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Personal personnel problems
With Franklin and Gosling gathering additional evidence, and Crick and Watson 
concentrating on generating new hypotheses, the puzzle of DNA seemed close to 
being solved. But a personal conflict would soon change the course of this discov-
ery. From the time that Franklin started working in the lab, she and Wilkins had 
argued about which of them would get to work on DNA. Initially, their boss had 
asked Wilkins to hand the project over to Franklin—so Wilkins gave her all of the 
high-quality DNA sample (Fig. 27). Later, he decided he wanted to keep working 
on the problem anyway, but Franklin had already gotten started and didn’t want 
to be pushed out. The resulting tension made both of them unhappy, and shortly 
after image B 51 was taken, Franklin notified her boss that she wanted to leave 
the lab. This left Gosling, her student, upset and without a Ph.D. supervisor. He decided to seek advice from 
Wilkins—and when he did, he took a critical piece of evidence with him: image B 51.

Wilkins had always been more interested in DNA B 
anyway, and he took special notice of the clear, in-
formative image. Later that month, Watson came to 
London for another lab colloquium. After the talk, 
Wilkins had dinner with Watson and showed him the 
beautiful image of DNA B produced by Franklin (Fig. 
28). Because Crick had helped Watson learn how to 
interpret the X-ray patterns produced by helices, Wat-
son immediately recognized the tell-tale evidence of a 
helix—which he had suspected all along—as well as 
other clues that would help Watson and Crick put all 
the puzzle pieces together. Determined not to make 
the same mistake as before, Watson asked Wilkins for 
more details, and this time, he wrote everything down.

The race to discovery
When he returned to Cambridge, Watson shared the new results 
with Crick and they applied the information to their ball-and-stick 
models. Watson wanted to try making a model in which just two 
phosphate-sugar-base chains were linked together. He thought it 
made sense for genes to come in pairs, partly because most organ-
isms have two parents. Watson and Crick also decided to try orient-
ing the bases towards the center of the pair. Watson later recounted 
that they tried this approach simply because it was something they 
hadn’t yet tried, though Franklin had previously given them good 
reason to think that the bases should be on the inside and phosphates 
on the outside of the molecule where they could attract water. Both 
of them were surprised by how well the new two-strand, bases-in 
model (Fig. 29) fit the clues Watson had scribbled down during his dinner with Wilkins. But Watson and 

Fig. 27. Bottles containing 
the high-quality DNA 
samples that Franklin 
obtained from Wilkins.

Fig. 29. 

Fig. 28. 
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Crick weren’t the only ones thinking about a double 
helix—Rosalind Franklin’s notes from February 10th 
show that she started wondering if DNA B might be 
a two-chain helix around the same time.

Of course, because she had produced the results, 
Franklin was the only one with all the data—and 
Watson and Crick needed more information to keep 
working. In science, researchers regularly share their 
findings with other scientists through journal publi-
cations, but Franklin’s results were so new that they 
hadn’t been thoroughly peer-reviewed and published. 
However, Watson and Crick were able to find out more about Franklin’s work from another source. Her lab 
was funded by the Medical Research Council, which required grant recipients to report on their progress at the 
end of each year. All of the clues that Franklin had uncovered were summarized in that report. Such reports 
are supposed to be confidential, but Watson and Crick happened to know someone on the Medical Research 
Council who had a copy of the report and was willing to show it to them. When Crick saw the evidence in the 
report (Fig. 30), he recognized the type of crystal symmetry Franklin described, and realized something that 
she hadn’t. If DNA crystals could be flipped upside down and backwards, and still look the same, the strands 
of the backbone must be identical, and they must run in opposite directions (Fig. 31).

By this time, Franklin had also concluded that DNA was a two-chain 
helix, composed of two intertwined sugar-phosphate backbones. Fig-
uring out the shape of the backbones, though, still left the bases an 
open question. She knew from details in her X-ray images that the 
phosphates were on the outside of the helix, which meant that the 
bases must point toward the center. But how did they fit together? 
Each base is a slightly different size, but the smooth twists of the 
sugar-phosphate chain never varied. How could the bases fit inside 
the chains without touching and repelling one another? She was sure 
there was a clue in DNA’s unique base ratios—one of the puzzle piec-
es discovered before Franklin had even begun to study DNA—but 
she still wasn’t sure exactly what that clue meant. By February 23rd, 
her notes show that she realized that if A were physically interchange-
able with G, and C with T, then the amount of A would have to equal 
T, and likewise for C and G. She was getting close—but she had yet 
to put the pieces together into a complete hypothesis. Meanwhile, 
back in Cambridge, Watson and Crick were working on the same 
problem …

Fig. 30. 

Fig. 31. 
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The finish line
Watson and Crick were also stuck on what to do with 
the bases. At first, Watson thought they paired togeth-
er A-A, C-C, T-T, G-G—but because of the different 
sizes of the bases, the hypothesis had to be discarded. 
It would have required a sugar-phosphate backbone 
that wiggled in and out, rather than winding around 
in smooth twists. Then, Watson and Crick got a key 
piece of evidence about the shapes of the bases from 
a visiting American chemist, Jerry Donohue. At that 
time, most chemistry textbooks reported a particular 
placement of hydrogen on the bases. That placement 
made it impossible to match A to T, or G to C—they 
just didn’t fit. Donohue told Watson that the text-
books were outdated. More was now known about 
the shapes these bases might take: one of the hydro-
gen atoms could be attached to the base in another 
location (Fig. 32). In fact, based on a few different lines of evidence, Donohue thought that the bases likely 
took shapes that Watson had not yet tried (Figs. 33, 34).

Watson tried to fit the new shapes into the two-chain model he and 
Crick had developed. On February 28th, he was playing with paper 
cutouts of each base when he suddenly saw the answer. The A fit with 
T, and G fit with C. Plus, the A-T pair had the exact same molecular 
length as the G-C pair! Bonded together like this, the bases wouldn’t 
bump and repel one another. Crick realized that if the bases paired up 
like this, it would explain the mysterious 
base ratios: A=T, G=C (Fig. 35). Sud-
denly, it made perfect sense that the base 
pairs must be in the center of the mol-
ecule, and that the two sugar-phosphate 

strands wound around 
them. It even suggested 
how one strand could be 
used to copy the other. 
Because each base always 
matches up with the same 
partner, the order of bases 
on one strand could de-
termine the exact order 
of bases on a new strand. 
Within a week, Watson 
and Crick had worked 
out the details of their 
hypothesis about the mo-
lecular structure of DNA.

Fig. 32. The visiting American chemist, Jerry Donohue, 
provided a key piece of evidence when he revealed that 
the forms given for thymine and guanine in most textbooks 
were wrong. Note the changes, indicated by the glowing 
hydrogens.

Fig. 33. 

Fig. 34. 

Fig. 35. Given the correct 
forms for the bases, Watson 
was able to figure out 
how adenine-thymine and 
guanine-cytosine pairs 
matched up, and formed 
weak hydrogen bonds with 
one another. Watson and 
Crick originally suggested 
that there were two bonds 
between guanine and 
cytosine but later it was 
found that a third existed.
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Credit and debt
Watson and Crick published their proposed structure for DNA in April 1953 in 
the journal Nature 3 (Fig. 36).In the same issue, Wilkins, Franklin, Gosling, and 
their colleagues presented the evidence they’d collected, which supported Watson 
and Crick’s two-chain helix hypothesis.4 In this way, the evidence and hypothesis 
relating to the structure of DNA entered the scientific literature and became avail-
able for other researchers to build on.

But not everything that went into these papers came from freely available sources. 
Scientists often use others’ data and ideas (Fig. 37), but they are expected to give 
credit to their sources. This allows science to grow by building on existing ideas, 
while rewarding individual scientists for their contributions. Crick and Watson’s 
paper did give credit for much of the evidence they’d collected during their investi-
gation of the structure of DNA. However, data inspiring some of their key insights 
came from Franklin’s 1952 report to the Medical Research Council—which was 
supposed to be confidential information. Franklin never gave Watson and Crick 
permission to use that work, and in their paper—the scientific record of this dis-
covery—they do not credit Franklin for supplying this evidence or for image B 51, 
which was so critical to their discovery. Retrospectively, both Crick and Watson 
acknowledged their debt. According to Crick, “all the really relevant experimental 
work on the X-ray diffraction patterns of DNA” came from Franklin’s lab, and 

Watson later claimed that their discovery would not have been possible without the data collected by Franklin.

The failure to give full credit to important evidence 
is considered a serious infringement of scientific eth-
ics. Crick and Watson have both had highly success-
ful scientific careers, but the issue of whether or not 
they acted fairly has continued to follow them. In 
interviews and public appearances, they were—and 
are—frequently questioned about their choices and 
about Franklin’s role in their most famous discovery, 
and have had to endure the scrutiny and judgment of 
the scientific community.

It’s also worth noting that Franklin was a pioneer in 
terms of women’s presence in the sciences. At the time Franklin was working on DNA, less than five percent 
of Ph.D.s in the physical sciences were awarded to women.5 Franklin never reported specific examples of dis-
crimination (aside from not being allowed to eat with her male colleagues in the senior common room), but 
she did worry that her work might not be taken seriously because of her gender. Though we can never know 
for sure, it’s certainly possible that the discovery of DNA’s structure—and the credit given for it—would have 
played out differently, had the social environment for women scientists been fairer.

Fig. 36. 

Fig. 37. 

3Watson, J.D., and F.H.C. Crick. 1953. A structure for deoxyribose nucleic acid. Nature 171:737-738.
4Franklin, R., and R.G. Gosling. 1953. Molecular configuration in sodium thymonucleate. Nature 171:740-741.
5In 2005, that number was closer to 30%. Ivie, R., and K.N. Ray. Feb, 2005. Women in physics and astronomy, 2005. 
American Institute of Physics. Retrieved July 3, 2008 from http://www.aip.org/statistics/trends/reports/women05.pdf
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DNA then and now
After unraveling the structure of DNA, all four re-
searchers continued to study genetics and molecular 
biology, although along their separate paths (Fig. 38). 
Wilkins, Watson, and Crick went on to collect ad-
ditional evidence on DNA’s structure, examine how 
DNA copies itself, and investigate the genetic code 
inherent in the DNA molecule. Sadly, Franklin’s re-
search was cut short when she died of cancer—just 
five years after the landmark Nature publication. This 
also meant that Franklin missed out on many of the honors awarded for their discovery, including the possibil-
ity of a Nobel Prize—which cannot be awarded posthumously.

Despite her early death, Franklin’s work, along with 
that of the others, has earned a permanent place in 
our accumulated scientific knowledge (Fig. 39). Ge-
netic researchers today still build on the foundation 
laid by these half-century old ideas and findings. If 
we trace the roots of today’s cutting-edge technolo-
gies like DNA fingerprinting, genetic engineering, 
and genome sequencing back in time, we will find 
ourselves once again in the X-ray diffraction lab at 
the University of London and tinkering with models 
at Cambridge. And continuing even further back in 
time, we’ll encounter the community of researchers 
who set the stage for this discovery by developing X-ray diffraction techniques and by uncovering those first 
puzzle pieces that inspired Wilkins, Franklin, Watson, and Crick to join the race and chase down the double 
helix. With many open questions involving DNA, its structure will continue to be a key piece of evidence in 
many new discoveries yet to come.

Though the discovery of the structure of DNA is 
frequently attributed to Watson and Crick, the story 
behind this discovery highlights just how indebted 
to other researchers they were (Fig. 40). Reliance on 
the clues discovered by others is a key theme, not just 
of this story, but of the process of science in general. 
Science is too big a job and involves too many com-
plex ideas for any one person to tackle a problem in 
complete isolation. Even the few scientists who work 
alone on a day-to-day basis rely on the cumulative 
knowledge of the scientific community as a starting 
point and contribute their findings to this knowledge 
base so that others can build upon them. Because of 
science’s collaborative nature, communication—shar-
ing pieces of the puzzle—has played a critical role in many scientific discoveries. As we saw in the race for the 
structure of DNA, science works not solely through the brilliance and good fortune of a few individuals, but 
through the work of a diverse community.

Fig. 40. 

Fig. 38. From left, Rosalind Franklin in 1956, James Watson 
in the 1980s, Francis Crick in the 1980s, and Maurice Wilkins 
in the early 1990s. Franklin died in 1958. Both Crick and 
Wilkins died in 2004.

Fig. 39. The discovery of DNA’s structure opened the door 
to an entire field of genetic research and application.

Photos of James Watson, Francis Crick, and Rosalind Franklin courtesy of Cold Spring Harbor Laboratory Library and Archive, 
James D. Watson Collection; Wilkins photo courtesy of TVNZ; grain genetics photo provided by USDA; researcher and PCR 
photos provided by NIH
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