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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
(650 Kg/cm?) B 5~10 13 1 7.7

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 Flow cytometer
method method

Observational tool }jmicroscope microscope

Objective numbers of RBC' embryo or gill's
nucleus forming area  fiber

Coulter counter flow cytometer

size of RBC DNA amount in
RBC's nucleus

Cause for error impurities or wrong overlay or loss RBC's distortion ~ wrong position for
position laser emitting or
improper
pretreatment
Number of samples [100-200 cells (per 30-100 cells 3,100 cells per sec, 200 cells per sec,
siide) (per slide) total count above  total count above
20,000 cells 10,000 cells
Treatment time 3 min 3-12 h 3 min per sample 3 min per sample
Observation time |10 min 1h 7 min per sample 5 min per sample
g~ FH o4

(—)1°CA%¥ i #8 a & b (Fig. 1 and Appendices 2&3)
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MIN MAX COUNT PERCENT MEAN SD 9%HPCV
1 27 83 9873 1.9 3885 1.7 3.31
2 63 81 703 6.5 76.% 28 2.96
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FL2
MIN MAX COUNT PERCENT MEAN SD %HPCV
1 44 74 18318 91.8 8§76 28 3.34
2 101 131 768 48 1146 43 2.93

Fiig. 1. Ploidy analysis by DNA flow cytometry in cary induced by low temperature
shock Treatmet.
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1 20 39 50168 85.1 288 1.9 6.56
2 47 70 s98 10.1 8.8 38 6.4
= |
Zl =
o
(&)
2
—t
FL2
MIN MAX COUNT PERCENT MEAN SO %HPCV
1 2 39 7609 2.8 319 1.2 3.67
2 st [ ] 0.¢ o.¢ € 2.6 3.2 1.07

Fig. 2. Ploidy analysis by DNA flow cytometry in carp induced by high hydrostatic

treatment.
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MIN MAX COUNT PERCENT MEAN SD %HPCV
1 18 44 8496 83.8 34 18 4.42
2 53 74 924 11.9 9.2 3 3.43
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FL2
MIN MAX COUNT PERCENT MEAN SD %MHPCV
1 19 44 8284 8.8 348 1.8 3.38

Fig. 3. Ploidy analysis by DNA flow cytometry in carp induced by high Ca-high pH
solution treatment.
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Appendixes

(Protocol A)

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

v

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

V

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

v

Wash w PBS, 2x

v

Add 100 x 1of 1 mg/ml RNase (DNA free) + 100 u 10£400 u g/ml PI (Keep in dark)

v

Incubate, 37 °C, 30 min

v

Wash w PBS, 2x

Appendix 1.
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(Protocol B)

Centrifuge RBC sample, 1,100 rpm, 5 min

V

Discard supernatant

\

Add solution A 30 4 1, incubate, 37 °C, 20 min

V

Add solution B 30 4 1 treat,4°C, 1h

Solution A Solution B
0.5 ml PI Stock solution 0.5 ml PI Stock solution
0.5 ml RNase stock solution 0.1 ml Triton X-100 stock solution
0.1 ml Triton X-100 stock solution 9.4 ml 0.4 M NaCl solution, adjust to pH=7.2

Appendix 1. (Continued).




(Protocol C)

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

v

Resuspend cells, filter though 40/60 x m net

V

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

V

Set cell density = 8 X 105~ 1 X 106 cells/ml

V

Add 20 u 10of 5% Triton to 0.5 ml cells in PBS

v

Add 20 « 1of PI (2.5 mg/ml)

EDTA : Ethylenediamine tetracetic acid
PI . Propidium iodide

Appendix 1. (Continued).
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COUNT

yANEEE
FL2
MIN MAX COUNT PERCENT MEAN SD %HPCV
1 23 46 8553 87.5 318 15 4.07
-
p=d
2 I
O k {
o
- 0N
FLZ2
MIN MAX COUNT PERCENT MEAN SD %HPCV
1 41 67 6839 91.8 58 2.9 3.83

Appendix 2. Cytometry test results of bitmap gating and fluorescence
mtensity 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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FL2
MIN  MAX  COUNT PERCENT MEAN SD %HPCV
T W = T207 X $¥7 3§ €31
2 89 119 191 3.2 95.1 8.4 27
3 70 100 403 8.7 881 53 2.67
4 134 172 8 0.1 1819 63 0.7
-
2
-
Off |
Op 1y
2 3, +
‘————-——“————(' ~
ll' l J N |
FL2
MIN  MAX COUNT PERCENT MEAN SD %HPCV
Bl 0 1O TZX85 W7 Z US ZZx
2 31 72 719 53 595 42 28
3 ke 105 579 4.2 924 27 205
4 113 255 29 0.2 1346 31.2 1.08
LS
-
Z
2
o
(&
1
4
2
| { by
LH_A_AA
ll ln PR PO
FL2
MIN  MAX  COUNT PERCENT MEAN SD %HPCV
T U] -3 T8 3 53 L % &
2 89 119 149 25 90.8 4 6.53
3 70 100 1296 21.4 3.8 4 5.00
4 134 172 18 0.3 1536 8.1 0.34

Appendix 3. Cytometry test results of bitmap gating and fluorescence intensity m
sample combination groups of RBC cells from 2N and 3N carp at three various ratio
of 2:1, 2:2 and 2:4 the show the cell count of 3N increased as its ratio increased.
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COUNT

AN "
FLZ2
MIN MAX COUNT PERCENT MEAN SD %HPCV
1 23 42 8766 87.2 323 1.8 4.84
*—
Z
3 |
O b
AN
FL2
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/cm? showing no
mcrement of DNA content in later group when compared to control group.
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FLZ2
MIN MAX COUNT PERCENT MEAN SD %HPCV
1 20 39 8653 846 339 1.5 3.9
|._
prd
)
(@) |
Q —a
JAN
FL2.
MIN MAX COUNT PERCENT MEAN SD %HPCV
1 20 50 8385 85.5 354 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 CaCl2/100 ml H20
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

Nai-Hsien Chao, Fu-Guang Liu, Chia-Fu Huang,
Chyh-Ping Yang, I-Chiu Liao

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 feasible and pratical with stepwise improvement of easy manipulation. The treated
RBC samples were run in flow cytometer allowing the sample injection at optimun flow rate
( 15-30ul/min ), sheath pressure ( 7.51 ~ 15.00PSI ) and laser power ( 0.15MV and 8.62A )
to obtain better half pick coefficient of variation ( < 5 % ) and histograms of fluorescence
intensity from RBC stained with PI ( Propidium Iodide ). 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.
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