REFERENCES

Bendig, M.M. 1981. Persistence and expression of histone genes injected
into Xenopus eggs in early development. Nature, 292 : 65-67.

Bendioli K.R., Biery, K.A., Hill, K.G., Jones, K.B. and DeMayo, F.J. 1991.
Production of transgenic cattle by pronuclear injection. Transgenic
Cattle, p.265-274.

Birnboim, H.C. and Doly, J. 1979. A rapid alkaline extraction procedure for
scr;:ening recombinant plasmid DNA. Nucleic Acids Research, 7 :
1513-1523.

Boehringer Mannheim Biochemica. 1989. The DIG System User s Guide
for Filter Hybridization. Germany, 4 p.

Brem, G., Beénig, B., Horstgen-Schwark, G. and Winnacker, E-L. 1988. Gene
transfer in tilapia (Oreochromis niloticus). Aquaculture 68 : 209-
219.

Cavari, B., Funkenstein, B., Chen, T.T., Gonzalez-Villasenor, L.I. and Schartl,
M. 1993. Effect of growth hormone on the growth rate of the
gilthead seabream (Sparus aurata), and use of different constructs for
the production of transgenic fish. Aquaculture, 111 : 189-197.

Chen, T.T., Lin, CM., Zhu, Z., Gonzalez, V.L.T., Dunham, R.A. and Powers,
D.A. 1990. Gene transfer, expression and inheritance of rainbow
trout growth hormone genes in carp and loach. In Transgenic
Models in Medicine and Aquaculture. (ed. Church, R.), Wiley-

Liss, New York, p. 127-139.



127

Chourrout, D., Guyomard, R. and Houdebine, L.M. 1986. High Efficiency
gene transfer in rainbow trout (Salmo gairdneri Rich.) by
microinjection into egg cytoplasm. Aquaculture, 51 : 143-150.

Constantini, F. and Lacy, E. 1981. Introduction of a rabbit-globin gene into
the mouse germ line. Nature, 294 : 92-94.

Salter, D.W. and Crittenden L.B. 1991. Insertion of a disease resistance gene
into the chicken germline. Transgenic Animals, p. 125-132.

Cui, Z.B. and Zhu, Z.Y. 1993. Hormonal replacement therapy in fish-
human growth hormone gene-function in hypophysectomized
carp. Fish Physiology and Biochemistry, 12 : 161-169.

Culp, P., Nusslein-Volhard, C. and Hopkins, N. 1991. High-frequency germ-
line transmission of plasmid DNA sequences injected into fertilized
zebrafish eggs. Proceedings of the National Academy of Sciences.
U.S.A., 88 : 7953-7957.

Davies, P.L. and Gauthier, S.Y. 1992. The application of PCR to
aquaculture. Transgenic Fish. World Scientific Publishing,
Singapore, p. 61-71.

. Hew, C.L., Shears, M.A. and Fletcher, C.L. 1990. In Transgenic
Model in Medicine and Agriculture. (ed. Church, R.), Wiley-Liss,
New York, p. 141-161.

DeNoto, F. M., Moore, D.D. and Goodman, HM. 1981. Human growth
hormone DNA sequence and mRNA structure : possible alternative
splicing. Nucleic Acids Research, 9 : 3719-3730.

Du, S.J., Gong, Z., Fletcher, G.L., shears, M.A. and Hew, CL. 1992. Growth

hormone gene transfer in Atlantic Salmon : Use of fish



128

antifreeze/growth hormone chimeric gene construct. Transgenic
Fish. World Scientific Publishing, Singapore, p. 176-189.

Dunham, R.A., Eash, J., Askins, J. and Townes, T.M. 1987. Transfer of the
Metallothionein-human growth hormone fusion gene into channel
catfish. Transaction of the American Fisheries Society, 116 : 87-
91.

Etkin, L.D. and Pearman, B. 1987. Distribution, expression and germ line
transmission of exogenous DNA sequences following microinjection
into Xenopus laevis eggs. Development, 99 : 15-23.
, Pearman, B., Robert, M. and Bektesh, S.L. 19'%54. Replication
integration and expression of exogenous DNA injected into fertilized
eggs of Xenopus laevis. Development, 26 : 194-202.

Fisheries Statistics Sub-division, Fishery Policy and Planing Division. 1991.
Fisheries of Statistics of Thailand. Department of Fisheries
Ministry of Agriculture and Cooperatives, 13-52.

Flectcher, G.L., Shears, M.A., King, M.J,, Davis, P.L. and Hew, C.L. 1988.
Evidence for antifreeze protein gene transfer in Aﬂantic salmon
(Salmo salar). Journal of Fish Aquatic Science, 45 : 352-357.

Gelfand, D.H. and White, T.J. 1990. Thermostable DNA polymerases. In
PCR protocols : a guide to method and applications. Acadamic
Press, Inc., p. 3-20.

Gene Screen PlusTM. 1987. Hybridization Transfer Membrane
Biotechnology System NEN. U.S.A_, 31 p.

Gordon, J.W. and Ruddle, F.H. 1985. DNA mediated genetic transformation

of mouse embryo and bone narrow-a review. Gene, 33 : 121-136.



129

, Scangos, G.A., Plotkin, D.J., Barbosa, J.A. and Ruddle, F.H. 1980.
Genetic Transformation of mouse embryo by microinjection of
purified DNA. Proceedings of the National Academy of
Sciences, 77 : 7380-7384.

Gross, M.L., Schneider, J.F., Moav, N., Moav, B., Alvarez, C., Myster, S.H. Liu,
7., Hallerman, E.M. Hackett, P.B,, Guise, K.S., Faras, AJ. and
Kapuscinski, A.R. 1992. Molecular analysis and growth evaluation of
northern pike (Esox lucius) microinjected with growth hormone
genes. Aquaculture, 103 : 253-273.

Guise, K.S., Kapuscinki, Anne AR., Hackett, Jr. P.B., Faras, AJ. 1991. Gene
transfer in fish. Transgenic Animals. p. 103-136.

Guyomard, R., Chourrout, D., Lerous, C., Houdebine, L.M. anci Pourrain, F.
1989. Integration and germ line transmission of foreign genes
microinjected into fertilized trout eggs. Biochimie, 71 : 857-883.

Hallerman, E.M. and Kapucinski, A.R. 1992. Ecological and regulatory
uncertainties associated with transgenic fish. Transgenic Fish.
World Scientific Publishing, Singapore. p. 209-228.

Hammer, R.E., Purselt, V.G., Rexroad Jr. C.E., Walt, R. J., Bolet, D.J., Ebert,
K.M., Palmiter, R.D. and Brinster, R.L. 1985. Production of
transgenic rabbits, sheep and pigs by microinjection. Nature, 315 ;
680-683.

Harvey,C., Eccles, S.J. and Hentschel, C.G. 1992. Expression of Genes in
Mammalian Cells. In Transgenesis. (ed. Murray J.A.H.), John
Wiley & Sons. Newyork, p. 131-153

Hayat, M., Joyce, C.P., Townes, TM., Chen, T.T., Powers, D.A. and Dunham,



130

R.A. 1991. Survival and integration rate o.f channel catfish and
common carp embryos microinjected with DNA at various
developmental stages. Aquaculture, 99 : 249-255.

Hew, C.L., Davies, P.L. and Flecther, G. 1992. Antifreeze protein gene
transfer in Atlantic salmon. Molecular Marine Biology and
Biotechnology, 1 : 309-317. |

Hong, Y., Winkler, C., Brem, G. and Schartl, M. 1993. Development of a
heavy metal-inducible fish-specific expression vector for gene transer
in vitro and in vivo. Aquaculture, 111 : 215-226.

Houdebine, L.M. and Chourrout, D. 1991. Transgenesis in fish. Experientia,
47 - 891-897.

Houston, H.A. 1990. Blood and Circulation. Methods for Fish Biology.
(eds. Schreck, C.B. and Moyle, P.B.), American Fisheries Society,
Maryland U.S.A. p. 273-322.

Innis, M.A., Myambo, K.B., Gelfand, D.H. and Brow, M.D. 1988. DNA
sequencing of polymerase chain reaction-amplified DNA.
Proceedings of the National Academy Sciences. U.S.A., 85 :
9436-9440.

and Gelfand, D.H. 1990. Optimization of PCRs. in PCR Protocols
. A guide to Methods and Applications. Academic Press, Inc., p.
54-59

Inoue, K., Yamada, S. and Yamashita, S. 1993. Introduction, expression, and
growth-enhancing effect of rainbow trout growth hormone cDNA
fused to an avian chimeric promoter in rainbow trout fry. Journal of

Marine Biotechnology, 1 : 131-134.



131

, Akita, N., Shiba, T., Satake, M. and Yaméshita, S. 1992. Metal
inducible activities of metallothionein promoters in fish cells and
fry. Biochemical and Biophysical Research Communications, 185
: 1108-1114.

Yamashita, S., Akita, N., Mitsuboshi, T., Nagahisa, E., Shiba, T. and

Fujita, T. 1991. Histochemical detection of foreign gene-expression
in rainbow trout. Bullentin of the Japanese Society of Scietific
Fisheries, 57 : 1511-1517.

, Ozato, K., Kondoh, H., Iwamanu, T., Wakamatsu, Y., Fujita, T. and
Okada, T.S. 1989. Stage dependent expression of the chicken delta-
crystalline gene in transgenic fish embryos. Cell Differentiation, 27
57-68.

Jarimopas, P., Niyomkitsumlit, A., Kumnane, A., Wongchan, S. . 1990. Mass
selection of clarias macrocephalus Gunther for growth (4
generations). Technical paper No. 116, National Inland Fisheries
Institute. Bangkhen, Bangkok, Thailand (in Thai). 8 p.

1988. Preliminary Study on Mass Seletion of Clarias
macrocephalus Gunther. for growth. Technical paper No. 88,
National Inland Fisheries Institute. Bangkhen, Bangkok, Thailand (in
Thai). 6 p.

Jiang, Y. 1993. Transgenic fish-gene transfer to increase disease and cold
resistance. Aquaculture, 111 : 31-40.

Keller, G.H., Huang, D.P., Shih, JJW K. and Manak, M.\M. 1990. Detection of
hepatitis B virus DNA in serum by polymearse chain reaction

amplification and microtiter sandwich hybridization. Journal of



152

Clinical MicrobiologyF 28 : 1411-1416.

Kinoshita, M., Toyohara, H., Sakaguchi, M., Kioka, N, Komano, T.,‘ Inoue, K.,
Yamashita, s., Satake, M., Wakamatsu, Y. and Ozato, K. 1994. Zinc-
Induced activation of rainbow trout Metallothioein-A Promoter in
transgenic Medaka. Fisheries science 60(3) : 307-309.

Lewin, B. 1994. Gene V. Oxford University Press. Oxford, 1272 p.

Leka-anatakul, A. 1992. The effect of Triploid on Survival Rate, Growth
Raté and Feed conversion Ratio Walking Catfish (Clarias
macrocephalus). in Thai. Master Thesis, Fisheries Science,
Kasetsart University, Bangkok, 74 p.

Lovell-Badge, R.H. 1985. Transgeni.c animals : new advances in the field.
Nature. London, 315 : 628-629.

Luxananil, P. 1992. Molecular Cloning and Expression in E. coli of the
DNA Polymerase Gene from Thermostable Thermus
aquaticus. Master Thesis, Biochemistry, Mahidol University,
Bangkok, 120 p.

MacGregor, G.R., Nolan, G. P., Fiering, S., Roedrer, M. and Herzenberg, L.A.
1990. Use of E. coli lac z (B galactosidase) as a reporter gene.
Method in Molecular Biology.

MacLean, N. and Penman, D. 1990. The application of gene manipulation to
aquaculture. Aquaculture, 85 : 1-20.

McEvoy, T., Stack, M., Keane, B., Barry, T., Sreeman, J. and Gannon, F. 1988.
The expression of a foreign gene in salmon embryos. Aquaculture,

68 : 27-37.



133

Mc Grane, M.M., De Vente, J.,‘Yun, J; Bloom, I, Park, E., Wynshaw-Boris,
A., Wagner, T., Rottman, F.M. and Hanson, R.W. 1988. Tissue-
specific expression and dietary regulation of a chimeric phosphoenol
pyruvate/corboxykinase bovine growth hormone gene in transgenic
mice. Journal of Biology Chemistry, 263 : 1143-1151.

McMahon, A.P., Flytzanis, C.N., Hough-Evans, B.R., Katula, K.S., Britten, R.J.
and Davidson, E.H. 1985. Introduction of cloned DNA into sea
urchin egg cytoplasm : replication and persistance during |
embryogenesis. Development Biology, 108 : 420-430.

Maniatis, T., Fritsch, E.F. and Sambrook, J. 1989. Molecular Cloning : A
Laboratory Manual. New York : Cold spring Harbor laboratory,
545 p.

Na-nakorn, U. 1992. Breeding of fish. (in Thai). Department of Aquaculture
fisheries Science, Kasetsart University, Bangkok. 148 p.

., Rangsin, W. and Witchasunkul, S. 1993. Suitable conditions
for induction of gynogenesis in the catfish, Clarias macrocephalus,
using sperm of Pangasius sutchi. Aquaculture, 118 : 53-62.

Nichols Institute Diagostics. 1988. AllergoTM. Human Growth Hormone
Transient Gene Expression Assay System. 10 p.

Ozato, K., Kondoh, H., Inohara, H., Iwamatsu, T., Wakamatsu, Y. and Okada,
T.S. 1986. Production of transgenic fish : Introduction and
expression of chicken-crystalline gene into medaka embryos. Cell
Differentiation, 19 : 237-244.

Palmite;r, R.D. and Brinster, R.L. 1986. Germ—line transformation of mice.

Annual Review Genetic, 20 : 465-499.



134

Palmiter, R.D., Brinster, R.L., Hammer, R.E., Trumbauer, M.E., Rosenfeld,
M.G., Biruberg, N.C. and Evans, R.M. 1982. Dramatic growth of
mice that develop from eggs microinjected with metallothinein-
growth hormone fusion genes. Nature, 300 : 611-615.

Pandian, T.J. and Marian, L.A. 1994. Problems and prospects of transgenic
fish production. Indian Academy of Sciences, Current Science, 66
: 635-649.

Penman, D.J., Beeching, A.J., Penn, S. and Maclean, N. 1990. Factors
affecting survival and integration following microinjection of novel
DNA into rainbow trout eggs. Aquaculture, 85 : 35-50.

Phillips, P.C., Kohler, C.C. and Muhlach, W.L. 1992. Procedural protocol,

| survival to hatching and plasmid DNA fate after microinjection
into tilapia zygotes. Journal of the World Aquaculture Society, 23
: 98-113.

Powers, D.A., Chen, T.T. and Dunham, R.A. 1992. Transgenic fish.
Transgenesis. John Wiley & sons Ltd., p. 5-9.
. Gonsalez, V.L.1., Zhang, P., Chen, T.T. and Dunham,R.A. 1991.
Studies on transgenic fish: gene transfer, expression and inheritance.
Transgenic Animals. (eds. First, N. and Haseltine, F.)
Butterworth-Heinemann, p. 307-323.

Prarom, W. 1990. The Effect of Strain Crossing of Gunther s Walking
Catfish Clarias macrocephalus on Growth and Disease
Resistance. (in Thai). Master Thesis, Fisheries Science, Kasetsart

University, Bangkok, 71 p.



135

Rahman, A. Md. and Maclean, N. 1992. Production of transgenic tilapia
(Oreochromis niloticus) by one-cell stage microinjection.
Aquaculture, 105 : 219-232.

Rajsakulchai, P. 1992. Construction of DNA Probe for the Detection of
Plasmodium vivax. Master Thesis, Biochemistry, Mahidol
University, Bangkok, 124 p.

Rokkones, E., Alestorom, P., Skjervold, H. and Gautvik, K.M. 1989.
Microinjection and expression of a mousé metallothinein human
growth hormone fusion gene in fertilized salmonid eggs. Journal
of Composition Physilogy (B) 158 : 751-758. |

Rusconi, S. and Schaffner, W. 1981. Transformation of frog embryos with
rabbit-globin gene. Proceedings of the National Academy of
Sciences, 78 : 5051-5055.

Saiki, R.K. 1989. The design and optimization of the PCR. In PCR
Technology : Principles and Applications for DNA
Amplification. Stockton Press, p. 7-23.

SAS/STATTM. 1985. Guide for Personal Computers. Version 6 Edition
SAS Institute Inc. Cary, North Corolina, U.S.A., 379 p.

Spradling, A.C. and Rubin, G.M. 1982. Transposition of cloned P elements in
to Drosophila germ line chromosomes. Science, 218 : 341-347.

Stuart,G.W. 1988. Replication, integration and stable germ-line transmission of
foreign sequences injected into early zebrafish embryos.
Development, 103 : 403-412.

Stuart, G.W., Vielkind, J.R., Mc Murray, [.U. and Westerfield, M. 1990.

Stable lines of transgenic zebra fish exhibit reproducible patterns of



136

transgene expression. Development, 109 : 577-584.

Tewari, R., Michardvanhee, C., Perrot, E. and Chourrout, D. 1992.
Mendelian transmission, structure and expression of transgenes
following their injection into the cytoplasm of trout eggs.
Transgenic Research, 1 :250-260

Thalchalanukij, V. 1978. Breeding of Fish. (in Thai). Department of
Aquaculture. Fisheries Science, Kasetsart University, Bangkok. 300 p.

Tirasophon, W. 1991. The amplificaﬁon of Target Parasite DNA iﬁ
Human Blood by the Polymerase Chain Reaction. Master Thesis,
Biochemistry, Mahidol University, Bangkok, 124 p.

Ueysoonnoan, C. 1988. Breeding of Fish. (in Thai). Comminity Farmer
Book Project. p. 14-16.

Umnuaysith, A. 1990. Study on Disease Resistance of Clarias
macrocephalus Gunther from Different Locality and Effect of
Polyploidy on Disease Resistance. (in Thai). Master Thesis,
Fisheries Science, Kasetsart University, Bangkok, 79 p.

Volckaert, F.A., Hellemans, B.A., Galbusera, P., Ollevier, F., Sckkali, B. and
Belayew, A. 1994. Replication, expression, and fate of foreign
DNA during embryonic and larval development of the African
catfish (Clarias gariepinus). Molecular Marine Biology and
Biotechnology, 3 : 57-69.

Watahiki, M. and Yamamoto, M. 1989. Conserved and unique amino acid
residues in the domains of the growth hormones. Journal of

Biology Chemistry, 264 : 312-316



137

Wattanakul, W. 1993. Effect of 17 B-estradiol and 11 B-
hydroxyandrostenedione on Sex Reversal of Walking Catfish,
Clarias macrocephalus. (in Thai). Master Thesis, Fisheries Science,
Kasetsart University, Bangkok, 96 p.

Winkler, C., Vielkind, J.R. and Scart, M. 1991. Transient expression of
foreign DNA during embryonic and larval development of the
medaka fish (Oryzias latipes). Molecular and General Genetics
226 : 129-140.

Yanzhang, W., Keshing, X., Yuefish, X., Guoha, L., Dong, L., Jun, Z., Jinhua,
L., Chingjinang, W. and Zuoyan, Z. 1993. Inheritance of
human growth hormone gene in carp (Cyprinus carpio, Linnaeus).
Aquaculture (Abstract).

Yoon, S.J., Hallerman, E.M., Gross, M.L., Liu, Z., Schneider, J.F., Faras, A.J.,
Hackett, P.B., Kapuscinski, A.R. and Guise, K.S. 1990. Transfer of
the gene for neomycin resistance into goldfish, Carassius auratus.
Aquaculture, 85 :21-33.

Yoon, S.J., Liu, Z., Kapuscinski, A.R., Hockett, P.B., Faras, A. and Guise, K.S.
1989. Succesful gene transfer in fish. Gene Transfer and Gene
Therapy (eds. Verma, 1., Mulligan, R. and Beauset, A). Alan R. Liss,
Inc., New York, p.29-34.

Yoshizaki, G., Oshiro, T. and Takashima, F. 1991. Introduction of carp
globin gene into rainbow trout. Nippon Suisan Gakkashi, 57 :
819-824.

Zhang, P., Hayat, M., Joyce, C., Gonzalea-Villasenor, L.I., Lin, CM,,

Dunham, R.A., Chen, T.T. and Powers, D.A. 1990. Gene transfer,



138

expression and inheritance of pRSV-rainbow trout-GH ¢ DNA in
the common carp, Cyprinus carpio (Linnaeus). Molecular
Reproduction and Development, 25 : 3-13.
., Zhou, J. and Wang, R. 1993. Gene transfer in goldfish, Carrasiusv
auratus, by oocytes microinjection. Aquaculture, 111 : 311

Zhu, Z., Li,G., He, L. and Chen, S. 1985. Novel gene transfer into fertilized
eggs of goldfish (Carassius auratus Linnaeus 1758). Journal of
Applied Ichthyology, 1:31-34.
: Xu, K., Li,G., Xie, Y. and He, L. 1986. Biological effects of
hﬁman growth hormone gene microinjected into the fertilized eggs of
loach, Misgurnus anguillicaudatus cantor. Kexue tongbao (Science
Bullentin, Acadamia Sanica), 31 : 988-990.

Zou, J., Xie, Y., Liu, D. and Zhu, Z. 1993. Expression of foreign genes

during embryogenesis. Aquaculture, 111 : 313



APPENDICES



140

Appendix 1 The information and manipulation of workplace for .

microinjection

The workplace for microinjection which consists of microinjector
eppendorf 5242, micromanipulator MR and a Zeiss inverted microscope eases
the injection into cells. A microscope is necessary to observe the cells and
visually control the microinjection process. A micromanipulator with high
positioning accuracy is required to bring microinstruments-microcapillaries. A
microinjection is needed for the injection into a cell. The microinjection system
consists of a pressure supply utilizing microelectronics for precision pneumatics
and highly sensitive sensors, a capillary holder, and a drawn glass capillary.
Minute volumes down to the picoliter range can be injected into living cells. A
microcapillary filled with the injection fluid is connected with the microinjector
proper via outlet and tube. The pressure gas (N, or air) supply by the system is
adjustable in three independent pressure steps for injection, holding and cleaning.
The capillary is positioned and the injection relaxed by a padal switch. Three

variable pressure steps for different injection media and cell types as following:

1. Holding pressure (20-700 hPa, 0.02-0.7 bar) ; A constant which

prevents cell matter from entering the capillary, and avoids clogging.

2. Injection pressure (40-2000 pa, 0.040-3 bar) ; When the capillary has
penetrated the cell wall the permanently available holding pressure is raised to
the injection pressure by pedal-switch operation. After injection the pressure
automatically drops to the original level, variable injection time for 0.1-9.9 sec to

obtain reproducible results.
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3. Cleaning pressure (3000-7000 hPa, 3-7 bar) ; High pressure mainly

used to blow out the microcapillary. It also eases filling of the capillary.
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Appendix 3. Calculation of molecules number of plasmid

General formula:

23
1 mole = 6.02 * 10 molecules (copies)

5
6.6 ¥ 10 daltons

(duplex DNA) 1 Kb of DNA

5
(single strand DNA) = 33*%10 daltons

Calculating plasmid

designation of amount of plasmid

6
= 10 copies

6 ;
10 copies = 1.66 * 108 mole

weight = 7.34 pg
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Appendix 4. Calculation of the annealing temperaturé (Tm) of primer

"»Tm - [2*(AT)+4*(@GC)] C

hGH primers

Sense strand primer : 5 -CTGACCCAAGAGAACTCAC-3’

Trn = 58 °c

Antisense strand primer ; 5 .CCCAGTCCGGGGGCTG-3’

Tm- =, 258 s

Sense strand primer : 5 -CCCTTCGAGGATTTCTAC-3’

Th /| o8 54 °c

Antisense strand primer ; 5 .CTACAGGGTGCAGTTGGA-3’

0

Tm = 56 &



Appendix 5. Statistical analysis of comparison on hatching rate between

microinjected egg and control (uninjected egg)

Analysis of Variance Procedure

Dependent Variable: HATCHING

Source DF
Model 18
Error 42

Corrected Total 60
Source

REPLICA

CELL

Sum of Squares

32628.95050
8278.55863

40907.50912

DF

15

3

Anova SS
30639.07689
1989.87361

197.10854

1812.71947

Mean Square F Value

9.20

Mean Square F Value
2042.60513 10.36
663.29120 3.37

Duncan's Multiple Range Test for variable: HATCHING

Alpha= 0.05 df=42 MSE= 197.1085

Harmonic Mean of cell sizes = 15.20362

Number of Means ) 3

Critical Range

10.28 10.80

4

11.16

Means with the same letter are not significantly different.

Duncan Grouping Mean
A 40.668
B 30.223
B 29.707
B 25912

N
16
14
15

16

CELL
control
4 cell
2 vell

1 cell

Pr>F
0.0001

Pr >F
0.0001
0.0273
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Appendix 6. Statistical analysis of comparison on survival rate of fry at one
month old between microinjected fry and control (uninjected

egg)

Analysis of Variance Procedure

Dependent Variable: SURVIVAL

Source DF Sum of Squares Mean Square F Value Pr>F
Model 12 13826.82907 1152.23576 2.90 0157
Error 21 8331.66313 396.74586

Corrected Total 33 22158.49220

Source DF Anova SS Mean Square F Value Pr>F
REPLICA 9 13096.37262 1455.1525] 3.67 0.0068
CELL 3 730.45645 243.48548 0.61 0.6137
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Appendix 7. Linear regression analysis estimated growth rate of fish derived
from microinjection at one cell stage egg and control

(uninjected egg)

Treat = control

Dependent Variable: WEIGHT

Parameter Estimates

T for HO:
Variable DF Parameter estimate ~ Standard error Parameter=0 Prob > [Tl
Intercep 1 —6.468294 K37239799 -4.114 0.0001
Day 1 0.184678 0.02289189 8.067 0.0001

Treat = one-cell micorinjected fish

Dependent Variable: WEIGHT
Parameter Estimates

T for HO:
Variable DF Parameter éstimate Standard error Parameter=0 Prob > [Tl
Intercept 1 -10.581191 1.52113274 -6.956 0.0001
Day 1 0.276435 0.02117986 13.052 0.0001

Test: Numerator: 318.8126 DF: 1 F value: 4.8514

Denominator: 65.71513 DF: 375 Prob>F: 0.0282
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Appendix 8. Linear regression analysis estimated growth rate of fish derived
from microinjection at two cell stage egg and control

(uninjected egg)

Treat = control

Dependent Variable: WEIGHT

Parameter Estimates

T for HO:
Variable DF Parameter estimate  Standard error Parameter=0 Prob > [Tl
Intercept 1 -5.414219 1.20627345 -4.488 0.0001
Day 1 0.147442 0.01674534 8.805 0.0001

Treat = two-cell microinjected fish --

Dependent Variable: WEIGHT
Parameter Estimates

T for HO:
Variable DF Parameter estimate  Standard error Parameter=0 Prob > [Tl
Intercept 1 -8.656475 1.97500300 -4.383 0.0001
Day . 1 0.218433 0.02450850 8.913 0.0001

Test: Numerator: 82.6374 DF: 1 F value: 29123
Denominator: 28.37546 DF: 117 Prob>F: 0.0906
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Appendix 9. Linear regression analysis estimated growth rate of fish derived
from microinjection at four cell stage egg and control

(uninjected egg)

Treat = control

Dependent Variable: WEIGHT

Parameter Estimates

T for HO:
Variable DF Parameter estimate  Standard error Parameter=0 Prob > [T
Intercep 1 -2.307651 2.60163766 -0.887 0.3835
Day 1 0.111202 0.03198663 3.477 0.0019

Treat = four-cell microinjected fish

Dependent Variable: WEIGHT
Parameter Estimates

T for HO:
Variable DF Parameter estimate  Standard error Parameter=0 Plrob > [Tl
Intercep 1 -0.668650 2. 10071806 -0.318 0.7529
Day 1 0.088976 0.02582792 3.445 0.0020

Test: Numerator: 0.0067 DF: 1 F value: 0.0003
Denominator: 23.15911 DF: 51 Prob>F: 0.9865
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