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TRIPLOID INDUCTION IN PACIFIC ABALONE HALIOTIS DISCUS HANNAI INO BY
6-DIMETHYLAMINOPURINE AND THE PERFORMANCE OF TRIPLOID JUVENILES

GUOFAN ZHANG,! ZICHEN WANG,! YAQING CHANG,!
JIAN SONG,’ JUN DING,' YONGPING WANG,! AND
RENBO WANG?

'Key Laboratory of Mariculure Ecology

Dalian Fisheries Universiry
_ Dalian, China 116023

2Dalian Pacific Sea Food Lid.

Dalian, China 116041

ABSTRACT  Pressure shock. thermal shock. and cytochalasin B treatment have been the main treatments used in inducing triploid
gasuopod. In this study 6-dimethylaminopurine (6-DMAP) was d to induce inploid in Pacific abal is discus h

Ino. by inhibitng formations of either polar body 1 (pb1) or polar body 2 (pb2). Although the highest triploid (73.5%) was obtained
by blocking pb2 for 15 min with a2 6-DMAP concentration as high as 300 1M (the recommended dose for triploid induction in bivalve).
no veligers could survive. At the ranges of 75-150 uM 6-DMAP, blocking pb2 for 20 min lted in higher ab lities than
blocking pb2 for 15 min. The relative survival rate was higher and the abnormality was lower in the pb2 group than those in the pbl
group. No significant difference in triploid induction (p > 0.05) was found both between 15- and 20-min treatments and between
treatments targeting pbl and pb2 at 75150 1M 6-DMAP. At 6-DMAP concentrations of 75. 100, 125, and 150 pM. in groups that
blocked the pb 2 formation, the triploid yields (number of triploid larvaeffentilized eggs) were 30.0. 46.0, 47.0, and 54.0% and the
relative survivorships at the trochophore stage were 96.8, 95.3, 94 8. and 90.5% for 15-min pectively. The wriploid yieids
were 30.1. 49.0. 51.2, and 56.0% and the relative survivorships 2t the trochophore stage were 95.8, 90.2. 88.5, and 82.6% for 20-min
treatments, respectively: in groups that blocked pb) for 15 min. the wiploid yields were 30.4. 43.0, 46.6. anc 51.9% and the relative
survivorships at the trochophore stage were 70.6, 68.4. 68.0, and 61.8%, respectively. The shell di of wriploids and

were measured at 4 mo postfenilization. In the large-size group (1.2-1.3 cm). differences berween 3n and 20 groups in both dimensions

Hal:.
I;

and weight were significant (p < 0.01), whereas in the small-size group (0.7-0.8 cm), no significant differences were found in
dimen aons (p > 0.05), but they were found in total weight (p < 0.01). Overall, the optimal criteria for wiploid production
in Pacific abalone with 6-DMAP appear to be 125-150 1M for 15-20 min at 500-600/mL zygote density and 23.0°C.

KEY WORDS: abal

triploid, 6-dimethyl
INTRODUCTION

Pacific abalone, Haiiotis discus hannai Ino, is one of the most
valuable scafoods in the Asian market and has been farmed in
nortrern China for many years. Abaione are now the major marine
products in this area. However, in recent years, abalone farming
has dropped wremendously in terms of scale and productivity. De-
terioration of environments and disease contamination were found
10 be the main reasons. For example. 80-90% of land-based aba-
lone hatcheries in Dalian, China, were contaminated by disease in
1996. which caused up to 85-90% mortalitics.

The large-scale abalonc montality happening in Dalian might
also result from, in addition 10 the above-mentioned reasons. de-
creases in heterozygosity, so animals became more sensitive to
environmental changes and more casily attacked by the pathogens.
Triploid animals, especially polar body 1 {(pbl) triploids should,
theoretically, have higher he!c:ozygos:ty Ihan their dlpk)ld sib-
lings; 1herefore, triploid ch pulation
would provide a novel approach in prowcuon against dlsease
Chromoseme engineering such as polyploidy induction has also
been considered one of the genetic tools that could improve sheil-
fish production. Chemical (cytochalasin B) and physical (thermal
and pressure shocks) t ts were applied shortly afier feril-
ization for tniploid induction in shellfish (Stanley 1981, Sunley
1984, Alien 1987). However, the methods usually result in low
survival rates and high levels of aneuploid.

Thermal shock. cytochalasin B. and pressure shock were ap-
phied. respectively, by Arai et al. (1986). Wang et al. (1990). Rong

1

ine (6-DMAP)

et al. (1990). Sun et al. (1993), and Stepto and Cook (1998) 10
induce triploid in Haliotis discus hannai Ino, Haliotis diversicoior,
and Haliotis midce. Some of those treatments could result in high
percentages of mploids. but because of the very high monaiities in
treated animals, none of those methods could be commercially
used in triploid abalone hatcheries. Recemt work of Desrosiers et
al. (1993) and Gerard et al. (1994) showed that treatment with
6-dimethylaminopurine (6-DMAP) was far more effective than
other methods in generating viable triploid oysters (Crassostrea
gigas) and mussels (Myrilus edulis). The effectiveness of this
chemical in triploid induction in abalone, H. discus hasnai Ino, is
reported in this article.

MATERIALS AND METHODS
Broodstock

Pacific abalone, H. discus hannai Ino, about 6.5-8.0 cm in shell
length, were collected in the vicinity of coastal Dalian. The ani-
mals were conditioned for 80-100 days at 20°C. during which they
were fed Laminaria japonica, and the effective accumulation tem-
perature reached 1000-1200°D. The gonad of a well. mature in-
dividual is gray-blue in color in females and milk-white in males.
wilh a distinct incise between gonad and alimentary glands.

Gamete Collection and Insemination

In each experiment. gameies from at least two females and
severai maies were collected by drying the broodsiock in darkness
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with 75-80% moisture first, and then spawning them in ultraviolet-
(400-600 mw/h per L) treated seawater and raising the water tem-
perature to 3—4°C above the conditioning temperature (20°C).
High-quality oocytes are round and even blue in color, with a
well-distributed yolk and clear membrane. The average egg diam-
eter is 220 wm; the average yolk diameter is 180 pwm. Successful
fertilization could be obtained by using fresh sperm, which could
stand erectly on the egg surface when checked under the micro-
scope. Sometimes, a preexperiment fertilization was used to de-
termine the vigor of sperm. Eggs and sperm were pooled within 30
min after being released at 23°C.

6-DMAP Solution Preparation

The commercial product of 6-DMAP is white powder. The
stock solution used in this study was prepared in 1/100 (wt/vol)
sterilized filtered seawater 1-2 h before the commencement of
experiments and was stored at 4°C in a refrigerator.

Determination of Commencement Times and Treatment Duration

Although the first polar body could be found as early as 8 min
postfertilization at 22.8-23.0°C, 45-50% zygotes released their
pbl within 22 min. Therefore, 67 and 20-22 min postfertilization
were, respectively, chosen as the timings of the commencements
of chemical treatments for inducing pbl or pb2 triploids. On the
basis of the observations and the previously published data, 15-20
min exposure durations were determined.

The time when sperm was added to the suspension of eggs was
considered as the start of the experiment. Eggs and sperm were
mixed gently. The fertilized eggs were equally divided into bea-
kers according to replicates needed in each experiment.

Tripioid Induction

In the first experiment, eggs were subjected to 6-DMAP at
concentrations of 150 mm, 300 wM, and 450 WM. Chemicals were
added either 6-7 min postfertilization to inhibit pbl formation or
20-22 min postfertilization to retain pb2. Water volume was in-
dividually adjusted before 6-DMAP solution was added; the bea-
kers were then stirred gently. The first experiment revealed that
Pacific abalone appeared to be more sensitive to 6-DMAP than
bivalves, so 6-DMAP concentrations were reduced to 75, 100. 125,
and 150 pM in the later experiments. A 13- or 20-min treatment
was applied in all experiments; eggs were washed with clean sea-
water and hatched under the same conditions as controls. During
treatments, the zygote density remained at 200-600/mL., and the
temperature was 22.6-23.0°C.

Rearing of Larvae and Juveniles

After treatment, each replicate was stocked at a density of
30-50/mL for embryos, 5-8/mL for trochophore larvae, and 45/
mL for veliger larvae. At about 65 h postfertilization at 20°C, the
eyed larvae were settled on the transparent waved polyethvlene
plates (42 x 33 cm), which were preplanted with benthic diatoms
and turned to brown-yellow in color. The settlement plate density
was kept consistently at 80/m*, and 4.0-4.8 (x10*) healthy eyed
larvae were used for settlement in each replicate.

Juvenile abalone were kept on the transparent plates for 2 mo,
until they reached a size of 45 mm in shell length: they were then
transferred to the black waved plates for growout until the animals
were about 1.5-2.0 cm in shell length. Juveniles from treated and
control groups were maintained under the same conditions.

ZHANG ET AL.

Ploidy Verification

Twelve to 15 h postfertilization, trochophore larvae swimming
in water were selected and placed in a 0.01% colchicine solution
for 0.5-1.0 h and then subjected to a hypotonic treatment for 1 h
with 0.075M KCI and fixed in four changes of Camoy solution
(3:1, methanol:acetic acid) at 15-min intervals. The samples were
stored at 4°C overnight in a refrigerator. Cell suspension was made
by replacing Camoy suspension was made by replacing Carnoy
solution with 50% acetic acid and shaking heavily. The suspension
was then dropped onto a warmed (48-52°C) microscope slide, air
dried, and stained in 4% Giemsa solution (pH 6.8) for 3060 min.
According to Arai et al. (1986), diploid chromosome number of H.
discus hannai Ino is 36. The following ploidy classification was
applied in this study: metaphase spreads with about 36 chromo-
somes were classified as diploid; those with 52-54 chromosomes
were classified as wiploid (Fig. 1). A total of 80-100 metaphase
spreads were counted in each replicate.

Formulations

Fertilization rates and survivorship at trochophore and veliger
stages were calculated. Deformed trochophores or trochophores
with irregularly divided cells were counted as abnormal.

Fertilization rate (FR) = fertilized eggs/total eggs (100%).

S ke

Figure 1. (A) A metaphase of commercial (2N = 36). (B) A metaphase
of chromosome (3N = 54).
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TABLE 1.
The induction of triploid in H. discus hannai Ino by 6-DMAP in meiosis II lasting 15 min (fertilized rate is 52.1%, treated density is
140-250/mL, and hatchery density of xygote is 30-55/mL).
Troch Larvae E. Veliger P. Vel
6-DMAP ophore Lary Laad
(M) SR RSKR AR RAR TY SR RSR RSR
150 492=15 4.4 525%59 106.9 559 2521 66.9 69.6
300 42.1£04 63.7 932113 189.8 73S - - -
450 20x28 3.0 100.0+ 0.0 203.7 —_ - — —_
Control 66.1 3.5 100.0 49.1£3.5 100.0 00 33651 100.0 100.0

Survivai rate (SR) = trochophore or veliger numbers/fertilized
eggs (100%).

Refative survival rate (RSR) = survival rate of each replicate/
survival rate of control (100%).

Veliger survivorship = veliger number/trochophore number
(100%).

Abnormal trochophore rate (AR) = abnormal trochophore iar-
vae/(normal trochophore + abnormal trochophore) (100%).

Relative abnormal rate (RAR) abnormal rate of treated
group/abnormal rate of control (100%).

Triploid yield (TY) = N, /N,, + N2, (100%).

N,, is the number of metaphase chromosomes of triploids, and
N, is the number of chromosomes of diploids.

RESULTS

Effect of §-DMAP Concentration on Triploid Induction by Blocking
Meiosis 1 Division for 15 min

1 concentrations of 150, 300, and 450 pM, the normal veliger
larvae were found in the 150 uM group and their relative survivaj
rate was 66.9%. In the other two groups, oaly 2.9% of fertilized
eggs reached the trochophore stage in the 300 pwM group and no
nommal trochophore larvae were found in the 450 uM group. The
triploid yields were 55.9 and 73.5% in the 150 and 300 pM
6-DMAP groups, respectively (Table 1).

With increases of concentrations form 75 © 150 pM. the trip-
loid vieids increased from 30.0 to 55.1%, whereas the relative
survival rates of veligers remained more than 77.2% (Table 2). The
increases of triploid yields were 16.0% from 75 to 100 uM treat-
ments, only 1.0% from 100 to 125 uM weatments. and 7.0% from
125 to 150 wM treatments.

Effect of 8-DMAP Concentration on Triploid Induciion by Blocking
Meiosis I Division for 20 min

Al a given 6-DMAP concentration. treatments lasting for 20
min resulted in higher triploid yields but lower survival rates than

did treatments lasted for 15 min. The aumber of abnormal larvae
in the 20-min group was 10.0% higher than that in the 15-min
group (Table 3). As in the [5-min groups, triploid yields also
depended on concentrations of 6-DMAP. From 75 to 100 pM, the
increment of triploid yield was 18.9%, which was the biggest
increase between groups treated with chemicals at the other con-
centrations. Comparison of triploid yields and relative survival
rates of postveligers revealed significant differences (p < 0.01)
between treatments with different 6-DMAP concentrations, but no
significant differences (Argopecten purpuratus > 0.05) between
treatments with the same 6-DMAP concentration for different du-
rations (15 or 20 min). The relative survival rate decrcased 4.8%
from the 15- to the 20-min reatments, whereas relative abnormal-
ity increased 37.0%. The relative survivorships were almost the
same at early veliger stage in both 15- and 20-min treatments at the
given concentration, but 5.1% higher in 15-min treatments than
that in 20-min treatments at the postveliger stage.

Effect of 6-DMAP Concentration on Triploid Induction by Blocking
Meiosis | Division for 1S min

Except at 75 pM 6-DMAP, at other given concentrations, the
triploid percentages resulted from blocking meiosis 1 division was
lower than that from blocking meiosis I division. The relative
survival rate of the pbl triploid group was 26.9% lower and the
abnonnal rate was 8.8 times higher than those of pb2 triploid
group. The relative survival rates at early and postveliger stages
were only 2.5 and 27.2% of those from meiosis Il treatments
(Table 4).

Comparison of the Effects of Different Egg Densities on
Triploid Yields

No positive correlation was found between triploid percentages
produced and different egg densities (150-500/mL) at the given
chemical concentrations. Differences in survivorship, relative sur-

TABLE 2.
The induction of triploid in H. discus hannai Ino by 6.DMAP in meiosis 11 Iasting 15 min (fertilized rate is 71.2%).

Trochuphore Larvae

S-DMAP E. Veliger P. Veliger
(M) SR RSR AR RAR TY SR RSR RSR
73 65.5+4.8 96.9 6.6=6.3 103.) 300 7682103 893 96.8
100 64.12 4.6 943 7473 1156 6.0 LR X 86.1 95,3
125 64.125.2 94.8 932356 1453 41.0 7.3:83 85.2 9.8
130 612264 90.5 71263 1109 34.0 664213 12 %5
Control 676247 100.0 64£51 100,0 0.0 860234 100.0 100.0
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TABLE 3.

The induction of triploid in H. discus heniai 1bo by 6-DMAP in melosis I lasting 20 min

: ) Trochophore larvae
-DMAP phore

E. veliger

P. veliger
(uM) SR RSR AR RAR TY SR RSR RSR
15 794241 95.9 142279 1246 30.1 827+ 103 89.4 958
100 7472438 90.2 18.1£6.1 1588 490 814237 88.0 90.2
128 733274 88.5 194251 i70.2 512 715+ 6.0 83.3 88.5
150 684272 826 193250 1693 36.0 7822112 81.3 826
Control 828252 100.0 1455 1000 a0 9252173 1000 100.0

vivorship. and abnormality seemed dependent on the fertilization
rates only (Table 5).

Comparison of the Developmental Speeds Berween Treated and
Control Groups

The development of treated embryvos was slower than that of
control embryos (Table 6).

Effécts of 6-DMAP Treatments on Growih of Juvenile Abalone

In the first afier wreaiments, the growth raie (54.1 pum/day) in
shell length of treated group was still slower than that in controt
(59.1 umyday) and showed a significant difference (p < 0.01). The
growth rate in shell width of the realed group was similar to that
of the shell length (Table 7).

Four months postfertilization, the growth rates in both treared
and controt groups were calculated again. In large-size groups
(1.2-1.3 cm), uiploid and diploid abalone showed a significant
difference (p < 0.01) in all dimensions and weights. In small-size
groups (0.7-0.8 cm), however, no significam difference (p < 0.01)
was found between triploid and diploid groups in their dimensions,
but differenceés were found in total weights (Table 8). Comparisons
between Tables 6. 7. and 8 revealed that the growth rates in triploid
groups were slower than those in controls at the early stage,
whereas at the Jater stage, the mean shell dimension(s) of wiploid
groups were significant longer than those of diploid siblings in
large-size groups.

DISCUSSION

Cytochalasin B is one of the most important chemicals in oyster
polyploidy induction and has been extensively used in shellfish
chromosome manipulations. Although cytochalasin B could in-
duce as high as 100% triploids in some experiments (Allen et al.
1982, Downing and Allen 1987, Wang et al. 1990, Nell et al. 1996,

Stepto e al. 1998), its high toxic nature and expense impede its use
in commercial hatcheries. High mortality of larvae (about 85-
90%) after reatment is another consideration. Therefore, new
approaches that should be inexpensive, nontoxic, and consistent
with high percentage of triploid yields are needed, especially
new chemicals and comprehensive techniques. C. gigas may
produce more than 40-50 million eggs by strip spawning a
2-y-old oyster. Therefore, 10% survivorship after cytochalasin B
treatment, the common cases in most experiments. could be toler-
ated in hatcheries. Pacific abalone, on the other hand, could not be
strip spawned. A 7-8 cm female abalone could produce only 0.8~
1.2 million eggs in a spawning season, even after 70-80 days
conditioning in the haichery, Without any treatments, the survival
rate of abalone from zygotes to juveniles about 1.0 cm in shell
length is usually less than 10.0%. If eggs are treated with
cytochalasin B, the survivorship will drop to 1-5% (or less) at as
carly as veliger stages (Wang et al. 1990). Therefore, techniques
of including triploid abalone by the use of cytochalasin B
could hardly be applied in commercial scales. The resulis
from this study suggested that the 6-DMAP technique could
overcome the above-mentioned disadvantages in triploid indpc-
tion and thus meet the large-scale requirement in abalone indus-
tries.

pb! Triploids should, theoretically, have higher heterozygosity
than their pb2 triploid and diploid siblings; therefore, they should
be very useful in aquaculture (Stanley et al. 1984). In this study,
however, no high performances were found in pbl uiploids.
In addition, at optimal 6-DMAP concentrations (125-150 mM),
the relative abnormalities of pbl triploids increased 10 1,317-
1,625%, which were much higher than those of pb2 triploids.
Therefore, as in oysers, pb2 triploid techniques would be the
potential methods that could be used in large-scale triploid pro-
ductions in abslone.

As in a previous report on bivalves (Desrosiers et al. 1993).
increasing periods of incubation with 6-DMAP also improved the

‘ TABLE 4. . ‘
The induction of triploid in H. discus hannai Ino by 6 DMAP in meiosis 1 lasting 15 min

CDMAP ) Trochophore larvae . E. veliger P. veliger
(pM) SR RSR AR RAR Y SR RSR _RSR
75 566 =166 106 11.0+0.2 2821 304 853266 92,7 0.6
100 548z 168 684 258142 6615 430 1789+18 852 8.4
128 5451125 63.0 5142198 1317.9 46.6 77.82 109 84.0 68.0
150 495=137 61.8 63.4x159 1625.6 510 724284 8.7 618
Control 80.1 £8.7 100.0 39244 100.0 00 926+26 100.0 100.0
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TABLE 5.
The induction of triploid in H. discus hannai Ino by 6-DMAP in melosis 1 lasting 15 min in different treated densities.
Trochophore Larvae E. Veliger P. Veliger
6-DMAP DT*

(uM) {egg/mL) FR SR AR TY SR RSR
150 150 521 48.5 48.3 45.2 65.1 53.9
150 250 52.1 504 56.7 66.7 71.3 69.2
150 500 n2 51.2 11 54.0 112 90.5

* DT, density of treatment.

production of triploid eggs in Pacific abalone. However, when
the eggs were exposed to 6-DMAP for periods of time covering
all of the meiosis 1l and overlapping the first mitotic division
in the control, the proportion showing abnormal chromosome
behavior increased and survival decreased sharply. These results
suggest that a high percentage of triploids and good yield of
normal larvae may be obtained after exposure 10 6-DMAP for
a period of incubation that is shorter than the duration of meiosis
.

The purine analog 6-DMAP was initially used as a cleavage
inhibitor in sea urchin eggs (Rebhun et al. 1973). Recent studies on
6-DMAP have demonstrated that the drug exerts its actions on
protein phosphorylation, microtubule organization, metaphase
spindie formation. and cortical filament organization in different
animals (Dufresne et al. 1991, Rime et al. 1989, Szollosi et al.
1991). These cellular effects can explain how the triploidy state
can be induced by blocking chromosome movement and extrusion
of polar bodies by 6-DMAP.

Comparison between methods used in previous studies and
methods used in this study clearly reveals that wreatment with
6-DMAP is the most simple. inexpensive, and efficient technique
to induce triploidy in abalone. 6-DMAP wreatment does not require
expensive or specialized equipment. 6-DMAP is water soluble and
can be easily washed out in seawater after the treatment, 6-DMAP
is safer than cytochalasin B. which is known to be a carcinogenic
product. Treatment with 6-DMAP in abalone was as effective as in
bivalves (Desrosiers et al. 1993, Gerard et al. 1994). Therefore.
6-DMAP shouid be an efficient and safe alternative method to
induce triploidy with a high potential in commercial aquaculture in
abalone.

The best yield of 6-DMAP to produce triploid abalone was
73.5%, which is slightly lower than that to produce triploid bi-

TABLE 6.

The developmental comparison between the treated and control
groups of H. discus hannai Ino (22 £ 0.5),

Developing Rate
D T (h)

s

valves (Desrosiers et al. 1993, Gerard et al. 1994). The main rea-
son for lower triploid yields in this research could result from the
eggs, which were not welt synchronized, because the efficiency to
induce triploid depends on the synchrony of meiosis in the eggs
(Downing and Allen 1987), the time of initiation, and the duration
of treatments (Desrosiers et al. 1993).

In Pacific abalone, the optimal 6-DMAP concentrations for
triploid induction are much lower than those recommended for
bivalves. For example. the relative abnormalities at trochophore
stages were 2s high as 93.2% at 300 mM 6-DMAP and 100.0% at
450 mM, although the doses were within the optimal ranges sug-
gested for oyster ploidy manipulations. At a concentration of 150
mM the performance of abalone larvae improved tremendously,
the survival and relative survival at trochophore stage increased to
49.2 and 74.4%, respectively, and the relative postveliger survival
remained at 69.6%. The abalone industries in China have already
shown much interest in the methods.

The high survivorship of juveniles expressed in treated groups
remained to at least 4-mo-old abalone. At 125-]150 mM 6-DMAP,
the survival rate from shell sizes of 3-4 mm in length o 10-12 mm
was about 1-5% in controls, whereas it was 30.0~35.0% in reated
groups.

Unlike oysters, in which the growth rate of triploid and diploid
larvae is generally similar (Downing and Allen 1987), the growth
rates of abalone larvae and early juveniles in treated groups were
lower than those in controls. At 20.0°C, 47.2% of the embryos in
control groups reached archenteron 8.25 h postfertilization,
whereas only 43.5% in treated groups turned up at this stage at the
same time. The slight difference might result from the prohibition
of development in treated groups. However, this situation changed
4 mo later; triploid groups showed faster increases in both shell
dimensions and total weight. The bigger the size of the groups, the
faster the triploids grew.

Much of the utility of triploid shellfish to aquaculwrists or to
fisheries’ managers is a consequence of their sterility or semiste-
rility, which precludes the possibility of unwanted reproduction

TABLE 7.

Group %) The comparison of early growth between the treated for triploid
and control groups of H. discus hannai Ino that settled on May 13
2 Cells 1.05 Treated 45.4 {n=20).
Control 643
$ Cells 135 z’:::o‘: :2:3 Group  Item 6 56 136
Archentcron 8.15 Treated 435 Treatment  SL (pm) 7854+539 10354+920 135802 108.1
Control 47.2 SW(um) 710.8+64.3 956.9 £ 81.1 —
Trochophore 12.30 Treated 43.0 Control SL(um) 9029+645 1154621172 15527:1730
Control 479 SWum) 8240=7LS 1.056.4+125.7 —

Note: D, developmental stage; T. time of postfertilization.

Note: SL, shefl leagth; SW, shell widih.

5 —
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TABLE 8.
The comparison of growth in triploid treated and control groups of H. discus hannai Ino rearing for about 4 mo (n = 30 for each group).
Shell Length Shell Width Shell Thickness Total Weight
Group (cm) (em) (em) ®
3N Group | 1372012 095 x0.08 0.2320.04 0382014
Group 2 0822022 0.58+0.13 0.1520.04 0.09 = 0.06
i Group | 1.27=0.02 0.89 £ 0.09 0.21 £0.03 0.29£0.10
Group 2 0.718 2 0.18 0.55 £ 0.11 0.14:004 0.08 £ 003
(3N-2NY2N Group 1 71.87% 6.74% 9.52% 34.48%
Group 2 . 5.13% 545% 1.14% 12.50%
because they produce, theoretically, aneuploid gametes. The ma- ACKNOWLEDGMENTS
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