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ABSTRACT

The study on polyploidy induction in the Takrom oyster,
Crassostrea belcheri (Sowerby) by thermal shock was comprised of
4 subexperiments.The embryo development at 29 + 1 ©°C sea water
temperature, polyploidization using heat and cold shock and finally
the comparison study between heat and cold shock in order to follow
growth and survival of treated larvae until metamorphosis stage at
which time they can be implanted in the rearing ground.

The result showed that at 29 + 1 ©C, the fertilized eggs
developed to the stage of first polar body, second polar body and
first cleavage within 20, 35 and 50 minutes after insemination.
These results were being used in following experiment 2 - 4.

The polyploidization using heat shock at 35, 38, 40 and 42 °C sea
water temperature, 10, 30 and 40 minutes after insemination with
5 and 10 minutes treatment duration after chromosome checking at

Trochophore stage, had average triploidy around 0 - 43.3 percentage



Iv

and survival at Straight hingé stage was around 1.19 - 27.85
percentage. Shocking temperature was the main caused both in
polyploidy achievement and survive of treated larvae, 35 ©C shocking
temperature caused lower polyploidy than other temperature level
significantly (P<0.01) while 42 ©C caused a lower survival rate than
the others (P<0.01). The cold shock induction at 3,7 and 10 °C sea
water temperature, 10, 30 and 40 minutes after insemination with 15
and 20 minutes treatment duration increased the triploidy percentage
approximately 8.45 - 35.28 and survival at Straight hinge stage was
0-20.3 percent. The shocking temperature at 10 °C had lower
polyploid when compared to the other temperature level (P<0.01).

The survival of treated lavae declined with the declined of the
temperature being used.The comparison study of heat and cold shock
on oyster larval rearing at the same batch showed.that heat shock

at 35 9C shocking temperature, 30 minutes after insemination with

5 and 10 treatment duration had better results on survival rate

at Straight hinge stage and growth at settling stage when

compared to other groups (P<0.05).
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CHAPTER 1
INTRODUCTION
1.1 General Background

Thailand 1is considered a very fruitful country due to
its more than 2,600 kms of shore line on both the west and east
coasts.Its fishery production ranked the eighth of the world in
1974 with volume of 2,000,000 metric tons/year.However, without
adequate regulation, the Thai’s fishing product has declined
gradually.The Exclusive Economic Zone declaration of neighbouring
countries has effected Thai fishing drastically.Thai fishermen
have been accused of illegally invading other territory
frequently.

In order to solve this problem one strategy, of the
Thai government hasx promoted <coastal aquaculture in order
that those marine resources will be replaced and coastal
resources will be most beneficially used.

Among those coastal aquaculture resources, bivalve
culture 1is one Thai tradition that can be traced back for
more than 100 years ago. The bivalve production in 1987 was
217,785 metric tons with a 934,292,000 baht value.With this
productivev number, Thailand was one of the leading bivalve
production countries of the world. For Thai’s oyster production,
Chew (9) ;eported that Thailand was the twelfth highest
productive country of the world and was ranked eighth in Asia and
Ocenia region.

Besides the very long sea shore, Thailand has a lot of
productive bivalve rearing area waiting for developing.So far,

bivalve is one of the most potential aquaculture resources that
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are suitable for our <climate and topography. However,one

significant problem concerning bivalve rearing promotion

which effects the consumer is the bivalve quality after spawning
season. A study in American and European oysters by Galtsoff (15)
showed that gonadal tissue was comprised of 31.2-55.0 % dried
body weight

Also Brohmanonda (8) has studied the fatness condition
of Cholburi oyster, Saccostrea commercialis and reported that
its body weight decresed dramatically after the spawning period
in which the ratio of flesh to body weight ( shell+flesh )
decreased from 12-15 % to 6-10 %

Apart from this, Allen et al.(2) reported that the market
qualities are also reduced after the spawning period.The other
disadvantages caused from spawning were high mortality and
low growth rate during the season.

Polyploidization has been used extensively in horticulture.
The 3N plant product showed higher growth due to larger cell size
and higher DNA quantity within cell.

Even application of polyploidization, when used in aquatic
species seem to be unsuccessful. According to Allen et al. (1)
who quoted that 3N fish were not different in size from 2N fish.
Although they had a larger cell size,they were less in cell
number.However to produce 3N species is very useful when applied
in bivalve species .Induced 3N oysters should result in sterile
condition. The less effort will be devoted to reproduction
activity, caused a higher growth rate and better survival.
Also the quality of oyster could be stable all year round

Besides these 4N oysters are also the target for oyster
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chromosomal manipulation since these oyster in theory could be

mated with normal oysters and give a 3N product without any
treatment.However 4N oyster can not yet been produced at the
present time as reported by Allen et al. (2).

Since polyploidization should be done only in the earlier
stage of the oyster 1life <cycle, the species wused for this
experiment should be the species that are successful in
spawning and larval rearing in a laboratory environment.

For this reason, the Takrom Oyster, Crassostrea belcheri
(Sowerby) was selected for the study.Since it was successfully
spawned and reared in hatchery.Also this oyster is one of the most
valuable bivalve in Thai waters and is one of the coastal animals

promoted by Thai government for aquaculture.

1.2 Objective of the Study
To study polyploidization techniques between heat and

cold shock in Takrom Oyster, Crassostrea belcheri (Sowerby).

1.3 Scope of the Study

1. The study was conducted on the Takrom oyster from young
larvae to the settling stage or metamorphosis stage.

2. The study comprised of 4 subexperiments.The results
of the former experiment was used for the latter experiment.
The developing of oyster larvae for polyploidization was conducted
under 29 + 1 °C sea water temperature while the larval rearing was
done under ambient condition.

3. The study emphazised on triploid result more than other

kind of polyploid.



1.4 Hypothesis of the Study

The temperature from 35-42 ©°C and 3-10 °C has a capability
for polyploidy induction when conducts in newly inseminated Takrom
oyster eggs at a suitable time after insemination and with specific
treatment duration.The embryo could develop normally until

metamorphosis.



CHAPTER 11
LITERATURE REVIEW
The literature review is separated into 3 parts as follows:
2.1 Takrom oyster biology
2.2 Polyploidization techniques
2.3 Chromosome checking techniques
2.1 Takrom Oyster Biology
The Takrom oyster, Crassostrea belcheri (Sowerby) is a kind
of bivalve and is classified as
Phylum Mollusca
Class Pelecypoda
Order Pterioida
Family Ostreidae
Brohmanonda (8) reported that the Takrom oyster is the
biggest and most valuable among edible oysters found in Thai
waters.It’s habitat is found around estuarine and mangroove areas
especially in the southern part of Thailand such as Surattani,

Songkhla, Phangnga, Ranong.

Figure 1 Takrom oyster
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Source : Brohmanonda (8)
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Table 1 Number of farms, culture area of oyster by location in

Thailand, 1989

Province No. of Farms Culture Area (rai)
Cholburi 346 1,377
Rayong 106 302
Chantaburi 667 1,439
Trat 185 187
Prachuapkhirikhan 91 63
Chumporn 22 439
Surattani 389 1,913
Ranong 24 541
Phangnga 19 4
Narathiwat 45 3
Songkhla 3 1

Total 1,897 6,269

Source : Fisheries statistical subdivision (15)
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Table 2 Area (rai), total production(ton), production (ton/rai)

and value (x1000 Baht) of oyster culture in Thailand

from year 1975-1985.

Year Area Total production |Production Value
(rai) (ton) (ton/rai) ( x1000 Baht)

1975 2,042 5,457 2.67 21,182
1976 2,364 6,963 2.95 32,378
1977 5,190 15,887 3.06 88,978
1978 4,416 14,594 3.30 154,113
1979 4,499 9,832 2.19 91,044
1980 5,298 5,665 1.07 56,593
1981 5,894 8,429 1.43 85,976
1982 6,331 5,671 0.90 39,584
1983 6,652 5,322 0.80 38,689
1984 6,173 Sk 3 1 0.93 61,354
1985 6,053 5,241 0.87 33,135

Source: Fisheries statistical section (14)
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It 1is practical for oysters to spawn all year round with
1-2 peaks of spawning which differ from place to place depending
on climate and topography of each location. Kawnuna (19) stated
that the optimal sea water temperature for Takrom oyster for
growth and breeding is between 28.5 - 30.0 °C while salinity
should be around 18.2-30.0 ppt. Angell (4) quoted that the
maximum temperature for tropical oyster should not exceed 41 Oc.

After spawning oyster became thin. Brohmanonda (8) has
studied the fatness of oyster from Cholburi and reported that
oysters from this area will be thin during July - August and
June - August depending on the kind of oyster.This phenomenon
makes oyster undesirable for marketing. This report agrees with
Quayle (30).

To wunderstand the oyster fertilized egg development, it
needed a sampling collected every 3-6 minutes after insemination.
The sample was then kept in Bouin’s solution and was examined
under microscope.

Arai et al. (6) showed the determination of the timing for
each stage was based on apparent occurrences of about 40 percent
of each stage among those examined

Besides fhese the development depended on several factors
but mainly on the sea water temperapure.

Downing and Allen (12) concluded that the oyster
embryonic development at various sea water temperature is as

follows.
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Table 3 Oyster embryonic development at various sea water

temperatures
Sea water 1Stpp 2ndpp |1Stcleavage| References
Temperature
{°C)

15 50-60 80 120 Amemiya, 1922
18-21.5 40-50 45-60 75-90 Amemiya, 1926
22.5-24.5 25-50 40-70 45-72 Galtsoff, 1964
24-25 a5 45 60 Inaba, 1936

28 17 23 34 Parrish, 1969
30-33 20 30 45 Inaba, 1936

PB = Polar body

Source : Downing and Allen (12)

Nukranad et al. (28) reported Takrom oyster larval
development as the diameter of egg was about 48-52 micron. After
insemination it developed a fertilization lmembrane,polar body,
cleavage and reached blastula stage, in which there were cilia
around its’ body and it had swimming capacity, 5-7 house after
insemination, the larvae reached the Trochophore stage.

The larvae could swim rapidly and then reached the D-shape
stage in which its shell had formed within 16-18 hours after

insemination, 3-4 days after insemination the larvae reached
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Early Umbo stage and became Eyed larvae within 15-17 days.
At this final stage, the larvae were ready for settling and the
collectors had to be prepared.

Sahavacharin et al.(34) showed the larval development
and feeding scheme of the Takrom oyster. The details are shown

in Table 4 and 5§

Table 4 Takrom oyster larval development

Embryo Stage Age Body Length
(Micron)
Fertilized egg 0 48 -~ 52
Trochophore larva 6 - 7 hrs. 50 - 55
D-shaped larva 15 - 18 hrs. 55 - 70
Umbo stage 4 - 5 days 80 - 100
Eyed-larva 11 - 13 days | 280 - 320
Settling 13 - 17 days 320 - 330

Source : Sahavacharin et al. (34)



12

Table 5 Feeding scheme for Takrom oyster larvae

Days Larval Stage Sieve Larval Feeding Density
Length Pore Density (cells/ml )
(u) (u) (larvae/ml ) A : B
1 60 D-shaped 35 10-15 7,000-10,000
3 70 45 10 10,000-15,000
5 100 Umbo 60 9 15,000-20,000
7 130 75 8 15,000 5,000
9 180 100 7 15,000 10,000
11 220 120 5 15,000 15,000
13 280 Eyed-larvae 180 3 20,000 15,000
15 320 Settling 250 1 20,000 15,000
A = Isochrysis galbana

oe]
"

Chaetoceros calcitran.

Source : Sahavacharin et al. (34)
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Chungyampin et al. (10) studied the development of small

oyster Crassostrea commercialis and concluded that the development
depended on the environmental quality of the water and food during

larval rearing stages.

Table 6 Small oyster larval development

Embryo Stage Time after insemination
Fertilization membrane 5 min.
First polar body 20 min.
Second polar body 25 min.
First cleavage 30 min.
Trochophore larva 4.30 - 5 hrs.
D-shaped larva 17 - 20 hrs.
Umbo stage 4 - 6 days
Eyed-larva 25 days
Settling 25 - 27 days

Source : Chungyampin et al. (10)
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Figure 3 Life cycle of oyster

Source : Quayle (30)

Some favorite collectors were cement poles, car tyres,
oyster shell,etc..To grow oysters to marketable size,it required
approximately 22 months but can range from 18-36 months.

Concerning the oyster chromosome number, Ayraud and
Quievreux (7) reported that all diploid oysters have 10 pairs of

chromosome with nearly the same length and centromere position.
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2.2 Polyploidization Techniques

Lamsrijun (21) stated that polyploidy was the ofganism
that had more than 2 chromosome sets which are normally found
in plants and caused from an abnormal meiosis division process.

Laosuwan (22) explained that triploidy was the organism
that had 3 sets of chromosome.The important characteristic of this
organism was the infertility since during meiosis process, the
homologous chromosome had to be together. So the -excess
chromosome then left during the process. They could attach to an
other which is called trivalent, but then they separated to each
pole within the cell irregularly,finally causing incomplete gamete.

Ojima and Makino (29) quoted that polyploidization has
been conducted with Salamander fertilized eggs by Fankhauser and
Griffiths since 1939.The cold shock treatment was manipulated
and 80 % triploid was achieved later in 1941, Kawamura had
tried the same technique with the frog Rana nigromaculata. He then
concluded that cold treatment could prevent the second meiotic
division from reaching completion and caused chromosome
duplication in the treated eggs due to the retention of the
haploid set of chromosomes normally going to the second polar body,
leading to the formation of the diploid egg nucleus. Then it was
suggested that the union of the diploid egg nucleus thus produced
with the haploid sperm nucleus would give rise to a triploid zygote.
Besides this, they quoted Sax (1936) that the failure of
the meiotic division caused by abnormal temperature is based on
disturbance of the spindle mechanism resulting from changes in

viscosity of the cytoplasm due to changes of temperature .
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Loungpromporn (24) reported several techniques

of chromosomal polyploidization. For <chemical agents, using
colchicine and cytochalasin B were more practical. But there
were some disadvantages, mainly on its residue, while there was
none when thermal or pressure techniques were being used.
Pressure techniques gave more stable results than thermal
treatmeﬁt. But for thick egg membrane species, pressure treatment
was practiced more.

Allen et al. (2) reported that the released oyster eggs
during spawning was 4N or tetraploid state after it was mated
with sperm, the meiosis process was continued. Two divisions
occured and finally the haploid state of the egg was achieved in
which when combined with another haploid chromosome of sperm,

the embryo reached diploid state.
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Figure 4 Diploid development of oyster egg

Source : Allen et al.(2)
However Polyploidization could be conducted when
chemical, thermal or pressure had been treated during meiosis
process. The Second polar body formation was inhibited and egg

chromosome numbers were still the diploid number. When mated with

male chromosome, the embryo reached 3N chromsome state.
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Downing and Allen (12) stated that the polyploidization

optima consisted of a complex interaction of various factors,
such as the temperature shock level,the susceptibility of
developing eggs and the meiotic synchrony of treated eggs.

And they explained the effect of each agent to the
polyploidization process which can concluded that the chemical
agent, such as cytochalasin B, inhibited the formation of
a microfilament network in a cell membrane but did not affect
the internel cell machinery. Therefore karyokinesis could
proceed while cytokinesis cannot.Eggs that are vulnerable

to cytochalasin B at the start of treatment will be inhibited.
Those that were not ,could continue to develop until they
became vulnerable.For pressure and thermal treatment, both
microfilament and microtubule were inhibited, thus arresting
chromosome movement. Pressure and temperature halted all
development so that only the eggs within the window of

vulnerability at the start of the treatment were affected.



19

EGG
) AN
PREFERTILIZATION oo
( When Spawned j @® © ~

SPERM (iN)

ACTIVATION il | (4N + INY
( Insemination ) o :@Z,\/

MEIOSIS |
( First Polar Body) D) (2N + IN)

INHIBIT MEIOSIS I

{ No Second Polar Body ) (2N +1N)
FUSION OF PRONUCLE! a%o%‘;
TO YIELD
oo e
TRIPLOID OFFSPRING o)
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Source : Allen et al. (2)
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Allen et al. (2) stated that tetraploid shellfish is the

organism that posses four sets of chromosomes. One way to induce
tetraploidy is to fertilize the eeg and let development proceed
normally until the first mitotic division. At this time the one

celled zygote duplicates its two sets of chromosomes mitotically
into four sets that normally will divide into two daughter cells,
each with two sets of chromosomes. A tetraploid would be produced
by inhibiting this first cleavage division so that the zygote

returns to the one cell stage. However, at the present time,

tetraploid shellfish have not yet been produced but tetraploid fish

are a reality

DIPLOM 2vCOTR

DUPLICATION OF
CHNOMOSOMES

NNSY CLEAVAQE

INHIOITION

'd A

(1)

I DAVAMTER CELLS AN DAUVOHTER CELL

Figure 6 Theoretical production of tetraploidy by inhibiting
first cleavage division

Source : Allen et al. (2)
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Hussain et al.(17) had conducted polyploidization in
Nile Tilapia by the physical method and concluded that the use
of cold shock caused a slowing down of the rate of meiotic
division, so it was necessary to apply it for a longer period
than heat shock which tended to accelerate the developing.

Downing and Allen (12) quoted that the effect of
polyploid induction using a chemical agent was on cell menbrane
component in order to inhibited polar body formation. The effect
of cytochalasin B was only on the outer surface of the egg
while chromosome still developed normally.

This was different than physical treatment such as
pressure or thermal treatment which affected both cell membranes
and within the cells.

Allen et al.(2) stated that the advantage of thermal
treatment waS the convenience of management, acceptation of the
consumers and practicability in the most primitive culture
system. While the disadvantage was a lower number of polyloidy
gained than chemical treatment.

As a matter of fact thermal treatment normally could get
3N not more than 60 % while in cytochalasin B treatment 90 -100 %
3N could achieved. But when survival rates after treatment were
considered, Quillet and Panelay (32) reported that the survival
rates in thermal treatment were not different from the control
group whilé in cytochalasin B treatment the survival rates were

much lower than control.
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Table 7 Relative survival rates after cytochalasin B treatment on

various bivalves after defining the control as 100 %

Survival rate kind References
(%)

19-30 Crassostrea virginica Stanley et al.,1981
4-13 Mercinaria arenaria Allen et at., 1982
8-25 A. irradian Taberini, 1984

30 Pecten maximus Beaumont, 1986

Source : Downing (11)

Allen and Downing (1) studied the growth rate of 3N
Crassostrea gigas, after one year rearing. The gonadal
development was lower than diploid both in male and female
oyster. Also 3N oyster had higher survival rates.

Downing and Allen (12) had treated 1 mg/l. cytochalasin B
on Crassostrea gigas at 18,20 and 25 ©C sea water temperature
respectively. The treatment was done every 15 minutes after
insemination. The result showed that treatment at 45 minutes
after insemination and 25 OC sea water temperature gave the best
result with 88 + 9 % 3N product.

Arai et al.(6) conducted polyploidization in abalone
Haljiotis discuss hannai with thermal and pressure treatment.
The result showed that cold shock at 3 ©C and 12, 30 minutes after
insemination treatment with 15 minutes duration and heat shock

at 35 O9C and 3 minutes duration gave the best result.
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Stanley et al.(35) treated 0.1, 0.5 and 1.0 mg/l.

cytochalasin B in American oyster, Crassostrea virginica and
could get 50-75 % 3N. Also the survival decreased at higher
concentration used.

Nakorn et al. (27) had tried cold shock in catfish,
Clarias batrachus at 7 + 2 °C water temperature at 0, 10
and 15 minutes aftef insemination with 10, 30 minutes duration.

The result showed that 4N could be gained from each
treatment except at 0 and 15 minutes after insemination and 30
minutes treatment duration. The lower treatment duration at 10
minutes gave a higher survival rates than 30 minutes duration.
The author concluded that treatment duration should be less than
30 minutes.

Quillet and Panelay (32) conducted heat shock in Japanese
oyster,Crassostrea gigas.The treatment temperatures were 30,32,
35 and 38 °C with 10 minutes duration.The optimal result was at
10 - 15 minutes and 35 - 40 minutes after insemination and 35 ©c
shocking temperature.

Finally the summary of polyploidization by thermal

treatment in various aquatic species was concluded as follows:
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Table 8 Summary of polyploidization by heat shock on various

aquatic animals

Kind Shocking Treatment References
Temperature duration
(°c) (minutes)
Tilapia 41 35 Hussain, n.d.
Rainbow trout 26 20 Chourrout, 1982
Atlantic salmon 3 5 Benfey and Sut-
terlin, 1984
Rainbow trout 24-30 10 Cassani and-
Caton, 1982
Chinese carp 40-42 1 "
Pacific Abalone 35 3 Arai et al.1986
Pacific Oyster 35-38 10 Quillet and

Panelay, 1986

Source : Loungpromporn (24)

Quillet and Panelay (32)
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Table 9 Summary of polyploidization by cold shock on various

aquatic animals

Kind Shocking Treatment References
Temperature duration
(°c) (minutes)
Tilapia 9-11 30-40 Hussain, n.d.
Rohu catla 12 10 John et al., 1984
Cyprinid Loach 10 60 Suzuki et al.,
1985
Catfish 7 + 2 10,30 Nakorn et al.,
1988
Pacific abalone 3 15 Arai et al., 1986

Source

Loungpromporn (24)

Nakorn et al. (27)

Arai et al. (6)
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2.3 Chromosome Checking Techniques

Kumpiranon (20) presented some techniques for chromosomal
study such as hypotonic treatment in order to cause cells to swell
and make chromosomes within the cell have better distribution.
Colchicine treatment made the cell division to stop at metaphase
stage,since colchicine will block the microtubule within the cell
and spindle fiber can not form.

Quillet and Panelay (32) studied chromsome numbers
before shell formation oyster larvae stage using folllowing
techniques.

1. Two hours after fertilization, aliquots of eggs were
placed in 0.005 % Colchicine solution for 1.5 hours.

2. Then they were subjected to a hypotonic treatment
1 hour (0.2 Sea water + 0.8 distilled water).

3. They were fixed in three washes of ethanol/chloroform
/acetic acid (3:2:1) solution.

4. The suspension of eggs was then dropped on to a warm
( 54 °C ) microscope slide, air dried and stained in 4 % Giemsa
buffered at PH 6.8 for 10 minutes.

5.Scan the slides under compound microscope for
chromosme spread Diploid oyster have 20 chromosome, triploid 30.

Allen et al. (2) showed the technique used for

chromosome checking in spat oyster as follow.
1. Arrest metaphasef
Try to wuse spat that are 3-5 mm. in diameter take
several shells on which spat have set or,if cultchless take about
two dozen spats and place them in a beaker containing sea water,

some algae to keep oyster pumping and 0.05 % colchicine is used
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at 4-8 hours.

2. Swell the cell with hypotonic solution.

Remove oyster tissue from the shell in one piece and
place all the tissue together in cold 0.9% sodium citrate (about
50-100 times the volume of tissue) for an hour. Agitate the
oyster in the hypotonic solution several times during the hour.

3. Fix the tissue.

Drain the citrate solution and about 10 tome volume
of freshly made Carnoy’s solution (3:1). Agitate tissues in
fixative. After few minutes drain Carnoy’s solution and add the
same volume of fresh Carnoy’s»solution again. Fix for one hour.

4. Store the tissue.

Drain the Carnoy’s solution and add about 5 times
the volume of absolute methanol. Drain and repeat. Oyster tissue
may be stored in methanol at 4 ©C for at least 6 months.

5. Make cell suspension.

Remove one oyster from methanol and place in watch
glass. Dab with tissue to remove excess methanol. Add 1 drop of
50 % acetic acid and mince the tissues with scalpels. It should
fall apart easily. Using a pipette,place the minced tissue
suspension in to a test tube and suspend in about 1-2
milliliters of 50 % acetic acid.

6. Prepare slides.

Allow cells to stand in 50 % acetic acid 10-15
minutes. Using a pasteur pipette,drop single drops of cell
suspension at 45-50 ©C. Immediately aspirate the drop off the
slide by taking up alls where the edge of the drop was. Repeat

until 10-20 individual rings are present.
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7. Stain cell.

Remove slides from slide warmer and allow to air
dry over night. Stain in 5% Giemsa in pH 6.5 phosphate buffer
for 10 minutes.

8. Scan the slides under a compound micrscope for
chromosome spreads.
Allen et al.(2) quoted Komaru et al. (n.d.) who presented
microfluorimetry techniques for chromosome checking as follows:
1. Obtain biopsy.

From large spat or juveniles, dissect a small piece
(2-5 cubic millimeters) of gill and fix it in fresh Carnoy’s
fixative.

2. Prepare cell.

Mince fixed gill with scissors of scapel in 50 %
acetic acid. Drop the «cell suspension on a warm (50 ©°C) slide.
As a reference, drop cells from a known diploid onto another
region of the same slide and air dry.

3. Prepare slides.
Stain with DAPI solution for one hour at 4 °C. Cover
slides with cover slides and seal with nail polish.

DAPI solution.

50 mg./ml. 4,6~diamidino-2-phenylindole
dihydrochloride (DAPI)

10 mM 2-mercaptoethylamine hydrochloride in
Tris buffer

Tris buffer, pH 7.4

10 mM Tris

10 m M EDTA
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10 m M NaCl
4. Measure fluorescence.
Excite the DAPI stained nuclei with an ultraviolet
light source (365 nm) on a fluorescent microscope equipped with
a photometer. Measure 10-20 nuclei,putative triploid nuclei with

that of the diploid cells on the same slide.



CHAPTER 111
METHODOLOGY
3.1 Materials
The detial of materials being used in the study was
described as follows
Materials for oyster stripping.
1. Mature Takrom oyster 100-200 pieces
2. One set of operation instrument.
Materials for thermal Shock.
1. Water bath and circulation.
2. Thermometer 6 pieces
3. Glass aquarium 10 1. volume, 25 pieces.
4. Egg container and strainer with 10-15 micron pore
size, 25 pieces.‘
5. Distributor 1 pieces.
Chemical reagents for chromosome checking.
1. Potassium chloride
2. Colchicine
3. Elthyl alcolhol
4. Methyl alcolhol
5. Glacial acetic acid
6. Chloroform
7. Phosphate buffer pH 6.5
8. Giemsa
Materials for chromosome checking.
1. Centrifuge and test tubes
2. Refrigerator

3. Hot plate
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4. Compound microscope

S. Pipette 5,10 ml
6. Sampling bottle
7. Vortex
Materials for oyster larvae rearing.
1. Fiberglass tank 50 litres volume,20 tanks
2. Sieve and strainers at 45,60,120,150,180,210,
250,300 and 420 micron pore size.
3. Sedgewick-rafter counting chamber
4. sSingle cell algae for oyster larvae feeding
such as
Isochrysis galbana
Chaetoceros calcitran
Tetraselmis sp.
Thalllassiosira sp.

5. Other miscellaneous materials.

3.2 Methods
The study comprised of 4 subexperiments:

3.2.1 Development of fertilized Takrom oyster eggs at
29 + 1 Oc.

3.2.2 Polyploidy induction in the Takrom oyster using heat
shock.

3.2.3 Polyploidy induction in the Takrom oyster using cold
shock.

3.2.4 Comparative experiment of polyploidy induction
between heat and cold shock in the Takrom oyster.

The details in each topic study was described as below.
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3.2.1 Development of Fertilized Takrom Oyster Eegs at 29 + 1 9

The 20-30 mature Takrom oysters were washed outer shells
in order to clean outer surface.Then they were opened the shell
in order to get oyster tissue. The gonad of oyster was cut by
dissecting set in order to collect eggs or sperm.Seperate each
gamete into different beaker containers. Strain eggs through
60-70 micron sieve to eliminate undesirable materials that larger
than eggs and restrain with 25 micron sieve to obtain only
mature eggs. Sperm was only strained with 25 micron sieve.Mixing
eggs with sperms and began time checking, incubated these
inseminated eggs in 29 + 1 °C sea water temperature container.
Eggs density was vafied between 50-100 eggs/ml.

Sampling and Analysis.

1. Sampling inseminated eggs every 5 minutes until one
hour after insemination.The sample was kept in Bouin’s solution.
2. Check the development by compound microscope.
The development stage was devided to
First polar body stage
Second polar body stage
First cleavage stage
The classification of development stage followed Arai et

al. (6).
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3.2.2 Polyploidy Induction in Takrom Oyster Using Heat Shock

Factarial analysis was used in order to study 3 factors
effected on polyploidization by heat shock. The factors studied
were

1. Sea water temperature.
The 35, 38, 40 and 42 ©°C sea water temperature were
used for polyploidy induction.
2. Time after insemination.
Time after insemination represented to the development
stages of fertilized eggs which devided to
- Before first polar body formation.
- After first polar body formation but before
second polar body formation stage.
- After second polar body formation but before
first cleavage stage.
3. Treatment duration were 5 and 10 minutes.

So the experment had 4*3%2 = 24 treatment combinations
and included one control group. Also 3 replications had been
conducted.

The study was conducted by stripping 20-30 mature Takrom
oysters,seperating male and female gametes in different containers.
Cleaning eggs and sperm by straining. Mixing eggs with sperm and
started time checking.

The fertilized eggs were kept in PVC. cylindrical bottomed
with 15 micron pore size sieve, 500,000-1,000,000 eggs/container
and kept in 29 + 1 9C sea water temperature basin.

These containers were used for polyploidization at the

desirable scheme.

26975 1 040077
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The treated eggs were kept rearing for embryonic
development in 10 litres volume glass aquariums.
Sampling and analysis
- Sampling Trochophore larvae to do chromosome

checking, the 50 chromosome groups was examined under microscope
with 200 -1,000 magnification power.The number of chromosome was
categorised as

N-haploid = 10 chromosomes

2N-diploid = 20 chromosomes

30 chromosomes

3N-Triploid
4N-Tetraploid = 40 chromosomes

- Sampling number of developed larvae to D-shaped
stage the number of developed larvae was showed in percentage.

- The percentage of polyploidy yield and survival
rate was analyzed for homogeneity of variance by Bartlett’s test
if the data was not homogenized.The angular transformation had to
be done in order to get homogeneity of variance and normal
distribution. After that, the data was analyzed of variance and

tested mean difference by Duncan’s new multiple range test.
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3.2.3 Polyploidy Induction in Takrom Oyster Using Cold Shock

The experiment was similar to the experiment 2 but
different in the degree of each factors used such as.
1. Sea water temperature.
The temperature used for cold shock were 3,7 and
10 ©C respectively.
2. Time after insemination
The detail was as same as experiment 2.
3. Treatment duration.
The duration used were 15 and 20 minutes.
The experiment had 3*2*3 = 18 treatment combinations
and one control group. Also 3 replication were conducted.
The methodology and analysis detail was as same as in

experiment 2.
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3.2.4 Comparative Experiment of Polyploidy Induction between

Heat and Cold Shock in Takrom Oyster

The first 3 treatments that showed better results in
terms of survival and polyploidy yield were reexamined.
Using randomized complete block design and with 3 replications.

The larvae were kept rearing in 300 1 rearing tanks
until metamorphosis. The rearing method used in the experiment
was followed Sahavacharin et al. (34)

Sampling and analysis.

- Sampling oyster larvae every 2 days to know
growth and survival rates of each treatment.

- The percentage of survival rate of one day old
larvae and at metamorphosis stage was analyzed for homogeneity of
variance by Bartlett’s test,if the data was not homogenized.The
angular transformation had to be done in order to get homogeneity
of variance and normal distribution.After that, the data was
analyzed of variance and tested mean difference by Duncah’s new
multiple range test.

- The average shell length of one day old larvae
and at metamorphosis stage was analyzed of variance and tested

mean difference by Duncan’s new multiple range test.



CHAPTER 1V
RESULTS AND DISCUSSION
4.1 Development of Fertilized Takrom Oyster Eggs at 29 + 1 °C
The fertilized eggs developed first polar body, 5 minutes
after insemination. The peak of first polar body formation was
at 20 minutes after insemination.The second polar body started at
20 minutes and reached the peak at 35 minutes after insemination.
While first cleavage began at 35 minutes and became the most at
50 minutes after insemination.The details was in figure 7.
The embryo developed to Trochophore stage within 6 hours and become
D-shape or Straight hinge larvae 13 hours after insemination.
The average of 90.90 percent of stripped eggs were fertilized by
sperms but only 27.15 percent developed to Straight hinge stage.
Since the result of experiment 1 will be used in the

further experiments, especially for identification time after
insemination factor.According to the result of developing of
fertilized Takrom oyster eggs at 29 + 1 OC in this topic, time
after insemination for using in experiment 2-4 was described as
Ofollows

10 minutes after insemination represented time before
first polar body formation stage.

30 minutes after insemination represented time after first
polar body formation but before second polar body formation stage.

40 minutes after insemination represented time after second

polar body formation but before first cleavage stage.
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Figure 7 Number of oyster embryonic development within 60 minutes

after insemination
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Figure 8 Asynchronous development of fertilized oyster eggs

Figure 9 Trochophore

larvae,

6-7 hours after insemination



Figure

10 Straight hinge larvae or D - shaped larvae,

13 hours after insemination

40
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4.2 Polyploidy Induction in Takrom Oyster Using Heat Shock

4.2.1 Survival rates of one day old larvae

The survival rates of one day old, Straight hinge
larvae after treated with heat shock, varied from 1.19 - 27.85 %
(Table 10 ) compared to 27.25 % in the control group.The factors
that affected survival on heat shock treatment were shocking
temperature level (P<0.01) and treatment duration (P<0.01).

The details was in Table 21.

Shocking temperature at 35 ©C resulted in the highest
survival which differed from the rests (P<0.05).In contrast,
shocking temperature of 42 ©C yielded lowest survival. There was
no statistical different in survival rate of Straight hinge larvae
with 38 and 40 °C shocking temperature ( Table 22).

The different survival rate was also depended on
treatment duration.Long treatment duration (10 minutes) caused
lower survival when compared to short treatment duration (5 minutes)
(P<0.01).

There was no statistical difference of survival based
on the amount of time after insemination that was being used in

the experiment.



Table 10

fertilized egg using heat shock
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Average survival rates of treated Takrom oyster

Shocking Temp. 35 O¢ 38 °c 40 °C 42 Oc

Duration 5 min. 10 min. |5 min. 10 min.|5 min. 10 min. 5 min. 10 min.

Time after insem.

10 min. X 26.73 18.00 [18.79 12.56 |[10.28 9.48 8.29 1.19
S.D. 10.26 3.82 | 3.03 4.97 | 5.08 7.14 6.85 0.69

30 min. ii 24.19 23.98 {15.32 7.51 9.80 3.97 4.17 1.59
S.D. 6.61 6.90 | 3.28 4.49 { 5.08 1.58 2.35 1.17

40 min. i. 27.85 21.44 [15.59 4.70 12.73 3.97 6.92 1.99
S.D. 9.98 6.95 | 8.40 1.12 1.26 2.78 2.79 1.66
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4.2.2 Polyploidy Achievement

The result of polyploidy achievement, 6-7 hours after
insemination detection showed that both triploid and tetraploid
could be achieved from the induction. Even the latter could be
achieved at low proportions. The average triploidy percentage
varied from 0-43.3 % while tetraploid was 0-2.22 %.The detail of
triploidy and tetraploidy achieved from heat shock treatment was
shown in Table 11 and 12.

The factors that affected triploidy achievement
were shocking temperature (P<0.01) and time after insemination
(P<0.05).The analysis was shown in Table 23. Shocking temperature
at 35 ©°C showed the lowest triploidy percentage and significantly
differed from the other groups (P<0.05). While there was no
statistical difference between 38,40 and 42 ©C shocking temperature
(Table 24).

Also treatments at 10 minutes after insemination
showed the 1lowest percentage of triploidy with statistical
difference from the others (P<0.05).While there was no statistical
difference between treatments that conducted 30 and 40 minutes

after insemination (Table 25).



Figure

12 Metaphase chromosome of diploid {( 2N=20 )
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Figure 13 Metaphase chromosome of triploid ( 3N=30 )

Figure 14 Metaphase chromosome of tetraploid ( 4N=40 )
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Table 11 Average 3N percentage of treated Takrom oyster

fertilized egg using heat shock

Shocking Temp. 35 O¢ 38 O¢ 40 °C 42 S¢

Duration 5 min. 10 min.|5 min. 10 min. {5 min. 10 min.|5 min. 10 min.

Time after insem.

10 min. X 0.00 7.22 [13.63 23.42 [24.43 27.62 127.17 33.98
S.D. 0.00 0.78 0.45 1.17 | 6.27 5.06 |11.56 13.00

30 min. X 17.21 18.20 [24.95 35.53 [32.86 19.33 [19.75 19.43
S.D. 5.51 4.85 9.65 17.38 {12.62 4.50 | 4.38 1.80

40 min. X 14.37 19.09 [29.75 31.09 {30.33 43.30 [32.21 27.76
S.D. 4.70 13.77 13.92 5.53 | 6.60 7.21 [14.99 5.66
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of treated Takrom oyster
fertilized egg using heat shock
Shocking Temp. 35 Oc 38 O¢ 40 OC 42 Oc
Duration 5 min. 10 min. (5 min. 10 min.|5 min. 10 min.|5 min. 10 min.
Time after insem.
10 min. X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 min. i 0.00 0.00 2.22  0.00 0.00 0.00 0.00 0.00
S.D. 0.00 0.00 3.14 0.00 0.00 0.00 0.00 0.00
40 min. X 0.00 0.00 2.22 2.08 0.00 2.22 0.00 2.22
S.D. 0.00 0.00 3.14 2.94 0.00 3.14 0.00 3.14

4.2.3 The survival and triploidy proportion achieved from

The

heat shock induction.

proportion of survival percentage multiplied with

triploidy percentage from each treatments is shown in Table 13

The first 3 maximum proportion achieved from the experiment were

used for larval rearing in experiment 4.
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Table 13 The proportion of average % 3N * average % survival from

heat shock treatment

Shock Temp.| Time af.insem. Duratibn %3N |%Survival |%3N*%Survival
(°c) (min.) (min.)
35 10 5 26.73 0
10 7.22 18.00 129.96
30 5 17.21 24.19 416.31
10 18.20 23.98 436.44
40 5 14.37 27.85 400.20
10 19.09 21.44 409.29
38 10 5 13.63 18.80 256.24
10 23.42 12.56 294.15
30 5 24 .95 15.32 382.23
10 35.53 7.51 266.83
40 5 29.75 15.59 463.80
10 31.09 4.70 146.12
40 10 5 24.43 10.28 251.14
10 27.62 9.48 261.84
30 S 32.86 9.80 322.03
10 19.33 3.97 76.74
40 5 30.33 12.73 386.10
10 43.30 3.97 171.90
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Table 13 The proportion of average % 3N * average % survival from

heat shock treatment.(Continued)

Shock Temp.| Time af.insem.| Duration %3N |%Survival |%3N*%Survival

(°c) (min.) (min.)

42 10 5 27.17 8.29 225.24

10 33.98 1.19 40.44

30 5 19.75 4.17 82.36

10 19.43 1.59 30.89

40 5 32.21 6.92 222.89

10 27.76 2.00 55.52
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4.3 Polyploidy Induction in Takrom Oyster Using Cold Shock

4.3.1 Survival rates of one day old larvae

The survival after treatment with cold shock treatment
varied from 0 - 20.3 % compared to 33.15 % in the control group.
The details was in Table 14.

Factors that affected survival in cold shock
treatments were shocking temperature and time after insemination.
The analysis was shown in Table 26.

There was a highly significant difference of average
survival rates at various shocking temperature levels (P< 0.05).
At 3 OC shocking temperature, the survival rate of one day old
larvae was lower than those treated with 10 ©C (P<0.05).

However, there was no statistical different of the survival rate
of the larvae shocked with 7 and 10 ©°C (Table 27).

The difference in survival rate that depended on time
after insemination (P<0.05) showed that treatments that conducted
40 minutes after insemination had lower survival than those of
10 and 30 minutes after insemination while there was no statistical

difference between 10 and 30 minutes after insemination (Table 28).
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Table 14 Average survival rates of treated Takrom oyster

fertilized egg using cold shock

Shocking Temp. 3 Oc 7 Oc 10 9¢

Duration 15 min.20 min. {15 min.20 min. |15 min.20 min.

Time after insem.

10 min. X 6.88 0.47 9.54 5.55 10.36 5.07
S.D. 7.79 0.67 8.40 4.54 11.20 3.44

30 min. X 0.61 0.20 9.58 2.36 11.24 20.30
S.D. 0.60 0.29 [11.31 2.91 7.97 12.44

40 min. X 0.50 0.00 0.19 0.70 2.20 1.40
S.D. 0.44 0.00 0.15 0.30 1.36 1.30
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4.3.2 Polyploidy Achievement

Most of the detected polyploidy were triploidy while
tetraploidy was detected at a small quantity. The detail of
triploidy and tetraploidy achieved from cold shock treatment was
shown in Table 15 and 16, respectively.The factors that affected
triploidy induction in cold shock treatment were shocking
temperature (P<0.01),interaction between shocking temperature
versus time after insemination (P<0.01) and interaction of shocking
temperature and treatment duration (P<0.05).The analysis was
shown in Table 29. Comparing among 3 ,7 and 10 °C shocking
temperature used in the experiment, 10 C shocking temperature
caused a lower triploidy percentage than 3 and 7 °C (P<0.05).
There was no statistical difference of triploidy percentage

between 3 and 7 ©C (Table 30).
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Table 15 Average 3N percentage of treated Takrom oyster
fertilized egg using cold shock
Shocking Temp. 3 Oc 7 OcC 10 ©cC

Duration

Time after insem.

15 min.20 min.

15 min.20 min.

15 min.20 min.

10 min. X 19.08 35.28 {23.99 20.55 8.45 10.20
S.D. 1.20 3.36 3.16 6.25 2.51 2.35
30 min. X 26.58 25.27 {31.42 15.71 |10.62 12.92
S.D. 13.55 10.63 [11.29 5.36 3.15 2.28
40 min. X 16.21 17.83 [29.89 23.29 [20.83 21.80
S.D. 2.48 2.61 7.01 2.60 3.12 2.27
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Table 16 Average 4N percentage of treated Takrom oyster
fertilized egg using cold shock
Shocking Temp. 3 Oc 7 OC 10 °c
Duration 15 min.20 min. {15 min.20 min. {15 min.20 min.
Time after insem.
10 min. X 0.00 0.00 { 0.00 0.00 0.00 0.00
S.D. 0.00 0.00 0.00 0.00 0.00 0.00
30 min. X 4.52 9.53 | 5.00 0.00 6.66 0.00
S.D. 7.84 13.48 8.66 0.00 3.14 0.00
40 min. X 0.00 0.00 | 3.00 3.33 0.00 9.43
S.D. 0.00 0.00 4.24 3.23 0.00 6.67




57
4.3.3 The survival rate and triploidy proportion achieved

from cold shock induction.
The proportion of survival percentage multiplied with
triploidy percentage from each treatment was showed in Table 17.
The first 3 maximum proportions achieved from the experiment were

used for larval rearing in experiment 4.

Table 17 The proportion of average % 3N * average % survival from

cold shock treatment.

Shock Temp.| Time af.insem.| Duration %3N |%Survival |%3N*%Survival

(°c) (min.) (min.)

3 10 15 19.08 6.88 131.27

20 35.28 0.48 16.93

30 15 26.58 0.61 16.21

20 25.27 0.20 5.05

40 15 16.21 0.50 8.10

20 17.83 0.00 0.00

7 10 135 23.99 9.54 228.86

20 20.55 5.55 114.05

30 15 31.42 9.58 301.00

20 15.71 2.36 37.08

40 15 29.89 0.19 5.67

20 23.29 0.70 16.30
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Table 17 The proportion of average % 3N * average % survival from

cold shock treatment.{(Continued)

Shock Temp.| Time af.insem.| Duration %3N |%Survival |%3N*%Survival

(°c) (min.) (min.)

10 10 15 8.45 10.36 87.54

20 10.20 5.07 51.71

30 15 10.62 11.24 119.37

20 12.92 20.30 262.28

40 15 20.83 2.20 45.83

20 21.80 1.40 30.52
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4.4 Comparative Experiment of Polyploidy Induction between

Heat and Cold Shock in Takrom Oystef
4.4.1 Selected treatments for comparison.

The selected treatments being used in comparative
experiment of polyploidy induction between heat and cold shock
were considered from the result of heat and cold shock separately.
The average percentage of 3N multiplied with average survival rates
achieved from each treatments were the main consideration,in which
the three maximum of each trail were used for the final experiment.

The treatments being used was concluded in Table 18.

Table 18 The treatment description of heat and cold shock used in

experiment 4

Treatment Shock Temp.| Time after insemination Duration
(°c) (min.) (min.)
Heat shock 8 - 40 5
35 30 10
35 30 5
Cold shock 7 30 15
10 30 20
7 10 15
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4.4.2 Growth and survival of selected treated larvae

Comparing survival rates of Straight hinge larvae among
various treatments showed that there were statistical difference
(P<0.05) among all selected cold shock treatments and heat shock
at 38 OC when compared to the control group.There was no difference
with the control for the rest of heat shock or heat shock at 35 ©C
shocking temperature (Table 31 and 32).

The percentage survival from Straight hinge to settling
varied from 1.53 - 4.15 cdﬁpared to 4.45 in the control group.
However, there was no statistical difference between average
survival rates for each treated groups and control.

The average shell length of Straight hinge larvae varied
from 63.8-65.6 micron in treated groups compared with 65.2 micron
in control.There was no statistical different between the average
shell length of Straight hinge larvae between each treatments and
control group. The larvae spent 19 days in the veliger stage.
After that they become Pediveliger larvae which were ready for
settling and metamorphosis. By this time, most of the treated
group had a higher average shell length than the control group,
especially in heat shock treatments at 335 Oc where the average
shell length was higher than others including with the control
group statistically (P<0.05).The details was in Table 33 and 34.

All the treated groups were successful for settling.
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Table 19 Average survival rates of oyster larvae from selected

treatments

Treatment 7-10-15% 7-30-15 10-30-20 35-30-5 35-30-10 38-40-5 Control

Age

1 day old X 12.52 10.39 20.69 45.84 40.21 20.85 58.62

s.p. 7.11  10.58 6.58 19.12 14.62 9.32 6.64

19 days old X 2.12 4.15 2.01 3.30 1.55 1.33 4.45

S.D. 1.93 3.35 1.26 1.73 0.95 0.79 2.31

Table 20 Average shell length (micron) of oyster larvae from

selected treatments

Treatment 7-10-15% 7-30-15 10-30-20 35-30-5 35-30-10 38-40-5 Control

Age

1 day X 64.70 65.26 65.56 63.80 64.46 65.16 65.23

s.D. 3.23 5.02 1.25 3.36 3.88 2.02 2.13

19 days X 244.60 261.00 254.60 275.00 288.00 236.16 258.30

s.D. 2.39 6.37 17.21 4.08 8.49 13.29 13.12

Note a-b-c*: a-Shocking temperature (°C)
b-Time after insemination (min.)

c-Treatment duration (min.)
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Figure 19 Pediveliger oyster larvae, 19 days after insemination

Figure 20 Takrom oyster spats
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4.5 Discussion

4.5.1 Embryonic Development

The embryonic development of the Takrom oyster at
29 + 1 °Cc for first polar body ,second polar body and first
cleavage spent longer time than those reported by Downing and
Allen (11).The duration from first to second polar body formation
in this study was 15 minutes.Since this specific time was
theoretically the most suitable period for triploidization in
order to extend this period,the eggs should be incubated in sea
water temperature lower than 29 + 1 ©C.The development of oyster
embryo in this study was similar to those reported by Downing (10)
and Allen et al.(2) in which it was an obstacle for polyploidization
as reported by Allen et al. (2).

4.5.2 Survival Rate

The initial survival of Straight hinge larvae was quite
low,which could probably due to the combined effects of striped
spawning,egg qualities that varied by the season and the treatments
themselves. Since in striped spawning,spawned females released
all stage of eggs,immature eggs caused on unsuccessful development.
The average survival of one day old larvae in the control group
were 27.25 % and 33.15 % in heat shock and cold shock respectively.
The number were quite low when compared to survival rates achieved
from normal spawning in which 70-90 % survival is normal.However
the controlgroup survival rate achieved from the experiment was
similar to those conducted by Downing and Allen (12) who conducted
striped eggs in Japanease oyster and only 41 + 11 % survival was
achieved at Straight hinge stage.Besides this,shocking temperature,

duration and time after insemination were important factors that
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affected survival.Shocking temperature was the main factor

affected both polyploidy and survival achievement.However all
shocking temperature used for cold shock were between 3-10 oc
which are nearly 20 9C different from the ambient condition.
This is compared to those temperatures used in heat shock which
varied from 35-42 ©C and had less than 15 ©°C difference from
the ambient condition.The vast difference of shocking temperatures
used may be the another reason for the high mortality rate of the
cold shock treated oyster larvae.Similar to cold shock treatment,
42 Y°C may be too high for young embryo to withstand so that a very
low survival rate was achieved. According to Angell (4) who quoted
that 41 ©°C was the maximum temperature for the Takrom oyster.
while 35 ©C shocking temperature was too low a temperature to gain
a high polyploidy percentage.

Regarding the treatment duration used in the exﬁeriment.
There was no difference of survival and polyploidy percentage
caused from 15 and 20 minutes for cold shock treatment duration.
There was also a very significant difference (P<0.01) between 5
and 10 minutes duration that used in heat shock treatment on the
survival of treated larvae but has no effected on polyploidy
achievement . .This means that the duration may be shorter in order
to reduce the mortality rate of the treated larvae.

Time after insemination is one of the important factors
that affected survival and polyploidy yield of treated larvae.
The treatment at 40 minutes after insemination in cold shock
caused a higher mortality rate than the others.While at 10 minutes
after insemination. It caused a lower polyploidy achievement in

heat shock treatment.According to Hussain et al.(17), Downing and
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Allen (12) who reported that heat shock tended to accelerate egg
development of the treated larvae through a window in which it
was necessary for them to be retained in order to have maximal
effect while cold shock caused a slow down of the rate of meiotic
division.The longer treatment duration that was used in cold shock
treatment caused the treatment to skip a critical stage of
development of the larvae i.e. polarbody formation,first cleavage
which significantly reduced survival.The survival of cold shock
larvae varied from 0-20.30 % compared to 1.19-27.85 % in heat
shock.
4.5.3 Polyploidy Achievement

Even polyploidization which used thermal shock in this
experimentshowed lower percentageoftriploid than those reported
by Quillet and Panelay (30) where 60 % triploid was achieved.The
maximal averages from this experiment were 43.3 % and 35.28 % 3N
from heat and cold shock, respectively.Although in some cases
50-60 % 3N were achieved especially in heat shock treatment.This
was due to several factors and one among them was asynchronized
development of the oyster embryo. According to Allen et al.(2)
who stated that asynchronous development among eggs probably
resulted in lower proportions of triploidy.Our embryo development
detected in the experiment 1,showed that even we had described the
development of embryo at a defined time after insemination,based
on 40 % of apparent stage observed from the microscpoe. But as the
matter of fact,oyster embryo development had a vast variatioh among
the eggs.Since oyster is considered a fecund aquatic species,each
female can release more than ten million eggs per one spawning.

These enormous number of eggs after mating with sperms had
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asynchronized development.So it is not surprising that almost

every treatment achieved triploidy formation.This phenomenon was
similar to Hussain et al. (17).

The main factor that affected polyploidy achievement
were shocking temperature both in heat and coldshock.

The 10 °C caused lower polyploidy when compared to 3 and 7 ©C
in cold shock treatment while 35 ©C was the same when compared
to 38 ,40 and 42 °C in heat shock treatment.

The treatment at 10 minutes after insemination in
heat shock caused a lower polyploidy percentage compared to
treatment at 30 and 40 minutes after insemination.

Although we could observe triploidy in almost of the
treatments, a higher portion of triploidy was achieved within 30
minutes after insemination both in heat and cold shock
treatments where the development of the embryo was before second
polar body but after first polar body formation.This stage was
the most suitable for polyploidization as stated by Allen et al.
(2).

Besides these, the experiment showed that a higher
percentage of triploidy was gained from heat shock than that
achieved from cold shock which differed with Downing and Allen (12)
who quoted that cold shock treatments are more successful than
heat shock for warm water species. Because of the lower survival
achieved from the cold shock treatment, the polyploidization
using heat shock should be more appropriate for a tropical

’

climate like Thailand ’s.
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4.5.4 Comparison between Heat and Cold Shock

The comparison study between selective heat and cold
shock when conducted at the same batch, heat shock at 35 9C showed a
better survival rate at the Straight hinge stage and had no difference
when compared with the control group, while all cold shock treatments
including heat shock at 38 ©C had a lower survival rate (P<0.05).

The survival of treated larvae at 19 days old or at the
settling stage was not statistically different in each treated
groups when compared to the control group.The result was
similar to Quillet and Panelay (32).

Regarding the size and growth of treated larvae,
There was no difference between the size of treated larvae at the
Straight hinge stage and the control group which agreed with
Allen et al.(2) who quoted that even polyploid shellfish had
larger cells but the number of cells was decreased, so that it was
the same size as diploid shellfish. However, when compared to the
size af the settling stage,the treated group seemed to have better
growth than the control group especially in heat shock at 35 ©C
shocking temperature.

Our conclusion is that heat shock at 35 ©°C and 30 minutes
after insemination , with 5 and 10 minutes treatment duration had
a better result regarding polyploid yield , survival at earlier
stage, and growth at settling stage.Although our result does not
agree with Downing (11) who advocated that cold shock was more
successful for polyploidization than heat shock for warm water

species.



CHAPTER V
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
5.1.1 Development of Fertilized Takrom Oyster Eggs at
29 + 1 OC

The fertilized eggs developed asynchronously.First polar
body, second polar body and first cleavage stage was found 20, 35
and 50 minutes after insemination.Trochophore stage developed
at 6 hours and Straight hinge stage started at 13 hours
after insemination.The average 27.15 % of inseminated eggs from
strip spawning developed to Straight hinge stage.

5.1.2 Polyploidy Induction Using Heat Shock

Most polyploid obtained from the experiment was
triploidy while tetraploidy was detected at a small quantity.
The average percent of triploid varied from O - 43.30.The maximum
triploidy percentage was the treatment of 40 ©C shocking
temperature, 40 minutes after insemination and 10 minutes
treatment duration.The factor affecting the percentage of triploid
was mainly on the shocking temperature and time after insemination
inwhich 38, 40 and 42 ©C gained a higher percentage than 35 °C
(P<0.01).Treatments at 10 minutes after insemination yield less
percentage than 30 and 40 minutes after insemination (P<0.05).
Survival rates at Straight hinge stage when shocking temperature
was as high as 42 °C had a lower survival rate including long
treatment durations like 10 minutes duration which caused a lower
survival rate compared to 5 minutes duration (P<0.01).
The optimal treatments were considered the higher proportion of

percent triploidy and survival being used in experiment 4.



71
5.1.3 Polyploidy Induction Using Cold Shock

Similar to heat shock, most polyploidy obtained was
triploidy and triploid percentage varied from 8.45-35.28.

The maximum was found in treatment of 3 ©C shocking temperature,
10 minutes after insemination and 20 minutes treatment duration.
The main factor affecting on percentage of triploidy was shocking
temperature where 10 ©C had lower percent than 3 and 7 °C (P<0.01).
The survival rates at straight hinge larval stage varied from
0 - 20.3 percent,a lower shocking temperature as 3 °C caused
lower survival compared to 7 and 10 ©°C. The treatments which were
conducted at 40 minutes after insemination also showed lower
survival rates.

5.1.4 Comparative Experiment between Heat and Cold Shock

The comparison study between selective heat and cold
shock when conducted at the same batch, heat shock at 35 ©C showed
better survival rate at the Straight hinge stage and had no
difference when compared with the control group while all cold
shock treatments including heat shock at 38 ©C had lower survival
rate (P<0.05).

The survival of treated larvae at 19 days old or at
settling stage was not statistically different in each treated
group when compared to the control group.

There was no difference between the size of treated larvae
at Straight hinge stage.However when compared to the size at the
settling stage,the treated group seem to have a better growth
than the control group especially in heat shock at 35 ©C

shocking temperature.
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5.2 Recommendations

Further research should be continued in order to improve
the technique used for polyploidization.Continuous research
should concentrate on :

5.2.1 Even the result from this study showed that heat
shock had better effects when compared to cold shock induction.
In order to improve the result from this study, some variables
shouldbe adjusted in order to gain better polyploidy and
survival.For cold shock, the shocking temperature should be
around 7 ©C, treatment should begin before 40 minutes after
insemination and duration should not excess 15 minutes.

In heat shock treatment,shocking temperature should vary
between 38 - 40 ©C since a higher level as 42 ©C caused a lower
survival rate while lower temperature such as 35 ©C caused a lower
polyploidy percentage. The treatment duration should not exceed

5 minutes.

5.2.2 The new techniques used in order to synchronize
the oyster eggs development in which all the treated eggs could
develop to ready stage for induction.One approach is to conduct
broodstock conditioning before polyploidization in order that all
. the broodstock used are in ripe condition and have synchronous
development of treated eggs.Another approach is to do
polyploidization during spawning season so that most of the
broodstock used are in ripe condition.

5.2.3 The long term experiment to follow triploid
oyster in culture ground. Since this experiment was done only to
the earlier stage of oyster ( metamorphosis ), in order to follow

the result of triploidy in rearing ground, at least one year
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duration research should be continued.The topics which should be
studied are growth rate, mortality rate, gonadal development
and the fatness or condition factor of the oyster. All the topic
studied should be compared between triploidy and normal diploid
ovsters.

5.2.4 The result from this study can be applied in
another bivalve species such as making triploidy or sterile pearl
oyster so that pearl manipulation can be done all year round.
Since gonad maturation is the main obstacle in nucleus insertion,
the triploid pearl oyster should be retarded in gonad production

which is suitable for nucleus insertion.
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APPENDIX



APPENDIX I. STATISTICAL ANALYSIS

Table 21 Analysis of variance of survival rates at various shocking
temperatures (A),time after insemination (B) and treatment

duration (C) for heat shock

Source af Sum of square Mean-square F - ratio
Replications 2 150.42 75.21 1.845
A 3 3,845.50 1,281.83 31.439 **¥
B 2 42.83 21.45 0.525
o 1 617.12 617.12 15.136 **
AB 6 113.63 18.94 0.464
AC 3 36.40 12.13 0.297
BC 2 40.03 20.01 0.491
ABC 6 99.05 16.51 0.405
Error 42 1,875.49 40.77
Total 71

** (P<0.01)
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Table 22 Comparison of survival mean of Straight hinge larvae

affected by various shocking temperatures in heat shock by

Duncan’s new multiple range test at 95% confidence interval

Shocking temperature 35 Oc¢ 38 0Cc 40 ©c 42 OC
Survival mean (%) 23.70 12.41 8.37 4.028
Duncan’s new multiple

range test
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Table 23 Analysis of variance of 3N percentage at various shocking

temperatures (A),time after insemination (B) and treatment

duration (C) for heat shock

Source daf Sum of square Mean-square F - ratio
Replications 2 484.80 242.40 2.255
A 3 3,115.41 1,038.47 9.662 **
B 2 937.13 468.56 4.360 *
C 1 193.29 193.29 1.798
AB 6 1,284.30 214.05 1.991
AC 3 131.40 43.80 0.407
BC 2 162.07 81.03 0.754
ABC 6 581.94 96.99 0.902
Error 42 4,943.92 107.48
Total 71
¥ (P<0.05)

¥* (P<0.01)



83
Table 24 Comparison of average 3N percentage of Trochophore larvae

affected by various shocking temperatures in heat shock by

Duncan’s new multiple range test at 95% confidence interval

Shocking temperature 35 Oc 38 °C 40 °Cc 42 °c

Average 3N percentage 12.67 26.40 29.65 26.72

Duncan’s new multiple

range test

Table 25 Comparison of average 3N percentage of Trochophore larvae
affected by various time periods after insemination in heat shock

by Duncan’s new multiple range test at 95% confidence interval

Time after insemination min. 10 min. 30 min. 40 min.

Average 3N percentage 19.68 23.41 23.49

Duncan’s new multiple

range test
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Table 26 Analysis of variance of survival rates at various shocking

temperatures (A),time after insemination (B) and treatment

duration (C) for cold shock

Source df Sum of square Mean-square F - ratio
Replications 2 684.20 342.10 9.091 **
A 2 442.85 221.42 5.884 ** -
B 2 430.98 215.49 5.727 **
c 1 46.59 46.59 1.238
AB 4 344.83 86.21 2.291
AC 2 61.10 30.55 0.812
BC 2 105.48 52.74 1.402
ABC 4 142.00 35.50 0.943
Error 34 1,279.38 37.63
Total 53
¥* (P<0.01)

Table 27 Comparison of survival mean of Straight hinge larvae
affected by various shocking temperatures in cold shock

by Duncan’s new multiple range test at 95% confidence interval

Shocking temperature 3 Oc 7 OC 10 °c
Survival mean (%) 1.44 4.65 8.30
Duncan’s new multiple

range test
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Table 28 Comparison of survival mean of Straight hinge larvae

affected by various time periods after insemination in cold shock

by Duncan’s new multiple range test at 95% confidence interval

Time after insemination 10 min. 30 min. 40 min.
Survival mean (%) 6.31 7.38 0.83

Duncan’s new multiple

range test
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Table 29 Analysis of variance of 3N percentage at various shocking

temperatures (A),time after insemination (B) and treatment

duration (C) for cold shock

Source df Sum of square Mean-square F - ratio
Replications 2 70.95 35.47 0.668
A 2 1,023.60 511.80 9.642 **
B 2 47.69 23.84 0.449
o 1 0.02 0.02 0.000
AB 4 170,687.46 17,671.86 332.914 **
AC 2 372.42 186.21 3.508 *
BC 2 165.06 82.53 1.554
ABC 4 -69,316.90 -17,329.20 -326.456
Error 34 1,804.80 53.08
Total 53
¥ (P<0.05)

*¥* (P<0.01)
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Table 30 Comparison of average 3N percentage of Trochophore larvae

affected by various shocking temperatures in cold shock by

Duncan’s new multiple range test at 95% confidence interval

Shocking temperature 3 °c 7 OC 10 °c

Average 3N percentage 23.37 24.70 14.13

Duncan’s new multiple

range test




Table 31 Analysis of variance for survival rates of one day old

oyster larvae from selected treatments

Source daf Sum of square Mean-square F - ratio
Block 2 449.60 224.80

Treatment 6 2,707.75 451.29 13.42%%
Error 12 402.87 33.57

Total 20 3,560.22

*¥* (pP<0.01)
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Table 32 Duncan’s new multiple range test at 95% confidence interval

for average survival rates of one day old larvae

from selected treatments

Treatment 7-30-15%7-10-15 10-30-20 38-40-5 35-30-10 35-30-5 Control

X 10.09 12.52 20.69 20.85 40.21 45.84

S.D. 10.57 7.11 . 6.38 9.32 14.62 19.12

58.62

6.64

Note a-b-c*: a-Shocking temperature (°C)
b-Time after insemination (min.)

c~Treatment duration (min.)
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Table 33 Analysis of variance for shell length of 19 days old

oyster larvae from selected treatments

Source af Sum of square Mean-square F - ratio
Block 2 74.59 37.29

Treatment 6 5,531.07 921.84 4.881**
Error 12 2,266.57 188.88

Total 20 7,872.23

** (p<0.01)

Table 34 Duncan’s new multiple range test at 95% confidence interval
for average shell length (micron) of 19 days old oyster

larvae from selected treatments

Treatment 38-40-5%Control 7-10-15 7-40-15 7-30-15 35-30-10 35-30-5

Average 236 240 244 254 261 270 288
shell length

S.D. 48.89 53.47 34.19 55.53 53.54 42.30 35.15

Note a-b-c*: a-Shocking temperature (°C)
b-Time after insemination (min.)

c-Treatment duration (min.)




APPENDIX 2. WATER QUALITY PARAMETERS

Table 35 Sea water qualities during the experimental period

Factors Maximum Minimum Mean + S.D.
Temperature (°C) 29.00 26.00 27.98 0.72
Salinity(ppt) 36.00 31.00 34.33 1.21
pH 8.29 7.80 8.05 0.17
NH3 (ppm) 0.602 0.00 0.129 0.162
NO, (ppm) 0.563 0.00 0.077 0.132
PO4(ppm) 0.05 0.00 0.016 0.014
Chlorophyll a (mg/m3) 1.31 0.044 0.261 0.324
BOD(ppm) 25.00 0.00 8.06 7.110
Sediment (gm/200ml) 0.030 0.018 0.024 0.003




APPENDIX 3. CHEMICAL PREPARATION

Bouin s solution (Fresh preparing before use)

Saturated aqueous picric acid 15 ml
Formaldehyde 37-40 % 5 ml
Glacial acetic acid 1 ml

Chemical reagent preparing for chromosome checking
1. Hypotonic solution 0.075 M KCl
KCl 0.56 gm
Distilled water 100 ml
2. Colchicine 0.02 %
Colchicine 0.02 gm
Filtered sea water 100 ml
3. Carnoy solution
Absolute ethanol 3 volume
Glacial acetic acid 1 volume
4. Giemsa staining
Phosphate buffer
Na,HPO4 5.7 gm
KH,PO4 2.45 gm
Distilled water 500 ml
Mixed phosphate buffer 50 ml with 2.0-2.5 ml of Giemsa

(MERCK)



SOME MEDIUM FOR PHYTOPLANKTON CULTURE

A. CONWY MEDIUM

NaNO4
Na,EDTA
H3BO,
NaH,PO4.H,0
FeCl3.6H50
MnCl,.4H,0
* Trace metal solution
¥** Vitamin mix
Distilled water to make 1000 ml

Note : Use 1 ml of medium per 1 liter o

* Trace metal stock solution
ZnCl,
CoCly
(NH4) gM07054 . 4H50
CuSOy4.5H,0

Distilled water to make 100

Note : acidify with IN HC! until solution is clear.

*% Vitamin mix
Vitamin B12
Vitamin By (Thiamine HCI)

Distilled water to make

100.00 gm
45.00 gm
33.60 gm

20.00 gm

0.36 gm

1 ml

f sea water.

2.10 gm
2.00 gm
0.90 gm
2.00 gm

ml

10.00 mg
200.00 mg

200 ml
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%i B. TMRL MEDIUM
KNOj3 100.00 gm
Na,HPOy4 10.00 gm
FeCly.6H,0 3.00 gm
Na,5i03.9H,0 1.00 gm

Distilled water to make 1 liter

Use 1 ml per liter of sea water.

C. FERTILIZERS FOR_OUTDOOR CULTURES

1. 16-20-0 12 gm/ton
Urea 46-0-0 12 gm/ton
21-0-0 100 gm/ton

2. 14-14-14 30 gm/ton
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