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ABSTRACT

In this study, we invesgated a cytogenetic analysis of the Pacific triploid abalone, Haliotis discus hannai induced by
low temperature treatment. We got a lot of mitotic metaphase chromosome spreads from the triploid and diploid
Pacific abalones' hatched larvae (trochophores). The chromosome number of diploid abalone was 2n = 36 and
that of triploid abalone was 3n = 54, so the chromosome number of triploid abalone was 1.5 times higher than that
of diploid abalone. We developed a modified flow cytometric method for Pacific abalone from the existing methods.
We uesd 51 months aged triploid and diploid Pacific abalones' hemolymph to get the DNA contents by flow
cytometry. The DNA content of diploid abalone was 1.743 pg/cell and the DNA content of triploid abalone was 1.49
times higher than that of diploid one. It proved that triploid abalone was consisted with two sets of maternal diploid
and one set of paternal genome.

Keywords : S2& =, 36Hxl, SMx=, SHMEZ4I|, DNAEE (Pacific abalone, Haliotis discus hannai,
Triploid, Chromosome number, Flow cytometry, DNA content)
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FAREE QlolA G 2ol sl AAkE 3ulA] AA| 1985; Downing and Allen, 1987), 7}2]9] -1 Argopecten
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7 ARG o)1 2 9lo] e aujART A A Contaris, 1988), ZF%/l, Pinctada fucata martensii
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Guo, 2006) 2 ZFAF AE- Haliotis laevigata (Li et al.,
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Flow cytometry®l <J3+ DNA =F SA42 2u)jA] sk
o], Salmo salar (Allen, 1983), 3¥|A] F-x|7)0],
Oncorhynchus mykiss (Thorgaard et al., 1982)¢} coho
salmon, Oncorhynchus kisutch (Utter et al., 1983)°]4]
ZA= 3, w|Fe], Misgurnus anguillicaudatuse}t w3+
ZR], M. mizolepis<] 7% 3 25 3ullA] (3}, 1992), 49
ule] (Kim et al., 1993) 3 3wl 3 49)7] }—711
(Juchno et al., 2010) S|4 &A= v} o} g7 7
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=75 n} o];}
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DNA 3=F Ao ARg-gt Bl 82 A2x]2] el 23l 3n)
Az freso] 4 FxolA FraeR 49 3/4LEL A
g Z1o]qlc}. DNAS] &=F 4L flow cytometry S A3}
S=dl, 3ujA] #AYel=x, Crassostrea virginica®l T3l
flow cytometry® DNA 3-S5 =743 Allen (1983) <] %
ot 3uAl E3lEu], Chlamys nobilisol] sl flow
cytometry® DNA 35 573 Komaru et al. (1988)
o g ok MR SAslk = 7 Aol B
52 UeE 5 ml AV (A 23G x 1) 2 FA
% sj7ke 23 o 1 mle] hemolymph A3sH5ich. A
#= hemplymph¢] cold marine phosphate buffered
saline (MPBS) &9 (NaCl 11.00 g, KCl 0.20 g,
Na,HPO,H,0 1.15g, KH;PO, 0.20 g) 1 mlE 7}3} 3
AAZ] F 200 g2 1087F 2-33] YAlste] v gjAs}gic)
21 % MPBSZ 1%7} =4 3|4g x22ae)] $83}e] 4T
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oA over night*]7] t}&, cold MPBSZ thA] & W |25}
Stk RNase ¥+ RNase A (Cooper) £
(Ribonuclease A 300 U/ml in MPBS) ¢4 37C= ujoF
3tglom 200 g2 57 YA FEE ¥ AedE #E 1
ml®] propodium iodide (PI) €< (50 gg/ml in 0.1%
sodium citrate) °4 4T i A= 3087 A}
PI de] & AlE FfHdez DNA F& ALY
DNA 3=42 FACStar PLUS (Becton Dickinson
Immuno cytometry System, BDIS; Mountain View (A)
flow cytometry) & ©]-&3}3t} 272 Al DNASEF
488 nm 7= U343 argon-ion laser beam 200 mw =
Hol|A A=) A 332 630 band pass filterolA]
AeA oz Fitwo] 747y ZRA|E ). FAE 204 AE
#o] picogram 91 At DNA 3=k A3 4
standardZ 7.0 pg2] DNA S 71HA]= ol7F e 1& A}
£3}99 o (Jakobsen, 1983; Iverson and Laerum,
1987) B2 A= U2 coefficient of variation (CV) =
THRAER A7 BFe] wWE 779 e RUHI =
standard® AM&-|$lt} (Allen, 1983). DNA 32 <F 5
x 10° 7Ne] AlE AXE 333te] BDISS| LYSIS I Ver
1.1 =z I oz 4= 3l

2 1

1. g &

204 2 HEE 3uiA] QA £F AR A
Table 17} 2}, 2nA] Svbaso] QA = A4 22 &
7184242 HF-E (85.2%) ©] 2n = 362 eI 3470
2 35709l A% 25 eyl 3ulAle] Aol AA 2
Z7)1 894k fRE (77.8%) ©| 3n = 54F UERFET 527)

1 A% 44 Yepgr) 3uAl= 289 v 1.54)
o] A 5 el (Fig. 1).

2.DNA @ &4
7+ 3] DNA 3% ¥4 A¥= Fig. 2 U Table 29}
7t} Fig. 2a% standardsl <17 wi&o] DNA 3=F #-4
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Fig. 1. Mitotic metaphase chromosomes of the Pacific
abalone, Haliotis discus hannai.
a) diploid (2n = 36). b) triploid (3n = 54). Bars indicate
5 pum.

==

ZAz}o]1 Fig. 2b: standardd] 917+ W&o} AL o
Ae] DNA &2 Ao 243 ZA7}o]1, Table 2% 17k
WE o} FPAE 201412 DNA 3= v]agh Zield <17t
WEL= Hd CN 817.98, HHAE 2wjAls I+ CN
203.61% Yehjlo] BAE-2 standards] <17 WET 7.0
pg/cell®] 24.89%°] DNA & 7[A|1 glem g Zubih
2] DNA 3k 1.743 pg/cell AAr= o).

Fig. 2c= W45 2vix¢} 3ui41¢] DNA = 5
ZAo|1, Table 32 2vjA|<} 3vjA|] FHHE-2] DNA
< vehd Zleld 2u)A19] H#3k2 CN 209.14, 3¥)]<]

°

A
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Table 1. Numbers of chromosome in the diploid and triploid Pacific abalone, Haliotis discus hannai

Ploidy No. of counts Chromosome No.
2N 4 34
5 35
52 360
3N 6 (52
6 53
42 54

_39_



H

a)

N. of cells

DNA-associated PL flwonesconce

of cells

b)

N]

9]

N, of cells

DNA-assnciated PT fimavescence

Fig. 2. Flow cytometry analysis of the diploid and triploid Al 2uA| ] WA AN E AlLSH, A25A4E W&tk

Pacific abalone, Haliotis discus hannai.

BIME 3HHAHIS MEZRESHE AR (Cytogenetic Analysis of the Triploid Pacific Abalone)

T3> CN 311.25%4 3ujA|7} 2uxxct 1.49%0°] DNA
s Jelde] 3uiAl: 39iA] 549 A 2n DNA 3
# #4 n DNA %S 7T A+S dehidch Flow
cytometry® HHAE 2042} 3ujAle] DNA g8 =4
Al coefficients of variation (CV%) <] *H$]= 4.86-13.73
o]t
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AA 4= 2 A Ak o7 vl FAA FAE 5
= 28 gl vEx =4 o ol A AlEe]

Alo] ik '11' oj& v 4 A7) 2 5‘]‘”17] 2ol Al
viokE 3hA] kom dAlA BEE 44 2 ¢ gl OA
3t} (Thorgaard et al., 1982).
o] gtell= shFo] wiAl A WP 2 = isozymedl| 9]
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°]Z]“} =AH W2 Al 3 148 2A GAA 27 o @
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£} 6PGD 1sozymeﬁ o] gsllA A= B} it

A AFE sk HE T el dAHe
ubgolch. o] whHe siFo] WA wAleA Ao A
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a) standard from human cell. b) diploid and standard. A Grsh sujAls ZAZ 19 el Heg 1)
- T - gul —

c) diploid and triploid.

Table 2. Comparison of DNA content of Pacific abalone, Haliotis discus hannai and standard human leukocytes

Case Mean peak of sample Mean peak of human Mean ratio of peak palcell
number leukocytes (abalone/human)
1 206.92 (CV% 6.70) 810.88 (CV% 9.96) 0.2552 1.786
2 200.30 (CV% 4.86) 825.08 (CV% 7.29) 0.2428 1.700
Mean 203.61 + 4.68 817.98 + 10.04 0.2489 + 0.0088 1.743 £ 0.061

Table 3. Comparison of DNA content of the diploids and triploids Pacific abalone, Haliotis discus hannai

DNA content 1 2 Mean
2N 206.47 (CV% 10.32) 211.80 (CV% 9.29) 209.14 + 3.77
3N 301.42 (CV% 8.60) 321.08 (CV% 13.73) 311.25 + 13.90
Mean ratio of peak (3N/2N) 1.46 1.52 1.49 + 0.04
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ok S 3 QA "k 2y o] B AR A7)l ARk
WA et = glom g A9 A7) o] abellA= ke WY
o] 2=t} (Komaru et al., 1988). Beaumont (1986) +
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A FAozRY QAA RS £ BE Yk

2w SRS QAAeE 2n = 362F Ve T 3w
Ao A5l 3n = 547 el 3vlAl= 2419 2n7 F-A|
2 no® 74 9lES & 5 lsleh T A ) 7
3t 712 aneuploid”} ofuEl QAT M2 AR AW =
o ME HolA Uzt Aoz FAH o3 A F1
A wix]=l, Tapes semidecussatus®] 3¥iA] =
(Beaumont and Contaris, 1988) °|A% veltw 9ic)

Allen (1983) 2 flow cytometry©l <& DNA = 4
< #F 5o ik DNA 5] 54 oz A dA7t o
chFe] AEe FAo] Flgslal Aol wom FoRThE
AFEES Fo]x| ¢k3 DNA =& A 4+ glrfe= A
o] lekar it

E dFeM=E bS] DNAY 3 A4S 918 flow
cytometry S AHE-31%+=d], Allen (1983) <] 3] ¥AY
o}z, Crassostrea virginica®l 93t flow cytometry DNA
=454 WHy Komaru et al. (1988) 2] 3ulA] &3t}
v], Chlamys nobilis®ll g flow cytometry DNA =&
A e S8 ihelglth 1 Ad A S AR flow
cytometry®l] ©J3 DNA 3= ZA3} vjA #Ao] 7153}
sk

Allen (1983) 2 o]#2] 445 ©]-43 flow cytometry
FAeA o] Fe] A-FE AlEFo] FAER coefficients
of variation (CV) %] 1.8-3.5%% -2t v]&f| sjFelA=
T 52 B 220} FASA] 7] wigel WAYo}
Z iAol A2 CVEEE 6-20%% =9tttk slich # AT
oA FAE wigAle] CVEe 4.86-13.73%2] HSR
Allen (1983) 9] ®A|YolzZRui= gho] Wgte=d S04
o] 7}gu|Hrl= $jAl7ke 2 HE] hemolymph?t A&s] 5
g olE T Aolal Aoz A=

Ciudad et al. (2002) & flow cytometry 2 &% 3%
9] DNA s A9+ F%9, Carassius auratus=

3.584 pg, AXe¥]4], Danio reriox= 3.357 pg, wAAt A
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o, Tinca tinca~= 2.398 pgeleti 91311 Juchno et al.
(2010) 2 7187, Cobitis taenia®] AIETE AHE-34
5738t DNA 332 3.15 pglcello|gt w3l Sy
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Flow cytometry® <Q17ke] W&-Z control® o] F4)
AE2] DNA 3= 54T A3, S48 DNA 3>
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