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13:00-13.10 (10 minutes) Welcome (Erik)
13:10-13:20 (10 minutes) Discuss homework (Erik)

13:20-13:40 (20 minutes) Eriks personal data management story (Erik)
13:40-14:00 (20 minutes) Data Stewardship & Research Objects (Erik)

14:45-15:00 (15 minutes) Break

15:00-15:20 (20 minutes) Data Management Planning (Alessa)
15:20-15:40 (20 minutes) Machine Actionable DMPs (Barbara)
15:40-15:50 (10 minutes) Q&A

15:50-16:00 (10 minutes) Break

16:45-16:55 (10 minutes) Report from breakout
16:55-17:00 (5 minutes)  Wrap up
17:00 Adjourn
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Downloaded from rnajournal.cship.org on July 10, 2016 - Published by Cold Spring Harbor Laboratory Press

Global similarities among disparate ssSRNA 795 @j ' T l N o R l S

TABLE 1. Phylogenetically and functionally representative compilation of ssRNA nucleotide composition.

RNA Taxon ne (N)! (G+C) (G+A G+U)
Comprehensive 2,800 287.0 * 662.0 0.509 = 0.200 0.516 = 0.0310 0.523 = 0.0462 Downloaded from rnajournal.cship.org on July 10, 2016 - Published by Cold Spring Harbor Laboratory Press
23S rRNA Archaea 15 2,968.9 *+ 65.8 0.588 + 0.0525 0.567 * 0.00597 0.509 * 0.0212 796 E. Schultes et al
Bacteria 39 2,915.6 * 86.3 0.526 *+ 0.0383 0.570 + 0.00720 0.517 = 0.0102
Eucarya 33 3,615.0 = 470.3 0.530 + 0.0832 0.540 *+ 0.0139 0.520 = 0.0143
18S rRNA Metazoa 20 1,821.0 * 43.2 0.494 * 0.0297 0.517 = 0.0123 0.535 + 0.0113
16S rRNA Archaea 15 1,530.7 + 184.9 0.611 = 0.0427 0.562 * 0.00500 0.507 + 0.00681
Bacteria 85 1,511.8 + 30.9 0.550 + 0.0387 0.568 + 0.00770 0.520 + 0.0118
Eucarya 47 1,823.6 + 57.8 0.486 * 0.0255 0.524 + 0.00671 0.527 * 0.00955
55 rRNA Archaea 26 124.5 * 3.9 0.598 * 0.0726 0.508 * 0.0272 0.498 * 0.0409
Bacteria 123 117.6 + 3.9 0.575 *+ 0.0574 0.520 *= 0.0308 0.495 * 0.0344
Eucarya 234 1193 + 1.4 0.557 + 0.0369 0.517 = 0.0119 0.505 + 0.0176
P RNA Archaea 7 400.9 * 62.0 0.644 * 0.0966 0.564 = 0.0140 0.469 = 0.0296
Bacteria 37 389.0 + 39.7 0.569 = 0.114 0.570 = 0.0168 0.496 = 0.0147
Group | ribozymes 13 797,19 2017 0.434 = 0.105 0.561 * 0.0302 0.492 = 0.0268
(;ruup Il ribozvmes 6 734.8 + 853.8 0.355 + 0.0933 0.566 * 0.0259 0.495 + 0.0276
HDV Ribozymes 2 43,5 + 43.1 0.619 = 0.00212 0.512 = 0.0368 0.519 * 0.0269
snRNA, Ul Eucarya 24 162.4 + 4.2 0.557 + 0.0228 0.487 = 0.00957 0.548 = 0.0152
snRNA, U2 Eucarva 16 187.8 = 11.6 0.455 + 0.0357 0.456 + 0.0310 0.543 = 0.0257
snRNA, U3 Eucarya 8 220.6 * 14.6 0.468 *+ 0.0684 0477 = 0.0417 0.561 = 0.0207
snRNA, U4 Eucarya 11 143.6 +~ 12.3 0.484 + 0.0384 0.493 + 0.0192 0.536 = 0.0303
snRNA, U5 Eucarya 11 125.6 = 29.7 0.411 = 0.0345 0.448 + 0.0279 0.531 = 0.0220
snRNA, U6 Eucarya 14 1015 = 7.7 0.451 + 0.0233 0.544 + 0.0304 0.469 * 0.0352
tRNA Comprehensive 2,011 743 * 6.3 0.496 = 0.120 0.510 * 0.0280 0.528 = 0.0509
Archaea 121 770 = 4.2 0.633 *+ 0.0457 0.503 = 0.0215 0.516 = 0.0351
Bacteria 371 783 + 5.2 0.580 + 0.0522 0.506 + 0.0222 0.522 = 0.0317
Eucarya 436 758 + 4.2 0.572 + 0.0438 0.510 = 0.0282 0.544 + 0.0365
Chloroplast 291 75.6 = 5.0 0.526 + 0.0531 0.510 = 0.0212 0.540 + 0.0341
Mitochondria 742 703 + 6.4 0.372 *+ 0.0939 0.514 = 0.0328 0.519 = 0.0685
Artificial riluvynu-x" Class |
bl 1 274 0.471 0.511 0.493
b1-207 1 119 0.513 0.546 0.445
c2 1 271 0.568 0.535 0.546
dl 1 273 0.487 0.502 0.524
fl ] 273 0.546 0.524 0.502
Class 111
e3 1 272 0.529 0.511 0.563
gl 1 27 0.544 0.522 0.518
Random 500 25 0.498 = 0.104 0.495 + 0.0979 0.494 =+ 0.130
500 7 0.500 * 0.0560 0.502 + 0.0587 0.498 * 0.0548
500 120 0.500 = 0.0471 0.501 * 0.0457 0.500 = 0.0446
500 400 0.501 = 0.0260 0.501 + 0.0247 0.500 + 0.0254
500 1,500 0.500 + 0.0134 0.500 = 0.0132 0.500 £ 0.0129
500 3,000 0.500 * 0.00924 0.500 + 0.00954 0.500 * 0.00888
500 5,000 0.500 =+ 0.00692 0.500 + 0.00758 0.500 *= 0.00703
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3.5 inch floppy disks, 1.4 MB per disk
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minus the background levels observed in the HSP in
the control (Sar1-GDP-containing) incubation that
prevents COPI| vesicle formation. In the microsome
control, the level of p115-SNARE associations was
less than 0.1%.

46. C. M. Carr, E. Grote, M. Munson, F. M. Hughson, P. ).
Novick, J. Cell Biol. 146, 333 (1999).

47. C. Ungermann, B. J. Nichols, H. R. Pelham, W. Wick-
ner, J. Cell Biol. 140, 61 (1998).

48. E. Grote and P. ). Novick, Mol. Biol. Cell 10, 4149
(1999).

49, P. Uetz et al., Nature 403, 623 (2000).

50. GST-SNARE proteins were expressed in bacteria and
purified on glutathione-Sepharose beads using stan-
dard methods. Immobilized GST-SNARE protein (0.5
1M) was incubated with rat liver cytosol (20 mg) or
purified recombinant p115 (0.5 pM) in 1 ml of NS
buffer containing 1% BSA for 2 hours at 4°C with
rotation, Beads were briefly spun (3000 rpm for 10 s)
and sequentially washed three times with NS buffer
and three times with NS buffer supplemented with
150 mM NaCl. Bound proteins were eluted three
times in 50 pl of 50 mM tris-HCl (pH 8.5), 50 mM
reduced glutathione, 150 mM NaCl, and 0.1% Triton

REPORTS

X-100 for 15 min at 4°C with intermittent mixing,
and elutes were pooled. Proteins were precipitated by
MeOH/CH;Cl and separated by SDS~polyacrylamide
gel electrophoresis (PAGE) followed by immunoblot-
ting using p115 mAb 13F12.

51. V. Rybin et al., Nature 383, 266 (1996).

52. K. G. Hardwick and H. R. Pelham, J. Cell Biol. 119,513
(1992).

53. A. P. Newman, M., E. Groesch, S. Ferro-Novick, EMBO
J. 11, 3609 (1992).

54. A.Spang and R. Schekman, J. Cell Biol. 143, 589 (1998).

55. M. F. Rexach, M. Latterich, R. W. Schekman, J. Cell
Biol. 126, 1133 (1994).

56. A. Mayer and W. Wickner, /. Cell Biol. 136, 307 (1997).

57. M. D. Turner, H. Plutner, W. E. Balch, J. Biol. Chem.
272, 13479 (1997).

58. A. Price, D. Seals, W. Wickner, C. Ungermann, J. Cell
Biol. 148, 1231 (2000).

59. X. Cao and C. Barlowe, J. Cell Biol. 149, 55 (2000).

60. G. G. Tall, H. Hama, D. B. DeWald, B. F. Horazdovsky,
Mol. Biol. Cell 10, 1873 (1999).

61. C. G. Burd, M, Peterson, C. R, Cowles, S. D. Emr, Mol.
Biol. Cell 8, 1089 (1997).

One Sequence, Two Ribozymes:
Implications for the Emergence
of New Ribozyme Folds

Erik A. Schultes and David P. Bartel*

We describe a single RNA sequence that can assume either of two ribozyme
folds and catalyze the two respective reactions. The two ribozyme folds share
no evolutionary history and are completely different, with no base pairs (and
probably no hydrogen bonds) in common. Minor variants of this sequence are
highly active for one or the other reaction, and can be accessed from prototype
ribozymes through a series of neutral mutations. Thus, in the course of evo-
lution, new RNA folds could arise from preexisting folds, without the need to
carry inactive intermediate sequences. This raises the possibility that biological
RNAs having no structural or functional similarity might share a common
ancestry. Furthermore, functional and structural divergence might, in some
cases, precede rather than follow gene duplication.

Related protein or RNA sequences with the
same folded conformation can often perform
very different biochemical functions, indicating
that new biochemical functions can arise from
preexisting folds. But what evolutionary mech-
anisms give rise to sequences with new macro-
molecular folds? When considering the origin
of new folds, it is useful to picture, among all
sequence possibilities, the distribution of se-
quences with a particular fold and function.
This distribution can range very far in sequence
space (/). For example, only seven nucleotides
are strictly conserved among the group | self-
splicing introns, yet secondary (and presumably
tertiary) structure within the core of the ri-
bozyme is preserved (2). Because these dispar-

Whitehead Institute for Biomedical Research and De-
partment of Biology, Massachusetts Institute of Tech-
nology, 9 Cambridge Center, Cambridge, MA 02142,
USA.

*To whom correspondence should be addressed. E-
mail: dbartel@wi.mit.edu

ate isolates have the same fold and function, it
is thought that they descended from a common
ancestor through a series of mutational variants
that were each functional. Hence, sequence het-
erogeneity among divergent isolates implies the
existence of paths through sequence space that
have allowed neutral drift from the ancestral
sequence to each isolate. The set of all possible
neutral paths composes a “neutral network,”
connecting in sequence space those widely dis-
persed sequences sharing a particular fold and
activity, such that any sequence on the network
can potentially access very distant sequences by
neutral mutations (3--5).

Theoretical analyses using algorithms for
predicting RNA secondary structure have
suggested that different neutral networks are
interwoven and can approach each other very
closely (3, 5-&). Of particular interest is
whether ribozyme neutral networks approach
each other so closely that they intersect. If so,
a single sequence would be capable of fold-
ing into two different conformations, would

62. M. R. Peterson, C. G. Burd, S. D. Emr, Curr. Biol. 9, 159
(1999).

63. M. G. Waters, D. O. Clary, ). E. Rothman, J. Cell Biol.
118, 1015 (1992).

64. D. M. Walter, K. S. Paul, M. G. Waters, /. Biol. Chem.
273, 29565 (1998).

65. N. Hui et al., Mol. Biol. Cell 8, 1777 (1997).

66. T. E. Kreis, EMBO J. 5, 931 (1986).

67. H. Plutner, H. W. Davidson, ). Saraste, W. E. Balch,
J. Cell Biol. 119, 1097 (1992).

68. D. S. Nelson et al., J. Cell Biol. 143, 319 (1998).

69. We thank G. Waters for p115 cDNA and p115 mAbs;
G. Warren for p97 and p47 antibodies; R. Scheller for
rbet1, membrin, and sec22 cDNAs; H. Plutner for
excellent technical assistance; and P. Tan for help
during the initial phase of this work. Supported by
NIH grants GM 33301 and GM42336 and National
Cancer Institute grant CA58689 (W.E.B.), a NIH Na-
tional Research Service Award (B.D.M.), and a Well-
come Trust International Traveling Fellowship
(B.B.A).

20 March 2000; accepted 22 May 2000

have two different catalytic activities, and
could access by neutral drift every sequence
on both networks. With intersecting net-
works, RNAs with novel structures and ac-
tivities could arise from previously existing
ribozymes, without the need to carry non-
functional sequences as evolutionary inter-
mediates. Here, we explore the proximity of
neutral networks experimentally, at the level
of RNA function. We describe a close appo-
sition of the neutral networks for the hepatitis
delta virus (HDV) self-cleaving ribozyme
and the class 111 self-ligating ribozyme.

In choosing the two ribozymes for this in-
vestigation, an important criterion was that they
share no evolutionary history that might con-
found the evolutionary interpretations of our
results. Choosing at least one artificial ri-
bozyme ensured independent evolutionary his-
tories. The class III ligase is a synthetic ri-
bozyme isolated previously from a pool of ran-
dom RNA sequences (9). It joins an oligonu-
cleotide substrate to its 5’ terminus. The
prototype ligase sequence (Fig. 1A) is a short-
ened version of the most active class 11l variant
isolated after 10 cycles of in vitro selection and
evolution. This minimal construct retains the
activity of the full-length isolate (/0). The HDV
ribozyme carries out the site-specific self-cleav-
age reactions needed during the life cycle of
HDV, a satellite virus of hepatitis B with a
circular, single-stranded RNA genome (/7).
The prototype HDV construct for our study
(Fig. 1B) is a shortened version of the antige-
nomic HDV ribozyme (/2), which undergoes
self-cleavage at a rate similar to that reported
for other antigenomic constructs (13, 14).

The prototype class I1I and HDV ribozymes
have no more than the 25% sequence identity
expected by chance and no fortuitous struc-
tural similarities that might favor an intersec-
tion of their two neutral networks. Neverthe-
less, sequences can be designed that simulta-
neously satisfy the base-pairing requirements

21 JULY 2000 VOL 289 SCIENCE www.sciencemag.org
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GAACCAGUCGGANUCCCAUUAGACUGGGCCGCCUCCUCGCGOGCOGGGAGUUGGGOGCUAGGGAGGAACAGCCUUUUCUAGGCUAA-GGCCCCA
GAACCAGUCGGACUCCCAUUAGACUGGGCCGCCUCCUCGCGGCGGGAGUUGGGCUAGGGAGGAACAGCCUUUUCUAGGCUAA-GGCCCCA
CGAACCAGUCGGACUCCCAUUAGACUGGGCCGCCUCCUCGCGOGCGGOGOGAGUUGGGCUAGGGAGOGAACAGCCUUYUCICUAGGCUAAGGCCCA
CGAACCAGUCIHYGACUCCCAUUAGACUGGGCCGCCUCCUCGCGGCGGGAGUUGGGCUAGGGAGGAACAGCCUUUYICICUAGGCUAA-GGCCCCA
GIGACCA|UUCIHGACUCCCAUUAGACUGGGCCGCCUCCUCGCGGCGGGAGUUGGGCUAGGGAGGAACAGCCYUUYICICUAGGCUAAGGCCCA
GIGACCAUUCIHGCGACUCCCAUUAGACUGGUCCGCCUCCUCGCGGCGGGAGUUGGGCUAGGGAGGAACAGCCU Y CUAGGCUAA-G CCA
GIGACCA/WUUCI-IGACUCCCAUUAGACUGGIUCCGCCUCCUCGCGGCGGGAGUUGGGCUAGGGAGGAACAGCCUYICCICUAGGCUAA-G CCA
GIGACCA|UUCI-GACUCCIGAUUAGACUGGUCCGCCUCCUCGCGG GCGAGUUGGGCUAGGGAGGAACAGCCUUYICCICUAGGCUAA -G CCA
GIGACCA|UUCIGACUCIGGAUUAGACUGGIUCCGCCUCCUCGCGGOCOGAGUUGGGCUAGGGAGGAACAGCCUYICCICUAGGCUAA-G CCA
CIGACCAIMUCIHGCGACUCICGAUVUUAGACUGGUCCGCCUCCUCGCGGOCQGAGUUGGGC GGGAGGAACAGCCUUYCCICUIUGGCUAA-G CCA
GIGACCA|[UUCIHGACUCIGGAUUAGACUGGIUCCGCCUCCUCGCGGOCOGAGUUGGGCIAUGGGAGGAACAGCCUYIC AUGGCUAA-G CCA
GIGACCAUUCIHGIGCUCICGAUUAGACUGGUCCGCCUCCUCGCGGQCcqQae a UGGGCIAUGGGAGGAACAGCCUUC AUGGCUAA -G CCA
GIGACCA|UUCIHGIGCUCIGGAUUAGACUGGUCCGCCUCCUCGCGGOQCQa a UGGGCIAUGGGAIAGIGGACAGCCUUYC AUGGCUAA-G CCA
GIGACCA|UUCIHGIGQUC CCEGCCUCCUCGCGOGOGQCAQGAICQUGGGCIAUGGGA HACAGCCUUICCICCAUGGCUAA-G
GIGACCA|IUUCI4GIGQUC CCGCCUCCUCGCGGOQCOGAICQUGGGCIAUGGGA|IAGIGIACAGCCUYC AUGGCUAA-G
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GIGACCA|UUCI4GICGQUC CCGCCUCCUCGCGGOQCCGA|ICQUGGGCIAUGGGA AGCCUUYC AUGGCUAA -G
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G AMUBUCIHGIGQUC - CCUCCUCGCGGIUCQGAICQUGGGCA G AGCCuUucC AUGGCUAAIGG
G AlBUV ClI4GIGQUC C CCUCCUCGCGGuCcaaGAalcqQuaaGaQa G AGCCUUICGITAUGG CUAAIGG
G ABUCIHGIGQUC C CCUCCUCGCGGIUCQGAICQUGGGCIA G CCUUVICGICAUGGCUAAIGG
G AlUUCI4GIGQUC C CCUCCUCGCGGUCGAICQUGGGCIAUCCG AING CCUUICGGAUGGCUAAIGG
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G AlBUCI4GIGQUC C CCUCCUCGCGG GAICQUGGGCIAUCCG AIAG CCUUICGGAUGGCUAAIGG
G AlJU . U ucaGcge - GCUAALG

P1 L3 P3 P4 L4 P4 Ja/2 P2

HHHHHE

HiE

§33338°8a0588

-0 N W -

HEHEH

@ITIN=RIS




B LIG2 LIGT @ITIN=RIS

oS (o 8S

Time (minutes)

<—Ligated
product B

<«—Substrate

Time (minutes) o ~ O & on & N0

Precursor—» ".. ererer SREREPER WP e e

Relative ligation rate
Relative cleavage rate

10 0
Distance from intersection

5’ product— : - @ -;8

HDV2

OE0)



@ITIN=ERIS

Erik’s Postdoc Data Stewardship Plan 2004

Optical disk, 100 MB per disk

OE0)



24.
25.

26.
27.

28.

29

30. M. H. J. Cordes, N. P. Walsh, C. ). McKnight, R. T.

three, at which point the pool was cloned and se-
quenced. Each of the 20 isolates had a different
nucleotide sequence, indicating that there are many
highly active sequences in the vicinity of the inter-
section sequence. Sequences of active clones in-
formed the design of LIG1, LIG2, and LIG4.

M. A. Tanner and T. R. Cech, RNA 2, 74 (1996).
Supplemental data showing the predicted secondary
structures of each construct (Fig. 3) and explaining
the ligation activity of truncated ribozymes (Fig. 2B)
are available at Science Online at www.sciencemag.
org/feature/data/1050240.shl.

). Maynard Smith, Nature 225, 563 (1970).

The Intersection Theorem (5) states that there exists
at least one intersection sequence for every pair of
RNA secondary structures (usually as suboptimal
conformations).

S. Ohno, Evolution by Gene Duplication (Springer-
Verlag, New York, 1970).

D. L. Minor Jr. and P. S. Kim, Nature 380, 730 (1996).
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Hmmm...

This doesn't look like science.

It seems you're in search of a page that doesn't exist, or may have moved. You can use the
Back button in your browser to return to the page that brought you here, or search for your
missing page.

If you'd like to visit a page that has plenty of science on it, please visit our home page.

Visit the Home Page >
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3) and explaining the ligation activity of truncated ribozymes (Fig. 2B) are available at Science Online at
www.sciencemag. org/feature/data/1050240.shl. 26.




From: Erik Schultes erik.schultes@dtls.nl
Subject: Supplemental Data

Date: October 1, 2016 at 11:20 AM (@ l I l N — R ' S
To o) j —

: science_editors@aaas.org

To whom it may concern -

| authored this article in 2000:
http://science.sciencemag.org/content/289/5478/448.article-info

At the time, we had submitted Supplemental Data.
However, on the webpage supporting the paper, | no longer see a link to the Supplemental Data.

In endnote 25 of the paper, | see this link to the Supplemental Data:
www.sciencemag.org/feature/data/l050240.shl

However, this link appears to be broken, and redirects to a 404 page:
http://www.sciencemag.org/feature/data/|050240.shl

So | have a few questions:
(1) Is it possible, one way or another, to obtain or access the original Supplemental Data ?

(2) My immediate interest is not so much at the content level, but more at the ‘Data Stewardship’ level. Recently, my colleagues and |
conducted a LERU Summer School on Data Stewardship (in Leiden, the Netherlands, see hitp://www.dtls.nl/fair-data/fair-data-training/leru-
summer-school/). | actually used this ‘broken link’ as a case study for the kinds of problems we all face in scholarly data stewardship. So I’'m
wondering, can you tell me when and why the link was broken ? It is instructive for us to better understand the challenges that publishers face
these days.

Many thanks in advance,
Best regards,

Erik

Erik Schultes PhD
FAIR Data Scientific Projects Lead

Dutch Techcentre for Life Sciences
Visiting address: Catharijnesingel 54 | 3511 GC Utrecht
Postal address: Postbus 19245 | 3501 DE Utrecht

E-mail: erik.schultes@dtls.nl
Skype: easchultes
Tel: +31 642448027

Website: www.dtls.nl ‘@@@@\
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LLEALLEUS. One Sequence, Two Ribozymes: Implications for the Emergence of New Ribozyme Folds o
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Supplementary Material

Supplemental Figure 1. Secondary structures of the ribozyme variants aligned in Fig. 3A. Accumulated changes from the
intersection sequence are indicated (red and blue residues, with blue identifying residues changed at the step indicated by an
arrow; dashes mark sites of point deletions). Self-ligation and self-cleavage rates (min~1) are listed below the name of each

construct.
Larger, segmented version of this image Full version of this image Download PDF of this
(new window - 160K JPEG images) (827K JPEG file)] image (9MB)

Explanation of the ligation activity of truncated ribozymes.

For LIG2, LIG1, INT, and HDV1, the ligation products are represented by two bands in Fig. 2B (top panel), due to unanticipated
ligation activity of truncated ribozyme molecules in addition to the activity of full-length RNA. On lower percentage gels, the
faster-migrating product band resolves into seven distinct bands, corresponding to a loss of 9 to 15 nucleotides at the
ribozyme 3° terminus. These truncated ribozymes appear to adopt a class Ill-like fold as evidenced by the following: (i) They
produce 2 -linkages. (ii) Nucleotide substitutions known to favor the class Il ligase function and fold (C13A and C38C) lead to
parallel increases in the activity of the truncated RNAs (Fig 2). (iii) Constructs LIG2, LIG1, INT, and HDV1 have fortuitous
potential base pairing between segments corresponding to G51-U55 and A66-U70 in Fig. 2A. For the truncated molecules, this
base pairing would lead to a fold that has all the class Ill features except the P4 stem-loop (Web fig. 2). The fortuitous potential
pairing is not present in the original class lll ligase isolates or in the constructs of the ligase neutral path (LIG4-LIC P in Fig. 3),
explaining why only one product band was observed for LIG4-LIG P. (iv) The Pb(ll)-cleavage pattern of the ligation product of
truncated LIG2 was consistent with the formation of G51-U55:A66-U70 pairing, whereas probing of full-length LIG2, LIG1, and
INT products confirmed formation of the anticipated P4 and PS stems. None of the fortuitous pairs are present in the HDV
secondary structure, and thus the alternative ligase fold, like the prototype ligase fold, has no base pairs in common with the
HDV fold. The 3” truncations contaminating the ribozyme preparations of LIG2, LIG1, INT, and HDV1 can generate over half of
the ligated product (Fig. 2B), even though they compose only a minor fraction of the ribozyme preparation (presumably arising
from RNA degradation or premature transcription termination). For these truncated molecules, a more optimal PS might more
than offset the loss of P4.

Supplemental Figure 2. The intersection sequence and a truncated form of this sequence assuming the class lll ligase fold and
the class Ill ligase-like fold, respectively.

Class |l ligase fold Clase Il ligase-like fold

Medium version | Full size version
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What is Data Stewardship ? @ITINERIS
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Stewardshlp is:an ethic that embodies the respon5|ble planning and management
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Data Stewardshlp responsible planning and management of data
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« Data Management Platform
+ Data Archive & Preservation

« Disaster Recovery
+ Information Security

PUBLICATION

+ Data Citation

USE & REUSE

« DataIntegration
« Interoperability

DISCOVERY
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« Architecturdl Approach
« Metadata Standards
« Open Linked Data
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+ Data Management Strategy

« Grant Strategy/Business Case
Funding

+ Data Lifecyde Management

« Communications

« Data Management Function

AGU’s DMMS™ Best Practices
and the Data Lifecycle

Practices Spanning
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Data Science Lifecycle
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* OAlicences .
e Ethics Planning
* Codes of conduct

‘ g - ’ -

* OA resources (data, content)

* Open software

* Compliance with an OA policy?

* Digital management plan (DMP)?

Implementation

u ' | ;. I—"h “

* OA repositories * OArepositories

* DCC centres * OAjournals

* Data journals
Open peer review

* Open data

* Open research data
(Danton principles)

* Open citizen science

* Open Notebook
science

* Data sharing

Research
Life Cycle

» OA servers providers/Search engines.
* Metrics

 Altmetrics ( see Leiden Manifesto, DORA)
* Social media

FO ST 1y R * Data mining (see The ahgue Declaration)

FOSTER: practical implementation of Open Science in Horizon 2020 and beyond

https://www.fosteropenscience.eu/
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EDISON Data Science Framework to define the Data Science Profession
http://edison-project.eu/edison
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Center of Open Science, providing tools, training, support and advocacy for
changes in incentives to make research investment go farther, faster.
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Sign in Create account
Welcome _

* Email

DMPonline helps you to create, review, and share data management plans that meet institutional
and funder requirements. It is provided by the Digital Curation Centre (DCC).

Join the growing international community that have adopted DMPonline:
* Password

o 1n https://dmponline.dcc.ac.uk

| 7,622 Users 203 Organisations Remember email

@ St |

23,083 Plans 89 Countries Sign in with institutional credentials (UK only)

Some funders mandate the use of DMPonline, while others point to it as a useful option. You can
download funder templates without logging in, but the tool provides tailored guidance and
example answers from the DCC and many research organisations. Why not sign up for an account
and try it out?

© 2010 - 2018 Digital Curation Center About Contact us Terms of use Privacy statement Github ‘ I D | C | @

Learn~ | Signin+ | English (US)~

<= DMPTool

Build your Data Management Plan

Welcome Get started

Create data management plans that meet institutional and funder requirements.
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-
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Data Cycle Step 1:
Data Cycle Step 2:
Data Cycle Step 3:
Data Cycle Step 4:
Data Cycle Step 5:
Data Cycle Step 6:
Data Cycle Step 7:
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Rob W.W. Hooft. (2019). Data Stewardship Mindmap (Version 20190725). Zenodo. https://doi.org/10.5281/zenodo.3351949
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Data Stewardship: getting systematic
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Verify that you have permission for
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| personal information more

|
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\ 1/32,1.12.3) How will the release \ sensitive, such as adding location
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\
For use of reference data, see
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35. (del) How will you make sure

A34-1. (del) Will you start a new your biobank will be properly

collection? .
- epresented in relevant Catalogues =
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t samples be stored? Biobank 36. (del) Do you consult the owners
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Data cycle step 1:

Design of experiments For questionnaires see

“experimental data”

Use building blocks?
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Data Stewardship for
Open Science
Implementing FAIR
Principles

2018

Data Stewardship for Open Science: Implementing
FAIR Principles has been written with the intention of
making scientists, funders, and innovators in all
disciplines and stages of their professional activities
broadly aware of the need, complexity, and challenges
associated with open science, modern science
communication, and data stewardship. The FAIR
principles are used as a guide throughout the text,
and this book should leave experimentalists
consciously incompetent about data stewardship and
motivated to respect data stewards as representatives
of a new profession, while possibly motivating others
to consider a career in the field.

The ebook, avalable for no additional cost when you
buy the paperback, will be updated every 6 months
on average (providing that significant updates are
needed or avaialble). Readers will have the
opportunity to contribute material towards these
e e updates, and to develop their own data management
; .‘Jﬁ’.ﬂ‘ e ) plans, via the free Data Stewardship Wizard.

A
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;V DSW Features v Use Cases Vv Learn v About Get Started

https://ds-wizard.org/

Data Stewardship
Wizard

Leading open-source platform for collaborative and living data

@ITIN=ERIS

[ED Is there any pre-existing data?

Are there any data sets available in the world that are relevant to your planned research?

management plans trusted worldwide — from data () a.No

management pioneers to international research institutes.
o ® b. Yes

*) Clear answer

XD Will you be using any pre-existing data (including other people's data)?

Hooft ROb Sucha'nek Marek and Pergl Robert Will you be referring to any earlier measured data, reference data, or data that should be mined from
/ / / / ’ | existing literature? Your own data as well as data from others?

‘Data Stewardship Wizard’. 1 Jan. 2023 : 41 — 43.

https://content.iospress.com/articles/fair-

connect/fc230501 T

) Clear answer
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OE0)


https://content.iospress.com/articles/fair-connect/fc230501
https://content.iospress.com/articles/fair-connect/fc230501

Data Stewardship: getting systematic @ITINERIS

Data Stewardship Plan templates designed to support the FAIR
principles

Article type: Research Article
Authors: Schultes, Erik’ .

Affiliations: FAIR Implementation Lead, GO FAIR Foundation, Poortgebouw
Noord, Rijnsburgerweg 10, 2333 AA Leiden, The Netherlands

Correspondence: [*] Corresponding author. E-mail: eriks@gofair.foundation.

Keywords: Data management plan, data stewardship activity, fair principle,
knowledge of theories underlying fair implementation, fair evaluation of
repositories for data deposition

DOI: 10.3233/FC-221508
Journal: FAIR Connect, vol. 1, no. 1, pp. 1-3, 2023

Received 15 November 2022 | Accepted 29 November 2022 | Published: 3
January 2023

& Get or JE
O

Abstract

Data Stewardship Plan (DSP) templates prompt users to consider various issues
but typically have no requirements for actual implementation choices. But as

SChUItES’ Er|k. lData Stewa rdSh|p Plan Templates De5|gned to FAIR methodologies mature the DSP will become a more directive “how to”

manual for making data FAIR.

S u p p O rt t h e FAI R P r| N C| p I e S’. 1 J an. 2 O 2 3 . 1 —_— 3 ) For many years, Data Management Plans (DMPs) and the more broadly construed

Data Stewardship Plans (DSPs) have been a key element in helping the researcher
. . . . and their organization to maximize the value of the data they create (for
htt pS '//CO nte nt 105 p ress.co m/a rtl C I ES/fa Ir-conne Ct/fc 2 2 1 5 08 simplicity, throughout this commentary we will use only the broader term DSP).
There are two trends in FAIR approaches to data stewardship that are beginning
to make an impact on the creation and use of DSPs. As FAIR methodologies
mature, so too can the DSP as a practical “how to” manual, assisting the day-to-
day work of the data steward and at the same time raising FAIR awareness among
researchers.
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Outline of workplan
The work plan will comprise seven interconnected work packages. The tasks and

deliverables (see GANTT chart, Figure 7) from WP1-4 aimto facilitate WP5. The tasks and
deliverables from WP1-5 aim to prove the combined approach and scalability of the
sol utions, and to facilitate a draft roadmap to further develop and implement our ambition

(WP6).

S . B I .“‘.. -
JITICIIL Qi
-

compliant data stewardship®® (ref, ref). Because this project should also demonstrate the
feasibility and global scalability of our approach, where multiple data formats and
standards must be aacommodated, we adopt the FAIR Hourglass model of data
management (Figure 4): the shape is meant to indi@ate expanding “freedom to operate”
(top and bottom) with only absolute, minimal standards required at the center!®. The FAIR
Hourglass model makes data available to humans and machines and ensures that the data
created in this project aretechnology-proof, vendor-proof, and future-proof.

0
Variant structure

brﬁlﬂons

MS test

FAIR Hourglass

Raw Data
[freedom to operate]

FAIR Layer 1: Creation of data & capture of data-reuse

consent choices made by appropriate stakeholders B
Antibody Binding

FAIR Layer 2: ETL and ‘harmonization’ processes for
data & consent targeting domain-relevant machine-
readable vocabularies & schema

FAIRification

v

Data that are FAIR-Ready
[a minimal standard that is FAIR,
open, and technology-independent]

FAIR Center: Storage of data,
metadata, and consent as
machine-actionable units of
information (distributed)

FAIR Layer 3: Exposure of FAIR metadata &

FAIR Orchestration gateways for ontology-based access control

FAIR Layer 4: Automated FAIR services for indexing, search,
semantic resoluticn, data integration, object routing &
workflow execution

Data Integration
Data Sharing/Visiting
Data Analytics
[freedom to operate]
Figure 4. FAIR hourglass model consists of five operational layers that enable maximum
freedom of operation to data producers (Layer 1) and data users (Layer 5) through the
commitment to a minimal data standard at the center (Nanopublication). The automated
workflows that support data conversion to nanopublications described in Layer 2 are the
“EAIRIficatian” processes (blue). On the bottom (red), automated workflows that enable
data aacess, integration, and analytics described in layers 3-5 are “FAIR Orchestration”.

rensoNal '
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FAIR Layer 5: High-level data use applications such as data landscape
surveys, data exchange, distributed learning and data analytics
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European
Commission

Paul Ayris
Jean-Yves Berthou
Rachel Bruce (Rapporteur) First report and recommendations
. . of the Commission High Level Expert Group
Stefanie Lindstaedt on the European Open Science Cloud e 2016

e 24 pages

e “FAIR” mentioned 22 times

e “Data steward” mentioned 27 time
e Hourglass architecture (page 14)

Anna Monreale

Barend Mons (Chair)

Yasuhiro Murayama (Observer, Japan),
Caj Sodergard

Klaus Tochtermann

Ross Wilkinson (Observer, Australia).

Research and
Innovation
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European
Commission

Some recommendations:

Make adequate data stewardship
mandatory for all research proposals.

Paul Ayris data stewardship and (re-) analysis to
Jean-Yves Berthou . . . .
support the final aim of science:
Rachel Bruce (Rapporteur) First report and recommendations :
. . of the Commission High Level Expert Group knOWIedge discove ry.
Stefanie Lindstaedt on the European Open Science Cloud

Anna Monreale

Barend Mons (Chair)

Yasuhiro Murayama (Observer, Japan),
Caj Sodergard

Klaus Tochtermann

Ross Wilkinson (Observer, Australia).

Consolidate and further develop material
and tools for the construction and review

- of Data Management Plans (including
budgeting for re-use of data) and Data
Stewardship plans (including budgeting for
data publication and long-term
preservation in FAIR status)

By 2020, to have in each Member State and
for each discipline at least one certified

institute to support implementation of Data
Research and Stewardship per discipline

Innovation
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Also .... https://www.openscience.nl/sites/open science/files/media-files/
professionalising datastewardship.pdf

https.//interoperable-europe.ec.europa.eu/collection/open-government/news/500000-data-
scientists-need
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nature https://www.nature.com/articles/d41586-020-00505-7
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WORLD VIEW | 25 February 2020

Invest 5% of research funds in
ensuring data are reusable

o e s b i sy harnd “Funders hold the stick: they
should disburse no further
v funding without a

Many of the world's hardest problems can be tackled only with data-intensive, computer- d ata-stewa rd S h ' p p I an " ’

assisted research. And I'd speculate that the vast majority of research data are never
published. Huge sums of taxpayer funds go to waste because such data cannot be reused.
Policies for data reuse are falling into place, but fixing the situation will require more
resources than the scientific community is willing to face.

In 2013, I was part of a group of Dutch experts from many disciplines that called on our n at u re

national science funder to support data stewardship. Seven years later, policies that | helped
to draft are starting to be put into practice. These require data created by machines and
humans to meet the FAIR principles (that is, they are findable, accessible, interoperable and
reusable). I now direct an international Global Open FAIR office tasked with helping
communities to implement the guidelines, and I am convinced that doing so will require a
large cadre of professionals, about one for every 20 researchers.

Even when data are shared, the metadata, expertise, technologies and infrastructure
necessary for reuse are lacking. Most published data sets are scattered into ‘supplemental
files’ that are often impossible for machines or even humans to find. These and other sloppy
data practices keep researchers from building on each other’s work. In cases of disease
outbreaks, for instance, this might even cost lives.
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nature https://www.nature.com/articles/d41586-020-00505-7
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nature » world view > article

WORLD VIEW | 25 February 2020

. ...on average, 5% of overall research costs should go towards data
Invest 5% of research fundsin stewardship. With €300 billion (US$325 billion) of public money spent on
ensuring data arereusable research in the European Union, we should expect to spend €15 billion on
’3 Itisirresponsible to support research but not data stewardship, says Barend data stewardship. Scientists, especially more experienced ones, are often

Mons.

% upset when | say this. They see it as 5% less funding for research.

By Barend Mons

v f Bunk.
1) taking care of data is an ethical duty, and should be part of good research

Many of the world’s hardest problems can be tackled only with data-intensive, computer- p ra Ctice .
assisted research. And I'd speculate that the vast majority of research data are never . . . . - .
published. Huge sums of taxpayer funds go to waste because such data cannot be reused. 2) If data are treated properly, researCherS WI” have Slgnlflcantly more time
Policies for data reusc.eare'fallinginto?la(?e,b.u.tﬁxingthesituationwillrequiremore to dO research... StUdentS in PhD programmes Spend Up to 80% Of their
resources than the scientific community is willing to face. . . o . . .

o time on ‘data munging’, fixing formatting and minor mistakes to make
In 2013, I was part of a group of Dutch experts from many disciplines that called on our
national science funder to support data stewardship. Seven years later, policies that I helped data SUitab|e for ana|ySiS — WaSting tlme and talent.

to draft are starting to be put into practice. These require data created by machines and

humans to meet the FAIR principles (that is, they are findable, accessible, interoperable and

reusable). I now direct an international Global Open FAIR office tasked with helping Data stewa rd S h | p Offe rs excel |e Nt returns on | nvestment.
communities to implement the guidelines, and I am convinced that doing so will require a

large cadre of professionals, about one for every 20 researchers.

Even when data are shared, the metadata, expertise, technologies and infrastructure
necessary for reuse are lacking. Most published data sets are scattered into ‘supplemental
files’ that are often impossible for machines or even humans to find. These and other sloppy
data practices keep researchers from building on each other’s work. In cases of disease

outbreaks, for instance, this might even cost lives. ‘ : \
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In preparing for battle | have always found that
plans are useless, but planning is indispensable.

Dwight D. Eisenhower
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Data life cycle & Research objects

14:00-14:45
(Interactive)
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Resume 15:25 CET
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Data Management Planning

- 15:00-15:50
(Alessa)




Outline of workplan

The work plan will comprise seven interconnected work packages. The tasks and
deliverables (see GANTT chart, Figure 7) from WP1-4 aimto facilitate WP5. The tasks and
deliverables from WP1-5 aim to prove the combined approach and scalability of the
sol utions, and to facilitate a draft roadmap to further develop and implement our ambition
WP6).

( ) WGm
repository
WP1: FAIR Hourglass for data management and FAIR Digital Twins of protein

variants

As a govemning principle for this project, we adopt emerging best practices for FAIR
compliant data stewardship'® (ref, ref). Because this project should also demonstrate the
feasibility and global scalability of our approach, where multiple data formats and
standards must be aacommodated, we adopt the FAIR Hourglass model of data
management (Figure 4): the shape is meant to indiate expanding “freedom to operate”
(top and bottom) with only absolute, minimal standards required at the center!4. The FAIR
Hourglass model makes data available to humans and machines and ensures that the data

created in this project are technology-proof, vendor-proof, and future-proof. S
Variant structure Data Re-use
e S
FAIR Hourglass L,
w

Raw Data
[freedom to operate]

FAIR Layer 1: Creation of data & capture of data-reuse
consent choices made by appropriate stakeholders

349
Antibody Binding

FAIR Layer 2: ETL and ‘harmonization” processes for
data & consent targeting domain-relevant machine-
readable vocabularies & schema

FAIRification

A4

Data that are FAIR-Ready
[a minimal standard that is FAIR,
open, and technology-independent]

FAIR Center: Storage of data, —

metadata, and consent as
machine-actionable units of s

information (distributed) el

asse{tion

Data Processing

FAIR Layer 3: Exposure of FAIR metadata &

FAIR Orchestration gateways for ontology-based access control

FAIR Layer 4: Automated FAIR services for indexing, search,
semantic resolution, data integration, object routing &
\V:)fkf ow execution

Data Integration
Data Sharing/Visiting

FAIR Layer 5: High-level data use applications such as data landscape

rEALDNAL "' I I
CECRITT I | |

Data Analvtics surveys, data exchange, distributed learning and data analytics e =
[freedom to operate] -
e b

Figure 4. FAIR hourglass model consists of five operational layers that enable maximum
freedom of operation to data producers (Layer 1) and data users (Layer 5) through the
commitment to a minimal data standard at the center (Nanopublication). The automated
workflows that support data conversion to nanopublications described in Layer 2 are the
“EAIRIficatian” processes (blue). On the bottom (red), automated workflows that enable
data aacess, integration, and analytics described in layers 3-5 are “"FAIR Orchestration”.
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DMP and the FAIR Hourglass - the same thing?

Outline of workplan

The work plan will comprise seven interconnected work packages. The tasks and
deliverables (see GANTT chart, Figure 7) from WP1-4 aimto facilitate WP5. The tasks and Raw Data

deliverables from WP1-5 aim to prove the combined approach and scalability of the
sol utions, and to facilitate a draft roadmap to further develop and implement our ambition
(WP6).

@ ITIN=RIS

"“'“"Y:: R et i Publish an initiat draft Draftipubish the

e future metadsts collaction Sharetwrite colaboratively with peers experimental design

WP1: FAIR Hourglass for data management and FAIR Digital Twins of protein e

variants

As a governing principle for this project, we adopt emerging best practices for FAIR ' ﬁ:"u’f’l:'mfl

compliant data stewardship'® (ref, ref). Because this project should also demonstrate the : Research Planning e e

feasibility and global scalability of our approach, where multiple data formats and et A o g Y
standards must be aacommodated, we adopt the FAIR Hourglass model of datal Acquisition FAI lelcatlon

management (Figure 4): the shape is meant to indiate expanding “freedom to operate
(top and bottom) with only absolute, minimal standards required at the center!4. The FAIR
Hourglass model makes data available to humans and machines and ensures that the data
created in this project are technology-proof, vendor-proof, and future-proof. S

Data Analysis

Data Preparation
& Curation o

Variant structure Data Re-use

brqdl;zlons e

FAIR Hourglass

w

Raw Data
[freedom to operate]

FAIR Layer 1: Creation of data & capture of data-reuse
consent choices made by appropriate stakeholders

o
Antibody Binding

FAIR Layer 2: ETL and ‘harmonization” processes for
data & consent targeting domain-relevant machine-

FAIRification )
readable vocabularies & schema
v
FAIR Center: Storage of data, -
Data that are FAIR-Ready metadata, and consent as assertion
[a minimal standard that is FAIR, machine-actionable units of | peoucaance | Pub-=t-~
open, and technology-independent) information (distributed) gutficition b ) Data Processing Ll

FAIR Layer 3: Exposure of FAIR metadata &

FAIR Orchestration gateways for ontology-based access control

FAIR Layer 4: Automated FAIR services for indexing, search,
semantic resolution, data integration, object routing &
\V:)fkf ow execution

Data Integration
Data Sharing/Visiting
Data Analytics
[freedom to operate]
Figure 4. FAIR hourglass model consists of five operational layers that enable maximum Network
freedom of operation to data producers (Layer 1) and data users (Layer 5) through the °

commitment to a minimal data standard at the center (Nanopublication). The automated O rc h e St rat I O n

workflows that support data conversion to nanopublications described in Layer 2 are the

“EAIRIficatian” processes (blue). On the bottom (red), automated workflows that enable
data aacess, integration, and analytics described in layers 3-5 are “"FAIR Orchestration”.

FAIR Layer 5: High-level data use applications such as data landscape
surveys, data exchange, distributed learning and data analytics
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Machine-Actionable DMPs

15:20-15:40
(Barbara)
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Resume 16:00 CET
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Try out services and discuss

-16:00-16:45
(Interactive)
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Wrap up

16:55-17:00
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Homework

e 5%: https://eoscsecretariat.eu/sites/default/files/
invest 5 of research funds in ensuring data are reusable.pdf

e 10 simple rules maDMPs: https://zenodo.org/records/1434938

e DMP templates for FAIR: https://content.iospress.com/articles/fair-
connect/fc221508
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