B IR EERE 2 A

)o"m"'o,..

B TFRI
R s s it TAIWAN
2 AR 1AL B, 00 F
(1992 i 12 H 5 H #<) Tas R
LURCHIREEFIEE A S5 it tR m = {ZRE v iRET
e
8t (Cyprinus carpio) f8H&E 2 (AGHE - /KB - (L2BEM) FRHIK > LHK
Y (SR o DNA 73 BERIE IR 2 b SRR = (500K - ARBERANHiLE — -

HeBEEE (Karyotyping method) + = ~ $R4%%(Silver staining method) & = ~ R Tk
(Coulter counter method) 5 P4 ~ Wi zCATEE{#E: (Flow cytometer method) » A = G iE A E R
FE TR [EE A NEcE T BRTRTE SRR F R E R 10F - IR ER
FER AT A HE S S 1 S A RS R T AR T R LR 1T HATEHRSER A i At T L
kB -

Ui AR ITIER S R FEHELRRRL S I BERI A TR DNA BRI ES5UEL B & Ml
KRN DNA S8 - 11 L#EBVE #1041 TheE » GEIERE B U PR R E - E
HHRAtRE A X2 R AL R A - AWEFERCARERLL 1°CmBEEEN FAST
5] 66.6 ~ 80.4 ~ 86.2 f 86.4% i ZfEERHI A - MS/KBEAIES S SpHL 2RI = fE 1R

PR - HeRR% -

BT - e - =fAEEA . B

AER RS AT ERAERT S Al AR =
BT R KR TR R K R T At
ERERG R - SRE T — R R B =G
Hatk - T HAE MR BERISCRAR NRYRTE - 53
AU FEHEIE # > DR - FREmES 4
o~ AR M - EBRH SR IE RN A DO R R R R
FAEFE I RIS - B L E 7S E
BAE » SR AR M R R T R R A B B
% HANBRHR e AR - EEE ) BES
PASRY A - QUK SRAE 301, - R e
BMERST IR » AR AR RS SR IEREME B B
ZIFAITS - BEZERETROH R B R BARS HIENT - B
EREGTRIIHIRAS: - 53515 FR e i B SR 50
I A ORE Ry — BB A0 = 5 B AT S R AL
(Polyploidy / diploidy mosaicism)(") {7 2% 85 {E 58 3t —

5%, BIEN, BRE, B, BE—A (1993) LU=k IHE
AT B A = R KBRS, 1(2): 39-54.

SIS o JLIL - TR QAR K DNAS By #
E - AEBEDERAZHES - — - ROBEE
(Karyotyping method) ; - ~ $R#4E (Silver—staining
method) 5 = - ki & 5 #7 1% 1% (Coulter counter
method) o F BT HIBE 15 8RR AR A& L (Flow cy-
tometer method) -

WA E R — N R 8t - eI DR
PSR A RS R A S ARV B R A LR
T - MR B E R AR R - &
FEAET OB - SRR RELRE
JEEE ~ U MR - AT LA HERER I E
1 HERFAE2R - TEEREENT » — il s Sy
B - DRI NS ER - BRI B - BER
PR 2B - SRR B PROE B R &R s
i -

e G T B AR — - WEBIRENRY



40 e BB BmEE B B—A

IR AT REANIE R AR e B e+ U BB PR
TACREE - - SR RVER - LRSS ESOUIR
(Argon—ion Laser) {FEsHIMIMISEHUH B SEAYHERE -
SEEATRF A LRSI LR - SRR s R 3
R e = FURKRBUREIE R - IARMEREE—E
Hi R — el R R A T -

— R Ak o IR TR RS AHE 2
MHRER OET - BRI 2B AN LAEB AR
7R RES S R A IR A S B E A Fe BB G
U o SRGE— RGeS | S A B BB M - A
e~ Zf5le s o MERES IR LR 2R AR
EEREO > B RGHEEIEYE B EEURREWN
Al B RIS R A R I e —
il - KL M EEEFT AT B SR AIEA )N - i FEAE
HIRDNAZ & » [N/ = (e —F ik
7 AFEIE Y] - B AERERER IS S T
T - SR =GR AT R s A I AT D) IR E
FHRAOE Z K ADNAT & » R FEB a9 1)
g AL AL EC B » IRIEEAE 5o AR AT — A RIAEE -
AL BIGHAS T L T v R R B A R B SRR A FRA T =
et v PRk LSRR S -

MEERTTA

WO TR 2R 1% - B REE SRS R
BEREILZ RIS » LIRS = HeY - 5
ARSI AR (X=1,3,5,7 %) ¥
BRI (SBETAEER - LL1°CBY) @Y B
Hli# (650 kg/em)®) ¢ BEALELRIEY (Fi#5 Ca=111 g/10
L - @iEems i pH=10)® » A6 EHE R ERRRT (Y=20~
60 43 ) - RBMKI AR T EEIRM > 5 HEEH
7E W8 75 25 1 B 1Y T 48 KR8 A 5K 2 M IR 2 B
B BRI SR 2 B S HRT EBE A
B EERSE 5 embl L ft— RERALINER ) —
BRI LR B HAR TR - A RS SRR
o R T SO YL (0 B F BT R A AR AL I
B o A ERAFEGERBSRL  WERYYERDAL
IER SRR > Yea Bl R ARDUIRTG - AT A4 A AR
EPRE RIS ST ] B R R DR IMER 55
MR -

FENL PR BT 43 PR AT FREL [ A RIF @ AR 522
% 7K [ 5 B A B P L 9 2 V) B Appendix 1.2
Protocols A~ B~ C» FEHEERAI ]

— ~ FlkE

PRI LEDTASSFOBHIAT - OBRRILI A RE]
F AL B L BR AL £ T2 ISR HI A1 % BSA
(Bovine-Serum—Albumin)-PBS~0.05% NaN3 & ¥ -

0y 0 DAEE1100 rpmE 0y 59788 0 SEE LT
W o HHIE = #EDTA } 1% BSA (Bovine-Serum-
Albumin)-PBS-0.05% NaN3#&# -

gt oA 0.1% Triton—X=100 » 50 pg/ml Propi-
dium lodide, 180 units/ml RNase °

KIS 1 R37°C K INEEEE 20 min -

get 0 BT A 0.1% Triton—X=100 » 50 pg/ml
Propidium lodide » B 4°CT —/NEf » R #1552
BERDLGRIEDNAZ M E1EA -

ERR  RARShERE R AT LA -

T

DRt KRR — Ny HAIVTEE B SHUIERYE

FIE @ FIRIEW (DNA-Check) FR%EEE & ¢ ELARH]
HOMIR 2 IEMERT A

B FlE YR Propidium lodide f#8 SEHF
> 3$E FL2-COUNT ~ FS=FL2 ~ LFL2-COUNT =
{lElE7E -

TPFEEE - AEPRBIAY ML BRAL M ERA: - AR
fEg o IR o R HAAHARANG - FrDAEDIEZ R CRE
MR AT ER B ShRERF AT MR B HC A MR IR 32k > DA
AR IEHEAAS S - %% Sample flow rate ~ Sheath
pressure ~ PMT voltage ~ Amplifier gain K /N » ®]fE
FS—FL2 [@& F& A ARTETE - (EiE [ Dot Plot
T R B Fr R LAY THRE (Bitmap—Gating) B ALIMER
BYER 4 AL AR AESI T » & PMT voltage ~ Amplifier
gain jz Bitmap—Gating FYiiEHEE % > BIn]BHMAHEIE
BT o

BEAAHIE © BERFERE HPCV (B > 776816 596 -
CEEGE
-

Rl R UM G sk i e R (g & & T RE S —
HR Fvk - HR S E ERERIRS R AR A RAFRY



DU MR IR A R R R = A R 41

A - ANEEE = ERRRATEE 5% » Protocol
A ~ Protocol B i Protocol C (Appendix 1) ° P4
Protocol B Eil Protocol C BRH s FEBEER T B A1
FEH > T LAProtocol A BEFREIAR fh AL H A Vortex ff
EFTHUM B R A% a8 A SRS - B AT e
SESE N

A EECRIERE - AT -

B : Triton-X—100 A

C @ Triton—X-100 1 FIRFREIARAT -

D : i Triton-X=100 £ R & » {# 18 Propi-
dium iodide #EEHE RBIIHRLA -

S SR R A

TR RIS BNV BRI - Se H AT
A DL 1°C v B P A DNRE 1S B = e Hy i
7 HLEEREE 80 %LLE « SO IEFHH I
E#hE pH R ~ SRR E A R SR B
T e REIERT RN E S ERBIR AR R TR

%5am (Table 1) »

= VIR AR OB IAC LD

PURE L E AR S B R T - JER AR E]
B IEMERIAS AL - HABBRERATATT (Table 2) -
(—) Qe fe BlE ¢ G tfe B kB9 BUF R
o 1m0 HoE S R oh B AR 2R AV R A EIARNE

MEAELORES - B MRt E R ERR
% DIENBEIAEHERIER - QeaigEinthaEa
SRAERRSH B E SRR RIRE © FrDA igE A tE S
1EE RSN HED - (HE » ERYERT BATAIRE
FEEW LG E Ay B o AR E R
HA o

(=) SR ¢ SRR BIPERAE (O TERE OE - (B
BT R A SR B R R R R A s R - 5
S o B E DSBS - FTLERE LR A o A
I+ DASR SR G e B A B ] VF— FEARENEN /5
i o

(=) KIEES AR © LIRSS R AL M ER B A
KN HEREDNAS B » HFE B — e - 7R
IASERE T+ NS EREIRIR - SLIERES 5 A
EREEE > ML EEY - EE > KEH
A (25 0 B T BE #3911 0,000 {EARAELL L - 1
H o 7R SN ENETISE » 38 B ML S AT R 18
ik -

() F=CHERE AR PRI R 2 i Ml
5 B A R S (Flow cytometer, Profile II;
Coulter Co.) £ P - HHY B QL B8 K5 & B9 B
FIg-Eie o 2R ELLRIRGR - FRlL » RES R Ee 1
ERENHE - S IR AR LR - B TR
ez oh - BB S - BRa B EH sESuEE] 10,000 (i
MDA b o HR U R,

Table 1. Comparison of three triploid inducement methods in carp.

Inducing methods group X~Y" 2N (no.) 3N (no.) 3N/2N+3N (%)
Cold shock (1°C) A 1~30 3 19 86.4
B 1~30 11 22 66.6
C 3~30 4 25 86.2
D 3~30 10 41 80.4
High Ca & high pH A 1~60 30 0 0
B 1~60 30 0 0
C 3~60 25 0 0
D 5~60 30 0 0
E 5~60 30 0 0
High water pressure A 5~5 20 0 0
B 5~10 13 1 7.7

(650 kg/cm?2)

X~Y: X represents time (min), after fertilization; Y represents treament time.
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Table 2. Analysis of fishery ploidy determination methods.

Silver—staining method ~ Karyotyping method

Coulter counter
method

Flow cytometer
method

Observational tool

Objective

Cause for error

Number of samples

Treatment time

Observation time

microscope

numbers of RBC’s

nucleus forming area

impurities or wrong
position

100~200 cells (per
slide)

3 min

10 min

microscope

embryo or gill’s
fiber

overlay or loss

30~100 cells
(per slide)

3~12h

1h

Coulter counter

size of RBC

RBC’s distortion

3,100 cells per sec,
total count above
20,000 cells

3 min per sample

7 min per sample

flow cytometer

DNA amount in
RBC’s nucleus

wrong position for
laser emitting or
improper
pretreatment

200 cells per sec,
total count above
10,000 cells

3 min per sample

5 min per sample
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1 44 74 18318 91.8 676 28 3.34
2 101 131 766 46 1146 43 293

Fig. 1. Ploidy analysis by DNA flow cytometry in carp induced by low temperature shock treatmet.
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Appendixes

(Protocol A)

0.2 ml RBC sample in Heparin or saturated EDTA, add PBS (pH 7.4)

Centrifuge 1,500 rpm, 10 min, discard supernatant (wash)

Treat w 0.1% Triton X-100 0.15 M NaCl (4°C), 5 min
at Triton X=100 Solution: RBC =1 : 1, Wash

Wash w PBS, 2x

Add 100 pl of T mg/mi RNase (DNA free) + 100 ul of 400 pg/ml PI
(Keep in dark)

Incubate, 37°C, 30 min

Wash w PBS, 2x

Appendix 1.
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(Protocol B)

Centrifuge RBC sample, 1,100 rpm, 5 min

Discard supernatant

Add solution A 30 pl, incubate, 37°C, 20 min

Add solution B 30 ul, treat, 4°C, 1 h

Solution A

Solution B

0.5 ml PI Stock solution

0.5 ml RNase stock solution

0.1 ml Triton X-100 stock solution

0.5 ml PI Stock Solution
0.1 ml Triton X-100 stock solution

9.4 ml 0.4 M NaCl sglution, adjust to pH =7.2

Appendix 1. (Continued).
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(Protocol C)

0.2 ml RBC sample in saturated EDTA, add 0.8 ml
PBS-BSA-NaN; solution [( 1% BSA + 0.05% NaN3) in PBS]

Resuspend cells, filter through 40/60 um net

Wash w PBS, 2x, spin 1,500 rpm, 30 sec

Set cell density = 8 X 10%~1 X 10 cells/ml

Add 20 pl of 5% Triton to 0.5 ml cells in PBS

Add 20 ul of PI (2.5 mg/ml)

EDTA : Ethylenediamine tetracetic acid
Pl : Propidium iodide

Appendix 1. (Continued).
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MIN MAX COUNT PERCENT MEAN SD %HPCV
1 41 67 6839 21.8 58 29 3.83

Appendix 2. Cytometry test results of bitmap gating and fluorescence intensity in carp groups
of control and cold shock with 1°C showing roughly 150% DNA content in later group when

compared to control group.
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Appendix 3. Cytometry test results of bitmap gating and fluorescence intensity in sample
combination groups of RBC cells from 2N and 3N carp at three various ratio of 2:1, 2:2 and
2:4 to show the cell count of 3N increased as its ratio increased.
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MIN MAX COUNT PERCENT MEAN SD %HPCV
1 20 45 7361 89.5 334 23 5.33

Appendix 4. Cytometry test results of bitmap gating and fluorescence intensity in carp groups
of control and hydrostatic pressure shock with 650 kg/cm2 showing no increment of DNA
content in later group when compared to control group.
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MIN MAX COUNT PERCENT MEAN SD %HPCV
1 20 39 8653 84.6 33.9 1.5 3.9
|,_
P4
3 |
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FL2
MIN MAX COUNT PERCENT MEAN SD 9%HPCV
1 20 50 8385 85.5 35.4 1.8 3.68

Appendix 5. Cytometry test results of bitmap gating and fluorescence intensity in carp groups
of control and high Ca-high pH solution treatment at 1,110 mg CaCly/100 ml Hy0 and

pH=10 showing no increment of DNA content in later group when compared to control group.
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Investigation on Artificially Induced Triploidy in Common Carp Using Flow
Cytometer

Abstract

After the induction of triploidy in carp (Cyprinus carpio) by cold shock, chemical shock, or hydrostatic shock,
the identification of triploidy presence using flow cytometer to determine DNA content was developed and
compared with three other methods, including karyotyping method, silver staining method and Coulter counter
method, which were previously used in our laboratory.

Three major protocols A, B and C adopted for pretreatment of red blood cells were found to be feasible and
pratical with stepwise improvement of easy manipulation. The treated RBC samples were run in a flow
cytometer allowing the sample injection at optimum flow rate (15~30 pl/min) sheath pressure (7.51~15.00 PSI)
and laser power (0.15 MV and 8.62 A) to obtain better half pick coefficient of variation (< 5%) and histograms
of fluorescence intensity from RBC stained with PI (Propidium lodide). The histograms were analyzed using the
supplied DNA analysis program and a recommended software.

The results indicated that the flow cytometer has the advantages of being accurate and capable of checking
more than 10,000 cells within 3 min. In this study, cold shock of 1°C resulted in triploidy of 66.6, 80.4, 86.2
and 86.4% in various experimental groups, while high Ca, high pH solution treatment and hydrostatic pressure

shock gave poor production of triploidy.

Key words: Flow cytometer, Common carp, Triploidy
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