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Two of the fundamental requirements of sci-
entific research are that findings be repeatable 
by particular group or investigator and that 
they are also reproducible by independent in-
vestigators following the same procedures. 
In a Nature survey, 90% of respondents agree 
that there is a significant or slight “crisis” of 
reproducibility and more than 60% reported 
failing to reproduce at least one experiment.
Methods are stored and communicated in 
a variety of forms, each with its own level of 
granularity. We have identified three distinct 
levels of abstraction of these representations.

Introduction Results

Continued work in the identification of im-
portant motifs and steps in protocols as they 
are written at all three levels is necessary. The 
examination of a large number of laboratory 
notebooks, journal article methods sections, 
and abstracts will facilitate this process. 
Our data model will be integrated with exist-
ing metadata repositories, including CEDAR, 
to enhance the searchability and comparabil-
ity of data sets online. Methods for the auto-
matic performance of experiments will also be 
investigated.

Future Directions

What’s missing at each level?
In the abstract, only a very basic description of 
the method is provided in one sentence. Even 
a domain expert would not be able to recon-
struct the experiment from this information 
alone.
In the methods section, the experiment is 
enumerated as a list of steps. Take step 4: in-
vestigators familiar with chitin resin affinity 
purification could probably carry out this por-
tion of the experiment from just this view of 
the method, but their selection of buffer, cen-
trifugation acceleration, or other details would 
likely differ in some respects from the experi-
ment that the publication describes.
In the supplementary information/lab note-
book section, the most detailed description of 
the experiment is provided. Even here, howev-
er, some domain knowledge is assumed. Cell 
lysation by French press is a multi-step tech-
nique that has been collapsed into a single 
clause. One must also know that “NEB” re-
fers to a supplier of chitin resin affinity puri-
fication kits and must find the kit’s specified 
protocol to learn what exactly took place. The 
buffer preparations are also only described in 
a shorthand fashion.

CEDAR
CENTER FOR EXPANDED DATA 
ANNOTATION AND RETRIEVAL

Methods section view flowchart for step 4

“Expressed protein ligation is a valuable 
method for protein semisynthesis that in-
volves the reaction of recombinant pro-
tein C-terminal thioesters with N-terminal 
cysteine (N-Cys)-containing peptides, but 
the requirement of a Cys residue at the li-
gation junction can limit the utility of this 
method. Here we employ subtiligase vari-
ants to efficiently ligate Cys-free peptides 
to protein thioesters. Using this method, 
we have more accurately determined the 
effect of C-terminal phosphorylation on 
the tumor suppressor protein PTEN.”

The Abstract

The Methods Section

The Lab Notebook

“4. Immobilize the fusion protein fusion 
on chitin resin and wash to remove impu-
rities.”

“E. coli cells were lysed by French press, 
the lysate was pelleted (17,500 × g, 15 
min, 4 °C), and the supernatant was load-
ed onto 5 ml of chitin resin (NEB). Resin 
was washed with 150 ml wash buffer (250 
mM NaCl, 25 mM HEPES, 0.1% Triton 
X-100, pH 7.5) then incubated overnight 
in cleavage buffer (250 mM NaCl, 50 mM 
HEPES, 300 mM MESNA, pH 7.5).”

Enzyme-catalyzed expressed protein ligation, 
methods excerpt:
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To Step 5

…

…

What settings?
What buffer?What quantities?

What acceleration?

How long?

What buffer?

How many washes?

Followed kit instructions exactly?

Temperature?

Any shaking or stirring?

Define “overnight”
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