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Genetic Divergence and Relationship Among Four Abalone Species
by Isozyme and AFLP analyses

Choul-ji Park* and Akihiro Kijima'
Shellfish Genetic and Breeding Research Center, NFRDI, Ongpori Hallimeup, Bukjejugun Jejudo 695-835, Korea
!Education and Research Center of Marine Bio-resources, Tohoku University, Onagawa, Oshika, Miyagi 986-2242, Japan

Isozyme and AFLP analyses were examined to estimate the utilities of them as a genetic marker. The utilities
were evaluated by genetic divergence and relationships among the four distinct abalone species; Haliotis discus
hannai collected from northeast coast of Japan and Yellow-Sea coast of China, H. rufescens collected from west
coast of USA, H. rubra collected from southeast coast of Australia and H. midae collected from Cape Town of
South Africa. Isozyme and AFLP analyses showed a clear genetic divergence between every pair of species.
Genetic relationships among the four species estimated by isozyme and AFLP analyses reflected to geographical
distribution and morphological characteristics. In conclusion, Isozyme and AFLP analyses are suitable genetic
markers for estimates of genetic divergence and relationship among abalone species.
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Table 1. Collection localities and sample sizes of Haliotis spp.
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HEAoll AFE3E 128 2+ aspartate aminotransferase (AAT;
E.C. 2.6.1.1), creatine kinase (CK; E.C. 2.7.3.2), glucose-phosphate
isomerase (GPI; E.C. 5.3.1.9), isocitrate dehydrogenase (IDH;
E.C. 1.1.1.1.42), lactate dehydrogenase (LDH; E.C. 1.1.1.27), laucine
aminopeptidase (LAP; E.C. 34.11.1), malate dehydrogenase (MDH;
E.C. 1.1.13.7), malic enzyme (ME; E.C. 1.1.1.40), mannosephosphate
isomerase (MPl; E.C. 5.3.1.8), phosphoglucomutase (PGM;
E.C. 2.7.5.1), 6-phosphogluconate dehydrogenase (6PGD; E.C.
1.1.1.44), superoxide dismutase (SOD; E.C. 1.15.1.1)°]t}h. A
2] W A 7o A3 buffers T-C buffer (0.135 M Tris-
0.043 M Citric acid, pH 7.0)2} C-APM buffer (0.1 M Citric
acid -2.4% Aminopropylmorpholine pH 6.0)2] 2&-Folw, 12
T4 % 6PGDE C-APM bufferE ©]&3t5.2m 2 Hre] &4
£ T-C bufferg ©)-8-31%th.
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HE-Fo] DNAE 7t /A 258 gitol-2- Mol Sepa Gene
KIT (ZG4tgE)E o83t FE3130ch. AFLPEALS AFLP™
Analysis Systeme 1 Kit (GIBCO-BRL, USA)E ©]&3}310
AHE-3F Primers Kitol] E3He]o]#] AFLP Starter Primer
Kit®) 647) =& = T390 2 16702 ZTHE-AAC/M-CAA, E-
AAC/M-CAC, E-AAC/M-CAG, E-AAC/M-CAT, E-AAC/M-
CTA, E-AACM-CTC, E-AAC/M-CTG E-AAC/M-CTT, E-ACC/
M-CAA, E-ACC/M-CAC, E-ACC/M-CAG, E-ACC/M-CAT,
E-ACC/M-CTA, E-ACC/M-CTC, E-ACC/M-CTG, E-ACC/M-
CTT)S &3t )83t AFLPE-A12 EcoRl/Msel At

[ R=3
AR

Hemisphere Species Locality No. of individuals used analyses
Northern H. discus hannai Miyagi Japan 5

H. discus hannai Qingdao China 5

H. rufescens California America 5
Southern H. rubra South Australia 5

H. midae S

South Africa
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T4 AHEBTC 327090 olo) EcoRl/Msel adapterE H-#-31
3 Ag PCREFS-S A8t 13} A% pPCRIFS-S & 20 °C
cycles® 94°C 30%, 56°C 1%, 72°C 127 A8t} 231 A
g PCR $Z4-2-2 TE buffer (pH 8.5)° 40412 34¢ 13}
PCR 4= 5 ulg ARS8 2™ PCR =712 touch down PCR
10 cycles; 94°C 603, 65°C—56°Cs(= -1°Clcycle) 603, 72°C
902, normal PCR 23 cycles; 94°C 30%, 56°C 30%, 72°C 60
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NatNb=717 a¢} 704 bel] LERd & ©H S=9] 3
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2 UPGMAR S o83l 434 =2 vehilo] #4815t
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Isozyme &4
ZA4E 1284 F AEF 45709 ¥t golak dyst

3 oAl 54 848 YR 22 GP, IDH, LDH, MDH,
6PGD, PGM, SOD®] 7&4% GPI* IDH-1* IDH-2* LDH-
1* LDH-2% MDH-1* MDH-2*% 6PGD* PGM-1* & SOD*
105834287 A EAHFig. 1). 2 e 584 AAT, CK,
LAP, ME, MPIi= E4840] sV &4o] JEA] =
AA7F AEH o] 7 Bajdls RAFsled B4 tidolA A
QATH .

GPIE M9 f4As GPIF FR =AU, &4t A
discus hannai=- SF3AE CC83 BCY, =412 CC834} CE
&, H. rufescens= CCE3} ACH ) FHEUTE. 391, H. rubra
= DF8% FF3, H midaex> DDR3} EES o] 217 34 =30t}

5} R
Genotype ©OC BCOC 0OC CC CC AC AC AC FF OF FF DD EE EE
Japan | China || America || Australia ||  Africa |
H. discus hannai Horufescens  H. rubra H.midae

Fig. 1. An example of band patterns of the GPI electrophoretic for
the four abalone species.

IDHE= 2709 2124 IDH-1%3} IDH-2*7} F8HA0H,
QEA & =2 discus hannaic 20 -3 25 4
A48 BB3, H. rufescens®| IDH-1*= CC®3 BC¥, IDH-2*
¥ BBEWo| z¥zb FAEICY. 4, H. rubra®] IDH-1*E AC
3, CcC¥, B3 o] F4HN o, IDH-2%= 448 %] F4H
AT, H. midaed) Y1 2709 FRAASZ BF CCH o] F
A=A

LDHE 2H9] #AA 3 LDH-1%3} LDH-2*7} F4EALH,
ABA 9 222 H discus hannai®t H. rufescens= 27019
AR #} mE FAXY Yol FAHULH, H. rubra= CC
4, H midaes= AAZ Tl 242 FA AT

MDHE 2719] 5342 MDH-1*3 MDH-2*7} 54 = A2
o, XX H. discus hannai®) MDH-1%= AB33} BBY, &=
242 BREWrol, MDH-2*s &4t B 34 2% FAAY
AAZTro] Z2ANUTY. 3| H rufescenss MDH-1*3+ MDH-
2#2] fAAE B ccyite) FAEJSH, H. rubra= DD
33} BBY, H. midaes MDH-1*A CC%, MDH-2* DD
Fro] AUt

6PGDE JEX B 2324 7 discus hannaidlA] A48, AC
3y, CCHol 2RHYC H. rufescens CCHTH] FHEY
o H rubra= H. discus hannai®t 22 9A2] CCE™ol, H.
midae'= BBE 3 BCHol 27k FAHA.

PGME= 219 §AXE PGM-1*3} PGM-2*0] FHEHAL
U PGM-2%= EAEAG0] aiAY 8¢ JehlA &+ 7l
A7y EAste] B0l AL EAT. PGM-1*= & H.
discus hanmailX ABR, ACR, BCH, CEZo] FHHIJoH,
FAM M E 44, ABY, BCE, CCHol F4 =T H
rufescense H. discus hannait 7228 CCEE Vel 7HA| <}
H. discus hanmaile JERPA @& CDE3 DDFo) FAH
R}, H. rubras EFR3} FF8, 0. midae's FF8, GGR, GH
o] FAHU

SODE UEA @ 224y H discus hannaill F3A% 44
ol AN O™ H rufescense BB, H. rubrad= CCH, H.
midae'= DD®RY0| Z¥zt FA =t

Fo] Aol F48 7F FadAste] difdH4A4F [I=E Table
20 e oH, 459 HEFo] F7H Aold] F2F &L7]
9ate] §AA NEE 712 Nei’s?] 337 #zle} 359 o
HAARE 7R 2 ¢4 7] G2 complete divergent
locus)?] 4= Table 39| eI

2 AF e Fo) YRA 24kl H discus hannailtl)
) 34 dden, 414 Ae 0.0152 Ve
o} 283l ke Bk A s H rufescens’tll= 4
M) FARFIE Brste] i As dEdka =4 7
z} 0.7349} 0.7362.2 JElth, =3 H. discus hannaist ‘24t
Foll AAele H rubratolle B71 F378 vl S
SRR A 28537 2.414, H. midae?}o = 970} s71¢] £7]
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Table 2. Allele frequencies at the 10 isozyme loci in four abalone species

H. discus hannai

Locus Allele
Japan

H. discus hannai
China

H. rufescens H. rubra H. midae
America Australia Africa

GPI* *4 -
*B 0.10
*C 0.90
*D _
*F _
g3 _

0.40 - -

0.60 - -

IDH-1* *4 -
*B 1.00
*C -

IDH-2* *4 -
*B 1.00
(T .

LDH-1* *4 -
*B 1.00
*C _

LDH-2* *4 -
*B 1.00
5O R

MDH-1* *4
*B 0.90
*C _
*1) _

MDH-2* *4 1.00
) .
el ;
*) .

6PGD* *4
*B _
*C 0.30

PGM-1* *4
*B 0.30
*C 0.40
*D ~
*E 0.10
a3 _
*G _
* _

SOD* *4
*B .
*C _
*]) _

1.00

FRAARTE Ve 593 A 4.9629) 3.821F 7P B 4
& Jepliict. oH, et H rubra®t H. midae?Yo=
1070 A= = 670 9] B2zt 7T #7181 43 A7) 1.931
2 H|zd B2 FXE JeMA S H. rubra?t H. rufescens
ol e £ FAAHE f43 A-l 2.875, H. midaest
H. rufescens?toll= 9] fraxar 276t f-44 7
16815 JERASITE

AEF 42710 F448 FAAE Lotry] flsiA fa%
AR E ZAe FAEE Fig. 20 VERNSISE. L A3 H. discus
hannai®) QEA} F=Rabo] 71 77k S IAIE UERHRL
oW &0 7 H discus hannai®t 72 Ewktol] A Alsk= H
rufescens?Fo] SAAA S JERAI. thEo2E Wikl A
A&l Q= H rubra®t H midae?t 7W7HS- ﬁ’:}?ﬂé 1je}
yglen ozle Euby ke EYE E-S g4I

N
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Table 3. Nei’s genetic distance (below diagonal) and number of complete divergent locus (above diagonal) of four abalone species

H. discus hannai H. discus hannai H. rufescens H. rubra H. midae
Japan China America Australia Africa
H. discus hannai - 0 4 7 9
H. discus hannai 0.015 - 4 8 8
H. rufescens 0.734 0.736 - 9 3
H. rubra 2.853 2414 2.875 - 6
H. midae 4.962 3.821 1.681 1.931 -
0360 [H discus hannai(Japan) (a)
1.183 [H. discus hannai(Ching) e % j
0.368 H. rufescens I 2 % - S bl
] 966 —afe e =SS T s B oS
[ - H. rubra e Sl AT EI T TEET T e
L] 1] -t . Pt e
0.585 0.966 H. midae = b 3 T - = g Il e
i AR i
P
05 M

Nei's genetic distance (D)

Fig. 2. Genetic relationship among four abalone species based on Nei’s
genetic distance calculated from allele frequencies at 10 isozyme loci.
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AEF] S At primers A7) $15t) AFLP
Starter Primer Kite] 647] Z3 5 167)9 282 A5l
Primer A1'#43& 3 23} E-AAC/M-CAA, E-ACC/M-CTG,
E-ACC/M-CTTY 370 primerZgollA gloy 7lAzkel nlwr}
folsly Mrgsfar PgAA FE W Ho| A& ATFig. 3). 18
W 1A 137 Primer Z3ll4 = single band= monomorphism
S e AV Mze] Ay=rl @i AEF 4500 o) FF
< YehiA o= JiAIVE AEE TN AEA &
o} EA T delM AL st

370¢] primer &g 93t FEGH-E EF 100 bp-500 bpAl
ol A A& HAUTL

Primer E-AAC/M-CAAS] &l Slo] HEd F2uH
QEAL D 2ZAY H discus hannaiZ} Z¥ZF 14709 110,
rufescens 1470, H. rubra 671, H. midae 117}01 HEF 4%
o Qo] & AA FEEH = 250} olFA F &
oldE JHAI= FEZTH = |UNE H. discus hannai 371, H.
rufescens 4N, H. rubra®t H. midae Z+2t 2W\A A& =0T},

Primer E-ACC/M-CTG®] &3l o] A&d SEUHsT=
AR D F=44Y H discus hannai7F 16702} 1478, H. rufescens
1270, H. rubra 1670, H. midae 137018 HAEBF 430 3lo]
F SEZUHA 5= 397 AEHAT o]Folx F BoldE vt
ANe FETHE H discus hannai 57, H. rufescens 371, H.
rubra 471, H. midae 207} 242+ A& = ).

Primer E-ACC/M-CTT9] &%l $lo} A&d FEHUTE
QB Bl F=4 H discus hannaiZ b 1409} 1590, H. yufescens
1470, H rubra 1171, H midae 137]0]8 AE-F 45 o]

¥

1
pu

=

N

—;%

1 23 45 67 89101112131415 M
|

Japan | China | ’America ’ | Australia ‘ ; Africa

H. rubra H. midae

H. nyfescens

H. discus hannai

-
100bp

200bp

Fig. 3. An example of AFLP band patterns for the four abalone spe-
cies produced from E-ACC/M-CTT primer pair. (a) Image of electro-
phoretic pattern by the AFLP analysis. (b) Fragment scoring by computer
analysis of DSQ-2000L DNA SEQUENCER. Lanes M contain the
molecular size standard.

Zgol o8t E7te] njTH o) i HFAIEE Pt
Table 40 YERRSITH 2 A3} Bubpe] AR 9 F=44 H
discus hannai®t H. rufescens?t] W 3-FTHH= 38712 3470
2 g 98AkE 04763 04412 7P B X2 Jehigl
on the oz Yo H rubra®t H. midae?} ¥l-5- A
26712 Ha ¥FARE 0.526& JERNSITH L84 BS54
H. discus hannai®t S92 H. rubraZoll = B304 5370
oF s07h 2 ztzt 0.7739F 0.7638 YERNR L™, H. midae?}
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Table 4. Values of dissimilarity (below diagonal) and number of not sharing fragment (above diagonal) of four abalone species

H. discus hannai H. discus hannai H. rufescens H. rubra H. midae
Japan China America Australia Africa
H. discus hannai - 13 38 53 53
H. discus hannai 0.162 - 34 50 55
H. rufescens 0476 0.441 - 57 57
H. rubra 0.773 0.763 0.864 - 26
H. midae 0.725 0.760 0.864 0.526 -
0.081 T 2uA el AAste] BT A3E § FoR
0.148 H. discus hannai (Japan) - -
e ] e AH o5 FPhe- Fo| ZABAR ehin, Ealy F3h
X H. discus hannai(China) - . -
0228 B o] i Hold A olth. webd Rejsks 0 Ay
H. rufescens — . = =
T 0263 BEEREE 42700 fddAls Bubt 250 shie] 258
— 0203 e PASED 7 259 E e el 590 258 Y
0.133 - H. midae

0.1

Dissimilarity (D )

Fig. 4. Genetic relationship among four abalone species based on
dissimilarity indices through three AFLP primer combinations.

= 53709 ST 0.7259)F 0.7602] Bt ¥IFAREE LFERHSL
o} mixgto g H rufescensQ‘r VT H rubra®t H. midae?t
e ¢E =T 57719 bﬂ o 0.8649) 71 B H
# URAEE LAY

AEF] 74 TT;Q;H FAAAE Lol
T-RA=
A

st o
FAE o8-8l B7FEAkE A (UPGMA Y &%
FA=E eI (Fig. 4). 2 B 2L F9 Y&
g Z=tke] H discus hannaiol 7V 7VAA VYebg o, e
o7 & BNbol MAshz H. rufescens?t 717he- AR
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midae7t SARAZ SHE 252 A8
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AEFY F E3h= duy 3 YEA S dHomTE
8 HelollM o] 2t A9

o FE AT AWl oshe] VeI TH(Lindberg, 1992). ©)
of Azbele] B B Aol N AR HE

T

7k Ak

Isozyme RN EAS| &
Tsozyme ¥-41-> DNAE ©]&3 The fAEA T Tk W
& ol S VElA R ek Bl F7he) o) ol ARg

o)A A}, Isozymedt EAe] THEAFE (o} it de] 2}
o]ye BEgt AR 2ol mobsh= WO g GAE Xy
0}'— ‘_r"}_%ﬁz}«] 39S fﬂr/} TS IsozymeR2 ] A4

ST}, Nei (1975)2 wo FERFS
o, & 1.0, oF53F 0.1, ALEF 0.0 =
39 r)u HIE5 9lom, Ayala (1982) £o2 14g
v 534 AdE 02 oo R
5 Oniwa and Kijima (1989)= 3l4tlF
F14 Agle] Had 0.80]2kal B8

o]zt §- 42 Aul= dwkHog we
%ilél w77} o

TEA o fHA ke 76.‘5—3—

t}h. Park and Kijima (1991)0= 7k §2438 Azl 271 #

ARpre] o o)Este] Wstel ] wol] S7HA A= 2
NZF2E 10 T ATE 202 of83lE A &

zolE= vERR] ket A AP o= vepsL ok £

ATeld ojzl MEFO FH14 Ale 10 S o8

slom ol F7he] {14 Age onE 7HAE Algt

5 7F AT} Brown (1993y2 128 0AE o] &-ated 4%
AT H. discus hannai$t H. rufescens?rol = 4719 f-82s47t
B2 vtehfo] 8313 Adl 0.634, H rubra®t H. midae?tol
= glle ARt #7018 velo] §344 A 12652 B
281 it o] Aste B A e vwste] B H. discus
hannai® H. rufescens?yolli= 471 §-2218ke] 2718 YERY o

SAA Az 0.734, H. rubra®t H. midaet= 671 3213
7b #7128 veRfio) fraA AR 19312 Ak #94 Ag
2 Vehlz gtk gk §8A4 B4 AT QlojM e Hek
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34 Wi 2F0) 93t Teslel Jeoh R A
ii—rﬂ 2R oA e 427k FABA S A3} ule)
A Tsozyme #4-& 62%94 F7E-29) 9lo] s7AIL) AL h
AFE ol g3l ® F7e] F1H 2fo] B FABA BN )
o} 88 RHEAUS AT

O

AFLP SHEAlS] £
AFLPEA 2 7|35 DNAE ATHE AR Aot Qe &
ol Primer®} AH.A <1 adapter €S A 3ste] gloje] oIl

gL 713 PrimerS ©]4-38le] DNAS 2ZAA 2 ZZo9
o] dol9] tgE HEsh= WHolth(Lin and Kuo, 1995). ©]
H

e 229 Alwe] BEEA LS 918t =5 o™ RFLP
A9 Azld 9 PCRY} 7S 233 71gcldr AR 2
U AFLP #4& HEd 39 dAE 41 34
g 5 871 HE IsozymeEA# 7o) A HIEE E
= 44 Hold 2 /138 AE 3]s ook we
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