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This study investigated cytogenetic and hematological and histological characteristics
between diploid and spontaneous triploid on Cyprinidae (Crucian carp, Carassius auratus,
crucian carp, C cuvieriand common carp, Cyprinus carpio) in four major rivers of Korea.
In our results, DNA contents of triploid Cyprinidae were 50% more than those of diploid
Cyprinidae. Also, erythrocyte size of triploid Cyprinidae was 50% larger than those of
diploid Cyprinidae. In all sampling rivers, sex ratios of C. auratus were biased to female,
and especially, triploid groups of C auratus were all female groups (p<0.05). In principle,
sex ratios of C. cuvieriand common carp were equivalent between male and female.
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Introduction

Among members of the Cyprinidae family, hybridization is more
widespread than in any other group of freshwater fish, which
has resulted in formation of many natural and artificial hybrids
(Kim, 1997; Yoon and Park, 2006). Crucian carp, Carassius auratus
and common carp, Gyprinus carpio are both well-known species
of freshwater fish in Europe (Kucinski et al, 2015). In addition, C
auratus, crucian carp, C cuvieriand common carp, Gyprinus carpio
are wide-spread freshwater species in Korea (Fig. 1; Kim, 1997;
Yoon and Park, 2006). Under the natural ecosystem, Cyprinidae
(C auratus, C cuvieriand common carp) is in entire lakes, marshes
and rivers in the Korean peninsula as well as in the several areas
in Japan, China, Taiwan, Siberia and the European continent. In par-
ticular, one species of crucian carp (C auratus) is an economically
important aquacultural species belonging to the family Cyprinidae.
The common name, crucian carp in Korea was identified, C auratus,
by means of morphology and electrophoretic analysis (Nam et al,,
1989). The C auratus can be categorized as a species complex
because is problematical and due to genetic variation or morpho-

Spontaneous triploid

logical differences resulting from environmental influences (Nam
et al, 1989).

Another species of C cuvieri is a native species of Yodogawa
river and the Biwakko lake region on the west coast of Japan
(Yoon and Park, 2006). This fish species has been successfully in-
troduced into the many waters in Korea in the 1970's (Yoon and
Park, 2006). C. cuvieriis ranked at the highest among the fresh-
water fishes in Korea as a game fish attracting millions of anglers
owing to the quake of fingertips (Yoon and Park, 2006). Common
carp is the most commercially important fish species in Korea.
Common carp inhabited in fresh water with temperature range
between 3 and 35°C exhibiting tolerance to a wide variety of
conditions (Kim and Kim, 2009).

Cyprinidae have been extensively studied genetically when com-
pared with other fish groups (Labat et al, 1983; Yoon and Park,
2006). Especially, C auratus and common carp were detected spon-
taneous triploid and tetraploid by cytogenetic analysis (Al-Sabti et
al, 1983; Anjum and Jankun, 1994; Kim et al., 2002). Spontaneous
triploid groups of C auratus in Korea were all-female group and
having specific spawning mechanism, gynogenesis and have same
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Fig. 1. External morphology of crucian carp, Carassius auratus (a),
crucian carp C cuvieri (b) and common carp, Gyprinus carpio (c)
used in this experiment. Scale bars are 5 cm.

genetic characteristic with maternal line (Kim et al., 2002). Spon-
taneous triploid groups of common carp were not investigated
about specific spawning mechanism and C cuvieri was not de-
tected spontaneous triploid until now.

There are numerous studies in the literature which have in-
vestigated various aspects of induced triploid fish identification
methodology including analysis of chromosome sets, the micro-
fluorimetry of nuclear DNA content, the nuclear DNA content by
flow cytometry, the measurement of erythrocyte and nuclear size,
the distinction of nucleolar number, the measurement of cell num-
ber, and the measurement of cell and nuclear size in different
tissues (Seol et al., 2008). Flow cytometry has a wide variety of
clinical applications in oncology for understanding surface ex-
pression, intracellular signaling, cell cycle content analysis, and a

number of other interesting parameters (Vanparys et al, 2006).
Recent advances in instrument platforms, calibration methods, and
reagent quality have now made flowcytometry a promising tool
for DNA content analysis (Estevam et al., 2011). These calibration
packages can detect if the parameters are within acceptable ranges
and thus allow for consistent sample acquisition over time. One of
the advantages of flow cytometry is the rapidity of the measure-
ment, making it possible to measure thousands of cells over a
short period of time, and the ability for multi-color immunophe-
notyping (Estevam et al, 2011).

Numerous studies have demonstrated that erythrocyte cellular
and nuclear dimensions are increased, and numbers of erythro-
cytes are decreased in triploids (Benfey, 1999; Seol et al., 2008).
Therefore, it is easy to distinguish between diploid and triploid
fish by assessing the size and number of erythrocytes, which are
reduced in triploidy in proportion to the erythrocyte size (Benfey,
1999). In sweetfish, Plecoglossus altivelis, triploid specimens had
larger erythrocytes and lower erythrocytes number than diploid
specimens, and also showed higher hematological parameters
(mean corpuscular volume and mean content of haemoglobin)
and oxygen consumption was higher in triploid than in diploid
(Aliah et al,, 1991).

So, this study investigated DNA content, gonado somatic index,
erythrocyte size and histological differences of gonad between
diploid and spontaneous triploid in Cyprinidae in four major rivers
of Korea.

Materials and Methods

On June 2012, samples of crucian carp, Carassius auratus, crucian
carp, C cuvieri and common carp, Cyprinus carpio were trapped
in the Han River, Hantan River; Imjin River, Kum River, Yongsan River
and Nakdong River in Korea (Fig. 2). For hematological observation,
blood samples were collected from caudal vein, and kept at 4°C
in heparin-treated polyethylene vials (70 IlU/m2 blood). Collected
samples fixed in 10% neutral formalin solution (100 ml formalin,
6.5 g Na;HPO, - 12H,0, 4.5 g KH,PO,, 900 ml distilled water), and
10% neutral formalin solutions of each sample were exchanged
after 24 hours.

Ploidy identification was performed using flow cytometry. Ventral
fins were collected from each fish, and fixed fins in 70% ethanol.
The samples were analyzed using flow cytometry measurement.
For flow cytometric analysis, tissue of ventral fin homogenized,
filtered using 30 um filter after centrifugation (Centrifuge Micro
17R, Hanil Science Industrial Co,, Ltd, Incheon, Republic of Korea;
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Fig. 2. Sampling location of crucian carp, Carassius auratus,
crucian carp C cuvieriand common carp, Gyprinus carpio among
major rivers of Korea on Korean map and satellite map. Hantan
river (a): Gomun-ri, Yeoncheon-eup, Yeoncheon-gun, Gyeonggi-
do, Korea (38° 03' 41.29" N, 127° 07' 20.80" E); Imjin river (b):
Wondang-ri, Jangnam myeon, Yeoncheon gun, Gyeonggi-do, Korea
(37° 57' 57.82" N, 126° 53' 15.11" E); Han river (c): Haengjuoe-
dong, Deokyang-gu, Goyang-si, Gyeonggi-do, Korea (37° 35' 31.13"
N, 126° 49' 09.56" E); Kum river (d): Seochang-ri, Ganggyeong-
eup, Nonsan-si, Chungcheongnam-do, Korea (36° 09' 44.21" N,
127° 00' 31.86" E); Youngsan river (e): Sinhak-ri, Sijong-myeon,
Yeongam-gun, Jeollanam-do, Korea (34° 48' 35.44" N, 126° 36'
17.67" E); Nakdong river (f): Doyo-ri, Saengnim-myeon, Gimhae-
si, Gyeongsangnam-do, Korea (35° 21' 55.21" N, 128° 53' 13.39" E).

1,000 rpm, 10 min), removed supernatant liquid and added 0.5 ml
CyStain DNA 2 step nuclei extraction buffer (CyStain DNA 2 step
high resolution DNA staining kit, Partec, Germany) and 2 ml CyStain
DNA 2 step staining buffer (CyStain DNA 2 step high resolution
DNA staining kit, Partec, Germany). The red blood cells of mud
loach, Musgurnus mizolepis were used as a standard reference
(Seol et al, 2008). Identified samples and blood samples were
separated with sampling site, sex and ploidy.
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Fig. 3. DNA histogram on crucian carp, Carassius auratus, crucian
carp C cuvieri and common carp, Gyprinus carpio from tail fin
tissues used in this experiment. a: diploid (2n) and triploid (3n)
Carassius auratus, b: diploid (2n) and triploid (3n) C cuvieri c
diploid (2n) and triploid (3n) common carp, Cyprinus carpio.
Fluorescence 4 is ray of red light.

For determine sex ratio and calculate gonado somatic index
(GSI), the gonads were enucleated from fixed sample of each
group. GSI of each sample were calculated by following formula.
GS| = (gonado weight / (total weight-gonado weight)) > 100.
Twenty samples of each group used for histological observations.
Extracted gonads were dehydrated via a standard ethanol series
to 100%, cleared in xylene, embedded in paraffin. Six um sections
were deparaffinized and stained by Mayer's Hematoxylins & Eosin.
Observation and evaluation was conducted via light microscopy
(Carl Zeiss, Germany).

http://jmls.or.kr
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Erythrocytes and erythrocyte nuclei from stored blood samples
were determined from dry blood smears. Air-dried blood smears
were fixed in methyl alcohol and stained with May-Griinwald-
Giemsa. Erythrocytes and their nuclear major and minor axis were
determined in both live and fixed cells using a light microscope
(Carl Zeiss, Germany) equipped with Axioskop 4.1 image analysis
system. One-hundred and twenty cells were measured for each
specimen. Surface areas and volume of erythrocyte cell and nuclear
were calculated by follow equation:

S = 1-a-b/4; Volume=4/3m - (a/2) - (b/2)?

where a and b are the major and the minor axis of the cell and of
the nucleus, respectively (Sezaki et al, 1988). The cell and nuclear
major and minor axis and surface for the cell and nucleus of
specimens with each ploidy were compared.

The significant differences of sex ratio among experimental
groups were assessed by x?-test (p<0.05). One-way ANOVA and

Duncan's multiple range test (Duncan, 1955) were utilized in order
to assess the significance of the difference among the means of
experimental groups, using SPSS version 9.0 (p<0.05; SPSS Int,
USA).

Results

We noted significant differences of DNA content and spontan-
eous generation rate between sampling sites and species (Table
1). As shown in Table 1 and Fig. 3, DNA contents of crucian carp,
Carassius auratus were similar to those of common carp, Gyprinus
carpio (p>0.05). DNA contents of crucian carp, C cuvieri were
higher than those of the other species (p<0.05). DNA contents of
triploid were half of diploid DNA contents in C auratus, C. cuvieri
and common carp (Fig. 3; p<0.05). DNA contents of Nakdong
river in diploid of C auratus were higher than those of the other
sampling site, and the highest DNA contents were found in diploid
of C cuvieriand common carp in Han river (p<0.05). In triploid,

Table 1. DNA contents and triploid spontaneous generation rate of crucian carp, Carassius auratus, crucian carp, C. cuvieriand common

carp, Gyprinus carpio among main rivers of Korea

DNA contents of diploid

Sampling site” (DNA contents of triploid)™

Triploid spontaneous generation
rate (%)

Carassius auratus C cuvieri  Cyprinus carpio Carassius auratus C cuvieri  Cyprinus carpio
Hantan river 382050 ~ 14/25 _ ~
(5.7£0.69) - (56.0) - -
Imiin river 3.7£041 44 3.840.20 1/13 1/2 0/4
) (5.6£0.54) 6.2) (7.7) (50.0) )
Han river 3.9+0.30 46+041 394022 7/21 1117 1/9
(5.5£0.77) (6.2£0.87) (5.8) (333) (64.7) (11.1)
Kurm river 3.84041 44+0.26 3.8+0.19 19/56 4/48 117
(5.7£0.64) (6.2£0.71) (5.8) (329) (8.3) (5.9)
Younasan river 3.7£0.52 454032 394022 18/81 16/43 0/6
9 (5.9£0.59) (6.2£0.68) (22.2) (27.1) )
Nakdond river 4.0£0.67 45+0.14 381024 5/24 1/27 2/6
9 (5.6£0.51) (6.4) (5.8+0.05) (21.0) (3.7) (333)

* Sampling site's coordinates: Hantan river- Gomun-ri, Yeoncheon-eup, Yeoncheon-gun, Gyeonggi-do, Korea (38° 03' 41.29" N, 127° 07"
20.80" E); Imjin river- Wondang-ri, Jangnam myeon, Yeoncheon gun, Gyeonggi-do, Korea (37° 57' 57.82" N, 126° 53' 15.11" E); Han
river- Haengjuoe-dong, Deokyang-gu, Goyang-si, Gyeonggi-do, Korea (37° 35' 31.13" N, 126° 49' 09.56" E); Kum river- Seochang-i,
Ganggyeong-eup, Nonsan-si, Chungcheongnam-do, Korea (36° 09' 44.21" N, 127° 00' 31.86" E); Youngsan river- Sinhak-ri, Sijong-
myeon, Yeongam-gun, Jeollanam-do, Korea (34° 48' 3544" N, 126° 36' 17.67" E); Nakdong river- Doyo-ri, Saengnim-myeon, Gimhae-

si, Gyeongsangnam-do, Korea (35° 21' 55.21" N, 128° 53' 13.39" E)

*2 DNA contents (pg/nucleus): Standard control used was fin cell of mud loach, Misgurmus mizolepis (2.8 pg/nucleus). Triploid's DNA

contents is half as much again as diploid's DNA contents

*3 Triploid spontaneous generation rate=(number of triploid samples/number of total samples)<100
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Table 2. Sex rations and results of ¥*-test for significances of diploid and triploid spontaneous generation on crucian carp, Carassius
auratus, crucian carp, C cuvieriand common carp, Gyprinus carpio among major rivers of Korea

Diploid (%)

Triploid (%)

Sampling site Male Female y’-test (1:1) Male Female y’-test (1:1)
Carassius auratus
Hantan river 1711 9.1) 10/11 (90.9) T 0/14 (0) 14/14 (100) i
Imjin river 1/12 (8.3) 11/12 (91.7) T 0/1 (0) 1/1 (100) i
Han river 1714 (7.1) 13/14 (92.9) T 0/7 (0) 7/7 (100) i
Kum river 3/37 8.1) 34/37 (91.9) i 0/19 (0) 19/19 (100) i
Youngsan river 4/63 (6.3) 59/63 (93.7) i 0/18 (0) 18/18 (100) i
Nakdong river 1/19 (5.3) 18/19 (94.7) i 0/5 (0) 5/5 (100) i
C cuvieri
Hantan river - - - - - -
Imjin river 15/29 (50.7) 14/29 (49.3) NS 2/4 (50.0) 2/4 (50.0) NS
Han river 15/30 (50.0) 15/30 (50.0) NS 5/11 (484) 6/11 (51.6) NS
Kum river 16/31 (48.1) 15/31 (51.9) i 2/4 (50.0) 2/4 (50.0) NS
Youngsan river 16/31 (51.8) 15/31 (48.2) i 8/16 (50.0) 8/16 (50.0) NS
Nakdong river 16/30 (52.9) 14/30 (47.1) T 2/4 (50.0) 2/4 (50.0) NS
Gyprinus carpio
Hantan river - - - - - -
Imjin river 2/4 (50.0) 2/4 (50.0) NS - - -
Han river 4/8 (50.0) 4/8 (50.0) NS 1/1 (100) 0/1 (0) NS
Kum river 8/16 (50.0) 8/16 (50.0) NS 1/1 (100) 0/1 (0) NS
Youngsan river 3/6 (50.0) 3/6 (50.0) NS - - -
Nakdong river 2/4 (50.0) 2/4 (50.0) NS 1/2 (50.0) 1/2 (50.0) NS

*1 Data of each experimental group were analyzed using y*-test. NS: no significant; 1: 0.05

the highest DNA contents were in C auratus and C cuvieri in
Youngsan river (p<0.05), and DNA contents in common carp were
similar in all sampling sites (p>0.05). The highest triploid spon-
taneous generation rate in C auratus was in Hantan river, and
triploid spontaneous generation rate of Han river in C cuvieri was
higher than in the other sampling sites (p<0.05). Triploid spon-
taneous generation rates of common carp showed no significant
difference among all sampling sites (p>0.05).

Table 2 shows the sex ratio and results of x>-test (p<0.05). In
C auratus, sex ratios of diploid and triploid were significantly dif-
ferent in all sampling sites (0<0.05). Sex ratios of diploid C auratus

were biased to female, and especially, triploid groups of C auratus
were all female groups in all sampling site (p<0.05). In C cuvier;
sex ratios of diploid were equivalent between male and female
in Imjin river and Han river (p>0.05). Sex ratio of Kum river was
biased to female, and sex ratios of Youngsan river and Nakdong
river were biased to male (p<0.05). Sex ratios of triploid were
equivalent between male and female in all sampling site (p>0.05).
In common carp, sex ratio of diploid were equivalent between male
and female, and sex ratios of triploid were no significant difference
(p>0.05).

In all species, differences of the gonad size between diploid and

http://jmls.or.kr
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Carassius auratus C. cuvieri Cyprinus carpio

Fig. 4. External gonado morphology of crucian carp, Carassius auratus, crucian carp C cuvieri and common carp, Gyprinus carpio among
sex and ploidy used in this experiment. Upper: entire external morphology of dissected samples showing gonado; lower: high power
view of upper dotted line box. Diploid: 2n; triploid: 3n. Scale bars are 10 cm.

triploid were determined by naked eye (Fig. 4). As shown in Fig. 4, common carp was larger than ovarium of diploid common carp.
testis and ovarium of triploid C auratus and C cuvieri were larger However, testis of diploid common carp was smaller than testis of
than those of diploid C auratus and C cuvierj and ovarium of triploid common carp. Table 3 shows the difference of gonado

Rl KSR RS NS PN
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Table 3. Gonado somatic index (GSI) on crucian carp, Carassius auratus, crucian carp, C cuvieriand common carp, Cyprinus carpio among

major rivers of Korea

Diploid™ Triploid™
Sampling site
Male Female Male Female
Carassius auratus
Hantan river 3.2+0442 54+0.77° - 24+0.56°
Imjin river 32+0.59° 5.3+0.65" - 24+048¢
Han river 3.1+0.60° 54+0.78° - 2.7+0.66¢
Kum river 3.2+0.62° 54+061° - 2.3+0.59¢
Youngsan river 3.2+061° 54+0.50° - 2.5+0.63¢
Nakdong river 3.2+0.55? 5.3+0.93° - 2.6+0.60¢
C cuvieri
Hantan river - - - -
Imjin river 3.5+0.552 53+0.79° 2.5+0.45¢ 3.7+059¢
Han river 3.6£048° 53+0.77° 2.6£0.61¢ 3.7+0.66¢
Kum river 3.6£0.62° 53+061° 2.6£0.66 3.6+0.70¢
Youngsan river 3.5+0.632 5.3+0.79° 2.5+0.58¢ 3.7+073¢
Nakdong river 3.6+0.59° 54+0.71° 2.5+0.54¢ 3.7+0.69¢
Gyprinus carpio
Hantan river - - - -
Imjin river 4.1+0.68 7.1+0.55° - -
Han river 4.0+0.66° 7.1£0.59° 6.7 -
Kum river 4.0+0.59° 7.1£0.56° 6.7 -
Youngsan river 4.0+0.75 72+061° - -
Nakdong river 41+061° 7.1+£0.58° 6.8 41

*1 GSI=(gonado weight / (total weight-gonado weight))<100. Significant difference of each experimental sample were analyzed using

Duncan multiple range test (p<0.05)

somatic index (GSI) between sex and ploidy in C auratus, C cuvieri
and common carp. GSI of triploid were half as much again as
those of diploid in female of C auratus C cuvieri and male of
common carp (p<0.05). However, GSI of diploid in female of com-
mon carp were higher than those of triploid. In male and female,
GSI of all diploid species were no significant difference among all
sampling site, also, GSI of all triploid species were no significant
difference among all sampling site (p>0.05). GSI of diploid male
and diploid female in common carp were highest than those in
C auratus and C cuvieri (p<0.05). GSI of triploid male in common
carp were highest than those in C cuvieri and GSI of triploid

female in common carp were highest than those in the other
species (p<0.05).

Fig. 5 and 6 shows histological differences of C auratus, C cuvieri
and common carp between diploid and triploid. Spermatozoon
and spermatogonium were shown in testis of diploid C auratus,
C cuvieri and common carp (Fig. 5- a, b and ¢). On triploid C
cuvieri and common carp, spermatocyte and spermatogonium
were shown in testis, and spermatozoon was not shown in testis
(Fig. 5- d and e). Oocytes in yolk granule stage and oocytes in
mature stage were observed in ovarium of diploid and triploid C
auratus, C. cuvieri and common carp (Fig. 6- a, b and c). Imma-

http://jmls.or.kr
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Fig. 5. Cross section of testis on crucian carp, Carassius auratus, crucian carp C cuvieriand common carp, Gyprinus carpio between ploidy
used in this experiment and high power view of black dotted line box in black line box. The magnification of high power view is 1,000 X.
Hematoxylin and eosin staining. Bars indicate 100 um. a: diploid C auratus, b: diploid C cuvier; c: diploid common carp; d: triploid C
cuviers e: triploid common carp. SG: spermatogonium; SMC: spermatocyte; SZ: spermatozoon.

Fig. 6. Cross section of ovarium on crucian carp, Carassius auratus, crucian carp C cuvieriand common carp, Gyprinus carpio between
ploidy used in this experiment. Hematoxylin and eosin staining. Bars indicate 100 um. a: diploid C auratus, b: diploid C cuvier; c: diploid
common carp; d: triploid C auratus; e: triploid C cuvieri f. triploid common carp. IMO: immature oocyte; OM: oocyte in mature stage;
QOYG: oocyte in yolk granule stage; PNO: oocyte in peri-nucleolus stage.
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Table 4. Erythrocyte size of crucian carp, Carassius auratus, crucian carp, C cuvieri and common carp, Gyprinus carpio between diploid

and triploid used in this experiment

Carassius auratus™ C cuvier™ Gyprinus carpio™
Diploid Triploid Diploid Triploid Diploid Triploid
Linear length (um)
Cell
Major axis 16.1+0.89 23.8+0.74 18.8+0.50 25.8+0.87 144+1.83 21.1+0.63
Minor axis 9.1+£0.76 13.3£0.67 1231041 17.3£043 9.8+0.98 14.4+0.82
Nucleus
Major axis 7.5+0.81 941096 10.2+0.30 15.2+0.79 6.5+0.90 9.1£0.61
Major axis 49+0.76 7.1+0.89 561041 76084 44+0.71 6.1£0.50
Area (um?)*”?
Cell 115.0£4.81 248.5+8.72 181.5+6.11 350.4+9.80 110.8+5.88 167.1£4.69
Nucleus 28.9+4.84 52.3+6.92 44.8+5.89 90.7+5.32 22.5+3.16 28.1+1.18
Volume (um?3)*
Cell 697.8+8.94 2203.2+9.12 1488.4+8.88 4041.0+7.61 723.8+7.48 2289.7+8.40
Nucleus 94.2+5.32 247.9+3.22 167.4+4.12 459.5+4.11 65.9+3.84 177.2+3.14

*! Twenty samples for each ploidy were used in this experiment. Fifty erythrocytes for each sample were analyzed. Mean + S.D.
*2 Area was calculated by formulas of Sezaki et al. (1988). Area=(a-b-m)/4; a: major axis of cell and nucleus; b: minor axis of cell and

nucleus

*3Volume was calculated by formulas of Sezaki et al. (1988). Volume=4/3r-(a/2)- (b/2)% a: major axis of cell and nucleus; b: minor axis

of cell and nucleus

ture oocytes and oocyte in peri-nucleolus stage were shown in
ovarium of triploid C auratus, C. cuvieri and common carp (Fig.
6- d, e and f). However, Immature oocytes and oocyte in peri-
nucleolus stage were not shown in ovarium of diploid C auratus,
C cuvieri and common carp (Fig. 6- a, b and c). That is, gonads of
diploid C auratus, C cuvieriand common carp were more mature
than those of triploid C auratus, C. cuvieri and common carp.
Gonads of triploid Cyprinidae were not sterility, and were mature
slowly than diploid Cyprinidae.

Erythrocyte size, area and volume were significantly different
between ploidy and species (Table 4). In all experiment groups,
linear length, area and volume of cell were higher than those of
nucleus. Linear length of cell and nucleus in triploid species were
half as much again as those of diploid in C auratus, C cuvieriand
common carp (Fig. 7; p<0.05). Area of cell, area of nucleus and
volume of cell and nucleus in triploid species were higher than
those of diploid species (p<0.05). Linear length of cell and nucleus
in diploid C cuvieri were highest than those in diploid C auratus

and diploid common carp. Also, area of cell, area of nucleus,
volume of cell and nucleus in diploid C cuvieri were highest than
those in diploid C auratus and diploid common carp (p<0.05).
Tendency of linear length, area and volume in all triploid species
was similar to those of diploid.

Discussion

In this study, DNA contents of C auratus, C. cuvieri and com-
mon carp were slightly different depending on their habitats. This
phenomenon may be due to two reasons. First, the diploid num-
ber of chromosomes in C auratus and common carp is the same,
but karyotypes of C auratus and common carp were different
by habitat (Kucinski et al., 2015). For example, C auratus has 12
metacentrics, 36 submetacentrics and 52 acrocentrics in Japan,
and has 24 metacentric, 24 submetacentric and 52 acrocentrics in
Romania, Hungary and Ukraine (Kucinski et al, 2015). It means that
different karyotype of same species may be caused by a different
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Fig. 7. External erythrocyte morphology of crucian carp, Carassius auratus, crucian carp C cuvieri and common carp, Cyprinus carpio from
blood samples used in this experiment. Blood smears of each group dried in air, and stained with May-Grinwald giemsa. Scale bars are
10 um. a: diploid C auratus, b: triploid C auratus, c: diploid C cuvieri d: triploid C cuvieri e: diploid common carp; f: triploid common

carp.

DNA contents. Next, C cuvieri has been successfully introduced
into the many waters in Korea in the 1970's (Yoon and Park, 2006),
and a release of non-native fish into the wild is a serious problem
posing considerable ecological and genetic threats through direct
competition and hybridization (Kucinski et al, 2015). Rates of hybri-
dization and introgression are increasing worldwide because of
translocations of organisms and habitat modifications by humans

rok

ol & Farsts| K|

(Kucinski et al, 2015). It means that used samples in this study may
be included hybrid among three species. Therefore, comparative
analysis of karyotype in C auratus, C. cuvier; common carp and
their spontaneous triploid is necessary for detail distinction of C
auratus, C. cuvierj common carp and their spontaneous triploid
in future investigation.

As mentioned by Benfey (1999), triploid cell nuclei contain, by
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definition, 50% more DNA than diploid cell nuclei. Nuclear volume
is increased in triploids to accommodate this extra genetic material.
A corresponding increase in cellular volume typically results due
to the approximate maintenance of the diploid ratio of nuclear to
cytoplasmic volume. Despite increased cell size, triploid individuals
are not, as a rule, larger than diploids. This appears to be due to
a reduction in cell numbers in those tissues and organs containing
larger cells (Benfey, 1999).

In this study, haematological parameters were compared in dip-
loid and triploid specimens of the crucian carp, Carassius auratus,
the crucian carp, C cuvieri and the common carp, Cyprinus carpio.
The results showed an increase in erythrocyte size in triploids, in
agreement with the previously reported increase in the cell volumes
of polyploidy animals (Benfey, 1999). In teleost fish, the increase
in erythrocyte size associated with triploidy has already been
reported and the measurment of red blood cell dimensions was
proposed as a rapid and inexpensive assay for triploidy (Sezaki et
al, 1988; Sezaki et al, 1991; Benfey, 1999). Data have usually been
obtained from blood cells subjected to air-drying, but this method
may lead to alteration in cell morphology. The increase in erythro-
cyte nuclear size in triploids is a consequence of their higher DNA
content (Sezaki et al, 1988; Benfey, 1999).

Spontaneous triploid of C cuvieri was not reported, while spon-
taneous triploid of common carp and C auratus were reported
by Al-Sabti et al. (1983), Devlin and Nagahama (2002) and Wu
et al. (1993). Females are fertile and males are sterile in triploid
hybrids of common carp (Wu et al, 1993). Certain populations of
C auratus can also reproduce by gynogenesis (Kim et al, 2002).
For C auratus, both diploid bisexual and triploid all-female forms
have been identified (Boron, 1994; Devlin and Nagahama, 2002).
Triploid ova are reported to arise by the formation of a tripolar
spindle and abortion of meiosis |, followed by a single nonreduc-
tional meiotic division (Cherfas, 1966). Egg activation occurs by
fertilization with sympatric Cyprinidae species, but the rare appear-
ance of C auratus males in gynogenetic populations implies occa-
sional inclusion of paternal genes (Rokicki and Kulikowski, 1994;
Devlin and Nagahama, 2002).

In a strain of C auratus that is unisexual, hormonal masculini-
zation resulted in males with motile but sterile (aneuploid) sperm
(Gomels'kii and Cherfas, 1982), as expected from normal meiosis
in triploid testis. Allotetraploids (formed between hybrids of C
auratus and C auratus gibelio or common carp) also can repro-
duce gynogenetically (Yang et al, 1994), and again, problems with
sperm decondensation have been observed. Interestingly, in some
populations of gynogenetic C. auratus, both male and female
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progeny can be found, and both have the same chromosome
number within strains (2n = 156, 2n = 166; Shen et al, 1983; Chen
et al, 1996), albeit different from that found in other triploid carp
gynogenetic fish (2n = 150; Zhou et al, 1983). For gynogenetic
triploid C auratus langsdorfi; formation of triploid ova occurs by
suppression of one meiotic division, but recombination still occurs
in females, indicating that these gynogenetic fish can reassort
sex-determining factors and produce rare male individuals by
gynogenetic means (Kobayashi, 1976; Zhang et al., 1992). These
examples have revealed how aberrations in chromosome trans-
mission in C auratus can function to create sex-determination
mechanisms that limit the appearance of functional males in
populations, although dependence on males from related species
for egg activation still remains (Devlin and Nagahama, 2002).

Triploidization is an artificial technique used to generate sterile
aquatic animals by taking advantage of the incompatibility in
pairing the three homologous chromosomes during meiosis |
(Don and Avtalion, 1986). This technique has also been used to
enhance the productivity of several fish species because of its
assumed ability to increase yield by channeling the energy required
from gonadal development to somatic growth (Tave, 1993). More
importantly, it generates fish that are unable to breed and contri-
bute to the local gene pool if they were to accidentally escape
from confinement. By conferring sterility of exotic fish for a limited
purpose, triploidy can serve as an effective method for reducing
or eliminating the environmental risks of genetically modified
organisms (Murray et al,, 1999). Artificial induced triploid fish in-
cluding Cyprinidae were discovered as sterility by previous reports
(Gervai et al, 1980; Seol et al, 2008), but spontaneous triploid
Cyprinidae had fertility in our results and previous reports (Al-
Sabti et al, 1983; Devlin and Nagahama, 2002; Kim et al., 2002).
All measured characteristics of triploid Cyprinidae were half as
much again as those of diploid Cyprinidae. We don't determine
difference of cell number between diploid and triploid on tissues.
Future research will determine cell number of diploid and triploid
on tissues, morphometric characteristics on Cyprinidae between
diploid and spontaneous triploid, and investigate fertility and
spawning detailed mechanism of spontaneous triploid on common
carp and C cuvieri,
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