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[ SIEHNEFEREER 90% > YA A 34 RIF MR 82% » G2k TN J TNK -
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B 2f f (Oreochromis aureus) (McCune et al.,
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2004; Palti et al., 2002) - 37 5 55 3 BRI Mk
(recessive) HFEHEFLAZZM - MR AR
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71~ EER -~ B IRAR RS - SR RER R
MmEIFFE (G5, 2008) -

TG 7K A B PE YRR A A PR - B T R AR
THERTEAHBRE T e i R JH AR RE BRI - BT ¥HRRIH
VIR BGRALIR - e S AR B Bt
MRy 3/ B AR EET 7% (You et al., 2009;
Xu et al, 2009; Luo et al, 2010; Cruz and
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YIEKY 0.1 g FINLARHABETE % > TIA 500
lysis buffer (500 pg/mL proteinase K ~ 50 mM
Tris-HCI [pH7.5] ~ 10 mM EDTA ~ 0.5% SDS) E&
2 Bt 55 CF BRIk 2 h & A
#ETERY phenol/chloroform MERRE » X 4 C LA
12,000 X g "NEfECr 10 min - B EFERIA 6 f5HGHE
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Table 1 Nucleotide sequences of six random primers,
and number of amplified bands, shown in the RAPD
analysis in H. diversicolor

Sequences of primer

Primer (5—>3) Total bands
P3 GACCGCTTGT 9
P5 CAAACGTCGG 10
P7 AGACGTCCAC 7
P8 TGTAGCTGGG 11
P9 AATGGCGCAG 11
P12 CCGCCTAGTC 13

AN a1

EVLFLBEELRIEH DNA EE5 1.0 pl (30 ng/pl)
2 Wl B[F (10 pM) ~ 0.5 ul dNTP (10 mM) ~ 1.0 pl
MgCl, (30 mM) ~ 0.5 ul polymerase (100 U/ul) FI4HE

B7K 15.0 pl » .2 A% 8 Fy 20 pl < PCR SR
4 FEEL 94 °C » 15 min » BT 30 {ETEER - S{H
TEERURFFHET T3 (denature) 94 °C - 45 sec~ &
(annealing) 42 °C » 45 sec ~ ZE£ (elongation) 72
“C > 30 sec s HHRRA 72 °C ZEfH 10 min fE{EFI5E
% YRR 4 CRERIEA (5, 2008) -
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dye » JRETRAL 10 pl HELTEIKIIHT » #L 120 fR%F
Tk 30 min > EPKRBHGEALAE 0.5 pg/ml J1LL
#E (ethidium bromide, EtBr) & H4 1 min» B
DIZRER/KGESE 10 min - SRGRREESME MY -
Ml &G0 R
SYNGENE, UK) #SFI#i -

(Bio Imaging System,

J\ -~ wfiET ST

B — 2 BB ttest MR E » 3ABE HIHR
H one-way ANOVA 3t - DULE S5t
AFRAEE P <0.05 -

Mo R

12 LA R SR LFLIA M B 2 7 R 5
YB ~ TTA J TTB {E5H 34 RAVEISEHAR » Hih
RGP 90% » HIEE 34 RZIEFRS R
96% ~ 94% K 99.5% ; YA HIFAERHIZEE 16 K > IE
17K 89.5% » 56 34 K FIHEZE 82% ; TN K TNK
HIEES 8 RAFARAIS 86% K 89%ZIHTF% » A
34 RAIFITRHEZ 67.5% K 70.5% (Fig. 1) °

#E—LL RAPD 5748 PCR 7 iEhY strain
TN Kz strain TTB » 0] 25IRAHEHAYZE S » strain TN
FE53 15 600~1,000 bps [E{EH = EEAHEEIIAY -
HARGHFES NS - K strain TTB - #8 PCR {5
TR - KRS BUERR 7= 100~2,000 bps
/DR 20 I > FEIRIE BB strain TN
(Fig. 2) -

AL R AR EIRC S A 1 AR L R
iBE > strain 1EEAAERIE 3 HESHE 22.13
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Fig. 1 Daily larval survival rates of six small abalone strains. Strain YA and strain YB were inbred farmed strains from

Ilan; strain TTA and strain TTB were inbred wild strains from Taitung; strain TN was an inbred farmed strain from

Tainan; strain TNK was a hybrid crossing of farmed strains from Tainan with farmed strains from Keelung.

Table 2 Shell length comparisons of three strains of small abalone during the experimental period. Strain 1: a hybrid

crossing of a female farmed strain with male wild strains; strain 2: an inbred farmed strain; s 3: a hybrid crossing of a

female wild strain with a male farmed strain

Mean = SD (mm)

Expt.
Group
3-month-old 4-month-old 5-month-old 6-month-old 7-month-old 8-month-old 9-month-old 10-month-old
Strain T 22.13%5.7°  23.82 #4.9° 26.75+ 5.4 26.19+4.7°  29.25x4.1*>  33.07 +4.9° 35.28 +4.19° 36.26 +5.77°
Strain 2 14.17 £3.9*  18.89 +4.9° 22,40 +4.1® 21.00 £5.7° 25.29 5.9 26.88 £6.9° 31.47 +5.37 33.06 +4.13"
Strain 3 13.25+2.9> 17.95+2.7° 22.48+5.8" 23.59+2.3> 27.70+2.3* 29.84 +2.4> 32.23 +3.03" 31.73 +3.54°

Values within each column with different superscripts indicated significantly different (p<0.05)

+ 5.7 mm BRE] 10 HiigZ V3R 36.26 = 5.77
mm ; strain 2 I JLFLE 3 HEFHIEE 14.17+£3.9
mm REF] 10 AEFEEHRE 33.06 £ 413 mm;

strain 3 QIIf¢ 3 HEZ g & 13.25 £ 2.9 mm %
KH| 10 Hg V30 31.73 £ 3.54 mm » 55480
7N 0 ostrain 1 BRAE BB B AR & BE SR
strain 2 J strain 3 (p<<0.05) -ffj strain 3 B=AE 6 ~
8 HESEE S strain 2 (p<0.05) - (HEZEZ 10 H
R strain 3 FRM&/NGY strain 2 MEREE FSIG AN EH
% (Table 2) - fEIEAF=RJTTH - #% 8 {5 H Ayfa £ -
strain 1 JHERIEE] 97% » strain 2 Y HLFLZ EER

By 83% ] strain 3 JE{ERAIRE5E 98% (Table 3)-

PRI R LR > DL RAPD 5[F534T »
PCR ARG » 12535 100 ~ 1,200 bps Z[H] -
strain 1 B strain 3 AYIEARIEEE VIR FrAmfE L -
{853 ] strain 1 Bl strain 2 Y7437 LR < A55R
UK > strain 1 AUREHIS B EOET R 15 0 ZBARR
strain 2 19 9 ~ 11 &R 5 7F43+F& 800 ~ 1,000 bps
R > strain 1 7F 820 bps Kz 870 bps A5 HH A 7= B {6
WA (SR ) MEAE M strain 2 M2 HEH
BT (Fig. 3)
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Fig. 2 Amplification products for RAPD primer for farmed abalone and wild abalone to compare with the genetic
polymorphism. (A) Strain TN (an inbred farmed strain from Tainan); (B) strain TTB (inbred from wild strains from
Taitung), had the higher gene diversity. M was DNA ladder molecular weight standards.

Table 3 Comparisons of the survival rates of the three small abalone strains. Strain 1: a hybrid crossing of a female

farmed strain with male wild strains; strain 2: an inbred farmed strain; strain 3: a hybrid crossing of a female wild

strain with a male farmed strain

Expt. Group Initial sample size

Final sample size

Mortality Rate Survival Rate

(number) (number) (%) (%)
Strain 1 300 291 3 97
Strain 2 300 249 17 83
Strain 3 300 295 1.7 98

E |
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Fig. 3 Genetic polymorphisms of RAPD amplification products from two strains of small abalone. (A) Strain 1: a
hybrid crossing of a female farmed strain with male wild strains; (B) strain 2: an inbred farmed strain. Strain 1 had the

higher genetic diversity. M was DNA ladder molecular weight standards.
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The Effects of Genetic Diversity on Survival Rate and Growth
Performance Among Hybrid Strains of Abalone (Haliotis diversicolor)

Jin-Lien Du’, Fu-Shen Tseng, Zi-Wen Wang and Chin-I Chang

Aquaculture Division, Fisheries Research Institute

ABSTRACT

We compared the larval survival rates of the F; generations of six small abalone strains in Taiwan,
including two inbred farmed strains from Ilan (YA and YB), two inbred wild strains from Taitung (TTA and
TTB), one inbred farmed strain from Tainan (TN) and a hybrid crossing of farmed strains from Tainan and
Keelung (TNP). While the YB, TTA and TTB strains had larval survival rates of more than 90% and the YA
strain had an 82% larval survival rate, the TN and TNK strains had the lowest larval survival rates at 67.5% and
70.5%, respectively, after 34 days. Thus, we decided to study the genetic relationship between the strains with
the highest (TTB) and lowest (TN) larval survival rates using random amplified polymorphic DNA (RAPD). Our
results showed that the allelic diversity of the TTB strain was higher than that of the TN strain. Therefore, we
further studied the growth and survival rates using another hybrid of small abalone. We cross-bred small abalone
from three different sources in Taiwan: strain 1, a hybrid crossing of a female farmed strain with wild strains;
strain 2, an inbred farmed strain; and strain 3, a hybrid crossing of a female wild strain with a male farmed strain.
We compared the growth rates for each strain for an 8-month period starting at 3 months of age. The initial and
final shell lengths for each strain were as follows: 22.13 + 5.7mm to 36.26 = 5.77mm for strain 1, 14.17 £
3.9mm to 33.06 + 4.13mm for strain 2, and 13.25 + 2.9mm to 31.73 £+ 3.54mm for strain 3. The survival rates
within this 8-month period were 97% for strain 1, 83% for strain 2, and 98% for strain 3. Overall, strain 1 had
the best growth and survival rates, followed by strain 3 and strain 2. In summary, our results indicate that

cross-breeding can increase the genetic diversity and improve the growth and survival rates of small abalone.
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