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Introduction

microarrays (see Shi, et al., Nature Biotechnology, 24(9):
1151-61 (2006); and Slonim and Yanai, Plos Computational
Biology, 5(10):e1000543 (2009)); serial analysis of gene
expression (SAGE) (see Velculescu, et al, Science, 270
(5235):484-87 (1995)), high-throughput implementations of
qPCR (see Spurgeon, et al., Plos ONE, 3(2):e1662 (2008))
and in situ PCR (see Nuovo, Genome Res., 4:151-67
(1995)). As useful as these methods are, however, they do
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Comprehensive gene expression analysis and protein
analysis have been useful tools in understanding mecha-
nisms of biology. Use of these tools has allowed the iden-
tification of genes and proteins involved in development and
in various diseases such as cancer and nulmmmunc dlscase
Conventional methods such as in situ and
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or both of muluplc biological targets at muluple
sites in a sample. where the assay system performs the
following steps: providing a sample affixed to a support;
delivering encoded probes for the multiple biological targets
to the multiple sites in the sample in a known spatial pattern,
where each encoded probe comprises a probe region that
may interact with the biological targets and a coding tag that
identifies a location of the site to which the encoded probe
was dt_ll\cmd allowing the cncodcd probes to interact with

other multiplexed detection of different transcripts have
revealed spatial patterns of gene expression and have helped
shed light on the molecular basis of development and
disease. Olhcr tcclmologjcs that have enabled lhc quantila-
. : e 5

(see Shi, et al., Nature Biotechnology. 24(9):
1151-61 (2006): and Slonim and Yanai, Plos Computational
Biology, 5(10):e1000543 (2009)): serial analysis of gene
expression (SAGE) (see Velculescu, et al, Science, 270
(5235):484-87 (1995)), high-throughput implementations of
qPCR (see Spurgeon, et al., Plos ONE, 3(2):e1662 (2008))
and in situ PCR (see Nuovo, Genome Res., 4:151-67
(1995)). As useful as these methods are. however. they do

many genes or the presence and/or activity of multiple
proteins at many spatial locations in a sample. Laser capture
microdissection has permitted the analysis of many genes at
a small number of locations, but it is very expensive,

65

the targets: encoded probes that inter-
act with the biological targets from encoded probes that do
not interact with the biological targets; determining all or a
portion of a sequence of the encoded probes, and associating
the abundance or activity or both of the multiple biological
targets to the locations of the sites in the sample.

In particular aspects of the invention the biological targets
comprise mucleic acids and the encoded probes are oligo-
nucleotides, and in some aspects, there are two encoded
probes for each of the multiple nucleic acid targets. In some
aspects, the multiple biological targets comprise proteins,
the probe regions of the encoding probes are proteins and the
coding tags comprise oligonucleotides. In some aspects the
multiple biological targets comprise enzymes. In some
aspects the probe regions of the encoded probes comprise
antibodies, aptamers or small molecules.

Some aspects of the assay system further comprise an
amplification step between the separating step and the
determining step. In some aspects, the determining step is
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Introduction

e Patfent mining: Identify science references inside the patents

e Impact of science on technological advances

Reference Mining Steps

Step 2

\
1 1
: In-text ,
I n-tex I
| Reference i !ﬁ,ﬁ:ﬁ&ce
I Extraction I 9
[ 1
7/

e Our focus: In-text Reference Extraction
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Problem Formulation

No standard style of
referencing

Sequence Labeling Approach

O

O

BIO labels
Pre-trained BERT models

Tratschin et al . , Mol . Cell . Biol . 5, 3251 - 3260 ( 1985 )
B |

Thoraval et al ., 1995 , Transgenic Res . 4 : 369 - 377
B |

Schiest and Petes ( Proc . Nat. Acad . Sci.U.S.A.88, 7585 - 7589 (1991) )

B |

Gilbert , " Egg albumen and its formation " in Physiology and Biochemistry of the Domestic Fow! , Bell

B I
and Freeman , eds ., Academic Press , London , New York , pp . 1291 - 1329
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Previous Works

e Verberne and Chios 2019!"

o Method: CRF and Flair models for reference extraction

o Dataset: 22 patents from Google Patents

e Voskuli and Verberne 20211

o Method: BERT model for reference extraction

o Dataset: Improved the quality of previous dataset

[1] Verberne, Suzan, Ioannis Chios and Jian Wang. “Extracting and Matching Patent In-text References to Scientific

Publications.” BIRNDL@SIGIR (2019).

[2] Suzan Verberne, loannis Chios, Jian Wang (2019). “Extracting and Matching Patent In-text References to Scientific Publications” . In
the Proceedings of the 4th Joint Workshop on Bibliometric-enhanced Information Retrieval and Natural Language Processing for Digital
Libraries (BIRNDL 2019), co-located with SIGIR 2019, pp. 35-42
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In-text Reference Extraction

Improving the reference extraction component

1) Multiple pre-trained BERT models, including patent-specific models

PatentBERT (The claims parts of the USPTO patents)
Bert for Patents (Complete text of patents, BERT-Large)
BioBERT

SciBERT (Scientific)

BERT

O O O O O
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In-text Reference Extraction 02
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2) A more effective method for sequence splitting

{t1,ty, t3, ..., ty}: max(n) | {|t,| + |to] + |t3| + ... +|t,| <= 512}

3) Down sampling to cope with the class imbalance
o 14,270 sequences where 8,530 of them have no ‘B" or T labels
o Imbalance between B/I labels and O label 2 A biased model

o Eliminate the sequences with no B/I labels



:p, Universiteit

Q; " Leiden 01
In-text Reference Extraction 02
- 03

4) Collecting a larger dataset from EPO and USPTO (0On-going).
o Consider utility patents after 1990 for sampling

o A random sample of 4000 USPTO and 2000 EPO
o Hired 8 students for annotation

o Manually annotating at least 600 of USPTO and 600 of EPO patents

Trained on 22 patents

‘ Reference 15.3 %

4000 USPTO —> Extraction | 746 had reference

P— .
2000 EPO —» Reference M 615 had reference
Extraction
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Dataset and Evaluation

Data: 22 patents dataset collected by Chios and Verberne (2019) I
o Google Patents

o Domain of Biotech

Evaluation: Leave-One-Out Cross-Validation

[1] Suzan Verberne, loannis Chios, Jian Wang (2019). “Extracting and Matching Patent In-text References to Scientific
Publications”. In the Proceedings of the 4th Joint Workshop on Bibliometric-enhanced Information Retrieval and Natural
Language Processing for Digital Libraries (BIRNDL 2019), co-located with SIGIR 2019, pp. 35-42
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Effect of Down Sampling

Model trained more smoothly

Sequences with no reference are less informative for the model

Down Sampling | Label | Precision | Recall
True B 0.884 0.922
I 0.967 0.966
B 0.880 0.919
et I 0.959 | 0.964
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Comparing BERT Models

« PatentBERT: Fine-tuned only on
claims of patents, Uncased

- BERT for patents: Uncased
« Recall is more important

«  Small scale and single-domain

Model Label | Precision | Recall
BERT-base ];’ ggg? 8322
SciBERT (base) ];’ gggg g:gg
BERT for patents (large) ];’ 33231 gg?g
Patent-BERT (base) ];’ gg;lg gggg
BioBERT (base) 113 gg:i ggg(z)
Our Baseline (SciBERT) ]f gggz 8332
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Future work
03

Reference Extraction
o Use new dataset (larger and more diverse)

o Add other labels to dataset

o Further pre-train the BERT cased model on patents

Reference Matching

o Extracted references = Scientific publications (Web of Science (WOS) database)

o Text matching techniques for ambiguous matching
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Any Questions?
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