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    In August 1991 newspaper headlines around the world announced an amazing discovery: a difference in the brains of heterosexuals and homosexuals. In 1993 American scientists claimed they had discovered a gay gene. Sexual orientation, it now seems, is not a choice, not a disease nor a faddish whim, but a fundamental biological part of who we are.
  


  
    Chandler Burr’s ground-breaking work is the first and only comprehensive look at this revolutionary new science, biology on the farthest edges of current scientific practice. A Separate Creation: How Biology Makes Us Gay takes us into laboratories where researchers are using incredible technologies to discover what makes us straight or gay. From studies of male rats that ovulate and a species of African animal in which the female has a penis, to the political fire-storm surrounding the claim of a gay gene, from a new silicon chip made of human DNA that could discern the sexual orientation of the foetus in a woman’s womb, to a working theory that homosexuality is a genetic/bacterial condition that could be ‘cured’ with an antibiotic, Burr explores this fascinating and often ethically ambiguous territory with clarity and an objective eye.
  


  
    ACKNOWLEDGMENTS
  


  
    Writing acknowledgments is both an elating and a daunting task, particularly daunting in the face of the disparate personalities, politics, fears, brute power, and fascinating and frustrating subtleties of the art known as the biological sciences.
  


  
    Thanks go to Laura Allen (for endless cheerful, patient, detailed clarifications), Christopher Alexander, Michael Bailey, Evan Balaban (for his ideas and, equally, his good spirit), Mike Baum, Jon Beckwith, Mark Bloom, David Botstein, Nancy Brackett, Robert Cabaj, Norman Carlin, Francis Collins, Rob Collins, David Cox, Anne-christine d’Adesky, Wayne Drevets, Jim Eaton, Anka Erhardt, Steve Fodor, Doug Futuyma, Laurence Frank (for hyenas and more), Lisa Geller, Jane Gitschier, Leonard Glanz, Steve Glickman, John Golin, Roger Gorski and his nuclei, Richard Green, David Hackos, David Haig, Jeffery Hall, Janet Halley, Greg Herek, Nan Hunter, Julianne Imperato-McGinley, Richard Isay, Thane Kriener, Eric Lander, Fran Lewitter, Simon LeVay (who gave me such a broad and solid basis), Arthur Levine, Richard Lewontin, Paul Licht, Charles Link, Bruce McEwen, Terry McGuire, Heino Meyer-Bahlberg, Walter Miller, John Money, Klaus Müller, Jeremy Nathans, Kate O’Hanlan, Phil Riley, Jasper Rine, Steve Rosenthal, David Singer, Maxine Singer, Cassandra Smith, Ladd Spiegel, Robert Spitzer, Stuart Tobet, Tim Tully, Tom Wehr, Rick Weiss and Natalie Angier (for hours of conversation and a pull toward the other side), Scott Wersinger, and Larry Wright. Given their help, the clichéd caveat that all mistakes are the author’s is, I hate to admit, particularly applicable in my case.
  


  
    I have relied on Amy Bloom’s brilliant “The Body Lies,” which originally appeared in The New Yorker; Dennis Overbye’s Lonely Hearts of the Cosmos; Katherine Dunn’s Geek Love; Russ Rymer’s crystalline Genie; Carl Sagan and Anne Druyan’s Shadows of Forgotten Ancestors; Thomas Kuhn’s The Copernican Revolution; John D’Emilio’s Sexual Politics, Sexual Communities; and my favorite oncologist, Dr. Christopher Buckley (and his colleague Richard Snow) and Thank You for Smoking. Alan Bérubé’s book Coming Out Under Fire and James Harrison’s documentary Changing Our Minds were both trenchant and indispensable. Paul Hoffman produced the single best piece of science writing it’s ever been my pleasure to come across, “The Man Who Loves Only Numbers” in the November 1987 Atlantic Monthly, and it is reflected everywhere here.
  


  
    I. C. McManus did crucial trans-Atlantic duty. Steve Washington (and now Jennifer Washington) housed this book in New York during its production. Peter Ballinger and James Glucksman survived it and sustained it and me. Joe Tomkowitz lent support, moral and immoral. And Jan Witkowski gave me access to the Banbury Center’s wonderful programs and to him, his great good humor, and his interest in thinking through thorny explications of genetics. Hastings Wyman and Stuart Brodsky found the title.
  


  
    If this book has a godfather it is Cullen Murphy, managing editor of The Atlantic Monthly. It was born in the Atlantic’s March 1993 cover, which I wrote and Cullen edited, called “Homosexuality and Biology.” Navigating the corpus callosum and Richard Isay quotes, he expertly combed out the Gordian Knots I faxed him and handed me the end of the string. Thanks also to Bill Whitworth, the Atlantic’s editor; his single piece of stern guidance was essential. Michael Crichton supplied early encouragement. I’m more grateful than they know, and perhaps even can know, to my editor, Rick Kot, and my agent, Eric Simonoff, for, quite simply, bringing this book into existence, with an awesome determination, despite everything. And to Debby Manette for copyediting it, and David Cashion and Edie Klemm for holding it all together. My unofficial editor was my sister, Devon Burr, who devoted hours of work and made invaluable comments.
  


  
    Finally, I would like to thank five people in particular. Bill Byne, Dean Hamer, Angela Pattatucci, and Richard Pillard each gave me months of their time, their best ideas, their patience and support (and opposition), and the heart of their work. (Richard also played host and cooked wonderful things, for which he will be canonized.) They let me into their labs, their arguments, and their moods and biases, which were always enlightening, as well as into their heads. And James Fallows, Washington editor of the Atlantic, among a hundred other things, was the first professional journalist to believe in me as a writer and is my friend, two things that make me feel very fortunate. All five of them trusted me, as did Rick and Eric, and there is nothing, in the end, more valuable than that.
  


  
    Personally, I think that if we only engage in projects we think will be noncontroversial, using as our yardstick whether what we do can be misused, then we’re going to wind up doing nothing because nothing of scientific worth will pass that test. And we’ll always be afraid of what we find.
  


  
    —Dr. Angela Pattatucci
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    Many of the views which have been advanced [here] are highly speculative, and some no doubt will prove erroneous; but I have in every case given the reasons which have led me to one view rather than another.... The great principle of evolution stands up clear and firm, when these groups of facts are considered in connection with others, such as the mutual affinities of the members of the same group, their geographical distribution in past and present times, and their geological succession. It is incredible that all these facts should speak falsely. He who is not content to look, like a savage, at the phenomena of nature as disconnected cannot any longer believe that man is the work of a separate act of creation.... We thus learn that man is descended from a hairy quadruped, furnished with a tail and pointed ears, probably arboreal in its habits....
  


  
    The main conclusion arrived at in this work... will, I regret to think, be highly distasteful to many persons.... But we are not here concerned with hopes and fears, only with the truth as far as our reason allows us to discover it. I have given the evidence to the best of my ability.
  


  
    —Charles Darwin, Chapter 21
  


  
    THE DESCENT OF MAN (1871)
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    “How far we are!” he sighed.
  


  
    “From what?”
  


  
    “From ourselves,” said the Bishop.... “The very idea that they have already slept tonight in Spain fills me with terror.”
  


  
    “We cannot intervene in the rotation of the earth,” said Delaura.
  


  
    “But we could be unaware of it so that it does not cause us grief,” said the Bishop. “More than faith, what Galileo lacked was a heart.”
  


  
    —Gabriel García Márquez,
  


  
    OF LOVE AND OTHER DEMONS
  


  
    Chapter One
  


  
    THE BLACK BOX
  


  
    THE HISTORY OF science has been anything but tranquil.
  


  
    In 1859, when Charles Darwin proposed to the world the theory of evolution, the world was repelled. It was revolted by the idea that man was descended from a hairy quadruped, furnished with a tail and pointed ears, probably arboreal in its habits. It was aghast that a former Christian cleric would propose it. Most of the preeminent scientists of the day renounced both what Darwin had observed and the conclusions he had drawn from it. Adam Sedgwick, Darwin’s old geology teacher and friend, denounced evolution and the biological mechanism of natural selection. Thomas Carlyle called it “a Gospel of dirt.” Along with his personal integrity and his motives, Darwin’s science was attacked.
  


  
    And yet Darwin’s science, as science, was all but a sideshow. People rejected Darwin’s theory not because the evidence was against him. It was not, and most who assailed him understood nothing of his arguments. What sickened the world was a science that dragged human beings down from their position of primacy to the level of the other animal species. What sickened the world was the diminishment of man, who was no longer and would never be again, as Darwin would one day rather brutally put it, a separate act of creation.
  


  
    The first major biological investigation of sexual orientation was published in 1991, a neuroanatomical search that jumped from the pages of the periodical Science to the New York Times and Time, then to CNN and Nightline, and from there to the dinner tables and offices of the country. Within a relatively short time, it was followed by several genetics forays and heightened interest in hormonal evidence. The various scientists pursuing this biological mystery—neuroanatomists Simon LeVay and Laura Allen, human geneticists Richard Pillard and Michael Bailey, molecular geneticists Dean Hamer and Angela Pattatucci, and endocrinologists Heino Meyer-Bahlburg and Anka Erhardt—were proposing that homosexuals were, in fact, the work of a separate act of creation, in this case biological creation. Gay people, they were arguing, were biologically distinct human beings.
  


  
    A storm of protest erupted, some of it criticism (again) aimed ostensibly at the validity of the science, but the science was notably beside the point. The turmoil was caused by the impact of the research on humankind’s perception of itself. Where evolution had threatened to bring human beings down from a separate pinnacle to the level of the animals, this science threatened to raise homosexuals up from the level of the subhuman or aberrant and place them on the human plane. If its implications were important—what, it was asked apprehensively, would it mean to the Church’s view of sexuality and reproduction if there were a subgroup of human beings genetically directed to have nonreproductive sex?—the implications derived their importance from a profound equalizing effect, a leveling of political, social, and even theological hierarchies. Because if this research showed that homosexuals were biologically different from other people in tiny variations in genetic helices and patterns of microscopic neurons deep inside them, it also said that in the larger, important ways—in their basic humanity, in their capacity for feeling and thought, in the aspects of day-to-day life—heterosexuals and homosexuals were the same.
  


  
    Thus the explosion, which was immediate and furious. It was also utterly misdirected, a fury based on confusion.
  


  
    Something about the research of sexual orientation has gone almost universally unnoticed: We have assigned it an awesome significance that it does not possess. We have, by failing to note a simple, elementary principle governing the most basic process of biological research, grossly overinterpreted what finding a gay gene, neuron, or hormone actually means.
  


  
    The research does not mean what we think it does.
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    This book is about a biological investigation into a black box.
  


  
    “Black box” is a term of art used by biologists to refer to any human trait that we observe, study, and measure in each other but whose origins—which genes formed it, which hormones made it that way—remain mysterious. A black box is every biological facet of ourselves that we identify but do not know how it operates, what makes it tick.
  


  
    When the media report on the biological research of the black box called homosexuality, they do so under the ubiquitous headline: “Homosexuality: Genes or Choice?” The headline is short and appears moderate. It says, “What this story means is if we find a gene for homosexuality, then people don’t choose to be gay, but if we don’t find a gene, people do choose to be gay. We need to find a gene to know things about the trait.” This interpretation made by the press is entirely incorrect.
  


  
    Nature has kept her plan, DNA, hidden for millions of years. Today we are reconstructing it slowly, painstakingly, bit by tiny bit. From looking at the human animal, we see an almost unending list of traits we want to understand, all the mysteries that make us up waiting to be solved biologically: eye color, height, cystic fibrosis, cancer, intelligence, Tay-Sachs disease, baldness, athletic ability, resistance to some viruses and susceptibility to others, skin tone and muscle mass, allergies, and sexual orientation. Some traits can be defined simply by looking at the person, such as hair color or height. Some, such as cancer or blood type (A, B, or O), cannot. Some human traits are behaviorally expressed such as manual dexterity, sexual orientation, hand-eye coordination, and schizophrenia, and some are not, such as blood type (A, B, or O), race, or the hardness of tooth enamel. Some are disease traits: hemophilia, schizophrenia, cancer, color blindness. Some are politically and religiously charged. Race is one of these, a hugely complex “common inheritance” made up of myriad traits controlled by thousands of different genes (though as yet we have no idea how many genes or where they are). Others are not politically charged: the hardness of the enamel on your teeth, which is controlled by a single gene, whose location is known, and whose functioning we understand—“Tooth enamel hardness” is a trait that is no longer a black box; we have opened this trait and now understand, inside, what makes it tick.
  


  
    For biologists, each of these traits is today, or was at one time, a black box. We observed them, defined them, measured them, evaluated and assessed them, and watched them trickling through generations, but we did not know what created them.
  


  
    Today, most human traits are still black boxes. One black box has been the object of decades of empirical observation, and researchers have amassed a fairly complete external description of it in the scientific literature, what is sometimes called a “trait profile.” This is the first stage of biological research. (What generates this black box, what makes it what it is are the questions biologists are just beginning to pursue.) We have measured the external dimensions of this black box, and on that external level we know it well. This is what we know.
  


  
    
      1. Biologists refer to the trait as a stable dimorphism, expressed behaviorally.
    


    
      2. It exists in the form of two basic internal, invisible orientations. Over 90 percent of the population accounts for the majority orientation and under 10 percent (one reliable study puts the figure at 7.89 percent) for the minority orientation, although there is still debate about the exact percentages.
    


    
      3. Only a very small number of people are truly equally oriented both ways.
    


    
      4. Evidence from art history suggests the incidence of the two different orientations has been constant for five millennia.
    


    
      5. A person’s orientation cannot be identified simply by looking at him or her; those with the minority orientation are just as diverse in appearance, race, religion, and all other characteristics as those with the majority orientation.
    


    
      6. Since the trait itself is internal and invisible, the only way to identify a person’s orientation is to observe the person’s behavior or reflexes that express it. However:
    


    
      7. The trait itself is not a “behavior.” It is the neurological orientation expressed, at times, behaviorally. A person with the minority orientation can engage, usually due to coercion or social pressure, in behavior that seems to express the majority orientation—several decades ago, those with the minority orientation frequently were forced to behave as if they had the majority orientation—but internally the orientation remains the same. As social pressures have lifted, the minority orientation has become more commonly and openly expressed in society.
    


    
      8. Neither orientation is a disease or mental illness. Neither is pathological.
    


    
      9. Neither orientation is chosen.
    


    
      10. Signs of one’s orientation are detectable very early in children—often, researchers have established, by age two or three—and one’s orientation probably is defined, at the latest, by age two, and quite possibly before birth.
    

  


  
    These first intriguing observations began to catch the attention of researchers. The trait looked biological in origin. They began to press ahead systematically with their inspection, fleshing out the answer to the first question biologists always ask of a trait: “What is it?” This question must be answered before a scientist can pursue the second, quite different question: “Where does it come from?” The data that began flowing back indicated that the trait might well have a genetic source.
  


  
    
      11. Adoption studies show that the orientation of adopted children is unrelated to the orientation of their adoptive parents, demonstrating that the trait is not environmentally rooted.
    


    
      12. Twin studies show that pairs of identical (monozygotic) twins, who have identical genes, have a higher-than-average chance of sharing the same orientation compared to pairs of randomly selected individuals; the average (or “background”) rate of the trait in any given population is just under 8 percent, while the twin rate is just over 12 percent, over 50 percent higher.
    

  


  
    But the most startling and intriguing clues came from studies that began to reveal the faint outlines of the genetic plans that underlie the trait.
  


  
    
      13. The incidence of the minority orientation is strikingly higher in the male population—about 27 percent higher—than it is in the female population, a bit of data hinting to the biologist how the gene or genes responsible might be operating.
    


    
      14. Like the trait eye color, familial studies show no direct parent-offspring correlation for the two orientations of the trait, but the minority orientation clearly “runs in families,” handed down from parent to child in a loose but genetically characteristic pattern.
    


    
      15. This pattern shows a “maternal effect,” a classic telltale sign of a genetically loaded trait. The minority orientation, as expressed in men appears to be passed down through the mother.
    

  


  
    The trait profiled above, of course, is handedness, a stable, behavioral bimodal polymorphism with the majority orientation, right-handedness, expressed in over 90 percent of the population and the minority orientation, left-handedness, in around 8 percent. There are very few truly ambidextrous people, and the art history evidence suggests these ratios of right-, left-, and ambidexterity have been constant for five millennia. Handedness is interesting in relation to the trait sexual orientation because of the striking similarities between the two. Those who know the literature would know immediately that the trait profile above is not for sexual orientation, which differs from handedness in several ways: the population ratios for each trait’s two orientations vary somewhat (while left-handed people comprise 8 percent of the population, the current estimated figure for homosexuals is between 2 and 6 percent), and identical twin (MZ) concordance figures are radically different. Twin concordance for left-handedness is 12 percent against a background rate of 8 percent whereas for homosexuality, MZ concordance is 50 percent against a background of only around 5 percent, indicating that homosexuality has a much higher purely genetic component that left-handedness. (Also, and more subtly, the telltale “maternal effects” that both traits display are expressed somewhat differently.)
  


  
    But these are the exceptions highlighting the fact that the trait profiles of handedness and sexual orientation are extraordinarily alike, and virtually everything we know about the one, we know about the other. Neither left- and right-handedness nor hetero- and homosexual orientation can be identified simply by looking at a person. Since both are internal orientations, the only way to identify them is by the respective behaviors that express them, motor reflex and sexual response. Handedness shows up in children starting at age two or before, and John Money of Johns Hopkins University puts the age of the first signs of sexual orientation at the same age. Neither left-handedness nor homosexuality correlates with any disease or mental illness (although there are studies showing a higher correlation between left-handedness and, for example, schizophrenia). The grammar school coercion of left-handed children to use their right hands was ended years ago.
  


  
    Sexual orientation and handedness also function well as working analogies. If you are right-handed, take a pen in your left hand and try to write your name. With some effort, you can probably get it down semilegibly, but the fact that you have engaged in left-handed behavior does not make you a left-handed person. Behavior is irrelevant; your orientation is what counts. And you are just as right-handed sitting still watching a movie as when swinging a tennis racquet with your right hand. Did you choose to be right-handed? No? Then prove it. (You can’t; as one clinical researcher noted tersely, “Science can’t ‘prove’ you don’t choose to have appendicitis.”) Just as obviously, an interiorly heterosexual person is not homosexual even in the midst of homosexual intercourse. Behavior (when it does not reflect the interior orientation) is irrelevant, and a homosexual is equally homosexual when having sex and when driving a car.
  


  
    Another biologically significant similarity between the two is their ubiquitous and consistent presence across populations. “Of particular interest,” researcher I. C. McManus writes of handedness, “is the absence of geographical differences, a finding compatible with handedness being a balanced polymorphism present in all cultures.”
  


  
    There is one interesting difference between handedness and sexual orientation, and that is that we actually know less about the biological origins of handedness than about those of sexual orientation. David Marash, science journalist of ABC TV, reported that a genetic locus linked to homosexuality “suggests that homosexuality may not be a choice,” which was itself a suggestion that unless we locate a gene for homosexuality, unless we know where it is and how it works, then homosexuality is a choice (or, at a minimum, that we somehow couldn’t know whether it is a choice or not). Unfortunately, this is the equivalent of saying that since we haven’t found the gene that governs left-handedness—and we haven’t—then left-handed people choose to be left-handed (or, at a minimum, we can’t determine if they do so).
  


  
    It is the equivalent of saying that if you don’t understand the principles of how an internal combustion engine functions, you can’t know if your car will run.
  


  
    It is similar to saying that since physicists haven’t found the cause and origin of gravity, Boeing and Airbus and NASA cannot build their flying machines. For gravity is a black box. It’s a force whose characteristics we know well, whose trait profile we have measured so accurately that we can use it to guide and propel spacecraft between planets that are themselves traveling along trajectories we calculate by knowing the strength of gravity. We can describe it in exquisite detail: The force of gravity is equal to the gravitational constant (6.67 times 10 to the negative 11th Newtons) times the mass of the first and second objects divided by the distance between them. (F = Gmlm2/r2.) On the surface, we know everything about gravity.
  


  
    And under the surface, we know nothing. We know nothing about gravity’s origins or actual physical operation or “mechanism” (a word used by both physicists and biologists). Gravity may be created by curved space-time (which Einstein believed) or by Something Else (which quantum theory claims) operating through particles called gravitons. While physicists have found particles generating the strong, weak, and electromagnetic forces, the operation of gravity remains intractably mysterious. “We have demonstrated the existence of three of the four forces in particle accelerators,” notes a physicist. “No one has ever physically demonstrated the existence of gravity. We’ve never seen a graviton. Yet I know of no one who would claim that because we haven’t found the particle, we can’t say definitively that gravity exists.”
  


  
    What would account for the baffling illogic of the media, the failure to grasp this elementary aspect of biological research? Perhaps modern manufacturing has turned our intuitive conceptions of genetics upside down. In an age of complex machines built from detailed plans that are human-designed, human-engineered, and under our control, perhaps we have forgotten that the most complex machine on the planet, the human body and brain, springs from a design plan of a complexity and nature we have barely begun to understand. Since we have become the creators of machines, our perspective is reversed; we understand them from the inside first and only then build them. We forget there are machines whose insides are at present far beyond our reach.
  


  
    Or perhaps it is simply the refusal to recognize the evidence before our eyes since that recognition would ruthlessly change so much.
  


  
    Genes are, as Harvard geneticist Richard Lewontin has pointed out, just bits of DNA, threads of lifeless acid molecules inside cells. They are design plans for the many parts of the human body. The only reason genes exist is to be “expressed” as thousands of traits, such as eye color, but, Lewontin notes impatiently, you don’t look at genes to answer the question “What is the trait eye color?” Genes don’t have eyes. Only people have eyes, and if you’re interested in defining about eye color, look at people. Now if, Lewontin adds readily, you want to know where eye color comes from, you’d look at genes. But that’s a different question. Genes will tell you how the trait was created, not what the trait is.
  


  
    Contemporary research into what sexual orientation is began essentially in the 1940s when Alfred Kinsey launched his study of human sexuality. Kinsey’s work asked only the first of the two biological questions: “What is the trait?” His methodology was appropriate to his purpose: He posed questions. Part of his research involved simply tracking down what most social scientists and psychoanalysts presumed would be a few isolated homosexual individuals. Since homosexuality was presumed caused by faulty parenting and psychological stress, or by bad moral example in unsavory quarters, it would only be found irregularly. Historian John D’Emilio wrote of the shock caused by what Kinsey actually discovered:
  


  
    
      Kinsey’s findings on homosexuality departed so drastically from traditional notions that he felt compelled to comment on them. In his male study Kinsey acknowledged that he and his colleagues “were totally unprepared” for such incidence data and “were repeatedly assailed with doubts” about their validity. Checking and cross-checking their tabulations only widened the distance separating their results from the estimations of others. “Whether the histories were taken in one large city or another,” Kinsey wrote, “whether they were taken in large cities, in small towns, or in rural areas, whether they came from one college or from another, a church school or a state university or some private institution, whether they came from one part of the country or from another, the incidence data on the homosexual have been more or less the same.... Persons with homosexual histories are to be found in every age group, in every social level, in every conceivable occupation, in cities and on farms, and in the most remote areas of the country.”1
    

  


  
    Kinsey was also the first to observe systematically homosexuality’s immutability. Psychiatrist Richard Isay, with reference to attempts to change sexual orientation, has written of Kinsey’s experience:
  


  
    
      Kinsey and his co-workers for many years attempted to find patients who had been converted from homosexuality to heterosexuality during therapy, and were surprised that they could not find one whose sexual orientation had been changed. When they interviewed persons who claimed they had been homosexuals but were now functioning heterosexually, they found that all these men were simply suppressing homosexual behavior... and that they used homosexual fantasies to maintain potency when they attempted intercourse. One man proclaimed that, although he had once been actively homosexual, he had now “cut out all of that and don’t even think of men—except when I masturbate.”2
    

  


  
    In part it was the directness of Kinsey’s approach to his subject that was shocking. D’Emilio notes that “Kinsey treated his sensitive subject in the matter-of-fact manner more typical of the bug collector than the writer on sex.” (Actually, he was a bug collector; Kinsey was a highly respected zoologist who had made a reputation studying gall wasps.)
  


  
    The quiet academic chose a quiet academic publisher for his sexuality surveys. The publisher ran a few marketing tests and estimated it would sell about 5,000 copies of the 804-page tome. The book was released on January 3, 1948. Within two weeks 185,000 copies were in print. The book shot to the top of the best-seller lists, where it encamped for months, alarming the country. Writes D’Emilio:
  


  
    
      ...the picture Kinsey provided of the sexuality of ordinary white Americans must have been startling. Among men he found that masturbation was a nearly universal practice, that virtually all had established a regular sexual outlet by the age of fifteen, that half of the husbands in the survey engaged in extramarital intercourse, and that 95 percent of white American males had violated the law in some way at least once along the way to an orgasm.
    

  


  
    The head of Union Theological Seminary, Henry Van Dusen, said at the time of Kinsey’s work that it reflected “degradation in American morality approximating the worst decadence of the Roman era.” Research into human sexuality seems to be perpetually alarming, as much at the end of the 20th Century as its middle.
  


  
    Since Kinsey, extensive testing and observation of the trait homosexuality has taken place. The research of sexual orientation as a human trait is essentially complete, and we now have a detailed trait description. What this has left us with is the black box, and this is where we are today. We know the dimensions of the box, how tall it is and how wide; we know how much it weighs, what it is and isn’t. We know how it is expressed. What we don’t know is what formed it. The tightly closed lid hides the biological plan that created it, the hormones or genes or biochemicals that made it what it is. The biologists have now begun the next phase of their work.
  


  
    Currently we have no medical test, no CAT scan, no radioactive counter, no X ray, no blood workup, no biopsy to identify either a left-hander or a homosexual. Both are indistinguishable from majority counterparts. Both can move among us secretly at will. They can hide their behavior, mask their true natures for their entire lives in societies that repress them. In many Arab cultures, there appear to be no left-handed people at all. But they are there, hiding. There is only one way to determine if a person is left-handed: He or she states it. The same is true of homosexuals. By the time the research is complete, we may be able to distinguish in some lab test the differences that make some of us homosexual.
  


  
    The search for markers to identify what was previously unknowable and the definition of what has always been undefined means that when a child registers for elementary school, or a man or woman enters the army or gets an annual physical, and blood is drawn, someone in some laboratory may extract from it pure, whitish DNA and pour it into a bed of electrified gelatin, leaving that person’s sexual orientation written clearly in the streaks of the autorad. It means that when a woman is pregnant, a few stray cells from her womb may tell her, or someone else, this aspect of her child. It means that gay people will no longer have the option of hiding.
  


  
    The biologists have asked, “What is the box?” They are now asking “How does this box work? What genes or hormones or neurons make it tick?” Scientists have begun to open the lid of this black box and stick their hands down into the genes and dendrites and hormones that create human traits to try to solve this mystery, the origins of human sexual orientation.
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    Sources: I. C. McManus, “The Inheritance of Left-Handedness,” Biological Asymmetry and Handedness, Ciba Foundation Symposium 162. (Chichester) John Wiley & Sons: 1991, 251–267; J. Michael Bailey and Richard Pillard, “A Genetic Study of Male Sexual Orientation,” Archives of General Psychiatry 48 (December 1991): 1089–1096; Dean Hamer et al., “A Linkage Between DNA Markers on the X Chromosome and Male Sexual Orientation,” Science 261 (July 16, 1993): 321–327
  


  
    1Both traits show a very small number of humans are ambioriented. Handedness shows almost none for both men and women—McManus: “Measures of handedness usually show a bimodal distribution with few subjects appearing truly ambidextrous.” Sexual orientation, likewise, shows almost none for men but a still small though significant number for women.
  


  
    2However, may highly influence expression.
  


  
    3There is currently fierce debate over the existence of a correlation between left-handedness and certain pathologies, most notably schizophrenia. Some researchers assert that handedness, thought to reflect one aspect of brain lateralization, may be a result or a cause—in some manner a concomitant—of schizophrenia’s etiology or pathophysiology. A study done by Charles Boklage (“Schizophrenia, brain asymmetry development, and twinning,” Biol. Psychiatry 12, 19–35, 1977) powerfully developed the hypothesis, and Nancy Segal (“Origins and implications of handedness and relative birth weight for IQ in monozygotic pairs,” Neuropsychology 27, 549–561, 1989) also supports some form of correlation. On the other hand, Luchins et al. (1980) and Lewis et al. (1989), in their respective replication attempts of Boklage’s work, found little support, and Gottesman et al. (“Handedness in twins with schizophrenia: was Boklage correct?” Schizophrenia Research 9, 83–85, 1993) conclude that there does not appear to be an association between handedness and schizophrenia. (See Gottesman for a more complete bibliography.) The point, however, is the distinct difference between the trait profile of handedness and that of sexual orientation: while there is clinical debate in scientific and research circles over whether handedness correlates in some way with psychobiological abnormalities, no such debate exists regarding sexual orientation, and neither heterosexuality nor homosexuality are implicated in any mental or physical pathology.
  


  
    4A subset of gay men show the maternal effect. It does not appear in women.
  


  
    5“Segregation” is a genetic term of art meaning the way the trait shows up in individuals down through generations.
  


  
    6Indicates that genetics play a significantly greater role in sexual orientation than in handedness.
  


  
    Chapter Two
  


  
    THE DEBATE: DEFINITIVE PROOF THAT HOMOSEXUALITY IS BIOLOGICAL
  


  
    ON THE MORNING of August 30, 1991, in a time of furious political debate over the biology of IQ, violence, alcoholism, gender differences, homosexuality, and race, the world woke to front-pages headlines announcing the discovery of a physical difference between heterosexuals and homosexuals: A nucleus—a small cluster of cells—in the hypothalamus of the human brain was larger in straight men than it was in gay men.1 The biological race for the origin of sexual orientation was on.
  


  
    The study made a celebrity of its author, Simon LeVay, a young, gay, and, by all accounts brilliant neuroscientist at the Salk Institute, and it dropped the biological research of sexual orientation into the center of a growing political debate over gay rights like a small bomb. This was not, scientifically, a simple mystery that was being pierced. At a time when biology was daring to attempt to crack open increasingly complex mysteries in the human machine, here was sudden evidence that we were nearer than we realized to deciphering the most basic traits that make us what we are.
  


  
    Dr. LeVay is an intense, wiry British neuroanatomist who made his scientific reputation in visual systems. (Two of his mentors, Nobel laureates Torsten Wiesel and David Hubel, were pioneers in the field.) LeVay had concentrated on a specific problem—the way the brain processes visual information—but over the years, he had grown interested in the biology of how he came to be gay. He decided to find out. Like other traits that were expressed behaviorally, sexual orientation was thought to be an infamously tough mystery. There were, however, already a number of clues. LeVay decided to go back and begin with a strange discovery that involved one of the complex cascade of changes that hormones create in rats’ brains. In 1959, a UCLA researcher named Dr. Charles Barraclough found that if you injected a female rat shortly before or just after her birth with testosterone, a male hormone, it would for some reason sterilize her, and she would be unable to ovulate.2 “Ovulation” in this case meant not only an ovary releasing an egg but the biochemical chain of hormonal switches that, when tripped, lead the ovary to launch the egg on its journey.
  


  
    Unlike human females, who have monthly cycling, rat females cycle every four days when their glands start pumping estrogens (female hormones) into their bloodstreams. A small bit of hormone I feeds back and ratchets up production of hormone 2, which produces still more of hormone 1, like waves urging each other on with increasing violence. The estrogens pour into the blood, which flows to the brain where, when they reach a certain concentration, they kick on the hypothalamus (a small part of the brain responsible for regulating thirst and other functions), which in turn dispatches its own liquid signal to switch on the pituitary. The pituitary then sends a hormonal signal to the ovaries, which release the egg into the fallopian tubes. This domino effect leading to ovulation is called positive feedback, because higher estrogen levels “positively” trigger the hypothalamus, and on down the line, an amazing process of biochemical ovulation that begins life. Barraclough discovered that exposing female rats to testosterone around the time of birth destroyed the dominoes permanently.
  


  
    Then Geoffrey Harris, a researcher at Oxford University, made another, stranger discovery: that it was possible to make male rats ovulate, at least in this biochemical sense.3 Castrate newborn males to take away their source of precious male testosterone, and then in adulthood inject them with female estrogen. The estrogen floodwaters rise, switching on the hypothalamus, which kicks on the pituitary, and so on, and the result is “positive feedback”—ovulation, but in a male rat. Graft an ovary onto the male, and he will ovulate perfectly. Subsequent experiments revealed yet another remarkable discovery: a male-female asymmetry. When biologists deprived males of testosterone, they got male rats with femalelike positive feedback—males with female biochemistry. But deprive females of estrogen, and the females do not become like males. There is no comparable “masculinization.” They merely develop quite contentedly as females with a positive female feedback.fn1
  


  
    In the end, scientists realized that to become male, males had to have testosterone. Of course, they had to start with an XY male genetic blueprint, but the male Y was worthless without testosterone. Why? Testosterone, it turned out, actually physically alters the brain. Rats, it was discovered, are born with “gendered” brains—males with male brains, females with female brains—in exactly the same way they are born with gendered genitals, males with penises, females with vaginas.
  


  
    But there was one catch: timing. The female brain needed no estrogen to become female, but for a male rat to develop a male brain, he has to be exposed to testosterone within five days after birth, the “critical period.” After the fifth day the masculinizing window of opportunity slams shut forever, the critical period is over, and no matter what hormones he is exposed to, that XY genetically male rat will grow up with a female brain.
  


  
    We now knew that the basic-model, default brain of the rat (and, it turns out, for humans too, during the first trimester) is female, and in order to make a special brain—that is, a male brain—and to develop a penis instead of a clitoris, a fetus must be exposed to testosterone.
  


  
    This was the concept on which the neurobiological search for homosexuality would rest, the “sexual differentiation of the brain.” In 1977, peering through his laboratory microscope at tiny gray-pink slices of rat brain, UCLA neurobiologist Roger Gorski discovered a nucleus in the rat hypothalamus that was five times larger in males than females.4 The nucleus is huge—so large, in fact, that to any layperson simply looking at slices of male and female brains the difference is immediately obvious—and the brains can be sexed, picking the males and females, as easily as by looking at the rats’ genitals. But then, from a biological point of view, brains and genitals are the same thing: features related to gender and sex that are physically molded by sex hormones.
  


  
    Any part of the body consistently of one shape in women and another in men is termed sexually dimorphic, of two shapes according to sex. Hips and breasts in men and women are sexually dimorphic, as a glance at any of Titian’s paintings will tell you, as are somewhat less obvious aspects of our bodies, such as fat-to-muscle ratio. Genitals are only the most obvious dimorphism. For Gorski’s team, it was logical to name the new rat nucleus the sexually dimorphic nucleus (SDN).
  


  
    Gorski has become the national authority on the SDN and its neurological and hormonal aspects. The study of the nucleus, which has an immense and dramatic impact on the behavior of rats, also led him, somewhat inadvertently, to become a filmmaker. On the seventh floor of the UCLA biology building, in a classroom, Gorski prepares to show his videotapes of the sexual behavior of rats. They have been previewed at neurological conferences around the world by Gorski, an enthusiastic, almost elfin man with a mustache. As a graduate student prepares the video system, Gorski discusses the sexual positions of his subjects.
  


  
    While running experiments, certain scientists noticed almost incidentally that injections of hormones reversed the sexual positions rats normally assumed. It changed the way they ovulated yes, but that was an invisible, biochemical effect; this was out-and-out behavior, and much more dramatic: Give a female testosterone, and not only does she show less lordosis (the receptive female mating posture where she curves her back and lifts her genitals for mounting by the male), but she exhibits typical male sex behavior and begins mounting other females. The more testosterone they receive, the more female rats display typical male-rat sex behavior. In contrast, deprive males of testosterone by castrating them just before birth, and in adulthood their sex behavior is decidedly female; they not only mount less, they let themselves be mounted by other males. Through perinatal exposure to the brain-organizing effects of opposite-gender hormones, the animals have been made gay.
  


  
    In the video room, the graduate student coaxes the machines to life and slips in the cassette. On the bank of monitors hanging down like boxy stalactites from the ceiling over the black lab tables, the tape begins to roll. Gorski enjoys screening his oeuvre. “There are six couples,” he announces cheerfully, although in the first shot only one bored-looking white rat sniffs the set. “That’s an unaltered female. They’re going to put in another female that has been injected with testosterone.” On cue, a hand reaches down into the frame and lets fall a second rat, black and white, which plops bemusedly next to her all-white companion.
  


  
    The two females edge around one another vaguely, but within seconds the testosterone-injected female begins aggressively sniffing the unaltered female. In a flash she mounts her, her groin pumping away at the female poised in unmistakable lordosis beneath her. Up and down the room twenty video screens are jumping in unison with the image. The three or four bio students working at the tables don’t bother to look up.
  


  
    In the next segment, the film cuts to two males, one “perinatally castrated” (his testes were cut off at birth, taking away his source of testosterone) and one “intact,” as Gorski jovially if unpoetically puts it. Again, the altered male arrives from above, and after some initial maneuvering, the castrated male responds to the intact male’s advances by bending his back and raising his genitals in female lordosis, submitting as the intact male mounts him.
  


  
    The tape continues with similar scenes. Its point is clear: Hormones determine sexual behavior. And this is an effect noted in other animals as well, such as songbirds. Among the zebra finches of Australia, for example, the male sings and the female doesn’t. In the finches’ brains, a certain nucleus controls singing. Birds with large nuclei sing, and the nuclei’s size is determined by male hormones, so unless something goes wrong it is always larger in males. But give a newly hatched female testosterone, and she will sing like a male. Look at her brain after the testosterone has done its work, and her nucleus will have grown to the size of a male’s.
  


  
    We had known that hormones influenced our behavior and molded our bodies. With Gorski’s work, we learned that they molded rats’ brains. Neuroanatomists who worked on humans thus hypothesized that hormones were also molding human brains as well. Soon this was confirmed. In 1982 the British team of cell biologist Christine de Lacoste and physical anthropologist Ralph Holloway published a study in the journal Science.5 They had found that like rats, parts of the brain in men and woman are shaped differently. De Lacoste and Holloway’s sex dimorphism was in the part called the corpus callosum.
  


  
    At almost exactly the length of a credit card, the corpus callosum is one of the largest single structures in the brain. It isn’t a thinking or processing structure, like the frontal lobe, or one that helps react to a tennis ball or dodge a taxi, like the cerebellum, nor does it have a regulatory and processing function like the microprocessor-like hypothalamus, which eternally monitors the levels of the body’s heating, cooling, and fuel. What it is is the brain’s central wiring shaft, a big AT&T cable stuffed with information-carrying fibers called axons running through the center of the brain to connect its two halves and enable communication between them. De Lacoste and Holloway found that the shape of the corpus callosum’s splenium (its bulbous posterior fifth) differed so dramatically between the sexes that, like Gorski’s rat nucleus, complete novices could easily tell if a brain belonged to a man or a woman simply by looking at it.6
  


  
    And then, in 1990, a Dutch researcher in Amsterdam named Dick Swaab announced something completely unexpected: He had investigated a nucleus in the human brain called the suprachiasmatic nucleus, or SCN, and found that it too was dimorphic—not with sex but with sexual orientation. The nucleus was twice as large in homosexual men as in heterosexual men.7
  


  
    LeVay, his interest kindled, was led logically, almost inexorably, by these studies. He already had a host of clues from the “phenotype,” the trait of sexual orientation as people expressed it externally, and these clues pointed toward biology. Now came still more clues, but this time from inside the body, at the level of neurons, leading to the same conclusion: that somewhere inside them, in their genes or hormone systems or—it now appeared—brains and hormone levels, gay and straight people were physically different from each other. But where to look for evidence of the biological origins of sexual orientation? LeVay wondered. Where would the substrate, the piece of brain molded by and/or molding sexual orientation, be?
  


  
    Swaab’s SCN seemed like an obvious candidate. But the SCN governs the body’s daily rhythms, not its sexual drive. So LeVay began to look elsewhere. Laura Allen, a postdoctoral candidate in Roger Gorski’s lab, provided the next clue. Allen had wondered if, like rats, we humans had an SDN, a sexually dimorphic nucleus. She gathered some human brains and opened them to the part of the hypothalamus where the SDN would be. She did not find an SDN. But she did find something else.
  


  
    Allen located and identified four nuclei, each the size of the tip of a pin, in the anterior portion of the human hypothalamus. She and Gorski named them interstitial nuclei of the anterior hypothalamus 1, 2, 3, and 4—or INAH (pronounced “EYE-nah”) I through 4 for short.8 Allen had found that both INAH 2 and 3 were sexually dimorphic in humans, significantly larger in men than women. (The political reaction was swift. As evidence of brain differences between men and women, Allen’s discovery was met with howls of protest from feminists, who saw it (correctly) as more ammunition for conservatives in the battle over gender; Allen was saying: Men and women are, in profound ways, different.)
  


  
    “Hypothalamus” means under the thalamus, which is where this part of the brain is found. As far as we know, the thalamus, which sits in the center of the brain, is a relay station for almost all the information that comes into the brain from the outside world, receiving it, sorting it, and then routing it to appropriate areas for further processing. The smaller hypothalamus, tucked under the thalamus and cerebrum and next to the amygdala, is interesting in that it acts as an “internal” version of its larger, exterior-focused counterpart. It too relays signals, but its information-gathering and processing jurisdiction is limited to signals that come from inside the body—a sensory FBI to the thalamus’s CIA. LeVay knew that the hypothalamus is a regulatory authority monitoring information from the nervous system, constantly evaluating and controlling (among other things) thirst, body temperature, and sex drive; it has the job of turning on and off the pituitary, the all-important gland whose hormonal products set off ovulation in rats and humans.
  


  
    The hypothalamus itself is tiny, and INAH 1, which is by far the largest INAH, is smaller than the period at the end of this sentence. But perhaps, LeVay thought, given that the hypothalamus was involved in controlling sex, given Allen’s discovery that INAHs 2 and 3 were larger in men than women, there was a dimorphism between gays and straights in one of these dots of brain tissue. This scientific reasoning led to a four-page paper entitled “A Difference in Hypothalamic Structure Between Heterosexual and Homosexual Men.” Published in Science magazine in August 1991, these four pages exploded into world news.
  


  
    LeVay began his paper with the logical hypothesis that “A likely biological substrate for sexual orientation is the brain region involved in the regulation of sexual behavior.” Because the hypothalamus affected sex, Allen’s “two [INAH] nuclei could be involved in the generation of male-typical sexual behavior.” In other words, LeVay conjectured that a part of the brain regulating sex drive might differ according to different drives. Therefore, he wrote, “I tested the idea that one or both of these nuclei exhibit a size dimorphism, not [only] with sex, but with sexual orientation. Specifically, I hypothesized that INAH 2 or INAH 3 is large in individuals sexually oriented toward women (heterosexual men and homosexual women) and small in individuals sexually oriented toward men (heterosexual women and homosexual men).”
  


  
    LeVay got brain tissue from forty-one subjects who died at seven hospitals in New York and California. Among his subjects were nineteen gay men, all of whom had died of AIDS; sixteen presumed straight men (the six of these who died of AIDS had a history of IV drug use); and six presumed straight women. No lesbian brain tissue was available because, LeVay explained, there was no disease he could use to identify lesbians. LeVay wrote: “Brain tissue from [men] known to be homosexual has only become available as a result of the AIDS epidemic. Nevertheless... it does not provide tissue from homosexual women because this group has not been affected by the epidemic to any great extent.” As soon as lesbian brains could be found, the experiment would be expanded to include them.
  


  
    In his study, LeVay used sections, slices of the brain itself. He carefully extracted the anterior hypothalami, which gave him forty-one tiny blobs of grayish-pink brain matter, and with a machine called a microtome that resembles a precision meat slicer he sliced those portions into razor-thin sections. LeVay meticulously described his methodology:
  


  
    
      The [sections of the] brains were fixed by immersion for 1 to 2 weeks in 10 or 20% buffered formalin and then sliced by hand at a thickness of about 1 cm.... Tissue blocks containing the anterior hypothalamus were dissected from these slices and stored for 1 to 8 weeks in 10% buffered formalin. These blocks were then given code numbers; all subsequent processing and morphometric analysis was done without knowledge of the subject group to which each block belonged.... The sections were mounted serially on slides, dried, defatted in xylene, stained with 1% thionin in acetate buffer....
    

  


  
    The staining renders each small, translucent section of cells visible as pale lavender, as if a single drop of India ink had been spilled from a fountain pen into a cup of water. Because the cells of a nucleus are denser than the brain cells surrounding them, they stain differently, and with a microscope they can be outlined to measure their area. LeVay outlined and measured each nucleus. Then, in dispassionate prose, he described what he had found:
  


  
    
      INAH-3 did exhibit dimorphism.... [T]he volume of this nucleus was more than twice as large in the heterosexual men... as in the homosexual men.... There was a similar difference between heterosexual men and the women.... The discovery that a nucleus differs in size between heterosexual and homosexual men illustrates that sexual orientation in humans is amenable to study at the biological level, and this discovery opens the door to studies of neurotransmitters or receptors that might be involved in regulating [sexual orientation.]
    

  


  
    [image: Image Missing]


    
      Volumes of the four hypothalamic nuclei studies (INAH 1, 2, 3, and 4) for the three subject groups: females (F), presumed heterosexual males (HM), and homosexual males. Individuals who died of complications of AIDS, [image: Image Missing] individuals who died of causes other than AIDS, [image: Image Missing] and an individual who was a bisexual male and died of AIDS, [image: Image Missing]. For statistical purposes this bisexual individual was included with the homosexual men.
    

  


  
    Now that there was a difference in the brain, the question turned to the things that create the brain: genes. Did certain genes influence sexual orientation?
  


  
    The answer was yes. In 1963 Kulbir Gill, a visiting Indian scientist at Yale, was looking in organisms for the genetic causes of female sterility and discovered, to his surprise, genetically homosexual fruit flies.
  


  
    The fruit fly, Drosophila melanogaster, is one of the common workhorses of genetic research. Along with the gentle nematode worm (Caenorhabditis elegans) and the tiny colon bacteria (Escherichia coli), the fruit fly possesses just the right combination of job qualifications to fill a special niche in the geneticist’s lab: a simple genome (Drosophila only has four chromosomes and an estimated 15,000 genes; humans have twenty-three chromosomes and around 70,000 to 150,000 genes), simple enough that we now know our way around it in great detail, including almost everything that its genes do; consistent and highly characteristic mating, eating, and living habits so that differences in behavior are easily detectible; and a short life span of two or three months, which soon gives researchers many altered generations to observe. It is also easy and cheap to feed; if there were such a thing as Purina Drosophila Chow, it would consist of wax and cheap grain. Drosophila seems to have been tailor-made for science: The chromosomes fruit flies carry in their salivary glands are giant, easily seen with a simple light microscope, which made these creatures excellent subjects for genetic study before the age of the electron microscope. In exchange for all this, in the service of biology the fruit fly is fed chemicals, frozen, starved, dissected, dropped on its head, shaken up, and chopped into little pieces. Its main job, though, is to be exposed to X-ray radiation and turned thus into, literally, thousands of mutants: Zap this gene, and the normally flat wings come out crinkled, or curled, or missing; zap that gene, and you get a white-colored body instead of the usual black. Expose the parents to X rays, and the children, and their children, and their children, pass down their mutated genes and the various strange effects that go with them. This is the key to Drosophila genetics: The effect announces the function of the gene.
  


  
    In the course of his research, Gill noticed one day that he had a strain of sterile male flies on his hands, a fact he realized when some mutant Drosophila that had been thrown together had generated no offspring, a rarity for flies. The question was, why were these flies sterile? Observing them, he noticed that the mutant males were courting other males, following them and vibrating their wings to make characteristic and unmistakable courtship “songs.” Not one to let a little homosexuality among his charges put him off, Gill tracked down the mutant gene responsible—it sits on the right arm of the third chromosome at position 91—and casually published his finding in a short note in “Drosophila Information Service,” a clearinghouse of information on fruit flies.9
  


  
    An informal publication, “DIS” can be slightly more casual than its academic counterparts. It runs short pieces like “The Rate of D. melanogaster Sperm Migration in Inter- and Intra-Strain Matings,” which discusses fly sperm. Gill’s contribution to “DIS,” “A Mutation Causing Abnormal Mating Behavior,” noted, “This mutation, a third chromosomal recessive, was X-ray induced and originally obtained as a male-sterile mutation.” Females with the mutated gene showed normal mating behavior, he said, but males that had it “actively court each other,” so while both sexes carried the gene, it was acting only in males. “This homosexual behavior,” he continued, “is observed even in the presence of female flies.” Gill suggested that this particular mutation be given the name “fruity”—all mutations are named—and promptly returned to the matter of female sterility. (Mutant naming is a subject unto itself. One mutation knocks flies unconscious when the temperature drops below 76 degrees Fahrenheit; its name is Out Cold. A mutation that puts splotches of color on the abdomens of male flies but adds nothing to females is called Male Chauvinist Pigmentation [mcp]. One mutation that makes flies mate for only ten minutes instead of the usual twenty is called Coitus Interruptus; and another, having a somewhat opposite effect, is called Stuck.)
  


  
    Jeffrey Hall, a geneticist at Brandeis University who has taken up Gill’s work, discreetly redubbed the mutation, still somewhat tonguein-cheek, fruitless. The bearded Hall has a professorial demeanor and a gruff but thorough manner. He also knows a staggering amount about flies and takes them quite seriously. He resents bitterly the fact that “the animal rights people will get on you about cats and mice, sure, but it’s perfectly okay to smash and grind up any old invertebrate.” Taped to the door of his office in the Brandeis biology department is a large poster from the movie The Fly along with a photocopy of a quote from Lenny Bruce: “I sort of felt sorry for the damn flies. They never hurt anybody. Even though they were supposed to carry disease, I never heard anybody say he caught anything from a fly. My cousin gave two guys the clap, and nobody ever whacked her with a newspaper.” He delights (gruffly) in the various fantastic names given Drosophila mutants. Nematode worms never get wild names. “You can’t dynamite an interesting name out of a nematologist,” Hall says with a sniff. Hall likes things that are interesting. He began a recent paper entitled “Genetics of Sexual Behavior in Drosophila” seriously: “Courtship in fruit flies is influenced by a variety of genes. The range of genotypes studied in this regard is wide—perhaps too wide, in the sense that ‘general behavioral decrements,’ caused by several different kinds of pleiotropic mutations, lead to defective courtships.” In small print on the previous page, discreetly printed below Hall’s name, the paper’s epigraph comes from Woody Allen: “‘My brain! That’s my second favorite organ.’”
  


  
    The fruitless gene mutation, Hall explains, produces two distinct behaviors. First, it makes males actively court other males. Second, fruitless males are not only receptive to but actually elicit courtship from males, something males without this mutation reject. At first, researchers were suspicious. Could something other than a gene be causing this phenomenon? Very young males, after all, do normally elicit courtship from other males, but this anomaly is probably explained by pheromones, chemicals that draw sexual attention. By the time normal males are three days old they no longer attract other males, so pheromones can’t account for the fact that fruitless draw this male attention throughout their adult lives. “It remains,” says Hall, “one of the most spectacular mutations ever studied in fruit flies. It’s so totally different from what normal males do in this species.”
  


  
    This gay fly strain has persisted through hundreds of generations unchanged. Certain lethal gene mutations kill flies; fruitless is not one of these, nor does it cause illness. Rather it is, says Hall, a genetic mutation responsible for a nonpathological, consistent behavior. “Huntington’s [disease] and fruitless are genetically analogous because both are caused by a single gene and have to do with nervous system functioning. And they’re both mappable—you can track them down in the genome. The difference is that Huntington’s is a pathology and fruitless is a true behavioral mutation.” In fact, nature provides a good method of distinguishing sick mutations from nonpathological ones: Between fertilization of the egg and the time of birth, flies with sick mutations die at huge rates. “It is very common for a mutant to have a decreased survival in the womb,” says Hall. But this is not the case with fruitless. As with any nonpathological mutation, there is no decrease in the prenatal survival rate of fruitless flies. “Sometimes a sick mutant doesn’t mate because it barely moves. But fruitless moves all around and chases other flies. Sick means poor survival and sluggish performance of its activities. That’s not the case here.”
  


  
    The fruitless gene also creates a sexual dimorphism in the organisms that carry it. In the abdomen of all male Drosophila is a muscle, called the Muscle of Lawrence, whose function is unknown, though it is not needed for mating. Female fruit flies don’t have it, and neither do fruitless males. “Studies have demonstrated,” Hall explains, “that it is the male nerves which are responsible for making the Muscle of Lawrence, so if fruitless doesn’t have it, it means the gene might be affecting the nervous system, a neural etiology.” And so, as Hall points out, the gene not only creates a behavior, it also, as may be the case of LeVay’s nucleus in the human brain, determines anatomy. (One of the more curious historical aspects of Drosophila work is that there used to be female version of the fruitless mutation that produced lesbianlike behavior in females. The mutation was called, with no great originality, lesbian; discovered by Robert Cook in a lab in England, it was first described in a 1975 paper in Nature magazine. But the mutant was somehow lost in the late 1970s, and no one can find it.)
  


  
    Knowing all this is one thing. No amount of verbal description of fruitless, however, can prepare one for the uncanny experience of actually seeing the results of this single gene mutation. At the National Institutes of Health (NIH), which conducts Drosophila work, a researcher demonstrates fruitless in action in the lab. She takes a small glass container of the flies (they are surprisingly tiny, perhaps one-quarter of an inch long at most), pops off the top, and sticks an ether-filled cotton ball into its mouth. Within a few seconds, the flies are lying stunned on the glass floor. With a plastic stick she separates out a few of the male flies—fruit flies are differentiated by the genitalia at the end of their abdomen, smooth and light colored for females, furry and dark for males—into a larger Pyrex jar. Seen through a microscope, their bodies vibrate violently in spite of the ether, huge red eyes bulging.
  


  
    As the flies revive, she points and says, “Watch that one.” Sure enough, that fly comes up behind another male fly, vibrating its wings. “This is courtship,” she explains, as the dance continues for several minutes. “The mounting fly climbs up on top of the other male and hooks himself on with special hooks on his arms.” Soon the two male flies, one on top of the other, are wandering around the jar.
  


  
    They look bored. She smiles. “That’s what flies look like when they mate.” She explains the procedure. “In normal mating, the male taps his foreleg on the female’s abdomen to let her know he’s ready to go, and then she’ll either perform rejection behavior or not. If she rejects him, he’ll try tapping again, and if she gives him the green light, he’ll scurry around in front and face her eye to eye and extend one or both of his wings, fluttering them at a rapid rate to ‘sing’ his courtship song. The song needs to be at a certain Hertz frequency, or else she’ll reject him. It appears that females all have their own ideas of how the song should sound. One song won’t work with all of them. And then he’ll go around back and get ready to copulate. Or he’ll head straight to the back. In that case, he sings his song from behind, usually, if she’s not moving and is just standing there, for a few seconds.”
  


  
    The details of fly mating are somewhat exotic. The male fly first extends his proboscis (“All flies,” the researcher explains, “eat by regurgitating enzymes onto food, which digest and liquefy it, and the proboscis is like a straw that slurps up this material and funnels it into the abdomen”) with which he “licks” or kisses the genitals of the female (“He doesn’t have a tongue so it’s not really licking, but that’s how it’s referred to”). The female then opens her vaginal plate, which prevents the male from copulating when she’s not interested, and he then very quickly curls his abdomen around and interlocks his genitals with hers, injecting her with sperm, although his penis itself is internal. The male will ride her for up to twenty minutes while she walks around the vial—which, if you consider that the life span of the fruit fly is thirty to forty days, is a significent portion of their lives.
  


  
    In contrast to the heterosexual method, the researcher explains, “Fruitless males can’t curl their abdomens to interlock their genitals as males do with females. We don’t know why they can’t. Maybe it’s because they don’t have this Muscle of Lawrence, but then the few normal males who happen to be missing it can still mate, so that’s not it.” She shrugs. “Also, when a fruitless male goes after other males, there are certain aspects of the courtship behavior that are exaggerated over what normal males do with females. He may tap the abdomen of the under-male, or he might head directly for the rear. I have observed that there is much more genital licking with male-on-male couples than with male-on-female couplings. Still, for flies with this gene, the mating process for these male-male couples is essentially identical to that of male-female couples.”
  


  
    Although we know exactly where fruitless is in the fly’s chromosomes, we don’t know much about it molecularly—that is, we don’t know the sequence of the DNA molecule that makes up that gene—but Hall is pursuing this work now at Brandeis, trying to reproduce the DNA code for the enzyme that makes fruitless. Once he has figured that out, biologists can begin to ask whether a comparable chemical—a fruitless homologue—exists in human beings. There are DNA homologues for all sorts of fruit-fly genes in our own human genetic makeup, some startlingly (almost eerily) similar; despite the fact that they have only four chromosomes and we have twenty-three, as far as many of our genes go, we’re amazingly similar. (For that matter, over-all we are genetically quite similar to some other species; the human genome is only about 1 percent different from the genome of the chimpanzee.) We don’t know if there’s a human homologue for fruitless, but it’s interesting to contemplate. We can already artificially manufacture the genetic product rhodopsin that allows us to distinguish colors. Perhaps soon we’ll be able to manufacture the protein pumped out by the fruitless gene.
  


  
    But if the fruitless fly is a dramatic example of homosexuality in animals, nature provides us with numerous animal species that, quite unaltered and uncoerced, engage in homosexual sex, from alligators to cows to geese to the mountain ram. Female sea gulls are known for forming long-term lesbian couples to raise children. Homosexuality in other species only underlines the naturalness of homosexuality in ours.
  


  
    LeVay found a nucleus dimorphic according to sexual orientation, and rats and flies provided two animal models, hormonal and genetic respectively, for homosexuality, but the question of how much genes contribute to human homosexuality still was unanswered. Then, four months after the appearance of LeVay’s work in 1991, a study of twins entitled “A Genetic Study of Male Sexual Orientation” was published in the December issue of the Archives of General Psychiatry by Michael Bailey, a psychologist at Northwestern University, and psychiatrist Richard Pillard of Boston University School of Medicine.10
  


  
    Identical twins are natural clones, two human beings with the exact same genes, while fraternal twins are just like usual siblings; they share half their genes. Looking at twins should help researchers determine if a gene creates a trait, or sometimes creates a trait, or creates part of a trait. It’s a simple principle: The more genes two people share, the more genetic traits they both will have in common. If a gene creates a given trait, a pattern should be visible: Identical twins should share that trait most frequently; fraternal twins and nontwin siblings next most; and adopted siblings, who share no genetic material, least frequently. Bailey and Pillard found exactly this pattern for homosexuality.
  


  
    In their study, Bailey and Pillard compared fifty-six monozygotic twins (identical twins, from the same zygote or fertilized egg), fifty-four dizygotic (fraternal) twins, and fifty-seven nongenetically related adopted brothers. The results lined up in exactly the way expected for a genetic trait. Eleven percent of the adoptive brothers were both gay, which is fairly close to the average or “background” rate in the general population; 22 percent of the dizygotic twins were both gay, and 52 percent of the monozygotic twins were both homosexual. Another way of describing the finding is that identical twins, who share the same genes, are twice as likely to share a homosexual sexual orientation as fraternal twins, who share only half their genes, and five times as likely as adopted brothers, who were raised in the same family by the same parents—the same environment—but share no genes at all. So the difference must come from genes.
  


  
    A year later Bailey and Pillard published a similar study of lesbian women.11 The results were virtually identical. Forty-eight percent of the twin sisters of lesbians were also lesbians, and, as predicted, as genetic relatedness fell, so did the frequency of lesbianism; for fraternal twins the figure was 16 percent and for adopted sisters, only 6. The data from the studies suggested, as Natalie Angier reported in The New York Times, that “70 percent of homosexuality is attributable to genetics.” And the 30 percent that is not genetic is, as the rat work demonstrates, hormonal, affecting the neural architecture, molding sexual orientation in each of us.
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