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Identical numerical data?

We consider exact duplicates whose entries in structural
databases have identical numerical data, after rounding to
a few decimal places:

Google’s GNoME (Nov 2023, 385K entries),

Protein Data Bank (May 2024, 220K entries),

Quick discovery of near-duplicates under equivalence
relations, such as rigid motion, is now possible with the
theory of Geometric Invariants developed in Data Science
Theory and Applications group.



All types of periodic crystals
We study solid crystalline materials at the atomic level.
What is a crystal on the left?

Left: Hexagonal ice. Right: a Metal Organic Framework.
How are these crystals represented in a digital form?



A periodic point set (crystal)

Any linear basis v1, . . . , vn of Rn defines

the unit cell U = {
n∑

i=1
tivi : 0 ≤ ti < 1} and

the lattice Λ = {
n∑

i=1
civi : ci ∈ Z}.

For any finite motif M ⊂ U of atoms, the periodic crystal
is the infinite set S = Λ + M = {v + p | v ∈ Λ,p ∈ M}.



A Crystallographic Information File (CIF) has unit cell
parameters (3 lengths and 3 angles) and fractional
coordinates of atoms in the cell.



Nature papers in November 2023

Google’s GNoME: 2.2M “new” crystals, “800 years worth
of human knowledge”.
Berkeley’s A-lab: claimed to have synthesised 43 of 58.

The review by R.Palgrave et al. (2024): “none of the
materials produced by A-lab were new: the large majority
were misclassified, and a smaller number were correctly
identified but already known”.
D.Widdowson, V.Kurlin: review in Scientific Reports
(2025): this “small number”=0, all crystals had
near-duplicates in the ICSD, missed by a manual search.



Google’s GNoME database

GNoME paper made public 384K+ ‘stable’ crystals (close
to the boundary of the convex hull): any such ‘stable’
crystal can be perturbed to get many more ‘new (?)
stable’ crystals.

Review “Artificial Intelligence Driving Materials
Discovery?” by A.Cheetham and R.Seshadri (2024) found
“scant evidence for compounds that fulfill the trifecta of
novelty, credibility, and utility”.

Our reviews: Anosova et al, IUCrJ 11(4), 2024,
CSD and GNoMe: Pattern Recognition, 2025.



Thousands of (near)-duplicates

Many GNoME’s crystals have geometric near- duplicates
in the ICSD and Materials Project, measured by EMD on
PDDs with k = 100.

EMD ≤ 10−5 10−4 10−3Å 0.01 0.02 0.03
ICSD 38 303 757 2454 6002 13165

Mat. Proj. 83 452 848 3457 10725 24416

Since the smallest inter-atomic distance is about 1Å, any
perturbations of atoms up to a small fraction of 1Å look
the same when visualised.



Some near-duplicates in GNoME

These crystals are perturbations up to 10−4Å.

crystal database ID composition
1st GNoME 01cd76eb18 LiScPdPt
2nd ICSD 54594 HfInCu2

3rd Mat. Project 1186003 MnZnAu2



Nearly identical CIFs in the GNoME
Filtering by unit cells and fractional coordinates detected
numerous near-duplicates.

group size
= #CIFs

CIFs are
identical texts

all numbers
coincide

rounding
to 4 digits

rounding
to 2 digits

10 0 0 0 1
9 0 1 1 0
7 0 1 1 2
6 0 2 2 4
5 0 2 3 18
4 1 8 12 92
3 43 72 96 670
2 1,089 1,481 1,932 7,856
all CIFs 2,311 3,248 4,243 18,228



Euclidean coordinates
This table shows groups of identical crystals after rounding all 6

cell parameters and Euclidean coordinates of all atoms (in Å).
group size
= # files

rounding
to 4 digits

rounding
to 3 digits

rounding
to 2 digits

rounding
to 1 digit

10 or more 0 0 0 1747
9 1 1 1 51
8 0 0 0 51
7 1 1 1 113
6 2 2 3 165
5 3 3 10 350
4 12 13 23 745
3 99 113 192 2,361
2 1,983 2,144 2,668 13,690
total 4,354 4,722 6,088 43,624



The largest group of 9+1 duplicates

GNoME id chemical formula all digits are equal
082738d51d Dy1Y6Ho13Cd6Ru2 in a group of 9
1fba8c028f Dy2Y4Ho14Cd6Ru2 9
39fe92e2ee Tb2Y4Ho14Cd6Ru2 9
6d47ae3d9f Tb3Y3Ho14Cd6Ru2 9
703ed1d823 Tb6Ho14Cd6Ru2 9
78fcd9d814 Tb1Y5Ho14Cd6Ru2 9
976f8cb279 Y6Ho14Cd6Ru2 9
a30e9d8c9b Tb5Y1Ho14Cd6Ru2 9
b8c0e953e2 Tb4Y2Ho14Cd6Ru2 9
a18d30a9fc Tb6Ho14Cd6Re2 in a group of 1



The most striking duplicates in GNoME

Different entries cdc06a1a2a and 0e2d8f26d6 have
identical CIFs and two pairs of atoms (Na1=Na2,
Na3=Na4) at the same positions.



More crystals with different CIFs
Software by Tatiana K (UCL): 2.2M
realistic crystals in 16 hours on a
small laptop.



The Protein Data Bank (PDB)

The PDB (www.rcsb.org) is a ‘gold standard’ collection of
220K+ experimental proteins given by 4-symbol codes:
1cov, 1 jew, 1m11.

Each entry can have a few entities (molecules), models
(versions), and chains given by IDs.



The backbone of a protein chain
Proteins are large biomolecules consisting of one or more
chains. Any protein chain has a sequence (primary
structure) of residues (made of 20 standard amino
acids), which are sequentially joined by peptide bonds.

A protein backbone is a se-
quence of ordered triplets of
(1) nitrogen Ni ,
(2) alpha-carbon Ai ,
(3) carbonyl carbon Ci ,
where i = 1, . . . ,m (# residues).

Anosova et al. MATCH (2025).



Exact geometric duplicates

9366 pairs turned out to have x , y , z coordinates of the
main chain atoms N,Cα,C in all residues identical to the
last digit without rigid motion.

763 such pairs are in different PDB entries.

In 9 pairs, geometric duplicates surprisingly differ by
primary sequences of amino acids,

which seems physically impossible because replacing
one amino acid with a different one should affect main
atoms at least slightly.



Coincidences and differences

chain 1 chain 2 # identical Cα # different acids
1a0t-B(Q) 1oh2-B(Q) 413 9
2hqe-A 2o4x-A 217 1, GLN̸=GLU
1m11-D(3) 1cov-C(3) 238 72
1m11-D(3) 1jew-D(3) 238 72

Kay Diederichs accepted the duplication of 1a0t, 1oh2:
“PDB entries can multiply on their own! ... your geometric
comparison method identified an error in the PDB.”



Viruses: same or different?
1cov-C(3) and 1jew-D(3) are Coxsackieviruses CVB3,
1m11-D(3) is Echovirus E7, those are known to be
different in cellular entry mechanisms and interactions
with receptors, CVB3 are associated with myocarditis.

After our discussions, the PDB validation team updated
other geometric duplicates 1cov, 1gli, 1ruj, 3hhb, 4rhv.



8fdz.cif vs 8fe0.cif: GLN ↔ ALA
When a new protein is deposited, it is validated
individually, no comparison with all structures is done.
Since 2022, more CIF’s were deposited, which differ as
text files but all atom coordinates are identical.

To avoid wasting time, we should first compare chains in
the PDB as lists of atomic coordinates.



A discussion in A.Wlodawer et al. Duplicate entries in the
PDB. Acta Cryst D (2025).



Full Table 1 in the paper: representa-
tive pairs from among multiple depo-
sitions with identical unit-cell parame-
ters within each group of PDB entries
1aeu, 1aen and 1ac4 and PDB entries
1aeb, 1aed, 1aee, 1aef, 1aeg, 1aeh,
1aej, 1aek, 1aem, 1aeo and 1aeq.
The supplementary file has 616 pairs.

The maximum deviation of coordi-
nates is almost always 0.



Identified cases & causes

• Subsequent redeposition in the PDB: 1a0t/1oh2 (still
in the PDB).

• Deposited close together: 3lt8/3lt9.

• Redepositions should be different by description, but
are identical in structure: 1hdu/1hee (potentially
non-experimental modelling) or 2f5a/2pr4
(“refinement” by removal of some atoms).

• “Other peculiarities”: 1npw/1npa (same authors, 1997
and 2003) have different unit-cell parameters with
exactly the same atomic coordinates and other
factors.



Different sequences, near-duplicates by RMSD



Identical sequences, near-duplicates by RMSD



Many more near-duplicates
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