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Since 1998, when The DNA Files first presented an overview of the science and social implications of research in behavior genetics, scientific discovery has been relatively limited. Instead, commentary has focused on the complex interplay of genetics and environment in affecting human behavior.

Discussion has also emphasized the inherent difficulty in applying standard scientific techniques - such as the "experimental method" - when studying the genetic factors that influence human behavior.

Further, experts continue to urge caution against using terms like "genetic" and "inherited," interchangeably with terms like "familial." While "genetic" and "inherited" involve the transfer of a trait from one generation to another by physical means like DNA, a "familial" trait simply occurs at a high rate within a particular family - a phenomenon that may due to biological factors, environmental influences, or a combination of the two.

Meanwhile, the reported discovery of a "gay gene" in 1993 continues to be challenged. Likewise, the "gene for" or "genes for" violence or particular personality traits have remained no more than theoretical possibilities. While specific genetic factors continue to be associated with alcoholism and other addictive behaviors, their exact contributions - and how this information could be used in mitigating the behaviors - are still unclear.

Progress, mainly through studies of twins, has also been made in identifying genetic factors that may influence the development of bipolar disorder. Still, scientists caution, no single genetic determinant for the condition exists - and environment plays a key role.

Yet the influence of one's genes on anti-social behavior gained increasing attention in the spring of 2001, as the U.S. Supreme Court reversed the death sentence of a mentally retarded man and the Texas governor vetoed a bill which would have banned execution of such individuals. These events fueled the debate over executing the mentally retarded, some of whose abilities may be impaired by genetic conditions like Down syndrome, fragile X syndrome or certain non-syndromic genetic conditions.

DNA & Behavior: The Topic In-Depth 

by Sally Lehrman 

To hear some behavioral geneticists talk, our genes hard-wire our personalities and the best thing to do is to get used to it. Sure, they say, the environment plays an important role, and people can make their own way in learning to cope with their genetic predispositions. But normal variations in personality characteristics such as thrill-seeking, worry, anger and addictive behavior all trace back to genetic roots, the behavioralists assert.

The best-known U.S. researcher in this field, Dean Hamer, leapt into the public eye in 1993 with the announcement he had discovered "the gay gene." Since then, Hamer, a molecular geneticist at the National Cancer Institute, has become a lively spokesman for a new era of behavioral genetics. He commands large audiences enraptured by clues as to why they overeat, hate surprises, or sleep around. His controversial ideas are bolstered by a growing number of studies that seem to draw connections between physiological states and specific human behaviors.

Hamer and other scientists are leading a resurgence of interest in finding the biological roots of personality and behavior. "This is a tool for liberation, a scientific window into the soul. Yes, we are born with a certain genetic makeup. No, that doesn't mean we have no control over our lives," Hamer writes in his book, Living with Our Genes.

Hamer emphasizes that genes don't dictate a person's future; rather, they interact with each other, with the environment, and with an individual's response to these influences. It's hard to avoid linking genes with destiny, though, when talking about behavior. And it's easy to make leaps of logic when trying to make generalizations about personality characteristics. The history of behavioral genetics has been fraught with philosophical battles, scientific errors, and social and scientific debate. The field has provided fodder for class-, race- and sex-based bigotry, and triggered alarms for those fighting discrimination. The media often report researchers' pronouncements uncritically, and have even repeated claims long disproven.

Could someone really be "born bad"? It's not nearly that simple. Researchers on all sides of the behavioral genetics debate emphasize that the link between a gene and a behavior is not the same as cause and effect. Bottom line: a gene does not make people do things. It doesn't code for emotions or thoughts. It may not even turn on or off without an instruction from its surroundings. Instead, a gene may trigger a whole cascade of biochemical events in the body, interact with environmental and developmental influences, and - together with these - increase the likelihood that you'll behave in a particular way.

Eugenics
The historical context of behavioral research makes it easy to see why it's a touchy subject today. In the early 1900s, American scientists used Mendelian concepts of inheritance to show that manic depression, "criminality," "pauperism," "feeblemindedness," "shiftlessness" and various other socially harmful traits they identified were passed from generation to generation via genes. They drew from observations of laboratory mice and farm animals to develop theories about ways to abolish mental and social dysfunction by manipulating human reproduction.

Francis Galton, the cousin of evolution theorist Charles Darwin, had come up with the term "eugenics" - meaning "well-born" - in the late 19th century. A British population geneticist, Galton studied correlations among relatives to learn which aspects of social well-being - such as intelligence, birthrate and alcoholism - might be heritable. His American disciple, Charles B. Davenport, relied instead on the Mendelian framework of understanding inheritance through family pedigrees, but nevertheless eagerly picked up and promoted the philosophy of eugenics as a way to improve the quality of the human species and create a better future for everyone.

He and his colleagues hunted for patterns in alcoholism, so-called criminality, insanity, and other characteristics they believed might be passed down through families. In huge leaps of conjecture, they traced certain behavioral tendencies to particular races. For example, Davenport characterized Italians as drawn toward crimes of personal violence, Greeks as slovenly, and Swedes as tidy. Through immigration restrictions, sterilization laws and related policies, these eugenicists hoped to excise social and economic problems at their root. By 1935, thirty states had passed sterilization laws to prevent reproduction by genetically "inferior" people. The United States led the drive; other countries took up similar activities.

The Nazis adopted and expanded upon American eugenic ideas to rationalize first mass sterilization, then extermination programs. The atrocities in Germany generally discredited the eugenics movement after the World War II era but didn't stamp out its ideology or its practice. Involuntary sterilizations continued in Alberta, Canada, for instance, until as recently as 1971, and in the state of Alabama until 1973. As of 1985, at least nineteen states still had laws permitting the sterilization of people with mental disabilities, according to physician and lawyer Phillip Reilly, who specializes in medical ethics at the Shriver Center in Waltham, Mass.

Today you can still find people who support eugenics theories, although they are pretty much on the periphery. Most scientists working in the behavioral genetics field avoid making broad statements that connect particular populations to gene-based characteristics. Charles Murray and Richard Herrnstein, who made a case for a race-based gap in the inheritance of intelligence in their book The Bell Curve, are a notable exception. The book has refueled concerns that discoveries of links between behavior and genes will undermine ideas of equality among people and lead to regressive social policies.

The Science
While behavioral genetics is beset on either side by grandiose claims and ardent detractors, there does seem to be growing consensus that heredity does play some role in human behavior. This doesn't mean geneticists agree that our genes set a course for individual behavior, or that nature has taken precedence over nurture. Debate over scientific and social issues related to the field rages on.

Biological studies on behavior began with observations of similarities among family members that seemed to indicate the action of both shared genes and shared environment. In order to tease these apart, researchers turned to twin and adoption studies, which date back more than 70 years. The most famous of these is housed at the University of Minnesota Center for Twin and Adoption Research in Minneapolis, headed by Thomas J. Bouchard. Researchers there have examined more than 1,000 pairs of twins.

Identical twins share all of their genes (with some exceptions), while fraternal twins, on average, share only half. Identical twins come from the same fertilized egg, which splits into two. Fraternal twins develop from separate eggs, fertilized by different sperm. In order to estimate the influence of genes over a particular trait, researchers often try to compare shared behaviors between each of the two types of twins. The results aren't that easy to interpret, though, and can be misleading. Identical twins, for example, may be more often treated alike than fraternal twins, making genetic influence seem more important. So twin studies have focused especially on the behavioral similarities of identical twins raised apart as a way to try to identify the various influences.

Researchers use the statistical results of twin comparisons to develop estimates of "heritability," or the variation in a particular trait within a group that is attributable to genes. In a mathematical sense, "heritability" represents the variance in an observed trait due to genes, divided by the total variance in the observed trait. Overall, twin studies specialists have estimated that genes account for 40- to 60-percent of the variation in human psychological traits. But this kind of numerical summary implies a scientific certainty that doesn't exist. Sorting out the relationship between environmental and genetic factors into some measure of heritability is impossible, in part because of the interplay between the two, says Peter Schonemann, a psychologist at Purdue University, in a June 1994 issue of Science. Other critics point to problems in both the manner in which twin studies are performed and in the concept of heritability itself.

Twin Controversies
The twin studies are a popular topic because of startling similarities that emerge between twins raised apart - siblings with seemingly little in common except identical genes: flushing the toilet twice, sneezing in elevators, and wearing cowboy hats, among other things. But, surprisingly, there may be explanations having little to do with genetics. For one thing, the sample of people studied might not accurately represent the broad population of twins. Those who volunteer for this kind of study probably have a special interest in being "twins." And individuals who share physical features are likely to be treated alike, and so may share developmental experiences. In effect, their looks create similar environments.

In her book The Nature Assumption, Judith Harris gives an example. Say two identical twins are both tall. Researchers have demonstrated that society tends to act toward taller people with more respect, attention and reinforcement, which then is likely to lead to greater self-esteem. When these twins fill out a personality test for behavioral geneticists, they'll both probably score high on extroversion and self-confidence - but not because of any "self-esteem" gene.

Adoption agencies add to the likelihood of a shared environment by attempting to match children with circumstances comparable to their original home, including economic status, religion, and cultural interests. On the other side of the equation, researchers may overestimate the common experiences of siblings raised together. Factors such as a child's birth order can cause big differences in his or her upbringing.

Finally, the statistical assumptions made when calculating the frequency of differences between twins have been controversial. Even if the numbers do work out, it's important to keep them in perspective. They can't be interpreted to show the likelihood a parent will transmit a specific type of behavior to his or her offspring. Rather, they refer to populations as a whole at a given time. They also don't indicate some portion of a trait that is unchangeable or unaffected by environment. Families tend to think of "heritability" as the handing down of an intact behavior from parent to child like a baton, explains University of Illinois psychologist Scott Stoltenberg. But the technical definition refers more generally to the proportion of a trait in a particular population accounted for by genetic factors.

Linkage Studies
DNA-based techniques have allowed more specific studies of genetic influences on human behavior. Geneticists identify people in families with a particular behavioral disorder such as manic depression, then look for sections of genes (genetic markers) that they all seem to share. They aim to narrow these results down to find markers very close to the targeted gene, and then its exact location. The researchers then test whether the gene's activity - or failure to act - seems to trigger the observed behavior. Finally, they look at the product made by the gene and try to determine its role. Ultimately, they hope to discover a way to lessen the effects of a malfunctioning gene.

Linkage analysis is a familiar tool in medical genetics. But the case for behavioral genetics today is haunted by a series of linkage studies in the late 1980s that traced particular behaviors to certain genetic characteristics, then failed confirmatory tests by other scientists. Sometimes the researchers' claims were withdrawn for other reasons. While behavioral geneticists have recently become more optimistic, new discoveries still seem plagued by follow-up studies that appear to disprove their findings. Some critics say the problem is quite basic: they argue that the research is based on weak methodology and is an effort to add scientific weight to social beliefs. Others remain hopeful, pointing out that research on behavior is very complicated and difficult.

Animal Studies
Studies on mice have become a convenient way to investigate the genetic roots of behavior while controlling for the environment. Even though mice and humans may seem worlds apart in appearance and behavior, the mouse genome is very similar to ours; mouse researchers say the components are essentially the same, only arranged in different order. Mouse breeders have learned how to inactivate certain genes and create "knockout mice," which geneticists can then observe. In studies in France, for instance, mice without a particular receptor for serotonin showed more aggression toward other mice. In other research, mice missing the same neurotransmitter were unusually tolerant of and drawn to alcohol. Scientists at Johns Hopkins University reported in 1995 that another knockout mouse strain, which was missing a gene needed to produce nitric oxide, was extremely aggressive.

Other researchers first hunt for strains of mice that act a certain way and then start looking for the responsible gene. Some rodent families crave alcohol; some seem to have superior learning capabilities. In theory, it's not vital that the mice mimic humans exactly. Once researchers identify a particular gene in mice, they can look for its counterpart in humans and check whether it has a similar effect.

But even as scientists try to narrow in on the gene that's responsible for a behavior, they have begun to realize that it's hard to tease out just what it is they're studying. Mice that appeared predisposed to addiction because they kept returning to a morphine-laced drinking bottle, for example, turned out instead to hate the quinine spiking the alternate choice. Is a rodent that strikes at another mouse on top of its cage more aggressive? Or is it more anxious, claustrophobic or sensitive to shadow? To add to the confusion, what looks like a measurable behavior could be the side effect of a physical characteristic. A mouse that seems to be aggressive, say, might have an unusually low physical pain threshold - and so be hurting, grumpy, and prone to strike others.

Studies in People
Here are summaries of some key areas of behavioral research on humans:

Alcoholism. In 1990, psychiatrist Ernest Noble of UCLA and pharmacologist Kenneth Blum of the University of Texas in San Antonio reported a strong association between alcoholism and one version of a gene that makes the dopamine D2 receptor. They found this particular gene variation, which they called A1, in more than two-thirds of 35 deceased alcoholics, compared to just one-fifth of the same number of non-alcoholics. The gene builds a receptor on the surface of nerve cells that responds to dopamine, a chemical messenger in the brain's "pleasure center."

Their report followed a number of twin, family and adoption studies that pointed toward inheritance of a tendency toward drinking too much. But six months later, a team at the National Institute on Alcohol Abuse and Alcoholism said they could not find any such genetic difference between living alcoholics and non-alcoholics. Four more groups followed with negative findings. Blum and Noble, however, stood by their hypothesis and medical geneticist David Comings of the City of Hope Medical Center in Duarte, California, agreed. Together they pressed their case, expanding their view of the gene's influence to a variety of compulsive disorders including cocaine addiction and obesity. They labeled it a "reward" gene associated with addictive behavior.

"The Gay Gene". In the summer of 1993, Dean Hamer announced he had found a section of the X chromosome shared by gay brothers. Hamer named the region Xq28, and declared it the first concrete evidence that "gay genes" really do exist. The finding catapulted Hamer into the center of a heated debate over nature's role in the development of homosexuality. Some gays hailed the finding as a weapon against discrimination, since they believed it showed that their sexual orientation was not chosen. Others pointed to a history of shock treatments, aversion therapy, and brain surgery aimed at making gay men straight, and they predicted further discrimination.

Political debate aside, Hamer's findings had some problems. His team examined the X chromosomes of 40 pairs of gay brothers and found that 33 pairs (or 82-percent) shared genetic markers in one region. Men who inherited some gene or genes in that section were predisposed to becoming gay, Hamer concluded. But Hamer didn't look at the chromosomes of any of the men's straight brothers; if any had matched in the same region, it would have hurt the significance of the similarities he found. Plus, the population he studied had been self-selected through ads in gay publications and so couldn't be considered a representative sample.

Five years later, no other lab has confirmed Hamer's results. George Ebers, a neurogeneticist at the University of Western Ontario, studied 52 pairs of gay men but found no special link with the Xq28 region. Hamer did seem to confirm his own results in another 33 pairs of gay brothers: about 66-percent shared Xq28. He also checked heterosexual brothers and lesbian sisters in the same families but found no association with the marker.

At first glance, an earlier twin study seems to support the idea of inheriting homosexuality. But a closer look at the 1991 work - which also had its methodological problems - shows a more complicated picture. Michael Bailey of Northwestern University and Richard C. Pillard of Boston University interviewed gay volunteers and found that in 52-percent of the identical twins they surveyed, both men were gay. As many as 22-percent of the fraternal twins they talked to also shared a homosexual orientation. Regular non-twin brothers, from whom you might expect similar results because they share the same amount of genes as fraternal twins (half of them), were both gay only 9-percent of the time.

For the moment, then, it's impossible to say whether a "gay gene" (or genes) exists. Some critics of the hunt for a "gay gene" point to what they consider an essential flaw in the researchers' assumptions. Human sexuality is complicated, diverse, and often inconsistent - and so, they argue, can't be reduced to a simple series of orientations, biologically determined or not.

Normal Personality. In January 1996, researchers from Israel and the United States separately reported what they called the first link between a gene and what's termed by psychologists a "normal" personality trait, novelty-seeking. People with this characteristic seemed to be more excitable, adventurous, and impulsive than others, based on their responses to personality tests. Researchers connected their behavior to a variant of a gene, called D4DR, that appeared to affect the way the body responded to dopamine, the brain chemical linked to pleasure. At least three studies since then, however, have failed to show an association between the gene variation and novelty-seeking. The reasons could include differences in personality measures, ethnicity, or errors in methodology - or just that the sample sizes were way too small. Dean Hamer, who led the U.S. studies, suggests that researchers have been measuring the wrong thing: the gene may instead have a strong effect on a happy outlook on life.

In November 1996, Hamer was part of a group that reported a gene that seemed to influence mood. One mutation in it appeared to induce self-confidence and good cheer. A different mutation seemed to predispose people to chronic anxiety, as measured by their own assessment. The gene regulates serotonin, a brain chemical that affects people's sense of well-being; it happens to be the same brain chemical that the antidepressant Prozac acts upon. The researchers, led by Klaus-Peter Lesch of the University of Wuerzburg in Germany, said they think the gene accounts for about 4-percent of the difference in anxiety and cheerfulness between people. Hamer says the gene may also be linked to alcoholism and smoking. Of course, more studies are needed to test such claims.

Violence. Efforts to uncover the biological roots of violence have long been a research pastime - and a focus of controversy. As with much of behavioral genetics, the heart of the problem has to do with how society uses the results. While the work could help explain differences in individuals across populations, it also could stimulate a hunt for generalized tendencies that could be assigned to a particular group. Such expeditions are particularly dangerous because of the difficulty in defining the characteristics (or "phenotype") of a behavior like violence. Just as it's hard to sort out when self-defense shifts into aggression, the same behavior can be interpreted differently depending on the situation. Activities and attitudes that observers condemn as unprovoked violence on the street may be celebrated as patriotic duty on the battlefield.

In April 1998, revelations about violence studies conducted on children in New York demonstrated the ways aggression is often linked broadly to heredity - and to social stereotypes. Researchers in New York administered the now-recalled diet drug fenfluramine to mostly low-income boys believed to have violent tendencies. Researchers hoped to find out whether the drug, which triggers the brain to release serotonin, could lessen aggression. Some of the boys had already been treated for attention-deficit disorder. But 100 African American and Latino boys were chosen only because their older brothers had gotten into legal trouble. Not surprisingly, the researchers were widely attacked for deeply flawed theoretical and methodological assumptions - and for poor ethics in their study design.

Some argue that genetics-based research on violence and aggression could help dispel some of the stereotypes that lead to such studies. Others take the opposite point of view. In 1992, the National Institutes of Health funded a conference on genetic factors in crime. Many criticized the idea as racist in concept, believing that the focus on genetics masked an attempt to rationalize discriminatory criminal justice policies. Peter Breggin, director of the Center for the Study of Psychiatry in Bethesda, Maryland, organized a campaign that convinced NIH to withdraw its plans.

Nevertheless, in 1995 the conference went ahead at the University of Maryland. Organizers insisted its purpose was to challenge the notion that there could be a meaningful link between genetics and crime, given the state of genetic research and the subjective interpretation of "crime." Protesters didn't buy the explanation and condemned the meeting.

At a gathering in London that same year, many researchers in attendance said evidence seemed to be growing for genetic influence on aggressive behavior as well as propensity for crime. But among other complaints, critics marveled at the lack of discussion of their hypotheses' social implications - especially in regard to race. In a 1996 review for the science journal Trends in Genetics, Jonathan Flint of the Institute of Molecular Medicine in Oxford, England, expressed alarm at the omissions: "Should we then expect those scientists who do manage to meet to discuss the genetics of crime to confront contentious issues? Or should we simply be astonished that they do not seem to notice that they are dealing with an explosive social problem?" The criminal justice system isn't waiting for the answers to be sorted out. In an August 1998 interview with the journal Nature, Massachusetts state senator James Jajuga suggested that DNA collected from parolees could help to develop a "criminal" genetic profile and help law enforcement officers prevent relapse among offenders through education, drug therapy or counseling.

Skeptics
By its nature, behavioral genetics touches on some very sensitive issues. Its historical link to eugenics has spurred some to argue on moral grounds against seriously pursuing such research. Others say there is little scientific basis to justify the field. In a 1997 article in the science journal Genetica, University of Western Ontario evolutionary biologist Robert Bailey summed up such a perspective. "As long as humans are not exposed to artificial selection and crossing experiments, behavior geneticists will be very limited in their ability to partition the effects of genes, the environment and ... their interaction on human behavior and cognitive ability," he said.

