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Table 1 Nucleotide sequences of target random primers and the number of amplified bands, as shown in the RAPD

analysis of Haliotis diversicolor

Sequences of primer Total

Primer (5—3") bands Molecular weight (kb)
P3 GACCGCTTGT 12 1.0, 0.9, 0.85, 0.8, 0.7, 0.65, 0.59, 0.53, 0.4, 0.37, 0.3, 0.26
P5 CAAACGTCGG 10 1.1,0.93, 0.85, 0.8, 0.73, 0.68, 0.6, 0.31, 0.28, 0.2
P7 AGACGTCCAC 7 0.95, 0.81, 0.71, 0.6, 0.5, 0.45, 0.3
P8 TGTAGCTGGG 11 1.35,1.2,0.92, 0.8, 0.76, 0.64, 0.6, 0.5, 0.44, 0.35, 0.3
P9 AATGGCGCAG 11 1.3,1.1,0.9,0.85, 0.7, 0.6, 0.55, 0.5, 0.4, 0.35, 0.3
P12 CCGCCTAGTC 13 1.1,0.92,0.84,0.72,0.66, 0.58, 0.55, 0.51, 0.47, 0.4, 0.36, 0.28, 0.22

YIHGKT 0.1 g FIILAAHASREZ B 1% > F31 500 pl
lysis buffer (500 pg/mL proteinase K ~ 50 mM Tris-
HCI [pH 7.5] ~ 10 mM EDTA - 0.5% SDS) &
2] 0 ER S5°CNES kYR 2 hr 2% 0 A SERSRERY
phenol/chloroform =R A Y 4°CLA 12,000xg
BiELs 10 min > B EIEWIIA 6 S aERE i /Kimes -
FFELR-70°CR 1 hr 2 » DL 12,000xg & 4°CHfE.Ly
30 min fRZE RIEWR - FLL 70% JEEEECIE BEDL
B IR TR [BRZR I AGE B TE buffer
VSR AEHIE OD260 fz OD280 % » FiFeiE &
JBCE TR -25°CORFEIRAE R (R4, 2008) -

= ~RAPD 5|+

ARWFEI SR (2008) fhisE HACZ 45
7L P3~P5~P7~ P8~ P9 K P12 55 6 Ml [iHEH]
wik HFFEBME B R BRA AT LSR5 [ 5
THE B BN 2 BUVEHESTT AL Table 1 FoRe 53
M P3 GITASL 12 PR R PR
(1.0~0.9+0.85~0.8+0.7~0.65~0.59 ~ 0.53 ~ 0.4 »
0.37~ 0.3~ 0.26 kb) » EFRAEIEE 2 JLFL P3 FEKIEE
LT LB T -

HUE & JUFLIS BRI DNA A&l 1.0 pl (30
ng/ul)~ 2.0 pl 2[F (10 uM) ~ 0.5 ul dNTP (10 mM) ~
1.0 ul MgCl, (30 mM) ~ 0.5 pl polymerase (100 U/ul)
FIMEERIZK 15.0 pl » 2 A Bt Ry 20.0 pl < B4
T8 84 5 € (polymerase chain reaction » PCR) JZ
JEWRRI: © FEHEA 94°C » 15 min % - $AIT 30 fETEER -
RG34 (denature) 94°C » 45 sec ;

JR4 (annealing) 42 °C » 45 sec ; #EF: (elongation)
72°C > 30 sec ; FfRHR 72°C ZEfH 10 min fEFERHSE
o PENEYIN 4°C A -

h -~ BB EKBEE

PCR EYILL 0.5 {5 Tris-acetate (TAE) SRS
Mk > IO 1l 6 £ loading dye » JEARAY 10 ul 5
TTREVKSIAT » #8120 R%FEEVK 30 min - FEYKIRIEHS
SIAE 0.5 pg/ml AL Z4E (ethidium bromide,
EtBr) &4t 1 min - FRLLIZKER/KGRLY 10 min -
RPN EEIME TR - HHRGSITRM (Bio
Imaging System, SYNGENE, UK) #IZHIHE (%
% 2008) -

ANE- Vil

PR e o AT - BT 2020 4
K 2021 £ H 2 fEEBIEEYS (F9E Hain T % 1-
lain 1T » BRI R 10) ~ 1 HEZREHE (R
TT » BEARRE 16) ~ IEARER 108 iR JLfL Fi(fU
5% ntou3 - ARAREE 30) Rl (FR5% ph o AR
i 6) SR 7T AL T -

LLRAPD ;2 P3 ~ P5 J P9 1T PCR fifii¥t%
Ll Bio Imaging System 2% 438728+ GENE
TOOLS 3 #ik G FIRE P3 ~ PS 2 PO 5|7t fints
BEIRI B 2 RV b L vk IR RS IR - RIS HE
b2 B - 4K Nei and Li (1979) ZEFKTHEHE
EARAGREL - 9 — 22 3AM B E R S BB DL
OUT (operational taxonomic unit) &/ ° P3 ~ P5 k%
PO 1 [ $iE 54 i 1 A5k (R B2 26 UM b o ' i SR A
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Amplification products of RAPD P3 primer (GACCGCTTGT) from farmed abalone and wild abalone for

comparison with genetic polymorphism. (A) Strain W (wild abalone); (B) Strain TT (inbred from wild of Taitung). M is

the DNA ladder of molecular weight standards.
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Fig. 2 Amplification products of RAPD P3 primer (GACCGCTTGT) for different farmed abalone compared to genetic
polymorphism. (A) Inbred from farms in Tainan; (B) Inbred from farms in I-lian. All individuals were sampled before

2008. M is the DNA ladder of molecular weight standards.

0711 8 - [FlrTEAE BN R 1
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B Ny © i8S y PIRCERAPREL - i Bty
EEARDUERE - DL PAST Sk IR IIAE R RO 2214
(unweight pair-grouping method with arithmetic mean,
UPGMA) HEFTEEE/HT (cluster analysis) » SKHIE
mnlFI S ERAE - AN FHEIRIE (dendrogram)
(F%E, 2008; HELE, 2013) -

Mook

A FEE B HIAEFSERELLE R IR ZTL
L > ERESF (2008) Frgsk P3 5[ yEifmS A&
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L BT IS [ - EFT A RISRERIRF R T L AL

ARG TS B IR 2 U 1 S BT I LB BE L -

Figs. 1 - 3 J 0 (2008 4E 2 /) FREZILFLHT
Zkl > Fig. 1A B354 JUfL - Fig. 1B BEFAJLALA
TEIE Tz P3 BEKIEEARRE - FTiE(S 2 PCR 22U
Vs EHE A 0.1 - 1.0 kb 2[Ry - HrpEFAE S
FURIER 6 by 8 - 12 18 BPAE AL T8 T
X (strain TT) Hlfy 4 - 12 f§ - FEZEBBR
0.4 - 0.8kb ERAMENT - IEAEA 2 F - 1 flRHIER
NE R BETE (3 H B %, copy number
variation, CNV) » 55—FBHI Ry < 1 - SIRIH]
REBCEE AR R & 2 JUFL > PR B B AL
strain TN 7 P3 EL[RIFERERELL 1.0 ~ 0.8 K 0.65 kb
Ry » HAPENTERDEEIRE (Fig. 2A) » BEHEH
TS B ASREEZ JLFLAN strain Y > HEMEA
HUPHES (1.0 kb ~ 0.8 kb) ZHIIH CNV 23 F R
PR EIRAAADL - TEAREE 40%EEAZ 0.8kb f6
THEN (Fig. 2B) o DUBPA: BIER I NLFLIETTHER -

HrR T R E O AR N BR T R SETS 1.040.8 K
0.65 kb ZH5hess » [{iid 0.4 - 0.8 kb IR M
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Fig. 3 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products for different hybrid
abalone. (A) from a hybrid farmed female crossing with a wild male; (B) individuals from a hybrid farmed male crossing
with a wild female. M is the DNA ladder of molecular weight standards.
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Fig. 4 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products from five strains of small
abalone in 2017. Strain 1 to strain 4 are samples from different farms; strain 5 are samples from the farmed abalone.
M is the DNA ladder of molecular weight standards.
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Fig. 5 Genetic polymorphisms of RAPD primer amplification products of abalone from abalone intertidal pool
farming in the northeast corner in 2018; (A) RAPD P3 primer (GACCGCTTGT) amplification products; (B) RAPD P7
primer (AGACGTCCAC) amplification products. M is the DNA ladder of molecular weight standards.

ARRZ 225 (Fig. 3A) - SR Ry B~ J T 2017 FfREEZ S BELALP > strain 1 -4 T3¢
WA FEUEG 1008065 f 0.59 28 BN FRCEHH G ZILIL - strain 5 Ry B FEEREE
WA o MY 02 - 0.55kb WL (Fig. 3B) LZEH o AE P3 ERREE RG] 5 R UFLAR IR 2 R 4
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Fig. 6 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products of abalone from different
farms in 2020; (A) samples from I-lain farm A; (B) samples from I-lain farm B; (C) samples from Taitung farm; (D)
samples from Penghu farm. M is the DNA ladder of molecular weight standards.

4-6 Rzl - FELIADF&E 04-1kb Zff -
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#] 0.42 kb HHAEHESE CNV 25 JREHHE
BRI - FEfgiley 5 40 0 10 - 30% A A HIER
ZHIMEIENTT CNV (25 HERT ERaAR M -
FHAFE 5 #H > TR 40%A kA KL KR 5
Ey 7N

M 2018 FE AR AL LR At PR S
Z 30 AR n B SR R ey TE R e RS R 26 U
R L AR - AR AR BERRHE
ERBRFET PCR - AR - SR EKAITE
EAE o PRI AR ME St T 6 - PHEER— LR
PERTS 2 BV ¢ P3 BRI E A 50%EEAH
HARER 2 R M g b 2 A2 52 R Rl R R 52
ERREBIR (Fig. SA) - REidte e & A iRfFE
B FIRAHR BRI R - 530 PT BRI Ry
I (RAPD 2|77 : AGACGTCCAC » FfffS-E: Kz
S UM BERT 0,95 ~ 0.81 ~ 0.71 ~ 0.6 ~ 0.5 ~ 0.45
Bl 0.3kb 7 f68) > AEHREREL 30 {E RIS HE Y5
W0 AIHERD P3 BEKI i R IFE R AT -

M 2020 £REESRH 3 EILFLEES KBNS
ENALZEAFR » 15 -lain 110 fEfFEAH - P3 KL
DRIEE 25 RUPE BT Fy 3 - 7 R[] - 5 30%A9EEA
Z 1.0 kb $EREFE R AARDL (Fig. 6A) » M

I-lain 11 35 10 fEERA - AIELS 6 - 8 fRAHERGTS
(Fig. 6B) - [AfE 2R LALEB G T IREZEA
(TT) > Ji~ P3 BE[KIEE TP H 5 - 7 ety - 222
(9 1.0 ~ 0.8 B 0.65kb HEHe#174E (Fig. 6C) ; ifii
TR Z AL (ph) » RITEEEH Y R 1248
ZBokE - BUERERR SRR S A TR
By o {8 6 JH > nHENGHY 6 - 8 feRbEYTY
SREL P3 HC[RIEE 2 B R IE ] 22 B AR AR AR
Yl FIEFEERY 1.0 0.8 BL 0.65kb $EHTY > 591
H 0.53 J& 2.0kb kg » HHINTT 2 CNV thiE
Bl b —8EH 52 (Fig. 6D) -

MR 108 i (fR5R ntou 3) (RIKIEREZETR
K IER F R B AR LALERER R 2 AL
AR - RERE S - 755 F AU HRI -
FIHEFTHAR T « Bk HIRy 2021 48 > AR5
5 - 9 RERIZ IR (Fig. 7TA) - [FIFEEREEH
LA R R AR IETS: 5 - 8 R ity
15 fEfEANH » 23R4 1.0 ~ 0.8 Eid 0.65 kb JEIEdy
YA BRTEAR 15)  HAR s A s eGE
IZARDL (Fig. 7B) ©

SYBHEE 2020 R 2021 FUERZ TLFL GEAN
MR AR B HE 3 4T) » LLRAPD 2 P3 ~ PS5 J¢
P9 #EfT PCR $E1N % - IR EVKIEN W CHIE » E
T > R FEABE ISR 1
RHFRE DRy 0 KA Rt 0 70 1 $d% -
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Fig. 7 Genetic polymorphisms of RAPD P3 primer (GACCGCTTGT) amplification products of abalone in 2021. (A)
Samples from ntou; (B) samples from abalone artificial farms in the northeast coast intertidal pool farming region. M is

the DNA ladder of molecular weight standards.
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Fig. 8 UPGMA dendrogram with RAPD P3, P5, and P9 primer amplification products showing the relationships
among abalones obtained from five domestic hatcheries and two wild samples in 2020 and 2021.
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Fe3 > SR ERE B HERGIR - BB T ILAL
Z P3 RN g R s s b > Hrp st
IR 1.0 ~ 0.8 B 0.65 kb JURHARA - #AHTSE
R LEERGE T H AL EHE R - SEHER R H 55
Nl B EE R > HEERAIKGEBIE - €&
% > FHUEERAEETT RAPD 2 PCR i3 - j?
2008 £ ZRTIREEZ SLFLRA ] T A HAE
SNBSS > A strain Y FE(E
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HIFH 0.65 kb 21858 » #4915 40%.2 [HREA4E 0.85 kb
CHB R A 25 e RS e
SR RR MR B EIRE KB RdGE AL
BRI - FA B RS A 2 TUFLET T4
RS WA NALA A - AR AR AR K
HHEMATE ARSI ERRAFEMEE - R
A HEA > HEEE R BT A H R L SRR
i B P GE HAB R 2 BE P  JRNATRER 1R
th o NEBGERE SRR LR (FREE
TTIRAEEIE - e 7 U B A (R 4,
2008, 2014; #1:5%, 2019) ; FEACHER AlAE 1L
TR H R EE B A H 2 OE ~ KA
FH At ] B R PRI N AR 2 [
ERGEESRATEAER (Fig.3) » HP&ER
B AN H FAGEEBRIR LT - R T EE
FLK e 1.0 ~ 0.8 Bl 0.65kb 4 » £ 0.5 - 0.7 kb
CIPINGRETRY SE o Nawt i o L PN N e SY NS =563
AR FAGEESRAZBR S ERE . 2
BN RE 83 SikEERE (G55, 2004;
Haibin et al., 2007) ~ Hefaffl (55, 2010) ~ EA4HuE
(FLEE, 2013) ~ fifLEBHE (Chlamys irregularis) (£
%,2003,2005) ERFFERBIEAS » HARIASEA
[FIfE G HEE B TSR RERR 2 9erRas
B R BB E R E RS ER - HiE
RIS SRR SR BRI S H A SR
WAL IRBEBEEINEE R - K - F
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BT A 50%A A H B LRI IGTE CNV 222
5% 5 LE PRI BA TS » A A R KT8 5 AR
KHAR - #8 P7 BRI AR » fg—(EARAE T Hi
HERTY (Fig. 5B) » MRS RIS & 2 SRRk -
AEIRR A TR S - B R RIAL
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VHBREE B N R BRI N » BEF I AR E R
PR S RAOYIRE - REREGALS B S RS
PR AR - DT 2 B LR (4,
2011) «

S3EH 2020 J 2021 FUERC TFLES TR
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Z PR IR R 0 PO R HIR R AR L
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TR - fE EDEEERY B B2 - IR AT T = CREIR
71 BRIABRA T TOE FIREE % HURIRF
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MBI - Mk R E S R R -
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Using Random Amplified Polymorphic DNA to Study
Historical Genetic Variation in the Abalone (Haliotis diversicolor)

Jin-Lien Du”, Huei-Jen Ju, Zi-Wen Wang, Yi-Hsuan Huang, Chen Yu and Fu-Sheng Tseng

Aquaculture Division, Fisheries Research Institute

ABSTRACT

The small abalone (Haliotis diversicolor) is an extremely distinctive cultured species in Taiwan. The present
study used the random amplified polymorphic DNA (RAPD) technique with the P3 locus pattern, to compare the
genetic variation of small abalone collected from 2008 to 2021. Early results showed that small wild abalone had
8-12 polyphenotypic amplification bands, primarily between 0.1 kb and 1.0 kb, whereas the polyphenotypic
amplification bands of cultured small abalone were mostly 1.0 kb, 0.8 kb, and 0.65 kb. In addition, some cultured
small abalone samples presented differences in band depth (e.g., copy number variation, CNV) and also showed
band omission, indicating that the genetic variation and survival rate of cultured small abalone have declined as
the result of constant artificial selection.

The industry has improved the survival rate of cultured seedlings by introducing abalones from other
geographic populations, which demonstrates that it is feasible to enhance the genetic variation of species through
hybridization and to subsequently strengthen the ability of organisms to adapt to a changing environment. However,
the samples collected in recent years have begun to show a reduction in genetic diversity and a trend in
homogeneity of genetic variation.

In summary, this study demonstrated that genetic variation can be improved by selecting breeds with higher
genetic variation for crossbreeding; however, the preservation, selection, and management of breeds with a higher
degree of genetic variation are key factors for the success of this industry. Moreover, it is equally important to
maintain and sustain the benefits of crossbreeding, in order to promote excellent breeding performance in the

cultured organisms, including growth, cold tolerance, and heat resistance, among other factors.

Key words: small abalone, Haliotis diversicolor, genetic variation, random amplified polymorphic DNA

(RAPD)
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