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SUISANZOSHOKU 47(4), 489-495 (1999) 

Viable Hyperdiploid Progeny between Diploid Female and 
Induced Triploid Male in the Loach, 

Misgurnus anguillicaudatus 

Katsutoshi ARAI*l.2 and Yukie INAMORI*l 

(Accepted September 24, 1999) 

Abstract: Eggs of normal diploid (2n) loach were fertilized with spermatozoa of induced triploid 
(3n) loach. The resultant 2n X 3n progeny showed lower survival and higher incidence of abnormality 
in larval stage than the control 2n X 2n cross, but a small number of individuals survived. 
Chromosome observation showed hyperdiploidy of the 2n X 3n fry. DNA content of the two-month
old survivors measured by flow cytometry showed that they were viable 2.2 to 2.5n aneuploids. 
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In commercially important aquatic animals, 
mating experiments between normal diploids and 
artificially induced triploids have been conducted 
with plaice11, rainbow troue-41, grass Carp5), 

Pacific oyster6
), and pearl oyster7

). These stu
dies indicated low viability of the resultant prog
eny in which aneuploidy was confirmed4

-
7

) or 
estimatedl

-
3

) . 

In induced triploids of the loach, Misgurnus 
anguillicaudatus, females were sterile, whereas 
males generated aneuploid spermatozoa with a 
mode of 1.3n8

). The progeny of induced triploid 
males showed aneuploidy with a broad distribu
tion of chromosome number or DNA content be
tween triploidy (3n = 75) and tetraploidy (4n = 
100) when crossed to tetraploid female8

) . These 
hypertriploid to hypotetraploid loach exhibited 
poor survival potential, but a small number of fry 
which began to feed were able to survive8

). 

However, survival capacity has not been ex
amined in the aneuploid loach with hyperdiploid 
to hypotriploid chromosome number. 

In the present study, we fertilized eggs of a 
normal diploid with spermatozoa of the induced 
triploid male so as to produce aneuploid progeny 
with chromosome number between diploidy and 

triploidy. Then, we observed survival rates and 
determined the ploidy status by counting 
chromosomes at the larval stage and measuring 
DNA content of somatic cells by flow cytometry 
at the two-month-old juvenile stage. 

Materials and Methods 

The triploids were induced by inhibiting the 
second polar body extrusion with hydrostatic 
pressure shock in 1991 (family #1058) as de
scribed in Zhang and Arai9

). Diploid feIllale was 
used from the specimens collected from the 
waterway in Memanbetsu Town, Hokkaido in 
July, 1998. Diploid male was used from the 
specimens collected in Kasai waterway, Shimo
kawasaki, Hanyu City, Saitama Prefecture in 
July, 1998. The ploidy of each parental fish was 
confirmed by measuring DNA content of 
erythrocytes by flow cytometry according to 
Zhang and Arai9

) . 

In July, 1998, an induced triploid male was 
sacrificed to take testes 10h after injection of 
HCG (human chroinic gonadotropin, Teikoku 
Zouki Co. Ltd.) accoring to Zhang and Arai8

). 

A part of its testes was subjected to flow 
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Table 1. Survival and abnormal rates of the progeny of induced triploid male loach 

Cross No. of eggs 
24h* 

2nX2n 592 85 

2nX3n 1083 46 

* Time (h, hours; d, days) elapsed after fertilization. 

cytometry to detennine ploidy status of sperma-

Survival (%) 

48h 72h 7d 

80.4 75 52 

29.5 20 14 

Abnormal (%) in 
7-day-old fry 

4.4 

76.3 

tozoa. The other part was used to fertilize eggs a 
from a normal diploid female (2n X 3n cross). 
Ovulation was stimulated by the injection of 
HCG according to Suzuki and Yamaguchi lO

). The 
eggs of the same female were also fertilized with 
spermatozoa of normal diploid male as control 
(2nX2n cross). 

The survival rates of the 2n X 3n and 2n X 2n 
control progeny were calculated relative to num
ber of eggs used, at 24h, 48h (hatching), 72h 
and 7 days after fertilization (the beginning of 
feeding). Number of normal feeding fry was re
corded at 7 days after fertilization by observing 
the external appearence. 

Chromosome preparation was conducted in 
48-h-old embryo which yolk sac was mechanical
ly removed according to the method described 
by Inokuchi et ai. 11

) with some modifications in 
the concentration of colchicinization (0.01%) and 
in the use of 0.075M potassium chloride for 
hypotonic treatment instead of 0.8% trisodium 
citrate dehydrate. Chromosome number was 
counted on printed photographs of metaphase 
spreads with high quality. Karyotype analysis 
was made according to Levan et ai. 12). 

For measurement of DNA content, gills of 
juveniles and testis of parental fish were minced 

. finely with forceps in two drops of Eagle's MEM 
medium (Nissui Co. Ltd.) in 1. 5 mi microfuge 
tube, and then prepared to measure DNA con
tent by flow cytometry according to Zhang and 
Arai9

). The preparation of erythrocytes was also 
followed Zhang and Arai9). Aneuploid status was 
approximately estimated by calculating the ratio 
between modal channel number of putative aneu
ploid individual and that of a control diploid indi
vidual, as reported in the previous work8

). The 
DNA contents of samples were analyzed by ex
citation at 488 nm laser with Becton Dickinson 
F ACS Calibur flow cytometer. 

}', .( . -.. 

,: 

Fig. 1. Chromosome spreads of aneuploid loach embryos 

between normal diploid and induced triploid. a, 

aneuploid cell with 56 chromosomes and 4 B

chromosomes observed in #4 embryo; b, aneuploid 

cell with 57 chromosomes observed in #8 embryo. 

Scale indicates 5 ,urn. Arrowhead indicates B-

chromosome. 
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Results 

Table 1 shows survival rates of the 2n X 2n 
and 2n X 3n progeny at 24h, 48h, 72h and 7 days 
after fertilization. The 2n X 3n cross revealed 
lower survival rates than the control at all the 
stages examined and 76% of the resultant feed
ing fry were abnormal. These results indicated 
low viability of the 2n X 3n progeny in early de
velopmental stages. 

At two months after fertilization five loaches 
(1. 6% relative to total hatched fry) in the 2n X 3n 
cross were still alive, while eight (1. 7% relative 
to hatched fry) in the control 2n X 2n cross. Un
usually low survival rate of the control resulted 
from a heavy mortality due to deterioration of 
water quality of the tank after the beginning of 
feeding. The progeny from 2n X 3n cross (total 
length; 19.7 to 36.3 mm, average 22.5 mm) ex
hibited abnormalities in external appearance such 
as shortened body, ill-developed tail, and / or 
bending of head and body to the left and right. 
No abnormal individuals were detected in surviv
ing eight control diploids (total length; 28.2 to 
35.6 mm, average 31. 9 mm). 

Chromosome preparations from the 2n X 3n 
cross revealed that all the fry were aneuploids 
(Fig. 1), while the control was eudiploid (2n = 
50) as reported in the earlier works13

-
16

). Table 
2 shows the distribution of chromosome number 
in two-day-old fry from the 2n X 3n cross. 
Although chromosome number ranged from 49 
to 62, the distribution of an individual mode 
could be categorized into three groups: around 

50 to 51 (2.0 to less than 2. In; #1,2), 54-57 
(2.2n to 2.3n; #3-8), and 59 (2.4n; #8). The 
2n X 3n fry #8 might be a mosaic individual 
with two or three different modes. No fry with 
hypotriploid chromosome numbers (65; 2.6n to 
74; 2.9n) were observed. 

Karyotype analysis indicated that each 2n X 3n 
individual had two sets of homologous chromo
somes and different number of supernumerary 
chromosomes (Fig. 2). Members of supernumer
ary chromosomes were different from individual 
to individual. Four of eight fry from 2n X 3n 
cross exhibited somatic cells with . one to six mic
ro B-chromosomes (Fig. 2, Table 2) . All these 
micro B-chromosomes were apparently different 
in size and shape from normal member of the di
ploid loach karyotype. 

Flow-cytometric analysis of testicular cells col
lected from the induced triploid male revealed 
the pr~sence of aneuploid spermatozoa with 
1. 3C DNA content as reported in the previous 
workS), whereas normal diploid showed haploid 
spermatozoa with just 1. OC DNA content (Fi
gure not shown). 

DNA content of somatic cells was also ex
amined in .two-month-old survivors from the 2n 
X 3n cross by flow cytometry (Fig. 3). Of five 
survivors examined, three individuals showed re
lative DNA content around 2.2C, the fourth indi
vidual had about 2.3C and the fifth had about 
2.5C. Thus, all two-month-old juveniles were 
concluded to be viable 2.2n to 2.5n hyperdi
ploids. Two juveniles from the 2n X 2n control 
cross had just 2.0C DNA content, indicating di
ploidy. 

Table 2. Chromosome numbers in the 48-h-old embryos of the 2n X 3n cross 

Embryo Chromosome number B-chromosome number 

# 49 50 51 52 53 54 55 56 57 58 59 60 61 62 Total 1 2 3 4 5 6 Total 

1 1 2 1 4 0 
2 2 2 0 
3 2 1 1 4 0 
4 2 3 2 7 1 1 1 3 
5 1 2 1 4 0 
6 1 1 2 1 1 
7 1 1 1 3 6 1 1 2 
8 1 2 3 2 2 1 1 1 13 1 1 2 

Total 1 2 3 1 2 6 8 7 7 0 2 1 1 1 42 2 2 1 1 1 1 8 
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Fig. 2. Karyotypes of aneuploid loach embryos between normal diploid and induced triploid. a, karyotype based on 
Fig. la including normal diploid chromosomes (2n=50), supernumerary 6 chromosomes, and 4 B-chromosomes; 
b, karyotype based on Fig. Ib including normal diploid chromosomes (2n = 50) and supernumerary 7 
chromosomes. M, metacentric chromosome; SM, submetacentric chromosome; T, telocentric chromosome; 
B, B-chromosome. 

Discussion 

We showed that all the 2n X 3n progeny ex
amined were 2.ln to 2.5n aneuploids based 
on the chromosome counting and the flow
cytometrical DNA measurement. These progeny 
must be produced by the fertilization of normal 
haploid (In) eggs with hyperhaploid (1. In to 
1. 5n) spermatozoa. Five out of eight fry (63%) 
and four out of five juveniles (80%) were 2.2 to 
2.3 n aneuploids. These results can be well ex
plained by the fertilization with spermatozoa of 

induced triploids, which showed modal DNA 
content at 1.3C as reported in the present and 
previous work8). The modal 1. 3C spermatozoa 
and the occurrence of hyperdiploid progeny in 
the 2n X 3n cross suggested selective production 
of more hyperhaploid (1.1 to 1. 5n) spermatozoa 
than hypodiploid (1. 6 to 1. 9n) ones. More inci
dence of hypertriploids than hypotetraploids 
were also observed in the previous 4n X 3n 
cross8). Such a shift toward the lower aneu
ploidies has been elucidated by elimination of 
some unsynapsed univalents or by failure of 
hypodiploid spermatids with higher numbers 
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Fig. 3. Flow cytometric histograms of somatic cell 
suspension of control (a) and aneuploid (b-d) loaches. 
a, normal diploid cells with 2C DNA content; b, 
aneuploid cell with approximately 2.2C DNA content; 
c, aneuploid cell with approximately 2.3C DNA 
content; d, Mixture of aneuploid cells with 
approximately 2.5C DNA content and normal diploid 
cells as standard with 2C DNA content. 

of extra chromosomes to differentiate into 
spermatozoa 17,18). 

In the 2n X 3n loach, we detected super
numerary micro-chromosomes in several prog
eny. They are likely to be B-chromosomes be
cause of their extremely smaller sizes than nor
mal member of the diploid loach karyotype as 
well as inter- and intra-individual variation in 
their numberI9). The occurrence of such B
chromosome like micro-chromosomes were also 
reported in the 4n X 2n progeny8). Thus, these 
micro-chromosomes are considered to be pater
nally derived from the triploid male induced by 
hydrostatic pressure treatment on normally fer
tilized eggs. Chromosome fragmentation due to 
hydrostatic pressure treatment was reported by 
Yamazaki and Goodier20). However, spontaneous 
origin of B-chromosomes cannot be eliminated 
because the loaches with supernumerary micro
chromosomes were found * 3. 

In the 2n X 3n cross, 86% of the progeny died 
before the beginning of feeding and 76% of sur
viving fry were abnormal. However, five survi
vors were verified to be hyperdiploids (2.2n to 
2.5n) when they were sacrificed to examine 
ploidy status at two months after fertilization. 
These observations revealed that the majority of 
2n X 3n loach were inviable due to probable 
selection against certain chromosome numbers 
and / or karyotypes, but some hyperdiploids 
were able to survive longer. The occurrence of 
aneuploid survivers contrasts to the complete in
viability of 2.5n progeny reported in the 2n X 3n 
cross of rainbow trout4

) and other animals5
-
7). 

Zhang and Arai8) reported that relatively large 
number of progeny from 4n X 3n cross were vi
able in the loach. When we compare the rate of 
normal fry, the previous 4n X 3n crosses gave 
better rates (77 to 90% relative to 100% 4n X 4n 
control) than the present 2n X 3n (25% relative 
to 100% 2n X 2n control). This suggests better 
survival potential of hypertriploids from 4n X 3n 
than hyperdiploids from 2n X 3n. Similar phe
nomenon was observed in the progeny between 
diploid rainbow trout females and allotriploid 

* 3 Zhang, Q. and K. Arai: Abstract of 6th International Symposium on Genetics in Aquaculture, July, 1997, Stirling, Scot
land. 
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(rainbow trout X brook trout) males; 2.5n was 
inviable and 3.5n restored viability21). 

As shown in the present and previous study8), 

some aneuploid progeny of induced triploid males 
are viable in the loach. Thus, triploidy seems to 
be a good source of aneuploid gametes to pro
duce viable aneuploids which will open new pos
sibility in fish genetics. Aneuploidy, such as tri
somics or other hyperdiploids with a few addi
tional chromosomes, allows the rapid location of 
the gene loci to specific chromosomes as well as 
the phenotypic effect of individual chromosomes. 
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