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Wch A Miss BARBARA McCLINTOCK of St. Louis an-
nounced her 1936 engagement in the newspapers, the chaivman of
the University of Missouris botany department was horrified. Mis-
taking his new thirty-four-year-old assistant professor for the woman
im the newspaper, he summoned Dr. Barbara McClintock 1o his
oflice. Then he threatened her, “If vou getmarried. vou'll be fired.”

The University of Missouri was “awlul, awful, awtul,” McClintock
complained years later. “T'he situation for women was unbelievable, it
was so bad.”

Eventually, she marched into the dean’s office and asked point-
blank whether she would ever get on the university’s pernanent staff.
He shook his head no. In fact, he confided, when her mentor left she
would probably be fired.

McClintock retorted that she was tak ng an immediate leave of
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absence without pay and that she would never return, Uhen she
packed her Model A Ford with adl b y
without ajob or even any prospect of
hecoming a weather torecaster. she finatly decided thar she never
wanted a job of any kind again. It was vears before she changed her
min.

McChntock was at the top of American scichce when she quit it.
She had revoluttonized maize geneties: one ol her carly expermients
still yvamks among the twentieth centurys most important biological
experiments. She was the vice president of the Genetics Society of
America and was about to become its president. She had not vet done
her Nobel Prize—winning project, but she had alrcady received an
honorary doctorate from a well-known untversity and would soon be
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ajob. Toving with the idea of
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Barbara McClintock at Cornell tn 1929, with (from left 1o righf) Charles
Burnham, Marcus Rhoades, and Rollins Emerson. Kneeling, George
Beadle.

Barbara McClintock at the far right of the first vow in her first grade
class, PS. 139 in Brooklyn, N.Y. Her name s on the blackboard on the
right with four other girls whe made the honor roll.
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Barbara McClintock
her parents’ home in
Brooklyn while she was
attending Cornell
University,

elected to the National Academy of Sciences, then the nation’s highest
scientific honor.

But McClintock was a woman who wanted to do rescarch full-
time—and she was a feisty woman at that. So, despite {riends in high
places. she had no permanent job. Universitics were the chief
sponsors of scicntific rescarch in the United States, and they reserved
their research positions for men. Thus, McClintock’s decision to leave

academia meant giving up the passion ol her lifte—genetics.

~ McClintock had wanted to be free and independent all her bie,
Born in Hartford. Connecticut, on June 16, 1902, she was the
youngest of the three daughters of Dr. Thomas Henry McClintock
and the former Sara H;md)f. “My parents were wonderful.”™ McClin-
tock recalled. 1 didun’c helong to that family, but 'm glad T wasin it |
was an odd member.”

Dr.and Mrs. McClintock had hoped for a boy and had chosen his
name: Benjamin, “My mother took the blame because it was her fault
she didu’t deliver the rvight thing,” McCGlintock noted dryly. Neither
Mrs. McClintock nor Barbara could conceal their feelings from the
other: Barbara knew that her mother was disappointed, and Mrs.
McClintock knew that Barbara knew.

The two maintained a wary, armS-dength velationship. When
Barbara was an infant, her mother olten put her on a pitlow on the
floor and gave her a toy: Barbava plaved happily alone. Within four
months of McClintock’s birth. her parents decided that her name—
Eleanor-—was far 100 sweet and gentle. So, as McClintock enjoyed
explaining, they changed Fleanor 1o Barbara because it sounded
harsher.
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When Barbara was two years old. the long-awaited boy was born.
Barbaras mother was overwhelmed with caring for four small
children. A Maytlower descendant and a Daughter of the American
Revolution, she had lived in affluence until she defied her father to
marry a homeopathic physician. To devote more time to her son and
to relieve the strain between hersell and Barbara, she periodically
sent her daughter 1o stay with an aunt and uncle in rural Mas-
sachusetts. The uncle sold fish {rom a horse-drawn wagon, and
Barbara enjoyed accompanying him on his rounds. From him, she
learned to repair machinery and o love nature. Back home, she
continued to rebuff her mother’s hugs and kisses. “I didn’t get
approval, but I didn’t get harsh treatment from her.” McClintock
admitted.

Barbara’s father raised her as a boy, free from the conventional
restraints placed on girls. When she was four years old, he gave her
boxing gloves. “I didn’t play with girls because they didn’t play the
way I did,” McClintock said. “1 liked athletics, ice skating, roller
skating, and bicycling, just to throw a ball and enjoy the rhythin of
pitch and catch; it has a very wonderful rhythm.”

“My parents supported everything I wanted to do, even il it went
against the mores of the women on the block. They wouldn't let
anybody interfere,” McClintock explained. When a neighbor tried to
teach Barbara “womanly” things, Mrs. McClintock sternly told the
housewife to mind her own affairs. When Barbara decided that her
teacher was “emotionally ugly,” her lather let his daughter stay liome
from school.

Playing baseball with the boys on her block, however, did not
make her one of the boys. Once her team was so cmbarrassed o have
a girl catcher that they refused to let her play an away game. Luckily,
the other team did not care and invited her to join its side. On the way
home, her neighborhood buddies accused her of being a traitor. “So
vou couldn’t win,” Barbara realized, concluding reasonably cnough
that “you had to be alone. You couldn’t be in a society you didn't
belong to. You were only folerated by the boys....1 knew 1 couldn’t
win—and thats a dreadful {eeling as a child.” As a result, some of
Barbara’s happiest childhood moments were spent reading or just
thinking about things.

Iar from being unhappy, Barbara felt a great sense of {reedom
and opportunity as she grew up. When she was eight years old, the
McClintocks moved to Flatbush, a rural neighborhood in Brooklyn,
New York. With telephones and Morse code speeding the latest world
news into the little community, “You felt as if you were branching
out,” McClintock said. “There was change. Everything was chang-
ing.” Barbara was ready to take on the world. When she learned that
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l‘lee Statue of Liberty was 159 feet high, she announced with con-
fidence, “Thats no problem! I can shinny up!” ‘
“When | reached adolescence, my mother panicked.” Barbara
wameq to attend Cornell University, but Mrs, McClintock thou(rh(l
that hlgher education would make her daughters “slr;‘m re” ';gn(l
unmarriageable. She had convineed Barbaray ;)l(lcx‘ sister lusrc'c((‘l :
scholarship to Vassar College. “My father was an M.D <rh<)u r}: H(f
sensc.(l from the beginning that T would he going into grr';l(hnlix\:m‘k(‘
He didn’'t want me o be an M. e !!mu(gh! I wuul(ll be t;\("'lVlv(l 0
badly. Women got such nasty treatment. But he warned md h; di(h::;
coerce me. IHe was very supportive with me. He had grcavl faith l’(lr
come out all right.” l o
' UnIorlunzllely, when Barbara graduated from high school dur-
ing \/Vorl(l-W;lr L, Dr. McClintock was in France in th ::u‘mv medical
corps. Acting on her own, Barbara’s mother flatly vetoed lu/'rr(l'yz;z rf]—
ter’s Co{‘ncll |.)l;ms. Instead, Barbara found a job as an (‘llli)]()\tlllf:lll
agency lm('rrvw\»‘cr and spent her evenings and weekends Sllll(l\’l';l r’
fral)txczllly mm the public library. T
Whmf her Gather returned from France in 1919, he supported
Barbara immediately. Wichin days, she was cmrolled in (If])rn(-ll’s
College of /\gl‘.i(‘,ll]l,lll‘(?, where the tition was free. M('(Jlimm'l;
Iemamed gratctul 1o her father for the rest of her life, cmphusixingr
I just knew what T wanted to do. It was casy because it was so ('l(-"n,‘
and because I had the support of my father, the (i()lll])l(‘l(“ﬂil > )l)<l(’l
My mother—if she could have done it withou raising lmuhl;-—llh("(f.
have stopped it.” After her children were grown, Y(\/h"& M(-(llir‘nm‘k
took summer courses in art and wriling'ul. Cornell and finally
understood what education had meant to Barbara. The r‘cvclal(i(ﬁ:
came too late; Barbara was the only McClintock child Lo atten
college. (
Corncll. thrilled McClintock from beginning 1o end. Sometimes
she was so immersed in her work that she could not remember h(-’;‘
own name. Asshade over five feet all and wiry slim at ninety pounds
McClintock had a belly laugh like a child and loved jokes. Yc;u*s l:ll(*l"";
photographer 100k so long setting up a picture of her ‘in ’l41c(r
laboratory that, Just as he pressed the button, she popped a micro-
Scope cover over her head, and that is the picture he took. Sometimes
her .drc;nns secemed so funny that she woke up laughing. She \\"l;
president of the freshimen women and played t(rnor(l)anjlo ina ;n//
group around town, until she decided that late hours interfered \‘vitilA
her work.
McClintock was a modern woman who smoked, bobbed her hair
an(.l wore golf knickcrs—plus fours—for ficld work. Althou ’fh ;hc:
relished scandalizing Cornell with her hajrcut and pants, she ni:n' ;mt
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have succeeded. Bobbed hair was de rigucur for fashionable young
women from 1921 on, and knickers were standard wear {or both men
and women throughout the twenties, much like blue jeans today. Her
choice of friends was avant-garde though. The social gap between Jews
and Gentiles was enormous at Cornell, but most of the women in
McClintock’s circle were Jews. She studied Yiddish, and when her
fricnds were not invited to join sororities, she rejected her own bids.

McClintock’s vigor, intensity, and enthusiasm marked her as
special, and by the time she graduated in 1923, she was alrcady deep
in graduate work. So were many other young Amecrican women.
Between 30 and 40 percent of all graduate students in the United
States during the 1920s were women. In fact, women accounted for
approximately 12 percent of the science and engincering Ph.D.s
awarded in the United States—a proportion they would not reach
again until the 1970s. Most studied biology, and almost one in five
was a botanist. A goodly number of them specialized in genetics.
Most of the rest were in zoology and psychology, which required littdle
mathematics.

Getting a good science education, however, was much casier than
getting a research job. Industry, government, and most colleges and
universities refused to hire women. Most women scientists taught in
women’ colleges, where teaching loads were heavy and research time
short. Only four percent of women scientists in the United States
were employed by coeducational colleges and universities, and they
were concentrated in home economics and physical education and in
low-ranking positions as assistants, instructors, and assistant pro-

fessors.
Genetics, however, was a wide-open field. McClintock and ge-

netics were born and raised together. Gregor Mendecls studies of

heredity in garden peas were rediscovered in 1900, just two years
before McClintock’s birth. By the 1920s, genetics was America’s first
world-class science and biology’s most abstract specialty. When M-
Clintock entered graduate school in 1923, many biologists still did
not accept Mendelian genetics. The word gene had been coined but it
had no clear definition or physical reality. It was just an abstract
concept and controversial theory describing the way inherited traits
are passed from one generation to another. As Thomas Hunt Morgan
put it, geneticists assumed “there is something in the egg that is
responsible for every detail of character that later develops out of the
cgg.”

Chromosomes were known to carry hereditary elements inside
the nucleus of the cell. Before a cell divides, its chromosomes double
in number. Then half move to one end of the cell and half to the
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opposite end. As the cell stretches out, it divides into two halves, each
the exact duplicate of the other and ¢ach containing the saime amount
ol chromosomal matier. Genceticists also knew that each species has a
characteristic number of chromosomes, nincety-four for goldfish.
forty-six for human beings, ten for corn, and so on. The discovery
that DNA is the chemical basis of genes was decades in the futare,

As McClintock began her career, fruit [ties and corn were vying
as genetics’ leading rescarch tool. Morgan, who was studying fruii
flies at Columbia University, had shown thai many of the fly's physical
traits arc inherited as a package deal, like red hair and freckles in
human beings. He correlated their visible characteristics—long ancl
short wings, gray and black bodies, and so on—with changes in their
chromosomes. Traits that are “linked” or inherited together corre-
spond o genes residing on the same chromosome. In fact. the
probability of those trais being inherited together increases the
closer they are together on the chromosome. According 1o how often
the traits were inherited together or separately, Morgan and his
followers mapped the relative locations of the fruit Hys genes on its
chromosomes.

Cornell genceticists worked with corn, however Scientifically
known as Zea Mmays, Corn is an cconomically important crop. It was illll
ideal rescarch tool, too. The variegated colors of its kernels func-
tioned like a technicolor spread sheet of genctic data; genetic changes
were as plain as the kernels on the cob. Furthermore, maize conld he
self~fertilized. inbred to produce tghtly comrolled extremes of
genetic behavior, Each maize plant produces both male and female
flowers: female flowers borne on the car contain cgg cells; male
flowers produced in the wssel at the top of the stalk contain sperm
cells, known as pollen.

When spring-planted corn reached sexual maturity in July,
Cornells geneticists began working {rom dawn o dark seven days a
week to control the mating. Normally, wind wafts pollen from the
tassel of one plant o the silk of another. There a pollen grain
germinates, growing a long phaliic tube down through a silk to carry
the sperm to the egg at the bottom of the cob. Sperm and egg cells
fuse, starting the next generation’s seed, a kernel on the cob. Each
fertilization produces one kernel,

1o prevent random promiscuity, geneticists cover the ears and
tassels with paper bags and transfer the pollen to the silk by hand. ‘1o
self-fertilize a plant and inbreed exotic strains, they fertilize the silk
of one plant with its own pollen. /

Despite the attractions of maize as a research tool. Cornells
geneticists had not studied its chromosomes. They had no way 10
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Male (Mowers

Figure 7.1. Corn Plant.
A corn plant produces both male and female flowers,

identtty which chiomosomes carried which inherited traits. Working
in the botany department because Cornell’s plant breeders refused to
have women in their department, McClintock devised a system.

Using new staining techniques, she discovered that cach of the
ten chromosomes tn maize could be distinguished under a micro-
scope by their tiny knobs, extensions, and constrictions. Then she
went on to identily each chromosome with a group of visible wraits
that are generally inherited together. By plotting the probability of
these traits appearing together, she mapped the position of the genes
on the chromosomes, just as Morgan had done with the fruit fly.

At first, none of her Cornell colleagues understood her project.
Then Marcus Rhoades, who had carned his Ph.D. with Morgan, came
to Cornell. Rhoades immediately realized how good McClintock was.
“Hell.” he said, “It was so damn obvious. She was something special.”
Immediately, he asked McClintock, “Can I join vou?” Then
Rhoades—her champion, interpreter, and soul mate tor decades to
come—explained the importance of McClintock’s work to Cornell.

IFrom then on, McClintock was the enthusiastic leader of a litde
band of professors and young men who already had their Ph.D.. “It
was quite a remarkable thing that this woman who hadn’t gotten her
Ph.D. vet. or probably even her master’s, had these postdocs trailing
around after her, just lapping up the slnnul;m(m that she provided,
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recalled Ernest Abbe, later a University ol Minnesota professor.
“Lester G. Sharp was a prominent geneticist, but she was teling him
what the answers were. Tt was very cute,” Abbe laughed. McClintock
even interviewed prospective graduate students for facalty members
because she noticed so much more than anyone else. Later, during
the Tate 19205 and carly 19305, Sharp propagated McClintock’s
rescarch to the genctics community at large in his authoritative
textbook Aw Ditroduction to Cytology. “His texthook was very impaortant
in getting her recognition carly on,” Abbe emphasized.

As she recently recalled, McClintock and her little band “did very
powerful work with chromosomes. It began 1o put cvtogenetics,
working with chromosomes, on the map in the late 1920s—carly
1930s.... 1t was just a little group of young people. The older people
couldn’t join; they just didn’t understand. 'The young people were the
ones who really got the subject going because they worked intensely
with cach other. It was group activity because they discussed every-
thing and were constantly thinking about what they could do to .slm\\
this, that, or the other thing.” Two members ol the group, McClin-
tock and George Beadle, would later win Nobel Prizes, Beadle for his
“one gene. one enzyme” hypothesis. Following McChmock’s lead, the
Cornell maize group entered its golden age.

McClintock’s enthusiasm and intensity swept her ahead of the
others. She worked in spurts, night and day for weeks, to solve a
problem. During a long drought, she saved her corn by Taying water
pipes up to her hilltop patch; standing in the hot sun, she watered her
plants with tears of fatigue coursing down her cheeks. During a late-
uight flood, she replanted her washed-out corn by the Tight of car
headlights. 1o Beadles dismay, McClintock could interpret his ex-
perimental data faster than he. He complained 1o the department
chairman, the eminent geneticist Rollins A, Emerson. “Emerson told
him that he should be grateful there was somceone around who could
explain it,;” McClintock commented dryly. “The fun was solving
problems, like a game. It was entertaining.”

McClintock earned her Ph.D. degree in 1927 at age twenty-five
and stayed on as botany instructor. Over the next few vears, she
published nine papers on maize chromosomes. Rhoades considered
cach onc a milestone in genetics and thought that she already
deserved a Nobel Prize.

In the meantime, McClintocks mother still hoped her daughter
would quit work and get married. “Every time I went home at
vacation time, she'd try to persuade me to let somebody go up and get
my things and not g() back. Tt was a real fear on her part that I'd be a
fessor” But McCliniock finalty decided thiat sbie was (oo indepen-
dent for close, emotional relationships. She had a faithtul beaw, her
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undergraduate chemistry  instructor Arthur Sherburne, but she
concluded that “marriage would have been a disaster. Men weren't
strong enough...and [ knew 1 was a dominant person. 1 knew they
would want to lean against vou.... They're not decisive. "They may be
very sweet and gentle, and 1 knew that I'd become very intolerant,
that P'd make their lives miserable.” Eventually, she told Sherburne
“not to stavin touch with me.”

Instecad of marrving. she managed her life with
spareness. an aesthetic of order and funcuonalits.” as her biographer
Evelvn Fox Keller expressed it. Highlv orgamized. McChntock ar-
ranged her data on cards. the cobs neatlv tagged and cross-refer-
enced to tables. She scheduled her time so that she could play a fast
tennis game each day at five o'clock and still drive to her friend Dr.
Esther Parker’s cottage for supper before dark. Dr. Parker, a physi-
cian, had been an ambulance driver during World War I for the
American Friends Service Committee. Her house was McClintock’s

“a fastidious

home away from home.

Late in the summer of 1929, Harriet Creighton came to Cornell
as a botany graduate student from Wellesley College. Within minutes
of meeting, McClintock had orgamized Creighton's academic career,
too. steering her to the right courses and advisers. Technically,
instructors were oo low-level 1o advise graduate stndents, but
practically speaking, McClintock was in charge. McClintock gave
Creighton her best research project as a thesis topic. In the late 1920s,
there was circumstantial evidence, but no hard proof. that chromo-
somes carried and exchanged genetic information to produce new
combinations of physical traits. McClintock wanted the proof.

She had bred a special strain of corn with an casily identifiable
ninth chromosome that usually produced waxy, purple kernels.
Under her microscope, she could sce an clongated tip on one end of
the ninth chromosome and a knob that readily absorbed stain at the
other end. According to her mathematical analysis, the elongated tip
was located near the region of the chromosome that determined
whether the plant would produce waxy kernels. She suspected that
the region near the knob was responsible for supplying purple
prement.

Uhat spring. Creighton and McClintock planted waxy, purple
Kernels trom the strain. In July. they fertilized the silks with pollen
from a plant of the same strain whose kernels were exactly opposite
nres rhan s rhey were netther wasy nor purple.

Uhat tall. when McClintock and Creighton harvested the ears,
some of them had the usual waxy. purple kernels and some kernels
were the opposite. neither waxy nor purple. But some ears were
different: they had inherited one trait—but not both. Thus, they
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Waxy Purple
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Figure 7.2. Crossing over.

Step One. Barbara McClintock spedially bred corn to produce many
waxy, purple kernels. The chromosome responsible had an elon-
gated tp on one end and a knob at the other.

were cither waxy or purple, but not both. When McClintock and
Creighton examined the chromosomes of these new kernels under
their microscopes, they could sce that their structure had changed
markedly. Physical bits of the ninth chromosome—either the knob or
the elongated tip—had actually exchanged places. Whereas every
erlongalcd c.hr()mosomc in the parent plants had a knob, they now
found a mix: clongated chromosomes without knobs and knobhy
chromosomnies without Lips.

.M(:(Ilim.o(‘k and CGreighton had proved that genes for physical
traits are carried on the chromosomes. They had produced the First
physi.cal proof that exchanging chromosomal parts helps create the
amazing varicty ol forms present in the biological universe.

Normally, McClintock liked 10 publish enormous amounts of
supporting data in her papers; today cach one of her reports would
make several scparate articles. So she was waiting [or a second crop
before publishing the data. Luckily, Thomas Hunt Morgan visited
Cornell and hiecard about the experiment. He urged t}](fll; to publish

Waxy Purple

plus

Not Waxy Not Purple

Figure 7.3. Crossing over.

Step Two. Barbara McClintock fertilized a plant with waxy, purple
kernels ustng polien from a plant with kernels that were neither
waxy nor purple.
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Not Waxy Purple
Waxy Not Purple
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Figure 7.4. Crossing over.

Step Three. Some of the kernels produced had mixed characteris-
tics. and McClintock could sce through a microscope that bits of the
responsible chromosome had exchanged places.

immediately. In his excitement, he wrote a Jjournal ediutor (hat an
important article would arrive in two weeks. Thanks (o Morgan,
McClintock’s article was published in August 1931. A few months
later. a German geneticist, Curt Stern, published parallel data on
fruit flics. Had McClintock waited for another crop, Stern would
have been first. .

The paper made McClintock’s reputation. “Beyond any question,
this is one of the truly great experiments of modern biology,”
Mordecai L. Gabriel and Seymour Fogel declared in their book Great
Lxperiments in Biology. James A. Peters, editor ol Classic Papers i'rz
Genetics, wrote, “This paper has been called a landmark in experi-
mental genetics. It is more than that—it is a cornerstone.” Then he
warned, “Itis not an easy paper o {ollow. for the items that require
retention throughout the analysis are many and it is fatal to one’s
understanding to lose track of any of them. Mastery of this paper,
however, can give one the strong feeling of being able to master
almost anything else he might have to wrestle with in biology.” ames
Shapiro, a University of Chicago microbiologist, told the New Scientist
magazine that the experiment should have won a Nobel prize by
iselt.

When Marcus Rhoades asked McClintock how she learned so
much from a microscope, she replied. “Well, you know, when I look at
a cell. T get down in that cell and look around.” Explaining the
remark later, she said, “You're not conscious of anything else. ... You
are so absorbed that even small things get big....Nothing clse
matters. You're noticing more and more things that most people
couldn’t see because they didn't go intently over each part, slowly but
with great intensity.... It's the intensity of your absorption. I'm sure
painters have the same thing happen right along.”
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“When youre doing something like this, the depth of your
thinking is very penetrating. You can feel the mtensity ol it,” she
added. Many scientists believe that the thrill of discovery is unique to
science. But McClintock contended that enginceers, historians, aned
writers—*“anyone who must think intensely and ntegrate vast
amounts of information to solve a problem”™ —must feel it too. “1he
thrill comes from heing intensely absorbed in the material

By this tine, McClintock knew she would have 1o leave Cornell,

Emerson, the department chairman, was one of her greatest fans but
he could not override the faculty, who were strongly opposed 1o
giving permanent faculty positions to women.
- For the next five years, from 1931 (o 1936, McClintock
C[is'srCI‘OSSC(l the country in her beloved Model A Ford. At the top of
fier profession, shie was at the bottom of the career ladder. While her
friends worked frantically 1o find her a permancnt job, she won o
series of short-term fellowships to do rescarch at various universities.
The fellowships were highly prestigious stepping-stones for men on
the way 0 professorships. For the few women whe recetved thernn,
however, they were stopgaps intended to tide them over, Nevertheless,
McClintock was happy to use grants from the National Rescarch
Council, the Rockeleller Foundation, and the John Simon Gug-
genheim Mcemorial Foundation to work at Corunell, the California
Institute of lechnology, and the University of Missouri. As she
confessed, “I couldn’t wait to get o the lal)(n'ulm‘y i the morning,
and I just hated sleeping.

Years later, McClintock explained in a speech 1o the American
Association of University Women what those tellowships meant 1o
her: “For the young person, [‘cll()wships are of the greatest mpor-
tance. ‘The freedom they allow for concentrated study and rescarch
cannot be duplicated by any other known method. They come at a
time when one’s energies are greatest and when one’s courage and
capacity to enter new fields and utilize new techniques are at their
height.”

Of all the advances in genctics during the 1920s, one of the
greatest was the discovery that X rays enormously speed up the rate
of mutations, fiftcen-hundred-fold in fruit flies, for example. Instead
of waiting for Spontancous multations, scientists now could produce
them at will. Lewis Stadler had a Rockefeller grant to build a genetics
center at the University of Missouri (o study Xeray-induced muta-
tions. Stadler planted a ficld with kernels from X-ray-irradiated
pollen and asked McClintock to tigure out how the mutations had
occurred.

Studying Stadlers fields, McClintock discovered that N rays
actually break a plant’s chromosomes and leave them with dinnaged,
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frayed ends. Then, she was surprised to see the chromosomes mend
themselves: their frayed ends fuse with the frayed ends of other
damaged chromosomes. She even found that some damaged chromo-
somes {use together in rings. Often, two fragments tuse in such a way
that the ends of the repaired chromosome pull in opposite directions
during cell division and make the chromosome break again. As a
chromosome breaks, repairs itsell, and rebreaks, its ends lose more
and more genctic material. She called the entive process the break-
age-Tusion-bridge cydle.

Many scientists would have been content to have discovered ring
chromosomes. but McClintock was always interested in maize for the
clues it offered to nature as a whole. She constantly tried to integrate
her specialized studies with broad questions regarding heredity in
other species. Thus, when she discovered ring chromosomes, she
inimediately asked how the frayed ends of the damaged chromo-
somes find each other and repair themselves. I the genctic process
includes emergency repairs, it must be able to recognize and process
information. As she pointed out, “I'he conclusion seems inescapable
that cells are able to sense the presence in their nuclei of ruptured
ends of chromosomes and then (o activate a mechanism that will
bring together and then unite these ends, oue with another.... The
ability of a cell to sense these broken ends, to divect them toward each
other, and then to unite them so that the union of two DNA strands is
correctly oriented is a particularly revealing example of the sen-
sitivity of cells to all that is going on within them.”

McClintock’s insight came a good fiftcen years before other
scientists like Evelyn Witkin began work on DNA repair processes in
the 1950s. McClintock was already poking holes in the standard
picture of the chromosome as a rigid string of stable genes, arranged
like pearls along a necklace chromosome. She was starting to think of
the genetic process as responsive to signals, processing information,
and receiving and interpreting signals from inside and outside the
cell. She was looking at nature afresh, tree ol the conceptual
constraints that most scientists work within, observed Witkin, who,
until her retirement, was the Barbara McClimock Professor of
Genetics at Rutgers University. Eventually, McChntock’s unbiased
approach would meet head-on with those who still beheved in the
stable chromosome.

When McClintock and her Model A Ford moved on 1o Caltech in
1931, she was the first woman postdoctoral fellow to work at the men’s
school. Although McClintock was paying her own way with her
fellowship, Caltech’s board of trustees had to give its approval before
she could come. Her first day theve, a colleague took her to lunch at
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Calteclv’s elegant Faculty club. As she walked the length of the dining
room to an empty table, everyone stopped cating and stared at the
tiny thirty-year-old woman with her boyish {igure, tousled hair, and
practical clothes. 1o Warren Weaver of the Rockefeller Foundaion,
she seemed “more boy than girl”

Alarmed at the stares, McClimtock demanded, “Whats wrong
with me?”

“Oh, evervones heard about the trustees’ meeting, and they're
looking you over,” her host replicd cheerily.

Caltech’s practice was to make visiting researchers with fellow-
ships automatic members of the faculty club, but McClintock was
never allowed in the building again. Nor did she visit any labs other
than her own and that of Linus Pauling, the politically liberal chemist
who later won two Nobel prizes. Scientifically, however, her visits to
Caltech were productive. "Two summers later, she discovered the
nucleolar organizer there. The nudeokr organizer region of the
chromosome helps form the nucleolus, the cells factory for synthesiz-
ing ribosomes. Although Caltech would not hire her full-time, she
did not mind helping men who werce hired there. When Charles
Burnham, onc of ber old gang at Cornell, asked her what he should
teach in his cytology 1echniques class at Caltech, she faid the course
out tor him. It was 1970 belore Caltech hived its {irst woman
professor, Olga Taussky lodd, a protégé of Emmy Noether.

Using her Guggeuhcei fellowship, McClintock visited Germany
in 1933, the traumatic year in which Hitler became chancellor and
fired the Jews [rom German universities. Science laboratories were tn
chaos, and her student residence was empty except for hersell and a
Chinese gentleman, who dined in silence. Loneliness, the politicizing
of genetics, and the persecution of Jews appalled her. In December,
she fled back to Cornell.

She retwrned at a bad tme. The Depression was worsening and
universities were cutting back. Few could alford a pure vesearcher Ag
Warren Weaver observed at Cornell. “The Dept. of Botany does not
wish to reappoint her, chiefly because they realize that her interest is
entirely in rescarch and that she will leave Trhaca as soon as she can
obtain suitable employment elsewhere; and partly because she is not
entirely successtul as o teacher of undergraduate work. 'The Botany
Dept. obviously prefers a less gifted person who will be content 1o
accept a large amount ol routine duty.”

Friends interceded with the Rockefeller Foundation, however,
and arranged $1,800 a year for McClintock to spend two more vears
at Cornell. Morgan wrote the foundation that “she is highly spe-
cialized, her genius being resiricted 1o the evtology of maize genetics,
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but she s definitely the best person in the world in this narrow
category.” The $1.800 was the largest income McClintock had ever
carned.

‘Testifving oncher behalf, Morgan also conlided that “she is sore at
the world because of her conviction that she would have a much freer
scientific opportunity il she were a man.” But McClintock denies that
she was ever bitter. Realistic at vecognizing prejudice, yes, but never
bitter. “If vou want to do something, you have to pav the price and
never take it sertously. 1 never worried. 1 couldn’t compete with men,
so Ldidn't try”

When McClintock left Cornell for good in 1936, Cornells golden
age of maize genetics ended. After years of trying to get her a
permanent position, friends had finally found her a job with Lewis
Stadler at the Umversity of Missouri starting in 1936, She would be
only an assistant professor—{far below the rank and pay ol ioman with
comparable attainments—but it was her first faculty position. Her
wandering yeavs were over. Or so she thought.

For several vears, McClintock worked in Columbia, Missouri,
during the winter and raised her corn plants at Cornell during the
summer. She grew only a few thousand plants cach yvear, but they
were highly selected, so she had no waste. “1 wanted to know cach
plant well, so I caretully organized what I was going to need and why,
and how manyv samples I needed in each case. 1 was highly
organized. .. so that it was manageable. It had to be manageable. 'The
recording was equally foolprool. T didin’t want to have anything come
up that secemed irrational and not vight, and il T did icmyself T would
know, because my memory would tell me where to look .. and how to
find the error”

Helen Crouse, who had read McClintock’s nucleolus paper as an
undergraduate at Goucher College. visited Tthaca the summer of
1938. When she asked a timid young man how to find McClintock's
lab, he replied. “Oh, well, she’s up under the roof, and she doesn’t
want to see anvbody.” But he took Crouse up anvway. McClintock
came to the door with a green, opaque visor over her eyes and a
cigavette in a long filter holder in her hand. “*What do vou want?” she
demanded. Crouse turned around, but her companion had vanished.
After Crouse mtroduced herself, MeCGlintock answered, I heard you
were coming. I was expecting vou. Lets go home for lunch.”

Home was Dro Parkers house. When they got to the porch,
McClintock spraved their ankles well with fica repellent because
Parker kept three large Irish setters. “We had a great lunch with Dr.
Parker. who never knew whether her dress was right- or wrong-side
ont and didn’t care. She was a wonderful vigorous sort of person,
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And I must have stayed a week,” Crouse said. A few weeks Tacer,
McClintock invited Crouse to the Genetics Society meeting in Woods
Hole, Massachusetts. “I didn’t have fifty cents; ')l,ll she S;li;l she'd pay
all my expenses to go, that she'd like to have someone (o gowith her,™
Crouse said. “I had a glorious 1ime.”

After Crouse’s sun-tilled visits in Cornell and Woods Hole, she
started graduate studies at the University of Missouri. ‘Fhere she was
surprised to discover McClintock's position was not only clouded over

J

but (l()\\'nl‘iglll stormy. As a teacher, McClintock was intense, ;::si;:r
ing, and so full of ideas and {ast talk that it was hard 10 keep up. She
had in:sisled on proper equipment, and the university bought her
new microscopes for a lab course. She installed them late one Friday
night, putting a stide in each and delicately adjusting their lights and
lenses to highlight the important feature in each demonstration. The
next morning, the students gave a passing glance 1o the demonstra-
tions on their way to pollinate their fields. McGlintock was crushed.
On the way 1o lunch with Crouse, she burst into tears—Dbecause the
“corn boys” had skipped some of the slides. “She ook it all so
intensely, “ Crouse realized.

As usual, McClintock was way ahcad ol evervone else. Taking a
quick look through Crouse’s microscope one day, s/hc discovered m('n ¢
than Crouse had found in her own material. Crouse had not adjusted
her microscope’s light and lens properly, and McClintock stalked out
of the lab, slamming the door behind her, “You had to have a pretty
sturdy constitution to survive,” Crouse decided. McClintock was m)/l
about to waste her time on mept students, especially when jobs were
scarce for cven the bhest. / »

McClintock reigned over a spacious third-floov lahy like “the
Queen Bee. Everyone was scared of her,” according o Crouse.
Technically, Crouse was not McClintock’s graduate slu((lcnl, so there
was little tension between them. But McClintock's sharp tongue so
terrified one of her ofTicial graduate students that he fled by ll;(f hack
greenhouse door whenever she entered the front. Another young
man escaped to Berkeley. / I

Although the Rockefeller Foundation regarded Stadler and Me-
Clintock as the leaders of the genetics center at Missouri. university
administrators thought that McClintock was a troublemaker and
hoped she would leave. While cveryone wore knickers for field
research, McClintock wore pants all the time. She even let her
students work in the lal past the eleven po. campus curfew. Then one
Sllllda)’.sllc forgot her keys, climbed into her fab through a ground-
floor window, and totally scandalized the locals. The culture shock
was reciprocal. Crouse was appalled that agriculture students prac-
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ticed their hog calling on campus. She was even more upset to learn
that wildlife students hunted at night by blinding animals with their
car headlights before they shot them.

Whatever the reason, McClintock was in a no-win situation.
Excluded from faculty meetings, she was not part of the department.
The authorities would not accommodate her vesearch needs: she
arranged for substitute lecturers each fall so that she could harvest
her plants in Cornell, but the administration disapproved. At the
same tme, she could not get another job. She was expected o
recommend male colleagues for the likes of Yale, Harvard, and
clsewhere—"jobs that would have been just right for me, with my
experience”—but she was never considered for those jobs herself.

“Missouri was very conventional, and there was no hope. And
also, you get tired of being always the lowest one on the ladder,” she
thought. Crouse thought she was “absolutely furious that no one paid
her any attention.”

McClintock had a wry sense of humor. When the University of
Rochester gave her an honorary degree, for example, she called it
“getting my shirt stuffed.” But the bite of her wit grew sharper at
Missouri. She and some of her students ate supper at Mrs. Pyless
boardinghouse, which was extensively decorated with religious ob-
jects. One day Mrs. Pyles rearranged her pictures, and McCGlintock
Joked about “creeping Jesus.” Bible Belt Missouri was unamused.
Crouse had a professor who could not remeumber her name, until a
friend pointed out that Crouse rhyvmes with “mouse.” McClintock
laughed and took to calling Crouse “Miss Louse.” But when Crouse
retaliated and called McClintock “Babs,” McClintock was irritated.

“I hadn’t known she was such a tiger,” Crouse conceded. But
then, Crouse realized, women who succeeded in science were “the
ones with the strength to abide in a world where they weren't wanted.
They had o have stamina and brains and nerve and gall 1o survive.
You're not going to find any weeping willow making it.” As for
McClintock, she claimed that when she was nervous or upset, she
talked too much. Then she would blow oft verbally and afterward not
remember why. “I don't remember bad things.”

McClintock was searching for ways out of the trap. On the way o
lunch at Jack’s Latch cafeteria, she often stopped in the post office to
chat with the federal meteorologists. She was trying to teach them
new forecasting methods, and as the University ol Missouri became
more intolerable, she toyed with the idea of becoming a weather
forecaster, too. Finally, in 1941, she asked Missouris dean il she
would ever get promoted to a permanent position. “If Stadler leaves.,”
the dean answered, “you'll probably be fired.”
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and I won’t be back,” McClintock

“1 want a leave ol absence
snapped back.,

“I thought you were going to say that” was his only response.

“There was no use staying there,” McClintock thought. “Though
it was good lor the work, it was bad for the morale and too hard 10
take.... I dido’t want a job. 1 just didn’t want one anymore, and |
decided I'd never go back to a untversity. That was out.”

“I just quit the whole business,” McClintock declared. She had no
job, no means of support, no place 1o work, and no prospects.

She did not care about her career, but she did care about her
corn. Writing Marcus Rhoades, then at Columbia University, she
inquired where he grew his plants. “Cold Spring Harbor” was the
reply.

Cold Spring Harbor had been founded on rural Long Island in
i890 as a summer center for the study of Darwin’s evolution theory.
In 1941, a handful of researchers worked there year-round, financed
by the Carnegic Institution of Washington. In summertime, as many
as sixty genetiasts, including Harriet Creighton, Marcus Rhoades,
Max Delbrick, and Salvador Luria, flocked there. Today, Cold
Spring Harbor is a large, privately funded rescarch center for basic
biological research and is financed by ftederal and private grants.

McClintock wangled an invitation 1o plant her corn at Cold
Spring Harbor that summer. In the fall, she stayed on in a summer
house until the weather turned cold and Marcus Rhoades lent her a
sparc room in his New York apartment. Finally, a friend, Milislav
Demercc, became genetics director at the lab and offered her a
temporary position.

Before she could get permanent status from the Carnegie Institu-
tion, she had to go to Washington, D.C., to be interviewed by its
president, Vannevar Bush. Demerec nagged McClintock to go. but
she kept postponing the trip. Finally, he ordered her to take a planc.

Not caring whether she was hired or fired, McClintock went to
see Bush “with complete freedom from any nervousness. And, as a
consegquence, we had a very good time talking, because [ simply
didn’t care what his opinion would be. It ok three or four years
before I realized that I could stay in a job, that this was more like no
job atall. I had complete freedom. ... T could do what T wanted to do,
and there were no comments. It was simply perfect. You couldn’t
mention a hetter job. Tt was really no job ac all.”

The decade that had started so disastrously in Missouri ended
gloriously at Cold Spring Harbor. It was Barbara McClintock’s kind
of place. Everyone wore bluc jeans, worked seventy o eighty hours a
week, and loved biological rescarch. "Teaching was not required, andl
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there were no restrictions on rescarch. Thanks 1o support from the
Carnegie Institution, McClintock was free and independent of any
changing administrations at Cold Spring Harbor.

McClintock settled into a routine undisturbed by passing dec-
ades. She alternated quiet winters analyzing data with busy summers
{illed with visitors and corn growing. For excrcise, she ran, swam,
and played tennis. Loaded with field guides, she took long nature
walks. gathering black walnuts for brownies or checking the spots on
ladvbug beetles.

In addition to her corntield, she had a spacious laboratory within
a stones throw of Long Island Sound. Seven days a week she worked
from early morning until late evening on a long surface made of
several desks pushed together. In a small side room she stored boxes
ot dried corncobs, each carcfully tagged and cross-referenced so that
when colleagues asked for seed of a particular strain she could
explain its lincage. When she entertained {riends, they metin the lab.,

Across the road she kept an unheated, two-room picd-a-terre in a
converted garage. Her real home was her lab, so she kept no
telephone in the apartment; lab employees relayed night-time emer-
geney messages. ‘The apartment was as meticulously organized as her
work. All the hangers in her closets faced the same direction and
none touched another. Each sheet in her linen closet was enclosed in
a plastic bag and tagged for size. “She was totally dedicated 1o
cfficiency,” Crouse observed on visits.

McClintock enjoyed quality equipment. Although she ate most
meals in the lab dining room, she bought a spectacular electric range
with purple, green, and red lights and a complete set of copper-
bottomed Revereware pots. She cared for her cars and, until she was
eighty, changed their tires. She stripped and reassembled her micro-
scopes. When she found a piece of machinery she liked—an electric
fan or a tabletop vacuum cleaner to remove corn chatf—she often
bought three of each.

Life at Cold Spring Harbor became both McClintock's strength
and her weakness. Thanks to the support of the Carnegic Institution,
she could work without interruption. even on unpopular projects.
But isolation also left her without colleagues to popularize her
research to the scientific community at large. For the first time in her
carcer, McClintock would have to explain her own work.

She began reaping the benefits of her international reputation
during her early years at Cold Spring. In 1944, she was clected the
first woman president of the Genetics Society of America. T'hat same
vear. she was named to the prestigious National Academy of Sciences,
which had admitted only two other women in cighty-one years.
Surprisingly, when McClintock heard about the honor, she burst into
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Figure 7.5. Breaking.

A plant with a long history of
inbreeding and self-fertilizatton
produced leaves with bizarrely
colored twin splotches.

bitter tears. Had she been a man, she said, she would have been
delighted by the honor. But as a woman, she el trapped. She wanted
to be free to walk out on genetics il she ever got bored. Now she
would never be able o leave it. “It was awlul because of the
responsibility to women,” she explained. “I couldn’t let them down.”
As she wrote a [riend, “Jews, women, and Negroes are accustomed 1o
discrimination and don’t expect much. 1 am not a feminist, but [ am
always gratified when illogical barriers are broken—for Jews,
women, Negroes, cte. It helps all of us.”

World War I1 had put women o work in unprecedented num-
bers. In its wake, McClintock felt buoyant and self-confident enough
in 1947 to declare, “Opportunities for women have never been
greater than they are at the present time. There is no question in my
mind that these opportunities will become increasingly better and at
a"\';éffrvapid rate. 'The restrictions in opportunity ... are being steadily
removed.”

““Challenging her maize plants with broken chromosome problems
at Cold Spring Harbor, McClintock was fascinated by their response.
During the winter of 1944-1945, she planted a greenhouse with sell-
pollinated kernels. Each was the heir to a long traumatic history of
inbreeding and self-fertilization that had resulied in broken arms at
the end ol their ninth chromosome. When the scedlings sprouted,
she was astounded. The feaves had broken out with quirky patches of
curiously colored patterns. Moreover, the bizarre patches occurred in
pairs. The leaf of one plant, for example, had two albino splotches of
similar size side by side: one patch contained many fine green streaks
while its complementary twin patch contained only a few green
streaks. The results, McClintock thought, were startlingly conspic-
uous and totally unexpected. Generations of breaking, healing, and
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rebreaking the chromosomes had created a crisis in the plants
genetic system. Every time a cell divided, chromosomes broke and
some genes were lost.

Because the complementary patches sat side by side, McClintock
immmediately realized that some bizarre event had struck the plant’s
cells as they had divided. “One cell had gained something that the
other cell had lost.” she told herself. “} set about to find out what it
was.” Eventually she realized that when a chromosome that has

broken and refused breaks in two again, one of its parts may gain
o1
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McClintock was fascinated by everything around her, including
her own mind, and she described its functions as objectively and
precisely as she did her plants. Hence, she described her reaction to
the strangely spotted plants by saying, “My mind went straight on it
and worked quite hard on thinking about it, and it secmed all logical
that we’d just missed the idea. So I had a pretty good feeling for it,
and I had a pretty good feeling.”

From the beginning, she knew she had discovered a basic genetic
phenomenon, not just an event unique to maize. Long before
scientists kunew that genes are made of DNA. she asked the next
question: How are genes controlled?

Comparing chromosomes of both the plants and their parents
under her microscope, she deduced that parts of their chromosomes
lad changed positions. Six years of painstaking rvesearch later, she
would be able to prove that a gene need not have a fixed position on a
chromosome. She would conclude that genes are not stable pearls laid
out along a chromosome string. Instead, they can move around and
turn on and off at various times during a cell’s development.

Evenwaally, McClintock described and characterized two new
kinds of genetic elements: The firstis a controlling element, a switch
to turn on and off the genes that express physical characteristics like
color or size. The second type is an activator that can make the on-
and-oft switch jump around from one part of a chromosome to
another. Today, McClintocks discovery is called genetic transposition,
and the moving chromosome parts are called transposable elements,
transposons, or “jumping” genes.

Thus, an activator gene can cause the off-switch gene to jump
next to a pigment gene and turn off the color. 1f the off-switch turns
oft the pigment gene early in a plant’s development, a large region of
the plant gets no pigment. H the pigment gene is turned off partway
through development, parts of the plant are streaked or spotted with
color. When the activator makes the off-switch turn back on, the
pigment gene resumes work.

As aresult, not only are genes unstable, but thetr mutation effects
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Figure 7.6. Jumping genes.
T'he genetic activator makes the switching gene move {rom one part
of the chromosome to another 1o turn genes on and off.

are too. Geneticsts had assumed that 4 mutated gene was dead and
coulq I'l()[ be reactivated. But McClintock showecl ;.l\at Cnviron;n(*;n'll
conditions Fould reverse some mutations and turn the genes l);i('k ()’1(1
Her experiments provided a radically fluid picture of g‘(&l]cti;:s in.
contrast w0 l.h.c old view of stable mutations and il]ll]lOVEii)lC genc,s
The implications of transposable elements fascinated Mc(llinto.ck
even more than the discovery itself. She saw immediately that
transposons arc a {undamental phenomenon that helps exblain tl;c
incredible variety of organisms produced by nature. In 1951 she
noted, “The same mechanisims may well be responsible i‘()r the (‘n‘i ‘i 1]12
of many of the observed mutations in plants and animals.” Ig;l "1
famous 1955 statement, McClintock prophesied that it “W;Llld b‘c

surprllsmg indeed if controlling elements were not found in other
organisms.”

FO!‘.S.IX years, McClintock collected evidence, stuffing cards
tables,_ filing cabinets, and shelves with data. She was so cxrit(*d(th"u’
she often called Evelyn Witkin down from her lab to see l‘h‘c; I;uc(sl
.wonder.. ‘It was a great thing o sce. She was getting such rcal’l"
Intense Joy out of it,” Witkin remembered. “She was so VCI‘\; sure (3'
what Sh? was seeing, and her evidence was absolutely convi/ncin N

.WhlIC McClintock was studying transposons, the world ()(g. c-
netics was changing. Chemists and physicists had joined the hunt ?or
the physical basis of hereditary. “frained in Cold Sprim;r Hmibor
summer schools, they applied the principles of physics to biolo ical
problems. I.n their excitement, these new molecular bi()logistir i‘ -
nored previous work by crystallographers, biochemists ];Ql;(é!‘iil
experts, chemists, and geneticists, in(r]uding M(t()lim()ck.’ The mo-
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lecular biologists’ softhall games became a symbol of their disregard.
As the codiscoverer of DNA's structure James Watson told the story,
the softball “all too otten” wound up in McClintock’s cornfield.

In an hour-long talk at a major Cold Spring Harbor symposium
m 1951, McChntock summarized her findings before a group of
leading scientists. The report was long, complicated, and dense with
statistics and proofs. When she finished, there was dead silence,
Witkin remembered. “It fell like a lead balloon,” recalled Harriet
Creighton. McClintock felt as if she had “collided with the stable
chromosome.”

Scientists scrambling to learn molecular biology wanted it simple;
they did not like a genetic system that was tluid, moving, changing,
and intricately regulated. They reacted with puzziement, {rustration,
even hostility. “1 don’t want to hear a thing about what you’re doing.
It may be interesting, but I undervstand it’s kind of mad,” a biologist
told her. A leading molecular biojogist called her “just an old bag
who'd been hanging around Cold Spring Harbor for years.”

Understandably, McClintock was upsct and disappointed. She
summarized her work in a longer article published in 1953, Maize
genelicists understood and accepted the data, but she wanted the
science community at large to realize the wider signilicance of her
work. Only three scientists outside her ficld, however, requested
copies of the articte. McClintock concluded that publishing was a
waste of time. From then on, she wrote up her work in large
notcbooks, all tabulated, documented, and analyzed, and filed the
notebooks on a shelf. She submitted only brief summaries of her
work for publication in the annual reports of the Carnegie Institu-
tion of Washington—which only a lew libraries purchased. “1 don’t
know of any other scientist who would have had the discipline or self-
contidence to do that,” observed a friend of her Luter years, molecular
biologist Bruce Alberts of the University of California at San Fran-
cisco. She stopped giving seminars at Cold Spring Tharbor, too.
Twenty years ahead of her time, McClintock went into “internal exile”
at the lab, waiting for the scientific community to catch up with her.

McClintock so enjoyed ideas and thinking that the pain of being
ignored soon slipped away. “I was startled when 1 found they didn’t
understand 1, didi’t take it seriously,” she explaied. “But i didn’t
bother me. I just knew 1 was vight. People gev the idea thar your cgo
gets in the way alot of time—ego i the sense of wantng returns. But
you don’t care about those returns. You have the enormous pleasure
of working on it The veturns are not what you're after”

Being ignored gave McClintock more time to work and learn
about other fields of biology. She was one ol the few nommolecular
specaialists who kept ap with molecudar biology, “Despie her age and
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her coming {rom a very specialized area of biology, she’s on top of
everything,” as Alberts noted while McClintock was still alive. She
devoured nonfiction—{from biographies to monographs on oftheat
biological subjects. Keeping an open mind about anything she could
not understand, she viewed nature’s oddities as windows onto funda-
mental phenomena in nature. She read up on stick insects, animal
mimicry, plant galls, midwife toads, extrasensory perception, and the
methods by which Tibetan Buddhists control their body tempera-
ture. She regularly scanned wtwenty biological journals ol widely
differing specialues; one year she spent @ month reading all the
literature on insect evolution.

Finding transposable elements everywhere in nature, McClin-
tock photographed them for her own pleasure and for teaching her
friends. Driving past a lield of Queen Anne’s lace, she would stop her
car to walk through the tield. Each flower of Queen Anned lace
consists ol a cluster ol florets, each formed from the progeny of a
single cell. Normally, the white tlorets on the outside rim of the
blossom open first and the center tloret opens last to reveal a spot ot
pink, green, or purple pigment. But on closer examination, McClin-
tock found blossoms where the colored floret was not confined to the
center. 'The activinor gene had turned the pigment gene on too soon.
“It was the right pattern in the wrong place at the wrong time,” she
realized. Her face lighting up at the memory, she insisted, "You can
see the pleasure. The pleasure s very great... 1 love the springs,
summers, and falls tor all they can entertain you with.”

As legend has it, McClintock was ignored because she was a
woman and because scientists thought her “crazy” and “mad.” Bu
this is mcorrect; most geneticists did not think she was crazy.
McChlintock had been famous and highly respected for years, Witkin
emphasized. "Most geneticists didn’t think she was crazy, To was jusi
extremely dilficult both to understand her experiments and to
reconcile her conclusions on transposable elements with the prevail-
ing beliel in the stability of genes on the chromosomes.” Asked abou
McClintocks work in 1951, the great geneticist Alfred H. Sturtevant
replied, T didu’t understand one word she said, but if she savs it is so,
it must be so!”

Corn and fruit fly geneucists quickly incorporated her ideas mto
their graduate courses and conducted tollow-up experiments. Her
work was included during the 1950s and 1960s in anthovitative books
like Jamies A Peterss Classee Papers in Geneties (1959) and L. CL Dunns
illuenual Sthort History of Geneties (1965). Nobel Prize—winning
hiologist David Baltunmove said, *1 vemember growing up as a student
in the sixties; one of the things all of us tried to read were Barbara
McClintocks papers in the Cold Spring Harbor symposia trom the
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1950s. But a lot of us gave up.” Her vesults were complex and possibly
irrelevant to molecular biology in other organisms.

Nevertheless, the fact remains that the scientific community at
large ignored transposable clements for years. “Transposable cle-
ments are an example of how new ideas ave accepted coldly by the
scientific community,” a much younger gencticist, James Shapiro,
declared. “If she says something has happened, she has seen it in
dozens and hundreds of cases. One reason that people don’t read her
papers is because the documentation is so dense. So first they said
she’s crazy; then they said its peculiar to maize; then they said its
evervwhere but has no significance; and then finally they woke up to
its significance.”

McClintock became discouraged enough 1o write Marcus Rho-
ades and Helen Crouse during the 1960s and 1970s to ask about jobs
elsewhere. For two winters in the late 1950s, she even suspended her
rescarch entirely and trained Latin American cytologists to identify
maize strains for the National Academy of Sciences. ‘The adoption of
modern seed was destroying indigenous maize strains. Studying the
geographic distribution of particular chromosomes, McCGlintock real-
ized that they revealed ancient migration and trade routes. Corn
sceds are so tghtly enclosed in their husks that the plants cannot
travel without people. Her insights led to a major studdy of ancient
migrations based on the chromosomes of present-day maize plants.
Thanks to her Latin American visits, McClintock mastered the
Spanish language, which she kept up by watching Spanish tclevision
stations.

During the 1960s, when McClintock could have considered
retirement, she collected awards from Cornell University, the Na-
tional Academy of Sciences, and the National Science Foundationt.
None of these honors was given tor her transposable element work.
Nevertheless, a parade of pilgrims began to line up outside her door
to learn from her. Many remained her {riends. As always. to save time
{or activities she loved, she concentrated on her family and on close
fricnds who interested her; she ignored casual acquaintances who
bored her.

With friends, she was warm, charming, and open—{ar from the
recluse that the media made her out to be. In fact, she studied human
nature the way she studied corn carefully, preciscly, and  with
absorbing interest. An enthusiastic teacher onc-on-one, she moved
instinctively to the age and intellectual level of the person she was
talking to, Guenter Albrecht-Bubler discovered. Speaking before
McClintock's death he said, “She’s far ahead of her time and tries not
1o startle vou with it. I think it’s a defense mechanism from the time
when it was important for women not o be brighter than oth-
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ers....She enjoys making things clearer. She's a passionate teacher.
The passion of her existence is removing the fog....”

Often, the highlight of a visit with McClintock was a nature walk,
during which she showed these professional biologists things they
had never scen before. For example, “I'm very mtevested in galls.
When an inscct injects a chemical into a plant, the plant grows an
elaborate, highly specific home that fits that particular kind of inscct
perfectly. And one grape plant may have many different types of
galls. This tells me that organisms have all the siccessary machinery,
the potential, to make any kind of organism. All around you, there is
so much pleasure, if you think about it.” '

Molecular biology finally caught up with McClintock during the
late 1960s when James Shapiro and others discovered transposable
elements in bacteria. Suddenly, molecular biologists started finding
mobile genetic clements in all kinds of organisms, including people.
Transposable clements are used in much ol today’s genetic engineer-
ing. They are responsible for many mutations and play an important
role in evolution, inherited birth defects, resistance to antibiotics, and
perhaps the incidence of cancer. 'FThe movement ol genes and gene
segments on chromosomes helps to explain how cells produce anti-
bodies to combat a host of different viral and bacterial threats, how
bacteria retaliate by acquiring immunitics 1o human defenses, and
how certain cancer cells develop. These genetic elements, cloned by
recombinant DNA techniques, are used to carry desired genes to new
hosts. Scientists today make mutations with transposable clements,
instead ol with chemicals and X rays. Watching the discoveries
multiply, McClintock wrote a {riend, “All the surprises..orevealed
recently give so much [un. T am thoroughly enjoying the stimulus
they provide.”

Contemporary scientists regard the inheritance process as a {luid
information-processing system, much like a computer. “We now think
of a dynamic storage system subject (o constant monitoring, correc-
tion, and change by dedicated biochemical complexes,” Shapiro
explained m an article in Genetica. “We can now think about inte-
grated, multigenic systems that can be turned on and off in a
coordinated fashion according to the needs of the organism.”

By the late 1970s, McClintock’s honors were piling up in glorious
profusion, this time for transposable elements. In 1980—1981, she
received cight major awards, three of them in one week: the Albert
Lasker Basic Medical Research Award, the $100,000 Woll Prize in
Medicine {rom the Wolf Foundation in Isracel, and the MacArthur
Foundation Fellowship, $60,000 a year tax-free for life. As McClin-
tock noted, she made her money late in life.

Her reaction? “Rather upset. I'm not a person who likes to
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accumulate things,” she explained, squirming miserably in her chair
during a press conference. “I don’t like publicity at al....1ts too
much at once.” Her biographer, Evelyn Fox Keller, conducted five
imterviews before McClintock broke ofl discussions. Keller wrote
about McClintock as a brilliant recluse, a mystic whose “passion is for
the individual, for the difference,” not in broad fundamental issues
common to all of biology. When A [Feeling for the Organism was
published in 1983, McClintock announced tersely, 1 want nothing to
do with a book about me. 1 do not like publicity.” She never read the
hook. She even refused o autograph it for a colleague.

McClintock’s friends reacted to the book in a variety of ways, But
virtually all stressed that McClintock was netther a recluse nor a
mystic. And they argued that she had always been interested in maize
as a window on fundamental biological phenomena and not just as a
study m and for itself. McClintock herself denmed that she was a
mystic, if being a mystic meant believing in something she knew lictle
about. She said she did not dismiss phenomena that she did not
understand, but she did not believe in them either. “You just don’t
know,” she declaved (latly.

[Larly in the morning ol October 10, 1983, McChntock was
listening to her aparunent radio when she learned that she had been
awarded the Nobel Prize for Medicine and Physiology. "The Nobel
Committee called her work “one ol the two great discoveries of our
times in genetics,” the other being the structure of DNA. The prize
was remarkable in many respects. Only once before had the Nobel
Committee waited so long to award a rescarcher. She shared the
award with no one; in the past several decades, all but a handful of
the medical and physiology prizes have been shaved by two or three
winners. She was the seventh woman to receive a science Nobel, And
finally, the prize, which is generally given for medical or animal
biology, had never been awarded for studies of higher plants.
McClintock won only after 1t was clear that her work had implications
beyond botany.

Overwhelmed ac the news, McClintock took a walk i the institute
woods, collecting black walnuts and hey thoughts, ™t knew 1 was
going to be in for something,” she explained. I had to psych myself
up. I had to think of the significance of it all; to react. T had to know
what approach I would take.”

T'hen she told the labs administrative divector, T will do what 1
have to do.” She ssued a press release noting how untairv it seemed
“to reward a person tor having so much pleasure, over the years,
asking the maize plant (o solve specific problems and then watching
its responses.” Then she held a press conference, sitting on a stool in
her cavefully pressed dungarees and shiri, whispering courteously.
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At eighty-three, her brown hair was graying, her skin was sun-
wrinkled, and her eyes were bright.

“I don’t even know what the award brings in,” she admitted.

“It’s approximately $190,000,” a reporter replied.

“Oh, 1t 1s,” she whispered. The reporters laughed. Then, with
characteristic objectivity, she spelled out how her mind was working.
“No, Ldidn’t know, and I'll just have (o getto one side and think about
this.”

Thanking the Carnegie Institution of Washington, she said, “1
don’t think there could be a finer institution for allowing you to do
what you wint 1o do. Now, 1 1 had heen at some other place, Prasure
that I would have been fired tor what I was doing, because nobody
was accepting it, but the Carnegie Institution never once told me that
I shouldn’t be doing it. "Fhey never once said I should publish when I
wasn’t publishing.”

Asked if she was bitter at having 1o wait so long 1
she took pains 10 explain, “No, no, no. You're having a good ume.
You don’t need public recognirion, and T mean this quite seriously.
You don’t need it You need the respect of your colleagues.... When
you know you're right, you don’t care. You can’t be hurt. You Just
know, sooner or later, it will come out in the wash, but you may have
to wait some time. But...anybody who had had that evidence thrown
at them with such abandon couldn’t help but come to the conclusions
I did about it.”

Furthermore, she reiterated, “Its such a pleasure to carrv out an
experiment when you think of something-—carry it out and watch it
go—Iit’s 4 great, great pleasure. It couldn’t be nicer. . .. I just have been
so interested in what I 'was doing, and its been such a pleasure, such a
deep pleasure, that T never thought of stopping....'ve had such a
good time, 1 can’t imagine having a better one.... I've had a very, very
satisfying and interesting life.”

The announcement that Barbara McClintock had won the Nobel
Prize electrified the scientific community like no other recent prize—
as much for the beanty of her motivation and dedication as tor her
saientilic tour de torce. When MeChinock accepted her award trom
King Carl Gustal i Stockholm, the ovation from the normally
reserved and formal audience was so loud that it made the concert
hall floor vibrate. Her solitary excellence, her quiet thoughttulness,
and her perseverance in the lace ol male prejudice and scientific
rejection had captured their imaginations. Tatking brictly with a
Carnegie (rustee alterward, McClintock parted with the words, “We
women have to stick together.”

The Nobel Prize with its competition, publicity, fawning hangers-
on, and name-droppers was a burden for McClintock. “You put np
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with 1t,” she remarked tersely. “Its a good thing that it happened so
late 1n life,” she told a friend. Otherwise, it would have interfered
with her work. Overall, she said, “It’s been very, very difficult on a
person. It hasn’t been easy or pleasant.”

Despite the Nobel, McClintock continued with ‘her l‘esear.ch. In
her eighties, she switched her exercise program h‘om‘ running to
aerobic dancing. She ate a chocolate a day, traveled twice yearly to
South America where much of today’s maize research is conducted,
and worked twelve-hour days. Her reading was as encyclopedic as
ever. Her work table was covered with neat piles of reading material
carefully underlined with a ruler with coded red, blue, and green
ink. She read thoroughly and in an organized manner on multiple
levels. Pencil notes filled the margins: “imp” beside each important
point and “exp” for possible experiments. She spent much of her
time helping molecular scientists analyze her matcrial.‘ ‘

The tiger in McClintock mellowed, and there were fewer blasts of
impaticnee. As McClintock neared ninety, she began to ..s'lm.v down to
an cight- or nine-hour work day. Minor health problems n‘rnznlu.l her.
“I'malmost ninety,” she told a caller. “And in my family ninety is the
end, and 'm heginning to feel it.”

She still passionately resisted anything that hored or distracted
her from the main joys of life. As she protested, “I want to be free.”

On September 2, 1992, as this book was being prcp;lrcq for
publication, Barbara McClintock died. At age ninety, she was [ree.
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Maria Goeppert Mayer
June 28, 1‘)()6—prrua'ry 20, 1972,
MATHEMATICAL PHYSICIST

Nobel Prize in Physics 1963

43
Nli\’l’.l{ BECOME just a woman,” her {ather insisted.

Maria understood instantly. Someone who was "Just 4 woman”
was a housewile interested only in her children. *I'his he didn'e like,”
she explained late in life. “My father always said I should have been a
boy.”

To follow in her fathers fomsteps, she vowed to become u scientist
and the seventh-generation university professor in the Goeppert
family. 1o that end, Maria Goeppert Mayer patched together a career
of volunteer work unique in the annals of the Nobel Prize. In all, she
worked for thirty years in three different fields for three American
universitics—as an unpaid volunteer, She taught, supervised gradu-
ate students, served on university commictees, and published aru-
cles—but she did not receive a university salary until ten years after
her Nobel Prize—winning work.

Maria Gertrud Kiite Goeppert was the only child of Friedrich and
Maria Wolff Goeppert. She was born on June 28, 1906, in Upper
Silesia, which was then a part of Germany but is now in Poland. When
she was four years old, her family moved 1o the small university town
of Gottingen in central Germany. Gottingen treated Maria like a litde
princess, and both the town and its university profoundly influcnced
her life.

Friedrich Goeppert was the professor of pediatrics at the univer-
sity. He also directed a children’s hospital and founded a dav-care
center for the children of working mothers. As a German unversity
professor, lie occupied a position of great prestige. German pro-
fessors were on a par financially with successtul American doctors,
lawyers, and businessmen. Socially, they were the equals of high
government offictals. When Frau Professor Goeppert shopped, she
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