
A Rainbow Brain Transcript 
 
In 1964, the following statement ran in an article in Time Magazine: “One reason why 
homosexuals are so rarely cured is that they rarely try treatment. Too many of them actually 
believe that they are happy and satisfied the way they are.” At this point in time, homosexuality 
was still considered to be a mental disorder by the American Psychological Association, 
alongside conditions like depression and schizophrenia. Back then, “Conversion therapy,” a 
therapy intended to turn gay people straight, was the gold standard of treating homosexuality. In 
proper Freudian tradition, conversion therapy typically focused on a child’s relationships with 
their parents, and encouraged young men and women to make more opposite sex friendships and 
conform better to gender norms. Though conversion therapy was often a Christian intervention, 
scientists in the 1960s from schools like the University of Pennsylvania also claimed that 
conversion therapy effectively combatted homosexuality in young men.  
 
By the 1970s, conversion therapy was found to be ineffective, and even to dramatically increase 
the risk of suicide in those enrolled. Thankfully, in the fifty years since that Time article was 
published, gay and transgender rights have blossomed in this country, culminating in the 2015 
Supreme Court decision to federally legalize gay marriage. Conversion therapy has been 
condemned and discredited by the UN and the American Psychological Association, and the 
number of people who believe homosexuality cannot and should not be cured has doubled since 
1985. From a humanitarian standpoint, we are coming to accept homosexuality as a trait we are 
born with, as valid as heterosexuality. Transgender issues have not come quite so far, but every 
day we are witnessing breakthroughs in transgender rights.  
 
Alternative sexualities and gender identities are coming into the political and cultural spotlight in 
wonderful ways for the LGBT community. For us teenagers, this means we are growing up in an 
era when we can look forward to marrying whoever we choose, and many of us have an 
unprecedented freedom to change our gender identity.  
 
Today, for all of those who identify as LGBT and otherwise, I want to step back from the 
political and social realm of LGBT rights, and into the realm of science and research. While laws 
and cultural norms have evolved over the last fifty years, science has undergone a revolution just 
as incredible in terms of sexuality and gender. In A Rainbow Brain, we will explore the history 
of neuroscience as it relates to sexuality and gender. As teenagers, questions of sexuality and 
identity are a huge part of our lives, and as we and our peers differentiate from the norm, it’s 
important to understand why and how sexual orientation and gender identity arise. What makes a 
brain gay? Lesbian? Transgender? Are sexuality and gender written into our genes from 
conception, or is there more at play?  
 



I need to make one quick note before we begin this episode, which is a bit politically 
controversial but necessary to make. I will refer to the masculinized and feminized brains 
throughout this episode, in reference to the differing brain structure of males and females. Males 
and females do have consistent differences in many areas of the brain, and you can tell the sex of 
a person by looking at their brain (well, for the most part. We will get to that more when we talk 
about transgender people). The point is, males and females have noticeable and significant 
variations in brain tissue, which also affect our sexual and gender identity. I’m not saying one 
brain is better than the other, or more intelligent than the other, or more competent than the other. 
I only want to point out that this episode will include discussions of the masculine and feminine 
brain, and we have to acknowledge that, while we are equal in our rights and abilities, men and 
women do not look exactly the same, both in their bodies and their brains.  
 
With that established, let’s begin. For biological purposes, I’m going to have to split this episode 
into three sections: the homosexual male brain, the homosexual female brain, and the 
transgender brain. Because the research began with the homosexual male brain, let’s start there.  
 
The father of brain research on homosexuality, particularly in the male brain, is a man named 
D.F. Swaab. In the year 1990, right after the AIDS epidemic exploded in the United States, D.F. 
Swaab and one of his colleagues were studying the brains of deceased AIDS patients. In 
particular, Swaab was looking at an organ in the brain called the suprachiasmatic nucleus (SCN), 
which is a part of the hypothalamus. The SCN is the major organ that regulates our biological 
clock and the rhythm of hormone release. When somebody dies, their SCN normally shrinks. 
However, Swaab observed that many of the AIDS patients appeared to have full-size SCN after 
death, as if the organ hadn’t shrunk at all. Geniusly, Swaab decided to sort the brains of the 
deceased AIDS patients according to their sexual orientation, and to see if the SCN size differed 
between the two groups. As it turned out, the men who appeared to have normal-sized SCN were 
all homosexual during their lifetime. In fact, on average, the homosexual men’s SCNs were 1.73 
times larger than the hetersexual men’s SCNs. It wasn’t that the homosexual SCNs weren’t 
shrinking, it was that they were already so much bigger than the homosexual SCN that they 
appeared normal-sized when they were shrunken after death.  
 
For the first time, science had found a biological difference between gay and straight men in the 
brain, and not just in the area controlling sexual desire. The SCN is vital for so many hormonal 
processes, indicating that the brains homosexual men are structured differently in a very 
fundamental way. Most importantly, Swaab asserted that the difference in the volume of the 
SCN in homosexual and heterosexual males meant that homosexuality could be traced all the 
way back to a person’s brain development in the womb. Swaab believed, and rightly, that 
hormone levels in the mother’s womb could have an affect on the sexuality of the growing brain. 
Babies are born with more neurons than they need, and a percentage of our overabundant 



neurons are programmed to die while we are still babies. In gay males, Swaab believes that 
hormones in the womb turn off the self-destruct programming of neurons in the SCN, causing 
their SCNs to be larger than normal. This has no negative effects on intelligence or mental 
capacity, only sexual orientation. Thanks to Swaab, the world got its first glimpse of a 
revolutionary and liberating reality: homosexuality is an inborn quality, not a lifestyle choice or 
flaw in a child’s psychological development.  
 
After Swaab made his debut on the scientific stage, he and many other scientists continued to 
pioneer a deepening understanding of the biological basis of homosexuality. A scientist named 
Simon LeVay studied the volume of neurons in a different part of the hypothalamus that controls 
sexual behavior in all mammals. He found that the heterosexual men had, on average, twice as 
much brain volume in this region than homosexual men. Once again, the biological structure of 
homosexuality was confirmed, and this time in a brain area dedicated specifically to sex and 
mating. Another incredible study showed just how important the hypothalamus is to sexuality, in 
a more practical way. Dr. Savic of the Stockholm Brain Research Institute ran a study where she 
exposed male pheromones to straight women, gay men, and straight men. Pheromones are the 
scented sex hormones given off in our sweat and our urine, which are sensed subconsciously by 
those around us. As it turned out, straight women and gay men both showed activity in the 
hypothalamus when smelling male pheromones, while straight men didn’t react at all. 
Homosexual men are biologically primed to be aroused by men, even in the most unconscious 
and automatic of ways. So much for conversion therapy.  
 
Scientists are still discovering biological differences between gay and straight men, and the 
search for answers is far from over. We already know from the hypothalamus findings that male 
homosexuality is biological, but because these other studies are so cool and interesting, I’m 
going to do a quick list of them. First, scientists have shown that boys are more likely to be gay if 
they have older brothers because of the leftover sex hormones in the mother’s womb. The same 
applies to acutely stressed out moms, because the stress hormone cortisol affects fetal sex 
development. In another study, researchers observed the fingerprints of gay and straight men. It 
turns out that gay men are twice as likely to have more ridges on their left hand, which is also 
true of women. For the record, fingerprints are fully formed within four months of fetal 
development. Another interesting finding comes from genetics, which has naturally been a 
hotspot of sexuality research for some time. Research at the National Cancer Institute (I’m not 
sure why the Cancer Institute is researching this, but hey, they did a good job!) examined a gene 
on the X chromosome in male siblings. 67 percent of homosexual brothers shared a gene in the 
q28 region of the X chromosome, compared to only 22 percent of heterosexual brothers. If the 
gene were unrelated to sexual orientation, these numbers should both be about 50 percent, so 
scientists believe this gene has something to do with orientation. However, findings aren’t 
conclusive yet. Lastly, I wanted to clear up a potential assumption about gay men that doesn’t 



hold up in the science. Testosterone, which is the quintessential male hormone, is not actually 
significantly decreased in homosexual men. Homosexual men have slightly lower testosterone 
levels than straight men on average, but there is more variation within each group, gay or 
straight, than there is between the groups. Gay men don’t have notable a deficiency of male 
hormones- they aren’t just feminized men. Too often people assume that being gay is a 
feminization, but sexual orientation has little to do with gender. Gender, as we will see soon, has 
all its own biological roots to explore.  
 
Alright. That’s a lot of biology for you, but hopefully you found it as interesting as I did- who 
knew fingerprints had anything to do with homosexuality? Hopefully you’re still alive and ready 
for round two and three- next up, we explore the homosexual female brain.  
 
Homosexuality in the female brain has the same roots as homosexuality in the male brain- we see 
that fetal development has a lot to do with sexual orientation in both sexes. That being said, the 
hypothalamus does not appear to play as much of a role in sexual orientation in females as it 
does in males. The most interesting and influential study on female homosexuality came from a 
study by Anke Ehrhardt and colleagues of Columbia University. Between the years 1940 and 
1971, a synthetic estrogen replacement hormone called DES was sometimes given to pregnant 
women to prevent miscarriages. The FDA eventually determined that DES was linked to a rare 
but aggressive form of vaginal cancer, but not before 5-10 million women and their babies were 
exposed to the hormone. Ehrhardt and her colleagues, who were interested in prenatal hormone 
exposure, ran a study on DES and sexual orientation. Ehrhardt found pairs of sisters, in which 
the mother took DES while pregnant with one sister, but not the other. In Ehrhardt’s study, the 
daughters who were exposed to DES in utero scored higher on all 10 measures of homosexuality 
than their unexposed sisters, and were generally much more likely to identify as homosexual or 
bisexual. Just like homosexuality in men, homosexuality is significantly affected by hormones in 
the womb. Female babies exposed to nicotine and amphetamines, like meth, in the womb are 
also more likely to be lesbian when they grow up, just like how stress hormones can affect male 
babies in the womb. This isn’t to say that being lesbian is a type of brain damage from drug 
exposure; it only shows that the womb environment has an important effect on our sexual 
orientation.  
 
As with gay men, gay women react differently to pheromones than their straight counterparts. 
Homosexual women also have less connections between the amygdala and surrounding brain 
areas than straight women, according to research by Dr. Savic of the Karolinska Institute of 
Stockholm. While there isn’t a specific gene tied to being lesbian yet, studies have found that 
being homosexual is shared by 48 percent of identical twin girls, 16 percent of of fraternal twin 
girls, and only 6 percent of adoptive sisters, indicating a significant genetic influence. To finish, 
here’s a pretty crazy one to add to the list: researchers at UT Austin implanted tiny microphones 



in the ear canals of straight women and lesbian women. They were trying to detect otoacoustic 
emissions, which are tiny sounds produced by the inner ear. I couldn’t figure out why, but it 
appears that lesbian women, on average, produce weaker otoacoustic emissions than straight 
women. Men also produce weaker emissions than straight women, due to higher levels of male 
sex hormones, called androgens. This suggests that the structures of the inner ear are more 
masculine in lesbian women. The inner ear acoustic system is fully developed by the time an 
infant is born, so this indicates that the homosexual female brain may be masculinized in the 
womb by the presence of androgen hormones.  
 
However, we have to be careful when talking about masculinization and female sexual 
orientation. In fact, compared to male homosexuality, female homosexuality is a lot more tricky 
to deal with. First, it’s important to note that women are much more likely than men to be 
bisexual, or to experience changing orientation over the course of a lifetime. Among homosexual 
women, there is a vast difference in behavior and masculinization. You’ve probably heard of 
lesbian women referred to as “butch” or “femme,” indicating whether a lesbian woman is more 
masculine or feminine in physical appearance, behavior, and/or self conception. It seems that 
butch lesbian women do have more masculine brain and physical structures, while femme 
lesbian women are less likely to show obvious physical characteristics of homosexual 
orientation. For example, there is a rather famous test used to identify homosexuality called the 
2D:4D ratio test (for second digit and fourth digit). Basically, it measures the relative lengths of a 
person’s index finger and their ring finger. Men and butch lesbian women are shown to have 
shorter index fingers in relation to their ring fingers, while straight women and femme lesbian 
women tend to have longer index fingers in proportion to the ring finger. According to research 
from the Archives of Sexual Behavior , this indicates that butch lesbian women are likely exposed 
to more androgens, or male sex hormones, in the womb, while femme lesbian women are not. 
This doesn’t mean that feminine homosexual women aren’t born that way, or that they’re making 
a lifestyle choice. Rather, it shows that androgen exposure in the womb isn’t enough to explain 
sexual orientation, and we still have a ways to go in understanding all the factors that affect 
homosexuality in both men and women.  
 
The bottom line is that homosexuality is absolutely a biological phenomenon. It’s not limited to 
humankind, either. Over 1,500 species of animals have been shown to practice some sort of 
homosexual behavior. Bonobos, a species of ape, are naturally bisexual- they will pretty much 
pursue sexual relations with anyone, anytime, and they’re probably the most cooperative and 
intimate species on the planet. Other species are not quite as sexually open as the bonobo, but 
several kinds of mammals and birds have been observed forming same-sex pairs in the wild. 
Even the Central Park Zoo features its own gay pair. Two male penguins, named Roy and Zilo, 
were given an egg by zookeepers. They built a nest for the egg together and took turns caring for 



it. When the baby was born, they made a wonderful pair of same-sex parents. Needless to say, 
homosexuality is not a lifestyle choice anymore than having blue eyes or olive skin is.  
 
Now, let’s turn our focus to the neurobiology of being transgender. Transgenderism is a huge 
issue on the national stage even today, and it draws more conservative criticism today than 
homosexuality does. As we will see, brain-body gender conflict is just as biological as 
homosexuality.  
 
Before we talk about the neurological basis of being transgender, I do want to clarify terms. 
Transgender today has come to encapsulate a lot of different ideas, ranging from people who get 
sex reassignment surgeries to people who decide not to identify with the gender binary at all. In 
this episode, because we are talking about the hard science of sex and gender, I am going to use 
transgender to refer to people whose biological sex is the opposite of the sex they identify with 
mentally. I’m not going to get into issues of gender binary, because a) the science hasn’t really 
been developed yet, and b) the question of the gender binary has a lot to do with social constructs 
and societal norms for gender, which are outside the realm of this podcast. More information for 
that topic can be found on the episode page of the Brainstorms website.  
 
Now that we’ve established the temporary definition of transgender for this episode, let’s get 
started. The most important fact when considering the biology of being transgender is how and 
when sex and gender identity develop in the womb. The biological sex of a baby- basically, what 
genitals it has- is determined within the first six weeks of development. It isn’t until six months 
into gestation, far after biological sex has been determined and genitalia have formed, that the 
brain begins to masculinize or feminize. This means that four and a half months pass between 
body sex determination and brain sex determination- four and a half months for hormone levels 
to fluctuate and for the womb environment to change. In order for the brain to become 
masculinized, there must be a presence of testosterone in the womb- otherwise, the brain will 
continue along a feminine track and develop characteristically female structures. So, in 
transgender individuals, we should see that the biological sex of the person is opposite of the sex 
we see in the brain. As it turns out, this is essentially what researchers see. Dr. Swaab, from the 
male homosexuality research, also obtained post-mortem brains from deceased transgender 
patients. Swaab looked specifically at a brain region called the BST, which regulates many 
aspects of sexual behavior and sex differentiation. The BST is typically twice as large in men, 
but this was not true of male-to-female transgender patients- these patients had distinctly small, 
feminine BST. They could only get one female-to-male transgender brain, but this brain 
confirmed that this works both ways- the female with a male gender identity had a BST that was 
about the size of a male BST. Other scientists have found similar results with transgender brains 
in different brain regions, showing that people’s brains tend to look like the brain of the 
perceived sex, not the biological one. Sometimes, people have brains that are in between male 



and female brains, and this could perhaps account for people who do not feel that they fit in the 
gender binary, though scientists have yet to study it.  
 
Genes also appear to play a role in becoming transgender. According to research presented in 
Scientific American, a group of researchers studied identical and fraternal twins where one or 
both twins was transgender. The study concluded that 39 percent of identical twins were both 
transgender, while none of the fraternal twins were both transgender. This strongly suggests that 
genes do play a role in gender identity, and scientists have recently found a gene that might write 
that code. To account for the other 61 percent of identical twins who don’t share a transgender 
identity, we only have to look back at the research about hormones in the womb. Identical twins 
may share their genes, but they have separate umbilical cords and amniotic sacs- their womb 
environments are completely unique. If one twin is exposed to more testosterone in their 
amniotic sac than the other, this will influence their brain but not the brain or their identical twin. 
Genes may predispose you to being transgender, but ultimately, your womb environment has a 
decisive role in determining how your brain and sex develop.  
 
So that’s a sampling of the science behind sexuality and gender identity. Of course, there are tons 
of other studies out there and more coming to light every day, and I encourage those who are 
interested to try their hand at navigating PubMed Central’s database for more awesome 
information about the biology of sex and gender. I don’t want the takeaway from this episode to 
be that we’ve already learned all we need to know about sexual orientation and gender identity, 
because we haven’t. We’re only beginning that journey. I hope that the real takeaway from this 
episode is actually something that this episode lacks: a discussion of nurture and childhood 
experiences. No study has been able to show that sexual orientation or gender identity are 
directly influenced by our upbringing and personal experiences. Lesbian women are not more 
likely to raise lesbian daughters, nor are gay men more likely to bring up gay sons. In an 
incredibly informative but tragic study, researchers observed the behavior and gender identity of 
a group of children born with XY chromosomes, the male genes, but who were born with 
ambiguous genitalia and ultimately received surgery to become females by appearance. These 
children were brought up with dresses and dolls, with the pronoun “she,” and treated like 
daughters. They were even given estrogen hormones when they reached puberty so that they 
would go through female puberty like other girls. Nonetheless, after all this nurture towards 
female identity, most of the children continued to identify as boys. We cannot turn people into 
one gender or sexual orientation, even with hormones and surgeries, if their brains do not 
identify that way. By the moment we leave the womb, we are programmed with our orientation 
and identity. No amount of conversion therapy can make someone straight, just like no amount 
of estrogen can make a person who feels like a boy feel like a girl. Thankfully, our laws and 
politics are starting to reflect this biological reality, and I have high hopes that science will 
continue to make this world a safer and more tolerant place for people who are born into an 



atypical identity or orientation. At the end of the day, we are who we are and we love who we 
love, and science is finally showing us that we come into the world with these preferences 
already programmed. So goodbye, conversion therapy, and may you die a total and final death in 
the face of neuroscience.  
 
 
 
 


