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To Jack Colwell: champion golfer, brilliant polymath, accomplished yachtsman, loving father, and beloved husband, without whom this book could never have been written nor my life have been so blessed and joyful


And to my husband, George F. Bertsch, without whom this book could not have been written








A Note to the Reader


What follows is Rita Colwell’s story, told in her voice. But the stories of others, who had similar experiences, are based on interviews conducted by Dr. Colwell and/or Sharon Bertsch McGrayne. To make it easy for the reader, those too are told in the voice of Dr. Colwell.







prologue Hidden No More



Graduate student Margaret Walsh Rossiter made a habit of attending Friday afternoon beer parties with Yale University’s eminent historians of science. One day, out of curiosity, she asked the great men present, “Were there any women scientists?” This was 1969, and none had been mentioned in her courses or reading material.


“No,” came the answer. “There have never been any.”


“Not even Madame Curie,” someone asked, “who won two Nobel Prizes?”


“No. Never. None,” was the response. Marie Curie was a drudge who stirred pitchblende for her husband’s experiments. According to some of the world’s leading male academics, we women scientists did not exist.


A few years later, Rossiter, still curious, found herself thumbing through a biographical encyclopedia titled American Men of Science. Despite the name, she discovered that it included entries on more than a hundred women. Rossiter tried to get an academic job to study more women scientists, but no university was interested. And she couldn’t get a grant to do her research independently, because no one else knew enough about women scientists to judge her proposal.


Rossiter didn’t have much money, but, liberating her parents’ second car, a highly unfashionable Dodge sedan, she spent months driving at top speed, crisscrossing the Northeast from the archives of one women’s college to another. Then she expanded her search to the rest of the country, trawling through boxes of records in library basements and attic filing cabinets, finding evidence of women scientists everywhere. A representative denounced her on the floor of Congress, arguing that writing about women scientists was a waste of taxpayers’ money. The resulting publicity helped even more people learn about her mission, and soon Rossiter was planning a book—although one Harvard professor joked, “That’ll be a really short book, won’t it?” A dozen publishers brushed off her proposal because everyone “knew” women scientists didn’t exist.


Nevertheless, in 1982, the first book of Rossiter’s three-volume history, Women Scientists in America, began documenting the existence of our hitherto invisible world. Suddenly, reading those pages, we women in science knew we were not alone. We were the intellectual descendants of a long line of women who’d done significant work. As for Rossiter, she expanded the world of science, founded a new area of study, won a MacArthur Foundation “Genius Grant,” and became a chaired professor at Cornell University.





As the story of my life as a scientist, this book tells the human side of this history. It tells what it’s like for a woman to go into a field so dominated by men that women were rendered invisible. It’s about an enterprise in which, even today, many men and women believe the ability to do high-level science is coded by the Y chromosome; in which men are seen as more competent than identically qualified women; in which the more decorated a male scientist is, the fewer women he trains; in which universities hire their junior faculty members from these elite men’s labs.


But let me say from the outset: this book is not a litany of complaints. I have had my own laboratory for almost sixty years, and for every man who blocked my way in science, there were six who helped me. Nevertheless, the scientific enterprise remains a deeply conservative institution filled with powerful men—and some women—who reject outsiders, whether women of any stripe, African American men, Latinos, other people of color, immigrants, LGBTQ people, people with disabilities, or anyone else who doesn’t fit the stereotype of the white male genius.


Science is an institution struggling to shed its past. And every time I hear someone say, with the best of intentions, that we have to get more women into science, I get irritated. We have never had to interest women in science. Everywhere I’ve looked, there have been hidden figures, working in the shadows of their husbands’ labs or in the labs of male allies, in medical museums and libraries, in government agencies, or in low-level teaching positions across the country. There have always been highly capable women wanting to be scientists.


But there has also always been a small set of powerful men who wouldn’t let women in. Decades later, we still have men who can’t believe that they played any role in stopping talented women from following their passion.


So here in this book, I offer some recommendations for what remains to be done to open the doors of opportunity to women scientists—and how women can open those doors for themselves. Because when women speak up despite the forces acting against us, we will succeed. And succeed we must, because the security, economic strength, and social stability—the destiny of every country in the world—depends on us all.










chapter one No, Girls Can’t Do That!



It’s a beautiful spring day in May 1956, and I’m walking across Purdue University’s campus with my handsome, six-foot-two fiancé, Jack Colwell, a former GI back from Germany to finish his graduate studies. On our very first date a few weeks earlier, we decided to get married—two months from now. It’s been a whirlwind romance! We couldn’t know it at the time, of course, but our wedding would mark the start of sixty-two years of happily married life.


Then Professor Henry Koffler sees us.


Henry Koffler is small in stature, but he’s a big man on campus, a powerhouse in biology. Even colleagues can feel intimidated by him, especially when he stands close to them to talk. It’s not easy for an undergraduate to get time with him, and so, taking advantage of our fortuitous encounter, I tell him—right there on the sidewalk—my good news: I’ve decided to postpone medical school and do graduate work in bacteriology while Jack finishes his master’s degree in chemistry. All I need to make it happen is a fellowship.


“We don’t waste fellowships on women,” Koffler says, as if telling me an obvious fact of life.


My first reaction is dismay—quickly followed by anger at the injustice of this policy and at his offhandedness in telling me about it. Without financial assistance, there’s no way I can continue my studies. But I can’t give Koffler the satisfaction of seeing how upset I am. He seems to think I have no future. Well, I tell myself, I will damn well prove you wrong.





My parents were Italian immigrants. My father, Louis Rossi, was a stonemason and landscape foreman for a construction company in Beverly Farms, Massachusetts. He built tennis courts, swimming pools, sea walls, and even a steeplechase for big waterfront estates north of Boston. The only way he’d been able to get a high school education in Italy was to enter a Roman Catholic seminary and train for the priesthood. When the time came to be ordained, he skipped town, caught a boat to the United States, and, except for baptisms, weddings, and funerals, never set foot in church again. He told us children his Sunday job was cooking dinner. My mother, Luisa DiPalma Rossi, finished elementary school in her small town near Rome but was then forced to abandon her education to work in her aunt’s candle shop. She married my father in Italy and then joined him in the United States a few years after his arrival. It was my mother who took us to church.


During the Great Depression, my father saved $3,000 in cash in a pillowcase under my parents’ bed and had the audacity to buy a three-bedroom house in a Yankee neighborhood with a good school. Beverly was a bayside town settled by English colonists in 1626, but by the early twentieth century, many Italian immigrants had found work in the local construction and shoe manufacturing industries. This was an uncomfortable time to be Italian in America. A federal report some years before had warned that “certain kinds of criminality are inherent in the Italian race,” while the popular weekly magazine the Saturday Evening Post editorialized, “If America doesn’t keep out the queer, alien, mongrelized people of Southern and Eastern Europe, her crop of citizens will eventually be dwarfed and mongrelized in turn.” Not long after my father arrived in America, the Immigration Act of 1924 barred any more Italians from entering the country, and the year before I was born, a poll of white male Princeton University students listed Italians as the nation’s third most objectionable ethnic group, after Muslim Turks and African Americans.


And so the evening our big Catholic family moved into our new house in pleasant, Yankee Beverly Cove, there came a knock at the front door. My father answered it to find a city councilman, who introduced himself and said he represented our new neighbors. They had signed a petition pledging to repay my father for his down payment—provided we moved away. “I bought this house,” my father replied. “It is fully paid for.” Then he closed the door. It was in this house at 113 Corning Street, Beverly, Massachusetts, that I, Rita Barbara Rossi, was born three years later on November 23, 1934.


My parents would have a total of eight children, including a girl who died in the 1918 influenza epidemic and a boy born just before me who left my mother with postpartum depression and who died of pneumonia before he was two. I was the fifth child to survive. After my younger brother and I entered school, our mother went to work in a local factory.


My mother and father were committed parents, but they lived in a time of traditional attitudes about girls. After school, my sisters and I had to stay indoors making beds and doing housework while the boys did chores outside. My brothers argued a lot, and the unfairness of not being heard over their ruckus rankled me. Although I wasn’t fond of my dolls’ carriage, I didn’t think they had the right to disassemble it—without my permission—to make a go-cart and then refuse to let me play with it or with their Lincoln Logs. Nor did it help that when we visited relatives for Sunday dinners, my brothers received gifts like feather headdresses and toy tomahawks while my sisters and I were expected to wash the dishes and clear up. By the time I was five, I already knew in my heart of hearts that one day I would find a way to escape. I can’t complain now, I promised myself, but I’m not going to stay here forever.


In my innocence as I grew up, I thought our neighbors were upper-middle class. Only later did I realize that they were mostly working class: a police officer, a city clerk, a caretaker for a large estate, a janitor who took care of a public school’s furnace and whose wife called him “The Engineer.” Most couples had only two or three children, and the wives never spoke to my mother or invited her to their parties. It wasn’t only my mother they disapproved of. My father raised flowers in our front yard and fruit trees, vegetables, chickens, and rabbits in the back. But when Dad lined the driveway with dahlias the size of dinner plates, our neighbors sniffed. Geraniums would have been okay, but dahlias were not. My eldest sister Marie’s schoolmates taunted her for wearing hand-me-downs and wouldn’t let her join their private after-school “club.” When a classmate of my artistic sister, Yolanda, invited her over for drawing lessons, the little girl’s mother told Yolanda, “We don’t let Italians in our home,” and turned her away at the door. Whenever something hurtful like this happened, Dad would tell us, “Don’t get angry. Get a good, strong education. The only thing they can’t take away from you is what’s in your brain.” Young as I was, this struck me as sound advice.


Fortunately, there are so often people who can see a child’s potential, and Mrs. Emma Bowden, who lived next door, supplied the hideout that I needed. Often when I passed her house, she’d tap on her window. “I’ve made tapioca pudding,” she’d call. “Come in. Let’s do a jigsaw puzzle.” With Mrs. Bowden at my side, the injustices of life that I was trying so hard to understand began to resemble a giant jigsaw puzzle. As I grew older, I started to see science in this way, too: nature would provide the pieces, and the scientist would figure out how they fit together to create a meaningful picture. And if someone else could solve a puzzle, then I was sure I could; if I was tenacious enough, I could even make sense of pieces that had seemed scattered and disconnected. Little did I know that this attitude—this refusal to give up—would not only help me when I became a scientist but would also help me become one.


Besides Mrs. Bowden, I had Miss Amy Striley on my side. Until I was twelve, I attended a four-room schoolhouse; Miss Striley was its principal. We were always taking exams, and in sixth grade I took what must have been an IQ test. Soon after, Miss Striley called me to her office. I was terrified. You went to the principal’s office only when you had done something that could get you expelled. Carefully closing the door to her office, Miss Striley shook her finger at me. “Rita Rossi,” she said, “you have a responsibility. You earned the highest score on this test. You have to go to college.” I was so scared, I would have promised her anything. “Yes, yes, I will,” I said—whatever it took to get out of that office. But Miss Striley didn’t end her pitch there. My father took her evening English as a Foreign Language class, and she gave him the same message. Miss Striley’s words became a bank of support that I would often draw from in the years ahead.


The children in our town had enormous freedom during the summer. We’d finish our chores, pack a lunch, and leave the house to play. Only when it started to get dark would we dash back for supper. No one fenced off the beaches in front of their houses as they do today, so our dog Nippy and I could take long walks along the inlets of Beverly Cove. I also read voraciously in the town’s excellent public library. During the school year, Miss Margaret Murray kept a stack of books in her fourth-grade classroom, and for every four you read, you could get one to keep. I loved words, so the first book I asked for was Roget’s Thesaurus.


Freedom to wander during the summer gave me the freedom to pick my own friends. I liked anyone with a sense of humor, a sharp wit, a creative mind, and a willingness to discuss interesting things. I wasn’t terribly fond of people who spent their time worrying about clothes or appearance. Without realizing it, I wound up with good friends from both sides of Beverly’s railroad tracks. June’s mother had a job as a nurse, but June told me her father was wacky because he went to church every Sunday but was drunk most of the rest of the time. When I visited June, it was clear there wasn’t always enough food in the house. June and I caught frogs in a nearby brook or, when we’d saved enough money, went to Saturday movie matinees. My other best friend, Jean, had been born “out of wedlock,” as they used to say, and her mother worked hard on the production line in the Sylvania light fixture factory. Jean and I read books in the library and spent hours talking about life and classical music. She would later marry a cellist in the New York Philharmonic orchestra.


I was fifteen when my life changed forever. The evening of March 29, 1950, my mother—my huggable fifty-one-year-old mother who sang Italian songs as she ironed and showed off my report cards to her friends at the bus stop—developed chest pains. My father and I took her to our family doctor, Dr. Leonard F. Box, who told her to go home and rest. The standard treatment for a man having a heart attack in the 1950s was complete bedrest in a hospital. Women weren’t supposed to have heart attacks.


The next morning, I went off to school as usual. When I came back, my mother had finished the laundry and made lunch, and was sitting up, waiting for me to get home. We talked awhile, until, suddenly, her pain was so terrible that she went to lie down. I phoned Dr. Box, who said to give her paregoric, an opiate. I jumped on my bicycle, raced the mile to the drugstore, got the paregoric, and rode back like the wind. While I was gone, my mother tried desperately to call my father and brothers. Decades before cell phones, she could reach only one of my older brothers at his after-school job. He raced home in time to be with her when she died. I was too late.


Today I believe Dr. Box may have thought my mother was simply suffering from emphysema from gluing shoes in an ill-ventilated factory. In 1950, even if he had realized she was having a heart attack, there may not have been anything that could have saved her. Still, I had called Dr. Box about three o’clock, and we waited for him until he showed up around six. Then all he did was pronounce her dead. We also had to wait for Father MacNamara, the parish priest. When he arrived, I was sitting alone, shattered with grief. “Get up,” he said. “Get over it.” My father was sad and silent. And we children had no one to talk to, no one outside the family who could give us any support. Traumatized, my brother who’d been with our mother when she died took to his bed for days. That’s it, I said to myself. That’s the last time I consider myself a Catholic. I vowed to become a research scientist or a medical doctor to give poor and powerless people the care my mother was denied.


Returning to high school, I decided I could either show my anger or swallow it. Many of my friends had been giving themselves nicknames, so, shedding the name Rita (which I’d always hated), I chose a new one, Ricki, and a happy-go-lucky demeanor. Playing on the girls’ basketball varsity team also defused some of my anger. I was five foot four, but scrappy. Three years later, our high school yearbook called me “the best good sport,” declaring that, “When there is work to do, Rita is ready.” The most accurate thing about me in that yearbook was that I wanted to go to college and become a “College Research Chemist.”


The US Army and US Coast Guard helped educate my two older brothers as engineers, but Marie was designated the homebody who’d care for the family. She’d wanted to be a nurse, but my mother had said no, she should be a secretary, because secretaries didn’t stand on their feet all day. Years later, Marie would go to night school and earn her bachelor’s degree. Next in line was wry and funny Yolanda, who is six years older than I am and has had my back ever since I was a toddler. Yolanda wanted to be an artist. That was fine. My parents revered Raphael and Michelangelo. Then my mother’s friends warned her that artists studied nudes. So Yolanda had to be an art teacher, although she kept doing her own art, too. She proved to be extremely talented, showing her prints and paintings in well-established art galleries around the world. Then I came along, with my promise to Miss Striley.


After my mother died, our busybody aunt Brigida arrived each week—unasked and unwanted—to help with laundry and complain to my father about my wanting to go to college. Young women stayed home or attended secretarial school, I overheard her ranting one day, and after she left, I approached my father anxiously and told him, “I really want to go to college.”


“Certainly you’re going to college,” he replied. “Look, I’ve never listened to her before. Why should I start listening to her now?” Years later, when I wrote my first book, he displayed it on the coffee table in his living room.


Studying college application forms my senior year, I gathered that would-be scientists needed excellent letters of recommendation from their science teachers. But this was the era of “No, girls can’t do that.” In high school, my brothers could play baseball and football, learn to fix cars, take shop class, and make electric lamps out of driftwood. I had to learn typing and cooking. My biology teacher made it clear that he preferred coaching football to teaching science to girls. Our school’s physics teacher hated having girls in his class and, to my knowledge, taught only one his entire career—and it wasn’t me. My chemistry teacher refused to write letters of recommendation for me and, I learned later, for some of my girlfriends. “Girls don’t do chemistry,” he told me matter-of-factly, a message I took personally, although he may just have been stating what was true at the time. Of the roughly four thousand chemistry faculty in the United States even twenty years later, only forty were female, about 1 percent.


The anti-female sentiment of Beverly High School’s science program was not unusual. Astronomer Nancy Roman, known as the “Mother of Hubble” for her work on the space telescope, recalled asking her high school guidance teacher for permission to take a second year of algebra instead of a fifth year of Latin: “She looked down her nose at me and sneered, ‘What lady would take mathematics instead of Latin?’ ” It’s no wonder that 97 to 99 percent of the era’s top high school graduates who did not go to college were girls. I wasn’t sophisticated enough to recognize the prejudice in this—or the waste of human talent. My reaction was simply to figure out a way around the problem. I ended up asking a woman, my English teacher, for help. With her letter of recommendation, I applied to New England colleges that admitted women.


Of them, Smith College offered me no financial support and Radcliffe offered only $800 toward its $1,200 tuition. If I’d gone to Radcliffe, I would have had to live at home, work part time, and commute by train several hours a day to and from Cambridge. Also, although Radcliffe was Harvard’s “sister college,” women, including Radcliffe students, were banned from Lamont, Harvard’s undergraduate library.


By this time, my family was rising in the world. My father had advanced from day laborer to foreman to founder of his own construction company, with wealthy and politically prominent clients like Senator Henry Cabot Lodge Jr. (whom my father privately called “Henry Cabbage Lodge”). Most crucially for me, my older sister Yolanda had married a physicist who was on a Fulbright Fellowship at Purdue University in Indiana, where she was teaching art. Yolanda knew something my high school should have but didn’t: Purdue was the nation’s biggest undergraduate engineering school, and its president was eager to attract top science students. My sister suggested I apply, and when Purdue offered me a full scholarship with room, board, books, and a way out of Beverly, I accepted immediately. My Harvard-educated history teacher was incredulous: turn down Ivy League Radcliffe for a public, Midwestern engineering school? But I’ve never regretted the decision.





I’d never been outside the Boston area, but when I got off the train in West Lafayette, Indiana, in the autumn of 1952, I found myself in a massive construction site that reminded me of my father’s work back home. The federal government was transforming public universities like Purdue into sophisticated research centers. World War II had been won with the help of scientific discoveries from Europe—atomic physics, radar, electronics, and computers—and Congress and the military did not want us depending on foreign know-how ever again. Purdue was awarded $48 million (about $500 million today) in construction money, while the G.I. Bill, which made it possible for many veterans to attend college, doubled the university’s student enrollment to nine thousand. Some years there were nine or more male students for every female student.


Chemistry was my chosen major, but I quickly learned that lectures in that department were mostly about agriculture. And with 350 students per lecture hall, unless you showed up early, you ended up sitting so far back that you needed good binoculars to see the professor and the blackboard. Smaller recitation sections had perhaps fifteen students, but many of the instructors were German-born graduate students with heavy accents I could barely understand. They also had a habit of trying to date me.


I was so discouraged that I considered abandoning my dreams of science and medicine and switching my major to English literature. I took as many creative writing, poetry, and playwriting electives as possible—courses that have since helped me write eight hundred or more science publications and edit my students’ work. I volunteered for student government and worked hard to turn around Purdue’s less-than-stellar debate team, where I learned that the key to winning an argument is to assemble facts and more facts and then organize them in a rational way. I wasn’t putting that lesson into practice in my own life, though. When a philosophy professor gave me a B on a paper and an A to a star quarterback who barely showed up for class, I walked into the professor’s office, explained cogently that I deserved a better grade, tossed my notebook into his wastebasket, and left. He didn’t change my grade, of course, and eventually I learned that uncontrolled anger makes your opponents resist all the more… but it’s still a struggle.


Above all, I was annoyed when my ideas about science were not taken as seriously as those of the young men around me. In 1953, biologists had discovered that DNA carries the genetic code of living things. One day I asked my fungal genetics professor, “Why not use the DNA of microorganisms like bacteria and fungi to determine species?” Biologists do that routinely today, but my professor responded as if my idea were absurd. I wondered if that was why I was rarely called on in class, even when I raised my hand to ask a question.


I needed advice from other women interested in science. But now that World War II’s manpower shortages had ended, almost no female faculty members remained in any science departments, and most of those who did felt too insecure to protest. Science funding was expanding job opportunities tremendously for men, but female assistant, associate, or full professors were rare. The 1960s were, according to historian Margaret Walsh Rossiter, golden years of government support for men, but the dark ages for women in science.


Most women working in American research laboratories had only master’s degrees and functioned as handmaidens to male professors. Sexual predation was not uncommon, although we didn’t yet have a term for it. When I learned that a prominent professor maintained a ménage à trois with his wife and an attractive undergraduate—and was seducing a foreign-born postdoc on the side—I wanted the dean of the college to know. Fellow students warned me to keep quiet. “Everyone knows,” they told me. “No one in charge is going to do anything about him.” Nor were women prepared to go public, much less band together to complain. Late one night at the prestigious Marine Biological Laboratory in Woods Hole, Massachusetts, a male graduate student grabbed a female colleague, tore off her shirt, and threw her to the floor. Slithering out from under him, she managed to escape. But it never occurred to her to tell other graduate students, her advisor, or the authorities. When Laura L. Mays Hoopes, who became a biology professor at Pomona College in California, finally spoke about this assault years later, she said that in that era, even if you told other women, “It was greeted with a wink and a nod.”


Partly I felt alone at Purdue because in many respects I was. Almost all the undergraduate women at the university were majoring in home economics or nutrition. Biology, botany, genetics, and bacteriology had not yet been unified into the “life sciences,” so we scientists were geographically separated from one another: zoologists working in one building, botanists in another, and none of them knowing the bacteriologists in the basement of a third. It also wasn’t clear to me that a woman could have a viable career in science. My sister Yolanda had married a physicist, and he and his friends tried to convince me it was possible. They didn’t have much evidence.





Four women scientists were already laying the foundations of late-twentieth-century science. They were leaders in the genetic study of diseases, the structure of the atomic nucleus, DNA, and what came to be known as “jumping genes.” But two of the four could probably not have supported themselves financially on their own.


When Czech-born Gerty Radnitz Cori and her Austrian-born husband, Carl, immigrated to the United States, they were told that working together was un-American and would ruin Carl’s career. The Coris ignored the warning, and when I was in high school, they shared the 1947 Nobel Prize in biochemistry for showing how cells convert nutrients into energy. Working alone after her husband became a science administrator, Gerty trained six more Nobel Prize winners in her laboratory at Washington University School of Medicine in St. Louis and began the genetic study of inherited disorders. Until her Nobel Prize, however, she worked as a research assistant earning the equivalent of one-fifth of her husband’s salary. Gerty worked in her lab until a few weeks before she died in 1957 of a bone marrow disorder, probably caused by the X-rays she’d used in experiments early in her career.


Maria Goeppert Mayer, who grew up in Germany, was responsible for our modern understanding of the atomic nucleus. Mayer was a beautiful flirt who loved to party and enchanted many of the men around her because she was so much brighter than they were. She fell in love with an American chemist—some said it was because he had the only convertible in town—and moved with him to the United States, expecting to have a career in physics. For the next three decades, she worked at three leading American universities as an unpaid volunteer, eventually working her way up to “voluntary professor.” When she won the Nobel Prize in physics in 1963, her local newspaper headlined the news: “La Jolla Mother Wins Nobel Prize.” (Lest anyone think no one would write about a woman scientist that way today, read the 2013 New York Times obituary for Yvonne Brill, the rocket scientist whose propulsion system kept communications satellites in orbit. “She made a mean beef stroganoff,” it begins. To you noncooks, beef stroganoff is one of the easiest dishes to serve to company, and many working women bought cans of it in the 1970s.)


Two other women scientists—Barbara McClintock and Rosalind Franklin—were more employable because they were unmarried, but both ran afoul of the same man: James Watson. Franklin was on the verge of discovering the structure of DNA and the molecular basis of heredity by herself when Watson was shown Franklin’s spectacular X-ray photograph of DNA’s coiled structure without her knowledge or permission. He described the photo to his lab partner, Francis Crick, who had a background in analyzing crystalline structures. Reminded of the horse hemoglobin he’d studied for his PhD thesis, Crick realized that DNA’s two coiled strands go in opposite directions: DNA was a double helix. It wasn’t until 1999 that Watson publicly admitted, “The Franklin photograph was the key” to their discovery. Franklin died of ovarian cancer at the age of thirty-seven. The Nobel Prize is not given posthumously, so it went to Watson, Crick, and another DNA expert, Maurice Wilkins, four years later. Watson’s subsequent bestseller, The Double Helix, turned Franklin—a strikingly good-looking woman with a sparkling wit and chic French tailoring—into an unattractive, inept spinster. A woman’s appearance and age were important to Watson. When, at the age of thirty-nine, he married a Radcliffe sophomore, he sent a postcard to friends announcing, “19-year-old now mine.” When asked in 2007 why it mattered how a woman looks, he answered, “Because it’s important.”


As for Barbara McClintock, after the University of Missouri told her she’d be fired if her mentor ever left, she stormed out and went to Cold Spring Harbor Laboratory on Long Island. When Watson later became director there, friends told her he’d called her “just an old bag who’d been hanging around Cold Spring Harbor for years.” (Watson would be stripped of his job as the lab’s chancellor in 2007, after remarks he made about the intelligence of African Americans.) Carnegie Institution grants kept McClintock financially independent of Watson, so she could continue to develop her revolutionary discovery that the chromosome is a fluid, moving, changing, and intricately regulated system in which genes migrate from one chromosome to another. Not that this discovery was appreciated everywhere at the time. The Purdue professor who taught my tomato genetics class in graduate school told us, “I have to discuss the ‘jumping gene’ theory, but the woman who developed it is considered crazy.” In 1983, at the age of eighty, McClintock won a Nobel Prize for the theory—by then firmly established as fact.


These four women were stars, but their careers could not convince me that a woman like me could make a living as a scientist. It seemed as though these women were exceptions that weren’t supposed to exist. At that point, I was trying to decide whether to go to medical school or get a PhD in science. I loved science—but as a physician, I could be financially independent and help people at the same time. Then, a laboratory technician in Purdue’s brucellosis laboratory, where I had a part-time job my senior year, told me about Alice Catherine Evans, a bacteriologist who not only supported herself but also saved people’s lives.


Shortly before World War I, Evans discovered that drinking unpasteurized cow’s milk and handling infected animals could give people a chronic, painful, and potentially fatal condition known as brucellosis, also known as undulant or Malta fever. Evans’s 1917 report set off a storm of protest from physicians, veterinarians, dairy industry representatives, and other bacteriologists. Evans was female, worked in a government public health lab, and had no PhD. She was the daughter of Welsh immigrant farmers in rural Pennsylvania and, as she wrote, her “dreams of going to college were shattered by lack of means.” But it was less her lack of traditional schooling than her gender that posed the biggest problem to skeptics. If Evans was right, one male researcher said, a man would already have made the discovery. Only after men confirmed her research many times over was it accepted by the medical community and the dairy industry. Over the decades, her pioneering science has saved untold numbers of lives, and her work is recognized today as one of the most important medical discoveries of the twentieth century. (In an ironic twist, Evans was unable to attend her inauguration as the first woman president of the Society of American Bacteriologists in 1928, as she was hospitalized with the very disease she had studied.)


Even as a student, I felt a kinship with Evans. Her fascination with bacteria, her perseverance, and her magnificent work in public health made her a role model for me long before I knew the term.





Surprisingly, I found my bearings in a Delta Gamma sorority house. One of my roommates there, Marilyn Treacy Miller Fishman, is still my most beloved friend. She would eventually become an eminent ophthalmologist, treating children’s congenital eye diseases and training surgeons around the world, but during my junior year, she (as a senior) was preparing for life after graduation and debating whether to go to medical school or to get a PhD in science. I confided that I was discouraged by rote and overcrowded science classes. The interest I’d had in bacteriology, the study of living organisms so small they cannot be seen with the naked eye, had been considerably dampened by my introductory class, which was taught by a pompous, boring professor whose experiments had probably been designed in the 1930s and used unchanged every year since. “Before you make a decision,” Marilyn suggested, “why don’t you take Professor Powelson’s bacteriology class? She’s an amazing teacher.”


Associate professor Dorothy May Powelson was one of the highest-ranking women in science at Purdue—in the entire United States, in fact. By 1960, the top twenty major research universities in the US employed only twenty-nine female full professors in the sciences, roughly one or two per school. At Purdue, Powelson taught advanced laboratory courses.


In my mind’s eye, I can still see her. Dorothy Powelson was a very tall, pretty woman with twinkling eyes, a really nice smile, and a gentle manner. She moved gracefully, if somewhat hesitantly, from one task to another in the lab. She was perhaps forty years old and a strong feminist with a bachelor’s degree and Phi Beta Kappa key from the University of Georgia and a PhD from the University of Wisconsin’s prestigious bacteriology department. Our class was small and informal, a novelty in those days, with maybe six to ten students, half of them female. Powelson assigned each of us a 1000x light microscope in excellent condition and introduced us to almost all the bacterial species known at the time, from common ones like E. coli, which lives in the human gut, to really weird bacteria that form stalks and buds and grow at absurdly high and low temperatures.


“Look under the microscope—what do you see?” she asked me. When I looked through the lens, the elegance of the microbial world, with all its intricate structures, appeared almost miraculously. Those little critters wriggling around under that microscope enchanted me. What are they? What do they do? There were so many puzzles to solve; I was hooked. I decided immediately to switch my major to bacteriology, and I graduated in 1956 with a bachelor’s degree with distinction.


I don’t remember getting any personal advice from Powelson or having any private conversations with her. I would later learn she played the accordion and loved “all sports,” sketching, and gardening. In those days, professors were supposed to stand on pedestals far above their students. We didn’t chitchat with them or ask them for advice. But for me, just knowing that she existed was enough. Powelson influenced more women to enter the field of microbiology than any other person I know. Which is how I found myself on that beautiful May day, being told by Professor Henry Koffler that I had no future in science.


I didn’t really like or even respect Koffler. Graduate student friends, both men and women, had told me he’d switched their thesis topics so often, it would take them almost a decade to get their PhDs. Worse, they were saying Koffler was among the men trying to push Dorothy Powelson out of Purdue. Her scientific background was as distinguished as his and she taught more advanced classes, but he had been promoted to full professor and she had not. The rumor was that she didn’t bring in enough grant money. She moved to the Stanford Research Institute (now SRI International) in California. In 2008, twenty years after her death, two Stanford University men wrote an article that began with one sentence—only one—crediting her work with having started theirs.


Still, I was sure Professor Koffler would understand that I needed financial support for graduate studies. Like my parents, he was an immigrant who’d come to the US by himself, in his case, as a teenager from Austria. Assimilating, he’d changed his first name from Heinrich to Henry. He knew my grades were almost straight As. I felt he would understand.


But he didn’t. And before Jack and I could continue on our way, Koffler added a parting blow: “The only degree you’re going to get is in the maternity ward of a hospital.” He said it in a voice that meant my case was closed.


Beside me, I felt Jack freeze. He knew I wanted a career and was determined to help me succeed. Fuming—silently, so Koffler wouldn’t think he’d crushed me—I made a promise to myself: I will get my degree. Adrenaline surging, my mind raced ahead, trying to figure out a strategy. I had been accepted to three medical schools but had been able to obtain deferred admittance so I could stay at Purdue and earn a master’s degree while Jack finished his. I worried that Koffler would prevent this plan.


And so I turned to the one male professor I trusted: my undergraduate advisor, professor of genetics Alan Burdick. I told him what Koffler had said.


Now, Alan Burdick was a good and very insightful scientist, but he wasn’t one of Purdue University’s favored few. So he smiled and said five words I’ll never forget: “Their loss is our gain.” He went on to tell me he needed someone to manage his collection of Drosophila (a genus of small flies), and offered me a spot as a research assistant in his lab. So every week for the next year, I prepared a sweetly aromatic mix of molasses, yeast, and corn flour to feed to Burdick’s stock of fruit flies. Visiting me in the lab, Jack discovered that fruit flies have mites that bite and made him itch for hours afterward; I had grown used to them. Genetics wasn’t my first love—that was bacteriology—and yet ironically, the genetics thesis I’d write for Alan Burdick would prepare me beautifully for the twenty-first century. But I’m getting ahead of myself.


Koffler went on to become chancellor of the University of Massachusetts Amherst and a popular president of the University of Arizona. Years later, when asked about what he’d said to me, he denied any bias against women but didn’t deny his comments. “I’m not about to deny it because I think Rita is definitely truthful,” he said.


After we’d finished our master’s theses, Jack and I moved blithely on to the University of Washington in Seattle, one of the few places that admitted us both for postgraduate studies. I had been accepted to the University of Washington School of Medicine, but I couldn’t be admitted until I’d been a legal resident of the Pacific Northwest for a year. So I settled for starting a PhD in biology instead.


While I still had a lot to learn about being a woman in science, I already knew one of the first rules for being one: there were some real heroes out there. I just had to find them.










chapter two Alone: A Patchwork Education



Each incoming graduate student at the University of Washington was assigned a faculty member who was supposed to function much like a guidance counselor. Mine was a microbiologist with a PhD in winemaking—not quite the research subject I had in mind.


Nevertheless, I showed up at his office in September 1958, eagerly expecting him to steer me toward a PhD mentor who would guide my research dissertation and my future career. Introducing myself, I helpfully explained that one of my Purdue professors had suggested I work for geneticist Herschel Roman. The advisor’s face fell, and he iced up immediately. I was orphaned before I could even start my PhD.


Outside his office, I asked some longtime graduate students what I’d done wrong.


“You’ve made a terrible mistake,” they told me. I’d gotten myself stuck between two feuding professors. They mended bridges later in their careers, but at that point, they hated one another, I learned.


Fortunately, Alan Burdick had kindly already written to Herschel Roman on my behalf, so I went to Roman’s office and he agreed that I could work in his lab. I stuck it out for two semesters, during which he helped his male graduate students with their research and theses but gave his female technician and me brusque orders with no chance to ask questions or contribute intellectually. Then, because doing a thesis with Roman while remaining a graduate student in microbiology was proving bureaucratically difficult, I decided I had to leave his laboratory. But without a mentor for my PhD, my career was over before it had even begun. I’d thought talent, hard work, and good research would be enough for me to succeed in science, but was finding that maybe it wasn’t.





I should explain that graduate school professors in science are all-powerful. They admit students to their laboratories, fund their research, pay them a stipend, and approve (or reject) their theses—all according to their own personal rules and expectations. With the advent of federal grants, professors accepted students whose careers would extend the luster of the professor’s own work. Women, who most people assumed would get married and quit when they had children, weren’t considered worth the time and money it took to train them. As a result, American universities maintained—openly, unapologetically, and legally—two separate tracks for students: one for men, one for women. The men got the top PhD degrees, great jobs, and nearly all the research money. The women got master’s degrees that prepared them to work as technicians in scientific and medical laboratories run by men. A lucky woman could teach introductory college classes but not as a professor.


The system was casual, collegial, and closed. A few years before I began my PhD, the University of Washington found itself in need of a geneticist, so a professor wrote around to some plant geneticists he knew to ask if any “young man” was available. The future Nobel Prize winner Barbara McClintock, one of the all-time giants in genetics (whom you’ll remember from the previous chapter), had recently left the University of Missouri in a fury after being told she’d be fired if she ever dared to marry. “Of course the number one person in the world in this field is Barbara McClintock,” one geneticist told his department chair. “It’s too bad you can’t hire her because she’s a woman.” Instead of McClintock, the University of Missouri recommended Herschel Roman, the man who became my tormentor, and the University of Washington hired him sight unseen.


Discrimination against women was nothing new, of course. But its scale in the 1950s and ’60s was unprecedented, because, encouraged by the federal government, the number of American women graduating from college was doubling. The biggest social change in world history—the de-gendering of occupations—was under way. Still, there were too few of us to spot discriminatory patterns—or, if we did identify them, to fight them.


Again, graduate students clued me in. Four or five other women who’d earned master’s degrees while working as teaching and laboratory assistants in the microbiology department at the University of Washington had been pushed out of the PhD program in recent years. (All were able students who, after going elsewhere, succeeded in earning PhDs, medical degrees, or having otherwise distinguished careers.) According to Margaret A. Hall’s history of women at the University of Washington, one graduate student even threatened to pursue legal action against Herschel Roman, accusing him of unjustly edging her out of a PhD program. Taking legal recourse was unthinkable to me. Still, I came to realize that no one in microbiology or genetics would want a woman graduate student—especially not one who had walked out of her previous lab. And because I still had not yet lived in the Northwest for a full year, I couldn’t enroll in the University of Washington’s medical school, either, even though I could—and did—teach the university’s medical students genetics and bacteriology as a teaching assistant.


If I’d been able to read Hall’s thesis (which was not completed until 1984), I would have understood more about what was happening in Seattle. In theory, Washington was a good place to be a woman in science. Twenty percent of US universities—top places like Princeton and Georgia Institute of Technology—awarded doctorates only to men. But in her history, Hall documents how during the first half of the twentieth century, the University of Washington’s administration consciously masculinized its faculty in an attempt to “upgrade”—it was 85 percent male by the time I arrived. Women scientists were segregated into “female” fields like home economics, nursing, and women’s physical education, while women in other departments were rarely permitted to advance above the level of low-paid “instructors.” Hall and her husband, Benjamin D. Hall, an eminent geneticist at the university, believed her meticulously documented history got her blackballed. She was never hired as a faculty member at any university, and her husband would say her thesis, written at the peak of the women’s movement, strained his relationship with some of his own colleagues.


What confused me was that four women scientists had managed to make names for themselves at the University of Washington. Two of them did it by building support from outsiders, thanks to a new and unfortunately short-lived technology: educational TV. Erna Gunther, chair of the anthropology department, popularized the art of Northwest Native Americans around the world, hosted a regular radio and TV series called Museum Chats, and built the Washington State Museum of Anthropology. Her fan base was so loyal that the university’s attempt to oust her from her museum directorship caused a statewide scandal. Marine scientist Dixy Lee Ray hosted another public TV program, Animals of the Seashore, and saved a nearby river delta as a wildlife refuge. She won a prestigious Guggenheim Fellowship and raised millions for marine science from the National Science Foundation, and yet the university’s zoology faculty twice voted to deny her tenure, claiming she hadn’t published enough. When Ray was elected governor of the state of Washington in 1976, she thumbed her nose at the university’s budget requests.


Two other women scientists who might have mentored me occupied such lowly positions on campus that I felt I could hardly consider them authorities on academic career building. Dora Priaulx Henry was a world expert on barnacles, and Helen Riaboff Whiteley was the university’s star microbiologist. Yet both were “associates” because their husbands were professors at the university, and the state’s anti-nepotism laws and university regulations forbade hiring relatives. Modern anti-nepotism rules say simply that relatives cannot supervise relatives. However, for most of the twentieth century, universities and colleges in the United States enforced anti-nepotism regulations almost exclusively against wives of faculty members; exceptions were routinely made for brothers, sons, and nephews. The system was particularly difficult for women scientists, because then, as now, so many of us married other scientists, no doubt because of shared interests and time spent together in research programs. The state of Washington’s anti-nepotism law was especially draconian, as it prohibited wives from paid work anywhere in the university except as clerks, secretaries, or laboratory assistants. Several women faculty members were dismissed after they married colleagues.


Helen Whiteley’s low-ranking position was particularly ludicrous because the university’s entire chain of command confirmed her status every single year. First, the chairman of the microbiology department signed paperwork to renew her contract as a research associate. He then sent the paperwork to the medical school dean, who signed it and forwarded it to the university president, who likewise signed it and forwarded it to the board of regents for approval. And what’s worse, Whiteley and her husband were proud of this help. Fortunately, in 1965, shortly after I had earned my PhD from the University of Washington, life changed for Whiteley. The National Institutes of Health (NIH) awarded her a Research Career Development Award to pay half her salary for the rest of her career—but only if she were a tenured professor. Eager to get its hands on the money, the university forgot its own rules and immediately jumped Whiteley four rungs up, from research associate to assistant professor, associate professor, and finally full professor. After Whiteley cloned a gene that made cotton and tobacco crops naturally insect-resistant, she had every reason to hope she’d be elected to the National Academy of Sciences. When she wasn’t, it was rumored that a member of the academy had blackballed her.


Could I have gone to Helen Whiteley for mentorship during my time in Seattle? Well, no. Even her adoring husband, Arthur, described her as “stern,” and said his wife disapproved of the women’s movement because she hadn’t had help and believed that any woman who was really good at science didn’t need any. Whiteley took no female graduate students until the last years of her life, when she had two.


In truth, both Helen and Arthur Whiteley were stern. For years, the Whiteleys, who had no children, had dinner at their house every Friday with three “bachelor” faculty members: two men, and Dixy Lee Ray. Some outsiders called the group a clique. But when Ray became an outspoken proponent of nuclear power, Arthur told Ray she was no longer welcome in their home. Helen Whiteley was not someone I could ask for help.





You couldn’t predict whether being married would help or hurt your career, either. Frieda B. Taub and I arrived at the University of Washington within a year of each other, but she came with a doctorate. Up until Seattle, her husband had been an asset to her training and career. Many academics feared that having a woman in their lab would cause a scandal; female secretaries and technicians were okay, but not scientists. Taub’s PhD advisor at Rutgers University in New Jersey told her he had taken her on as a student only because, since she was married, his wife wouldn’t object. When Taub had to attend a weeklong field trip for a course, another professor promised her husband she’d get an A if he accompanied and chaperoned his wife. Still another professor refused to co-chair a committee with Taub because his wife objected to their traveling together.


In Seattle, though, her marriage was a clear liability. Several department chairs at the University of Washington refused to hire her because she was married, even though her husband wasn’t faculty (he was a systems analyst at Boeing). And even after the university hired her, the prejudice against professional women didn’t stop. Taub became the first working wife allowed to adopt a child in Seattle; before, would-be adoptive mothers had had to promise not to get a job until the child’s eighteenth birthday. The discrimination was all “quite open,” she said later. “Any woman at the time knew she was in a man’s world and it was going to be tough, so there was no point talking about it. You knew what you were getting into.”


As a result, we worked alone. We didn’t have little groups of women working together, sharing problems and successes, taking risks, and believing in ourselves. We knew we needed support—but we needed the support of men. John Liston, a wonderfully caring man who would become my PhD advisor, rescued two other women scientists, Taub and Joyce C. Lewin, by finding jobs for them in the oceanography and fisheries departments when no one else would hire them; Lewin specialized in diatoms, and Taub studied the ecology of aquatic communities. Taub would eventually become a full professor. When she gave a talk at the university in 2019, more than fifty years later, the male professor who introduced her led by mentioning the date of her marriage and making nice comments about her husband and children. Fortunately, some things do change: the university had a woman president at the time, and the School of Aquatic and Fishery Sciences, which videotaped Taub’s talk, deleted the introduction because the faculty deemed it inappropriate.





In my early years at the University of Washington, I began to learn of some unsettling events that had occurred at Purdue after I left—events that told me the fight for equality in science would be long and difficult. Three of these stories emerged only in bits and pieces over the decades. I followed each closely because they’d occurred at my alma mater—and because if I’d stayed there, something similar might have happened to me.


The first story pitted Holocaust survivor Anna Whitehouse Berkovitz against Henry Koffler, who, three years after denying me a fellowship, became chair of the Department of Biological Sciences, which united all the life sciences under his purview.


Anna Berkovitz was thirteen years old when the Germans arrested her family and sent them to Auschwitz. From there she was sent to Birkenau and then to a slave labor camp near Magdeburg, Germany, where she worked in an underground ammunition factory until the Swedish Red Cross freed her. Only Anna, one of her sisters, and her mother survived the war. Forever after, Berkovitz felt she had to justify her survival; she could not face leading a useless life. When her husband got the job of his dreams at Purdue in 1962, she started working toward a PhD, taking classes at the university while her two sons were in school. Later, her husband took a sabbatical year in England, and she enrolled in the world’s most advanced human genetics program at the Galton Laboratory, University College London, where she studied from nine to five, five days a week.


Upon returning to Purdue, she resumed work on her PhD, only to learn that her world-class genetics training had changed Koffler’s estimation of her worth. Calling her into his office, he said, “You can’t get a PhD; you have to teach the genetics you’ve learned in England.” The department expected her to teach others to do the research she wanted to do herself. “But can’t I teach and finish my PhD at the same time?” Berkovitz asked. That seemed simple enough. As a refugee au pair after the war, in the space of two years, she’d acquired proficiency in English, high school and college diplomas, and a Phi Beta Kappa key. “Lots of graduate students teach while they earn their PhDs,” she told Koffler. “Why not me?”


Koffler said no—if she got a PhD, she’d be unemployable. As the wife of a faculty member, she’d never get a job at the university—and without a recommendation from Koffler, she’d never get a job anywhere else, either. Her choice: get a PhD and never get a job, or teach without a PhD at the bottom of the academic ladder. Anna’s husband was also Jewish, and in 1965, the likelihood of his getting a good position elsewhere was small. Besides, she was told, “Your husband is a full professor in another department. You don’t have to worry about money.”


The choice wasn’t really a choice, of course, and she abandoned her pursuit of a PhD. For the next thirty-five years, Anna Berkovitz ran genetics lab courses, often teaching 450 to 500 students in 10 to 15 sections. She designed new courses, had the heaviest teaching load in her department, and earned sixteen “best teacher” awards—but was never once promoted. Instead, she was given tenure—a lifetime contract—in her lowly position as an instructor.


When Berkovitz retired in 2003 at the age of seventy-three, the department faculty gave her a banquet and a certificate designating her an instructor emeritus. In her speech at the banquet, she spoke of how frustrating it was to do a good job but never get promoted; her colleagues subsequently gave her another certificate, this one naming her a professor emeritus. In her entire career, her salary had never approached that of a newly hired male or female assistant professor. After her retirement, she said, the university hired four people to replace her.


The second disturbing story from Purdue concerned Violet Bushwick Haas. Haas’s husband was hired in 1962 to build a first-class math department at Purdue. He was given free rein to hire twenty-one mathematicians, anyone he wished—anyone, that is, except his equally stellar wife, who had a PhD in math from MIT. Fortunately, Purdue’s anti-nepotism rules were sufficiently lax that although she could not work in the College of Science, where her husband was the dean, she could be given a position in the electrical engineering department. This seemed like a good solution, until she discovered that the all-male engineering department deeply resented her. She was assigned a small closet as her office space, and if the entire engineering department was writing a grant proposal together, Haas and only Haas was excluded. Only when Haas threatened to resign was she promoted to professor.


Haas fought hard for women at Purdue. She formed a group of women in science and engineering that met monthly to discuss problems and possible solutions. Anna Berkovitz attended regularly, and Haas was the woman Berkovitz went to whenever she had a problem. In 1983, when Haas spent a year at MIT with a National Science Foundation program for visiting women professors, she raised hell when she discovered an annual male student “tradition” that involved showing an X-rated film during registration week. Her objections helped end the tradition.


West Lafayette, Indiana, was a one-company town in the 1960s. Before the federal highway system and cheap commuter airfares, Anna Berkovitz and Violet Haas were trapped in whatever jobs Purdue offered. They couldn’t leave to seek employment elsewhere without causing turmoil in their marriages and family lives.


But what if a man and a woman wanted it all: marriage, children, and professorships in the same field? A third story trickling out of Purdue involved my very good friend and former classmate, J. Alfred “Al” Chiscon, and his wife, Martha O. Chiscon. They were both biologists and extraordinary teachers, recognized nationally for their classroom innovation; as a pair, however, they were unemployable anywhere other than Purdue. When the University of Texas phoned Al one day and said, “We’d like to make you an offer,” Al asked, “Which one of us?” Texas answered, “Well, either one, but we only want one of you to get paid.”


The Chiscons had had to get Purdue’s permission to marry. In 1969, they went to see Henry Koffler and asked, “If we get married, will one of us be required to leave?” Martha was teaching one of the nation’s first courses on women in science, and her students were telling heartbreaking stories. To stay in science, some had had to forgo marrying the man they had wanted to marry. Others lived with their partners but without marrying or having children, and still others remained single. But times were changing. The women’s movement was spreading to science, and more women were demanding the right to pursue careers. I think Koffler was politically astute enough to know he had to give in. So the Chiscons married, had three children, became professors of biology, and taught more than sixty-five thousand Purdue students during their careers. Martha also became an associate dean of science—but earning $35,000 less than her male counterpart. When she stepped down, she was replaced by three people, each of whom earned more than she had.





As for me, I could see no way forward at the University of Washington except to do what I’d almost done at Purdue: abandon science and earn a degree in English literature. I planned to study sixteenth- and seventeenth-century English poetry—the metaphysical poets—inspired by Andrew Marvell’s poem “The Garden,” which reads like a hymn to ecology:


The mind, that ocean where each kind,


Does straight its own resemblance find,


Yet it creates, transcending these,


Far other worlds, and other seas;


Annihilating all that’s made,


To a green thought in a green shade.


I had wanted to explore the modern science behind that poem: to understand the garden of the senses, the mind and soul in nature and human life, and how to expect more than the narrow verged shade. But orphaned as I was, it seemed that I’d never get the chance.


I was frustrated beyond belief, and not very good company for Jack. But soon I heard that a young man from Scotland had just joined the University of Washington’s Department of Fisheries and was seeking a technician to set up his laboratory. I needed the money, so I took the job. I selected and ordered the equipment he’d need, oversaw the carpentry, and helped him hire a technician. After watching my father plan construction projects, none of this was difficult. In a few months, the Scotsman, John Liston, was ready to start work.


As it turned out, Liston approved of self-starters. He even chuckled when I politely—and rather kindly, he thought—set him straight about the work I was doing. One day, he informed me I shouldn’t be his assistant. I should be his graduate student.


Liston told me that marine bacteriology was just getting started, so the field was wide open, with very little competition. He himself was one of perhaps a half dozen marine bacteriologists in the world. The university’s fisheries department wanted him to help the state’s salmon industry by studying fish diseases and causes of spoilage. But Liston, who’d had a rigorous education in biochemistry in Scotland, had already negotiated permission to offer a PhD in marine microbiology. I would be the first student in the program, and he warned me that, based on his wife’s experiences with Scottish fishermen, both oceanography and fisheries attracted “hunter” types. The University of Washington was one of the few oceanography departments in the US to allow women on research cruises, and Liston promised to get me onto research vessels, if only for the day, as the opportunity arose. (Rumor had it that an early department chief had changed the rule regarding women on board because he’d wanted to bring his mistress.)


I was naive. I barely knew the value of having a mentor—or even what a mentor was. I only knew that some women scientists were alone and powerless, and some were ridiculed. I wanted a PhD advisor who’d treat me with respect and let me study the genetics of bacteria. And for someone like me, who’d grown up on the Atlantic coast, marine bacteria sounded fascinating. I’d be studying microbes in their natural environment, uncovering their life cycles and how different species fit together in the web of nature. I quickly agreed to become Liston’s first PhD student and changed my focus for the fifth and—almost—last time. I’d studied chemistry, English literature, bacteriology, medicine, and genetics. Now I’d be investigating oceanography and bacteria associated with marine animals, including fish, shellfish, and invertebrates. And in the months to come, when the fisheries students—all men—joked about my standing on a box to reach the sink when I dissected fish to study the microorganisms in their guts, I gave as good as I got. Then they called me a “smart cookie.”


Liston turned out to be a wonderful mentor: enthusiastic, unconventional, and rebellious. The Scotsman was only ten years older than most of his students—so, as he put it, “we could interact like normal human beings.” At parties, he could down a fifth of Scotch and stand to sing “The Northern Lights of Old Aberdeen.” He was an avid cricket player and an excellent scientist, whose attitude was that every rule was meant to be broken.


Early one Sunday morning during my second year of graduate work, Liston phoned me and said, “I’m ill. I’m scheduled to give a talk in Philadelphia this week at the American Society for Microbiology’s annual meeting, and I’m too sick to fly tonight. You’re going to have to give the paper. You’re coauthor on it, anyway. You can read my notes on the plane.” So I did. I’ve since realized he probably wasn’t sick. I think he was fixing things so I could add presenting a paper at a scientific meeting to my résumé.


John Liston had no prejudice against women; he was a strong supporter of women in science and delighted in telling me about brilliant women scientists like Emmy Klieneberger-Nobel, who had been considered “dotty” by her (male) peers. She would arrive at meetings of the Royal Society in London with a briefcase full of slides about her pioneering work on mycoplasmas, bacteria without cell walls. Speaking with a strong German accent she called her “Continental voice,” she’d proceed to show the stack of slides. Klieneberger-Nobel may have been considered “dotty,” but she certainly was not. She was a Jewish refugee from Nazism and later wrote in her memoir, “If my family had not perished so tragically under the Nazis I could be completely happy to the end of my days in England but, of course, this cannot and should not be forgotten and, even if subconsciously, it is always there in the background of my mind.” In addition to being a victim of Nazism, Klieneberger-Nobel was a victim of sexism. Liston would point to the tragedy of a woman scientist trying to be recognized for her insights and being treated badly instead.





When I began my PhD work, a major goal of microbiology was identifying bacteria to make sense of what we were calling species. Traditional taxonomists, especially those trained in the intricacies of Latin and Greek scientific nomenclature, would quarrel over the names of species and cluster organisms according to their appearance under the microscope. This was difficult work, because under the light microscope used for early microbiology, many bacteria looked alike. For my thesis, I included an extensive array of biochemical and physiological tests to analyze a bacterium’s ability to ferment sugars, break down proteins, and grow and metabolize at extreme temperatures. I applied these tests to so many bacterial species and strains that I wound up with enormous amounts of data about microorganisms no one had published about before. After learning of an English scientist who was using a computer to find similarities between organisms based on shared morphological and biochemical characteristics and then classifying plants and animals according to those results, I decided to try the University of Washington’s first “high-speed” computer, an IBM 650. This wonder of a computer—the size of three large refrigerators with the storage capacity of a microwave oven’s microprocessor—was housed in a gazebo atop the university’s chemistry building. Graduate students were allowed to use the 650 only between midnight and six a.m. The university did not yet teach computer programming, but a Canadian postdoc lab mate of my husband’s, George Constabaris, had used a computer when he worked in the chemical industry, and he kindly taught me programming. Using machine language, I wrote the first program to identify bacteria isolated from their environment. I had to punch a separate IBM card for each strain and, with no technician to help, wire the computer’s board to run the program.


The prestigious journal Nature published my article about the work in 1961. I wasn’t a computer genius, but I could see that computers weren’t just tools for higher-order calculations; I knew they’d revolutionize the sciences. The University of Washington professors on the committee that would pass or fail my dissertation knew next to nothing about computers, so I included my software code in the thesis and glued two IBM punch cards to page 41. No one at the university thought to patent the software. We were working for the public good. The science I was doing was truly exciting.


One of the benefits of specializing in an esoteric topic like identifying marine bacteria was that—supposedly—I wouldn’t be competing with giants in the field. For my thesis, I’d planned to focus on one particular bacterium, Pseudomonas aeruginosa, that I had isolated from samples I’d collected. The bacterium is commonly found in water and soil and known to be dangerously resistant to antibiotics. When Roger Stanier, one of the leading bacteriologists of the day and an expert in Pseudomonas bacteria, invited me to give a talk at Berkeley on the subject, I was looking forward to being among other people who would share my passion for marine bacteria. A few minutes into my talk, though, Stanier began speaking over me. At first I thought he had something he really wanted to say, so I politely waited for him to finish. Then he started criticizing my results. I continued with my talk but I was confused and angry. It took me years to understand why anyone would publicly harass a young scientist and ridicule her work, but I now know what set him off: I was not his student, not part of his laboratory, and I was intruding on his bacterium, about which he was clearly an expert. Would he have treated a male student the same way? Probably not. More likely, he would have been constructive in his criticism and actually helpful.


I couldn’t ignore the possibility that I’d have to face Stanier again at scientific conferences—a chance criticism at a national meeting, and my career would be on the line. I decided to get out of his way by finding other microorganisms to study, changing my research focus for the sixth time. In retrospect, Stanier did me an enormous favor. Because of him, I switched to vibrios, some of the most common bacteria in the aquatic environment, especially surface coastal and ocean waters. It turned out that some vibrios are dangerously pathogenic to humans—and extraordinarily interesting.


Changing fields was supposed to be bad for a scientist’s career, but it taught me how to apply interesting ideas from one field in another field—for example, to use techniques from yeast genetics and fruit flies to study the genetics and ecology of microbes in the marine world. It was a patchwork education, but it taught me to see how big, natural systems worked. As a result, I became a molecular microbial ecologist and a champion of holistic science and interdisciplinary interdepartmental research teams, something almost unheard of at the time. A project that started in the crucible of despair turned into one of the best decisions I ever made. Now, fifty years later, that decision has kept me active in one of the hottest fields in the life sciences: microbiomes, the study of all the genetic material in all the microorganisms in a particular environment, whether it be the human gut, food, river water, or the ocean.


In the end, my thesis on the bacteria that live in marine animals was approved, not by the microbiology department or the oceanography department, but by the School of Aquatic and Fishery Sciences. “It’s splitting hairs,” Liston said. I’d been in his marine microbiology PhD program, whatever the bureaucrats in the fisheries, oceanography, and medicine departments said.





As Jack and I were completing our PhD studies, Jack was told that Canada’s National Research Council in Ottawa would be an excellent place for a postdoctoral fellowship in chemical physics. We both applied for postdocs there and were delighted when we both received congratulatory letters. But sometime later, I got a second letter, and this one, from council chair Norman E. Gibbons, did not have good news. Anti-nepotism rules, Gibbons wrote, would prevent the council from awarding both Jack and me fellowships. He didn’t have to say that the National Research Council assumed the husband should get the money; I knew that immediately. After all, Jack had received no such letter.
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