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1. George Gessert, an artist who works with plant hybridization, identified Edward Steichen, well-known
for his photographic work, as the first artist to pro- pose and produce genetic art. See George Gessert,
"Notes on Genetic Art," Leonardo 26, no. 3 (1993): 205. Indeed, in 1949 Steichen wrote, "The science of
heredity when applied to plant breeding, which has as its ultimate purpose the aesthetic appeal of beauty,
is a creative act." Quoted in Ronald J. Gedrim, "Edward Steichen's 1936 Exhibition of Delphinium
Blooms," History of Photography 17, no. 4 (1993): 352-63.

2. According to the World Wildlife Federation the top ten most endangered species are: (1) black rhino, (2)
giant panda, (3) tiger, (4) beluga sturgeon, (5) goldenseal, (6) alligator snapping turtle, (7) hawksbill turtle,
(8) big leaf mahogany, (9) green-cheeked parrot, and (10) mako shark. For additional information on the
threat to biodiversity, see C. Hilton-Taylor, comp., 2000 IUCN Red List of Threatened Species (Gland,
Switzerland, and Cambridge: IUCN, 2000); BirdLife International, Threatened Birds of the World
(Barcelona: Lynx Editions, 2000).

3. For a specific discussion of human-canine interaction, see James Serpell, ed., The Domestic Dog: Its
Evolution, Behavior, and Interactions with People (Cam- bridge and New York: Cambridge University
Press, 1996); Lloyd M. Wendt, Dogs: A Historical Journey: The Human/Dog Connection through the
Centuries (New York: Howell Book House, 1996); Reinhold Bergler, Man and Dog: The Psychology of a
Relationship (New York: Howell, 1998). See also Kristin Von Kreisler, The Compassion of Animals
(Rocklin, Calif.: Prima Publishing, 1997). This book is a compilation of informal accounts of the sympathy,
kindness, and loyalty of dogs and other animals toward species other than their own.

4. M. Chalfie et al., "Green Fluorescent Protein as a Marker for Gene Ex- pression,” Science 263 (Feb. 11,
1994): 802-5; S. Inouye and F. 1. Tsuji, “Aequorea Green Fluorescent Protein: Expression of the Gene and
Fluorescence Characteristics of the Recombinant Protein,” FEBS Letters 341 (1994): 277-80.

5. W. W. Ward et al., "Spectrophotometric Identity of the Energy-Transfer Chromophores in Renilla and
Aequorea Green Fluorescent Protein,” Photochemistry and Photobiology 31 (1980): 611-15.
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6. Although not common, GFP has been expressed in dog cells. See Sergio C. Oliveira et al., "Biolistic-
Mediated Gene Transfer Using the Bovine Her- pesvirus-1 Glycoprotein D Is an Effective Delivery System
to Induce Neutralizing Antibodies in Its Natural Host," Journal of Immunological Methods 245, no. i
(2000): 1009.

7. Randall P. Niedz, Michael R. Sussman, and John S. Satterlee, "Green Fluorescent Protein: An In Vivo
Reporter of Plant Gene Expression," Plant Cell Reports 14 (1995): 403-6; A. Amsterdam, S. Lin, and N.
Hopkins, "The Aequorea Victoria Green Fluorescent Protein Can Be Used as a Reporter in Live Zebrafish
Embryos," Developmental Biology 171 (1995): 123-29; J. Pines, "GFP in Mammalian Cells," Trends in
Genetics 11 (1995): 326-27; C. Holden, "Jellyfish Light Up Mice," Science 277 (July 4, 1997): 41; Masahito
Ikawa et al.,"Green Mice' and Their Potential Usage in Biological Research,” FEBS Letters 430 (1998): 83;
B. P. Cormack et al., "Yeast-Enhanced Green Fluorescent Protein (YEGFP): A Reporter of Gene Ex-
pression in Candida albicans," Microbiology 143 (1997): 303-11; E. Yeh, K. Gustafson, and G. L.
Boulianne, "Green Fluorescent Protein as a Vital Marker and Reporter of Gene Expression in Drosophila,”
Proceedings of the National Academy of Sciences of the United States of America 92 (1995): 7036-40; H.
J. Chaetal., "Expression of Green Fluorescent Protein in Insect Larvae and Its Application for Heterologous
Protein Production," Biotechnology and Bioengineering 56, no. 3 (1997): 239-47. The larva referred to in
the latter is the cabbage looper.

8. Two key obstacles to the creation of GFP K-9 are gene targeting technol- ogy and in vitro fertilization
for dogs. These obstacles are on the verge of being overcome. In Sept. 1999, PPL Therapeutics announced
the creation of the first higher transgenic mammal by targeted gene manipulation. See Sophia Fox,
"European Roundup,” Genetic Engineering News, Sept. 1, 1999, 54. The dog genome project will further
contribute to this work. See S. Thorpe-Vargas, D. Caroline Coile, and J. Cargill, "Variety Spices Up the
Canine Gene Pool," Dog World 83, no. 5 (1998): 27. At last, in vitro fertilization for dogs will be resolved
by the "Mis syplicity Project.” While there is a significant difference between a cloned dog and a transgenic
dog, it is worth mentioning that the "Missyplicity Project" aims at pro- ducing the first cloned dog, from a
mutt pet called Missy (mixed border collie and husky). In Aug. 1998 a wealthy couple (Mr. and Mrs. John
Sperling) donated $2.3 million to Texas A&M University to start the project. The project team is comprised
of scientists Mark Westhusin, Duane Kraemer, and Robert Burghardt. For information on the "Missyplicity
Project," see <http://www.missyplicity.com>. For a general reference on pre-Columbian hairless dogs, see
Amy Fernandez and Kelly Rhae, Hairless Dogs-The Naked Truth: The Chinese Crested, Xoloitzcuintli and
Peruvian Inca Orchid (Woodinville, Wash.: N.p., 1999); Dee Gannon, The Rare Breed Handbook
(Hawthorne, N.J.: Golden Boy Press, 1990); Leon F. Whitney, How to Breed Dogs (New York: Howell,
1984).

9. Mary Elizabeth Thurston, The Lost History of the Canine Race: Our 15,000-Year Love Affair with Dogs
(Kansas City: Andrews and McMeel, 1996). See also Frederick Everard Zeuner, A History of Domesticated
Animals (New York: Harper and Row, 1963); Richard Fiennes and Alice Fiennes, The Natural History of
Dogs (New York: Bonanza, 1968); Maxwell Riddle, Dogs through History (Fair- fax, Va.: Denlinger,
1987); Darcy F. Morey, "The Early Evolution of the Domestic Dog," American Scientist (July-Aug. 1994):
336-47; Stanley J. Olsen, Origins of the Domestic Dog (Tucson: University of Arizona Press, 1985);
Jennifer W. Sheldon, Wild Dogs: The Natural History of the Nondomestic Canidae (San Diego: Academic
Press, 1992); Rosalind Janssen and Jack Janssen, Egyptian Household Animals (Buckinghamshire, U.K.:
Shire, 1989); D. J. Brewer, Anubis to Cerberos: Dogs of the Ancient World (Warminster, U.K.: Aris and
Philips, 2002).

10. See Carles Vila et al., “Multiple and Ancient Origins of the Domestic Dog, Science 276 (June 13, 1997):
1687-89. See also J. P. Scott et al., “Man and His Dog," Science 278 (Oct. 10, 1997): 205a-9a. In Sept.
1993, wolves and dogs were recognized as the same species in the United States. The American Society of



Mammologists' Mammal Species of the World, adhering to the Code of the International Commission on
Zoological Nomenclature, declared that Canis lupus is the official species of both dogs and wolves.

11. Luther Burbank, The Harvest of the Years (Boston and New York: Houghton Mifflin, 1927); Peter
Dreyer, A Gardener Touched with Genius: The Life of Luther Burbank (Santa Rosa, Calif.: L. Burbank
Home and Gardens, 1993).

12. The common roses of the twentieth century, such as hybrid teas, floribun- das and grandifloras, were
created by crossing European roses and the Chinas, teas, and Mediterranean types, and many others, during
the 1700s and 1800s. See Brent C. Dickerson, The Old Rose Advisor (Portland: Timber Press, 1992); J. H.
Bennett, Experiments in Plant Hybridization (London: Oliver and Boyd, 1965); Peter Beales, Roses (New
York: Collins-Harvill [Harper Collins], 1991). On a trip to Sentosa Island, in Singapore, in 1998, | had the
opportunity to interact playfully with a Catalina macaw, perched first on my shoulder and then on my
forearm. | was able to appreciate its distinct coloration and to observe and appreciate its interaction with
other macaws and humans. A description of the Catalina macaw and other hybrids can be found in Werner
Lantermann, Encyclopedia of Macaws (Neptune City, N.J.: T.F.H., 1995), 173. See also A. E. Decoteau,
Handbook of Macaws (Neptune City, N.J.: T.F.H., 1982). Other examples of beautiful birds invented by
hu- mans that don't exist anywhere in the wild are the harlequin macaw (a hybrid de- rived from breeding
a blue and gold and a green winged) and the Parisian frilled canary, which has oddly frilled feathers.
Examples of new mammals created by hu- mans through crossbreeding include the zorse (zebra and horse),
the liger (lion and tiger), zonkey (zebra and donkey), and cama (camel and Ilama). Crossbreeding also
occurs without direct human intervention: in 1985 Hawaii's Sea Life Park reported the birth on their
premises of the first "wholfin," a fertile baby from the spontaneous mating of a male false killer whale
(Pseudorcacrassidens) and a female bottlenose dolphin (Tursiops truncatus).

13. E. Cozzi and D. J. G. White, "The Generation of Transgenic Pigs as Potential Organ Donors for
Humans," Nature 1 (1995): 964-66.

14. Samuel K. Moore, "Natural Synthetics: Genetically Engineered Plants Pro- duce Cotton/Polyester
Blends and Nonallergenic Rubber," Scientific American (Feb. 1997): 36-37.

15. Phil Cohen, "Spinning Steel: Goats and Spiders Are Working Together to Create a Novel Material,"
New Scientist (Oct. 10, 1998): Il. Another combination of insect and mammal is a mouse with fly genes. In
this case, the research has the goal of demonstrating that the biochemical activity utilized in the mouse to
mediate brain development has been retained by certain kinds of proteins across the phyla. See Mark C.
Hanks et al., “Drosophila Engrailed can Substitute for Mouse Engrailed Function in Mid-hindbrain, but Not
Limb Development,” Development 125, no. 22 (1998): 4521-30.

16. C. B. Fehilly, S. M. Willadsen, and E. M. Tucker, "Interspecific Chimaerism between Sheep and Goat,”
Nature 307 (1984): 634-36.

17. G. Brem and M. Mller, "Large Transgenic Mammals," in Animals with Novel Genes, ed. N. Maclean
(New York: Cambridge University Press, 1994), 179-244; M. lkawa et al., "Green Fluorescent Protein as a
Marker in Transgenic Mice," Development, Growth, and Differentiation 37 (1995): 455-59; Elizabeth
Pennisi, "Transgenic Lambs from Cloning Lab," Science 277 (Aug. 1, 1997): 631. 18. Anthony Dyson and
John Harris, eds., Ethics and Biotechnology (New York: Routledge, 1994); L. F. M. van Zutphen and M.
van Der Meer, eds., Welfare Aspects of Transgenic Animals (Berlin and New York: Springer Verlag, 1995).
19. Keith Schneider, "New Animal Forms Will Be Patented,” New York Times, Apr. 17, 1987; Eliot
Marshall, "The Mouse That Prompted a Roar,"” Science 277 (July 4, 1997): 24-25.

20. Adam L. Penenber, "Gene Piracy," 21C-Scanning the Future, no. 2 (1996): 44-50.

21. Robert M. Dickson et al., “On/Off Blinking and Switching Behavior of Single Molecules of Green
Fluorescent Protein," Nature 388 (1997): 355-58.



22. Kathryn S. Brown, "With New Technology, Researchers Engineer a Plant for Every Purpose,” The
Scientist 9 (Oct. 2, 1995): 14-15; Jane Rissler and Margaret Mellon, The Ecological Risks of Engineered
Crops (Cambridge: MIT Press, 1996).

23. W. Wayt Gibbs, "Plantibodies: Human Antibodies Produced by Field Crops Enter Clinical Trials,"
Scientific American (Nov. 1997): 44.

24. Brian Tokar, "Monsanto: A Checkered History," in "The Monsanto Files," special issue, The Ecologist
28 (Sept.-Oct. 1998): 254-61; Andrew Kimbrell, "Why Biotechnology and High-Tech Agriculture Cannot
Feed the World," in "The Mon- santo Files," special issue, The Ecologist 28 (Sept.-Oct. 1998): 294-98.
25. Therapies used by reproductive medicine already result in healthy babies with new genetic material not
derived from the parents. One such technique, developed at Saint Barnabas Medical Center in Livingston,
New Jersey, takes plasm from a donor egg-complete with mitochondria-and injects it into an egg slated for
fertilization. A child born from this process may inherit mitochondrial DNA from both eggs. This genetic
modification, which has enabled several infer- tile women to give birth, is inheritable. See Jacques Cohen
et al., “Birth of Infant after Transfer of Anucleate Donor Oocyte Cytoplasm into Recipient Eggs,” Lancet
350 (July 19, 1997): 186-87. See also Carol A. Brenner et al., "Mitochondrial DNA Heteroplasmy after
Human Ooplasmic Transplantation,” Fertility and Sterility 74, no. 3 (2000): 573. In an article for the New
Scientist (Oct. 23, 1999) entitled “We Have the Power," Andy Coghlan reported that a Canadian company,
Chromos Molecular Systems of Burnaby, British Columbia, had presented preliminary results of
experiments with mice given an artificial chromosome. He wrote: "By taking cell samples and exposing
them to fluorescent dyes that bind to different parts of the chromosome, Chromos's scientists were able to
discover which animals had accepted the chromosome. When the mice carrying the extra chromosome were
crossed with normal mice, it was inherited in exactly the same way as the animals' natural chromosomes."
This is an indication that human germline gene therapy is becoming a practical possibility. It shows that
one day it might be possible, for medical reasons, to add synthetic genes to human embryos that otherwise
would develop with serious or fatal congenital problems.

and the

26. Some exemplary cases are the production of rat sperm in the testes of a mouse (which clearly suggests
that human sperm could also be produced in the testicles of a rodent), the initial division of a human cell in
the egg of a cow, alleged creation of an embryonic clone of an adult woman in South Korea. See David E.
Clouthier, "Rat Spermatogenesis in Mouse Testis,"” Nature 381 (1996): 418-21; J. M. Robl et al.,
"Quiescence in Nuclear Transfer," Science 281 (Sept. 11, 1998): 1611; BBC Online, "S. Korean Scientists
Claim Human Cloning Success" (Dec. 16, 1998), available at <http://www.news.bbc.co.uk>.



