] S Aoz Y
— 5. Japan Ebye}.
(i e Wel phPee] F48 TAAE JF S =
. In .
TN 0.957=A B AU fARAE JEIAD

Fig. 2. Dendrogram based on Rogers’ (1972) genetic
similarity coefficients (S) of 3 species of the genera
Anguilla and Anago.

o} wgtow (Allendorf and Utter, 1979:
Yang and Min, 1990) &4t Jojz} o] Fe
P #A3 woliges AW Min, 1991).
3 vwFoz AME FHEAe|9 {FHA wHol

ol Zoolze] WEX (Moroco oxyceph-
alus), WEM(M. lagowskii), &73%2A (M.
keumkang) % ®EX% o F(Min and
Yang., 1986, Suh and Yang. 1989)s %%
ol AAH(Kim et al.. 1992), ¥ &hv|o}ze]
ZAAU(Z. temmincki), #2W|(Z. platypus)
o] FuW FH H {HA A /A
a(Min and Yang, 1991). 8} BEFo 24
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Table 6. Comparative analysis and estimated number of mtDNA fragments among populations within 3 species of the

genera Anguilla and Anago.

RE 1 2 3 4 5 6 1.234/5 1234/6 5/6
Bgl'1 1 1 1 1 1 2 1 0 0
Bgl I 0 0 0 0 J 2 0 0 0
Bam HI 2 2 2 2 2 1 0 0 0
Bst Ell 1 1 1 1 1 1 1 1 1
Eco RI 3 3 3 3 3 3 1 0 0
Hin dlll 4 4 4 4 4 5 4 1 1
Pst 1 3 3 3 3 3 2 2 0 1
Pou ll 2 2 2 2 3 3 1 2 1
Smal 0 0 0 0 0 0 0 0 0
Xbal 2 2 2 2 1 2 0 0 0
Total 18 18 18 18 18 21 10 4 4

Table 7. Estimates of mtDNA variation of 3 species of
the genera Anguilla and Anago. Above diagonal
indicates total proportion of shared restriction fragments
(F) and below the diagonal indicates nucleotide sequence
divergence (p) from approach of Upholt (1977).

Species 1 2 3
1. A. japonica 0.056 0.205
2. A. marmorata 0.034 0.205
3. A. anago 0.096 0.096
Hdzt 2dA)9 e FAFskdtH(Avise, 1976).
godo] &3t WAoo e Pl ME F
A A & AolE BPoerm(Table 3) oS
9] £ HF #AH 2dHE S=10.420D =
0.869) .2 =t Haolfe F HTE /A
A 2932 (Yang and Min, 1987. 1990:
Park et al., 1991. Yang et al.., 1991)t}+
BHAETe] Hd Fhate]R] Bk E3 02 e
o (Avise, 1976), T3 Z& WFol &9

FH4k WAl (A, anguilla)$t v]l=ZAL wWizto)
(A. rostrata)® FI@AA(S = 0.896)
(Williams and Koehn, 1984)Rt} #a3A
7b o5 @ odet ey o] 239 2dA =
Hoge wl$ FARIY A2xe F2o fd3
o F3g Fxatols Velle dehv e Hat
w(Z. platypus)® ZAY(Z. temmincki)2
2 2dX % FAEIY Y (Min and Yang,

1991). =3 HE-AoZ(Congridae)el =27
ol o} wigo] mBAolel Relolel FARAE
z+zt § =0.220(D = 1.562) 2 S =0.193(D
=1.698)2.2 FAAAN vi-¢ F2Hdo g Ho}
oL o #3ld Aoz ARG,
Wiogotss 233 | 5Aolel mtDNAY Hit

A7l 16.7-17.TKbEA di-2e| HFHE
mtDNAS] Z7E 9ol &3t AT Brown,

1980: Moritz et al., 1987). =3 mtDNA®
MM e Yol FejFolole] Hi F7IMEE
P Ege]l p=0.0342, FeHoZ FAlsht

Ardage] ReElEle] gl m A WAoo (A.
rostrata)?t 84 WA (A. anguilla) 92
FA#A (p = 0.037)(Avise et al.. 1986)¢}
FrAbet] WA &KUY FEL AlelE B ot
ojZe Aol EAETY TU&HNe £ HY
d71 8 =e] zolB} Aoz eyt

(Brown and Simpson, 1981: Lansman et
al., 1981: Avise and Saunder, 1984:
Spolsky and Uzzell. 1984: Bermingham
1986: Mack et al.., 1986: Thomas
et al., 1986: Becker et al.. 1988. Lee et
al.. 1989a).
Folo) BE FHARAANAM FHte] Wols}
o1 mtDNAAM = ®ol7l A3 4@ =R
AL Fuhu {Fy4k Waele) B Ee ©
(Phaenognathus hubrichti) @ te] 7%
4 FAEFYG S (McKnight et al., 1991:

et al. .

i
A
.

ot §2 0
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Avise et al.. 1986). ol A&zx7io] jg
ol A3 Ftolyt Hold AE pattern(an-
adromous. catadromous)S ZE olFoA
B4 Qe @A e® Ho|w, & wWikelo A%
Aol FY AdHANA Rt HFE B
zZ+ MARdoz gt AAEAEE pan-
mictic population® EAolgt Atge™, &
A2 (isozyme) 9t EAFHAAHmMtDNA) S &
Aol &9l zolg HolE 2 UuwrFHo
2 2AFHEAY AFEx(evolutionary
rate)’} AFHEZ vlst] wan Holzp &
Aoz deld ot (Avise, 1985: Brown
et al.. 1979), mtDNA7} EARfHAC=
haploid’dele] fHelw FH{FAAH D=7
1/4%0) A g5l grolnz wiiojytho] o
Pog BE dcteld gFAgen Setes F
¢t W23 4 (bottlenecking) & We=vtd dAH
Azl W& BARAR] HERALEHRE=E O 2
A 2Hg3le] Wole] FAo] A og HEAL
2 AIRETY ol @go] Wil dellA el
v Aoz Agdr. a8y #$3elE& 2FL &
Aoz EHE] EoHo 4% TAF=E €
AT #H47 ARG EX ygon,
WAo]d: 2% BIALE BYAL BEXE
(Nei's D, 1975) <F 4009hd el 2l 37]
o] B3jEAoR FAEAT

=
olge

ot
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Isozyme and MtDNA Analyses of 2 Species of the Genus Anguilla
(Pisces, Anguillidae)
Mi Sook Min and Suh Yung Yang (Dept. of Biology, Inha University Inchon 402-751, Korea)

Isozyme and mtDNA analyses were performed to investigate the genetic relationships and
characteristics of 2 species of the genus Anguilla and one species of the genus Anago inhabiting
in Korea and Japan. 39 presumptive loci from 20 isozymes and general proteins were screened
and analysed and found out genetic markers of*each species. The average degree of genetic
variation of A. japonica and A. marmorata, and Anago anago were I-TD = 0.057 (Hg = 0.065),
Hp = 0.067 (Hg = 0.053), and Hp = 0.018 (Hg = 0.020), respectively. The average genetic
similarity of A. japonica and A. marmorata was S = 0.420 D = 0.869), and this value sugests
that they might have differentiated during the late Pliocene epoch (about four million years ago).
Digestion of mtDNA with each of 10 restriction enzymes resulted in fragment patterns that did
not vary in each species, however, restriction fragments are distint from species to species. The
average nucleotide sequence divergence (p value) between A. japonica and A. marmorata and
between 2 species of the genus Anguilla and Anago anago were p = 3.4% and p = 9.6%,

respectively.



