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The objective of Division of Medical Data Informatics is to develop fundamental 
data informatics technologies for medical data, including algorithm theory, big data 
technologies, artificial intelligence, data mining, and privacy preserving 
technologies. Medical data, especially genome data are increasing exponentially 
from basics to clinical research in medical science. Our aim is to innovate medical 
science with novel data informatics solutions.

1.   Development of Artificial Intelligence Technol-
ogies for Biomedical Data

a.  Natural Language Processing Methods for In-
ternational Medical Text Databases

Arda Akdemir1, Tetsuo Shibuya1, Tunga Güngör2: 
1Division of Medical Data Informtatics, Institute of 
Medical Science, the University of Tokyo, 2Depart-
ment of Computer Engineering, Bogaziçi University

Deep language models such as BERT pretrained 
on large-scale datasets have enabled remarkable pro-
gress in a wide range of NLP tasks and became the 
standard approach for many languages. However, an 
in-depth understanding of the effect of using these 
models is still missing for less spoken languages. This 
study gives a comprehensive analysis of using the 
BERT model for languages with rich morphology. We 
experimented with cross-lingual, multilingual, and 
monolingual BERT models and three non-BERT-
based models. We evaluated these models on five 
morphologically rich languages (Finnish, Czech, 
Hungarian, Turkish, Japanese) and the English lan-
guage. Evaluated on Dependency Parsing (DEP) and 
Named Entity Recognition (NER) tasks, which benefit 
highly from morphological information, BERT-based 
models consistently outperformed other approaches. 

Results revealed that the effects of using BERT-based 
models significantly differ across languages. Moreo-
ver, our analysis provided various critical findings of 
multi-task learning (MTL), transfer learning, and ex-
ternal features in different settings. We further veri-
fied these findings on noisy datasets for the Sentiment 
Analysis task as a case study. Finally, the propose 
BERT-based model achieved new state-of-the-art re-
sults on both DEP and NER tasks for the Turkish lan-
guage.

High-quality training datasets are critical for 
building successful Machine Learning (ML) based 
NLP systems. However, these datasets are not always 
available in low-resource contexts such as the bio-
medical domain. Here, selecting relevant training 
data is as important as the choice of the ML model. 
We propose UDON: Unsupervised Data selectiON 
for biomedical entity recognition using domain-spe-
cific pretrained Language Models (LMs). We first 
show that pretrained LMs succeed at implicitly learn-
ing the differences between datasets without any su-
pervision, and then use these models to select rele-
vant data instances. Next, we evaluate the propose 
methods for entity recognition on seven biomedical 
datasets and one news domain dataset using four 
LMs and three selection methods. Our results show 
that using pretrained domain-specific LMs for data 
selection outperforms all other approaches. Finally, 
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we use domain classification as an auxiliary task for 
pretraining the neural network on the in-domain da-
taset and show it yields further improvements.

c.  Feature Selection Methods for Cancer Microar-
ray Data Classification

Zixuan Wang1, Yi Zhou3, Tatsuya Takagi3, Yu-shi 
Tian3, Tetsuo Shibuya1: 3Graduate School of Phar-
maceutical Sciences, Osaka University

Gene microarray data is a high-profile topic in the 
field of bioinformatics, which can help researchers to 
explore the correlation between gene expression and 
cancer. The establishment of classification models can 
be applied to identify the gene expression patterns of 
different cancer. However, it is a challenging task that 
microarray data often contains thousands of genes 
and very small number of samples. Here, we propose 
a novel Genetic Algorithm (GA) feature selection 
method embedded a manifold learning algorithm, 
Isometric feature mapping (Isomap). The purposes of 
this method are: (1) Select the subset of cancer-related 
genes; (2) Improve the performance of cancer classifi-
cation prediction. Isomap is embedded into fitness 
function of GA to reduce the bias caused by the po-
tential nonlinear structure of microarray data. Con-
sidering the randomness of GA, we also adopt a 
framework that treats genes that are selected multiple 
times as informative genes, which guarantees that the 
probability of being selected due to randomness is 
negligible. Comprehensive results of eight bench-
mark cancer microarray datasets show that our pro-
posed method can get the highest ranking-score, that 
is, using fewer genes to get almost the same or even 
higher classification accuracy.

2.  Development of Privacy Preserving Technolo-
gies for Medical Data

a.   Differential  Privacy  Methods  for  Publishing 
Medical Data Statistics

Akito Yamamoto1, Tetsuo Shibuya1

To achieve the provision of personalized medi-
cine, it is very important to investigate the relation-
ship between diseases and human genomes. For this 
purpose, large-scale genetic studies such as ge-
nome-wide association studies are often conducted, 
but there is a risk of identifying individuals if the sta-
tistics are released as they are.

i)  Publishing statistics

Genome-wide association studies, which are 
large-scale genetic statistical analyses, often involve 
tests with contingency tables. However, if the statis-
tics obtained by these tests are made public as they 

are, sensitive information of individuals could be 
leaked. Existing studies have proposed privacy-pre-
serving methods for statistics in the χ2 test with a 3╳2 
contingency table, but they do not cover all the tests 
used in association studies. In addition, existing 
methods for releasing differentially private P-values 
are not practical. We propose methods for releasing 
statistics in the χ2 test, the Fisher’s exact test and the 
Cochran–Armitage’s trend test while preserving both 
personal privacy and utility. Our methods for releas-
ing P-values are the first to achieve practicality under 
the concept of differential privacy by considering 
their base 10 logarithms. We make theoretical guaran-
tees by showing the sensitivity of the above statistics. 
From our experimental results, we evaluate the utility 
of the proposed methods and show appropriate 
thresholds with high accuracy for using the private 
statistics in actual tests.

We also propose efficient and practical priva-
cy-preserving methods using the concept of differen-
tial privacy for linkage analysis with a transmission 
disequilibrium test (TDT). We focus on the case of 
two affected children in one family, and present dif-
ferentially private data sharing methods based on 
three statistics, which are the TDT statistic, haplo-
type-based statistic, and combined statistic of these 
two. First, we show the sensitivities of each statistic 
and present the algorithm using the Laplace mecha-
nism. Then, for the exponential mechanism, we adopt 
the shortest Hamming distance score as the score 
function and propose exact and approximation algo-
rithms to find the scores. In our experiments, we 
measure the run time of each algorithm to show that 
it is feasible even on a large database.

ii)  Methods for Larger Cohort

 We furthermore propose new efficient differen-
tially private methods for a transmission disequilibri-
um test, which is a family-based association test. Ex-
isting methods are computationally intensive and 
take a long time even for a small cohort. Moreover, for 
approximation methods, sensitivity of the obtained 
values is not guaranteed. We present an exact algo-
rithm with a time complexity of O(nm) for a dataset 
containing n families and m single nucleotide poly-
morphisms (SNPs). We also propose an approxima-
tion algorithm that is faster than the exact one and 
prove that the obtained scores’ sensitivity is 1. From 
our experimental results, we demonstrated that our 
exact algorithm is 10,000 times faster than existing 
methods for a small cohort with 5,000 SNPs. The re-
sults also indicate that the proposed method that can 
be applied to a large cohort. In addition, we examined 
a suitable dataset to apply our approximation algo-
rithm.
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b.   Development  of  Fair  and  Differential  Private 
Machine Learning Methods

Deng Jiaming1, Tetsuo Shibuya1

Machine learning methods have been widely uti-
lized in classification tasks. Along with their enhance-
ment, privacy and fairness concerns on sensitive data 
have also draw much attention. However, they are 
mostly studied in isolation. The trade-offs between 
them are not simply mutual incompatible. Although 
it is quite challenging to achieve both requirements 
due to the disparate goals of fairness and privacy, it is 
worth diving into exploiting the potential of simulta-
neously achieving privacy and fairness.

 For this issue, we developed a new model-train-
ing framework which offers strict privacy guarantees 
for sensitive data, Private Aggregation of Teacher En-
sembles, or PATE, and develop differentially private 
and fair classification models by incorporating do-
main adaptation algorithm based on adversarial 
learning in a united manner. The adversarial neural 
network serves as an additional term towards the ob-
jective function in order to enforce fair classification. 
The functional mechanism brings randomness to both 
teacher and student models in PATE which provides 
strict privacy guarantees. 

3.  Development of Biomedical Database Technol-
ogies

a.  Development of Compression Algorithms for 
Next Generation Sequencer Data

Kazushi Kitaya1, Tetsuo Shibuya1

A set of k-mers is used in many bioinformatics 
tasks, such as genome assembly, individual genome 
mapping, etc., but they require enormous amount of 
memory/storage space to store. Thus, much work has 
been done on methods to efficiently represent or com-
press a single set of k-mers. However, methods for 
compressing multiple k-mer sets have been less stud-
ied in spite of their obvious benefits for researchers 
and genome-related database maintainers. We devel-
oped an algorithm to compress multiple k-mer sets, 
based on iterative SPSS (spectrum-preserving string 
sets) decomposition. In the experiments with 3292 
k-mer sets constructed from E. coli whole-genome se-
quencing data and 2555 k-mer sets constructed from 
human RNA-Seq data, our algorithm reduces the 
compressed file sizes by 34.7% and 13.2% respectively 
compared to the state-of-the-art colored de Bruijn 
graph representations. Moreover, our method uses 
less memory than the colored de Bruijn graph meth-

od. We also introduce various methods to make the 
compression algorithm efficient in terms of time and 
memory, e.g., a parallelizable small-weight SPSS con-
struction algorithm.

b.  Computational Theory for Graph/Network Da-
tabases

Robert Barish1, Tetsuo Shibuya1

We consider what we denote the Embedded Agent 
Limited Visibility Teleportation Maze (EALVTM) 
problem of efficiently utilizing a player-controlled 
agent, with distance-limited vision, to discover and 
subsequently navigate to a target of interest by mov-
ing along the edges of a rectangular or triangular 
mesh. Here, we prove an NP-hardness result for the 
optimization version of EALVTM where the objective 
is to minimize the total number of edge-wise hops, 
determine a set of cases where the problem of finding 
an object on a given mesh becomes Fixed-Parameter 
Tractable (FPT), and show how recent advances in 
low-distortion stochastic embeddings of higher-ge-
nus graphs in the plane can be used to extend existing 
planar graph coverage and path search algorithms to 
treat the EALVTM problem on meshes embedded in 
surfaces having bounded orientable or non-orientable 
genus.

c.  Integrating Viruses and Cellular Organisms for 
Pathway Maps

Mari Ishiguro-Watanabe1, Minoru Kanehisa4: 4In-
stitute for Chemical Research, Kyoto University.

KEGG is a manually curated resource on systems, 
genomic, chemical and health information, with 
KEGG mapping tools which enable understanding of 
cellular and organism-level functions. Since the intro-
duction of the KEGG NETWORK database, various 
diseases have been associated with network variants, 
which are perturbed molecular networks caused by 
human gene variants, viruses, other pathogens and 
environmental factors. The network variation maps 
are created as aligned sets of related networks show-
ing, for example, how different viruses inhibit or acti-
vate specific cellular signaling pathways. The KEGG 
pathway maps are now integrated with network var-
iation maps in the NETWORK database, as well as 
with conserved functional units of KEGG modules 
and reaction modules in the MODULE database. The 
KO database for functional orthologs continues to be 
improved and virus KOs are being expanded for bet-
ter understanding of virus-cell interactions and for 
enabling prediction of viral perturbations.

04ヒトゲノム解析センター_3k.indd   7804ヒトゲノム解析センター_3k.indd   78 2022/04/12   17:51:452022/04/12   17:51:45



79

Publications

1.   Minoru Kanehisa, Miho Furumichi, Yoko Sato, 
Mari Ishiguro-Watanabe, and Mao Tanabe, KEGG: 
integrating viruses and cellular organisms. Nucle-
ic Acids Res. 49(D1):D545–D551, 2021.

2.   Akito Yamamoto, Tetsuo Shibuya, More practical 
differentially private publication of key statistics 
in GWAS, Bioinformatics Advances, Bioinformat-
ics Advances, 1(1), vbab004, 2021.

3.   Kazushi Kitaya and Tetsuo Shibuya, Compression 
of multiple k-mer sets by iterative SPSS decompo-
sition, Proc. WABI 2021, Leibniz International Pro-
ceedings in Informatics (LIPIcs), 201(12):1-12, 
2021. 

4.   Robert Barish and Tetsuo Shibuya, Solving tele-
portation mazes with limited visibility, Proc. Thai-
land-Japan Conference on Discrete and Computa-
tional Geometry, Graphs, and Games, 23:110-111, 
2021.

5.   Akito Yamamoto, Tetsuo Shibuya, Differentially 

private linkage analysis with TDT - the case of two 
affected children per family, IEEE BIBM. in press.

6.   Arda Akdemir, Tetsuo Shibuya, UDON: Unsuper-
vised data SelectiON for biomedical entity recog-
nition, Proc. International Conference on Comput-
ing and Big Data, 2021, in press.

7.   Arda Akdemir, Tetsuo Shibuya, Tunga Güngör: A 
comprehensive analysis of subword contextual 
eembeddings for languages with rich morpholo-
gy. In: Wani M.A., Raj B., Luo F., Dou D. (eds) 
Deep Learning Applications, Volume 3. Advances 
in Intelligent Systems and Computing, 1395:31-72, 
Springer, Singapore, 2022.

8.   Akito Yamamoto, Tetsuo Shibuya, Efficient differ-
entially private methods for a transmission dise-
quilibrium test in genome wide association stud-
ies, Proc. Pacific Symposium on Biocomputing, in 
press.

04ヒトゲノム解析センター_3k.indd   7904ヒトゲノム解析センター_3k.indd   79 2022/04/12   17:51:452022/04/12   17:51:45




