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Rare diseases

❑ For patients of rare diseases, getting diagnosis 
at an early stage is important

❑ E.g., Phenylketonuria (PKU)
✓ An inborn error of metabolism

✓ Untreated, it can lead to intellectual disability, 
seizures, behavioral problems, and mental disorders.

✓ If it is diagnosed early enough, an affected newborn 
can grow up with normal development through diet, 
or a combination of diet and medication.
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NGS-based diagnosis

❑ Sawyer et al., 2016
✓ “Recent advances in sequencing, in particular whole-

exome sequencing (WES), are identifying the genetic 
basis of disease for 25–40% of patients.”

5



NGS-based diagnosis
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Wright, C.F., FitzPatrick, D.R., and Firth, H. V. (2018). 
Paediatric genomics: diagnosing rare disease in 
children. Nat. Rev. Genet. 19, 253–268.



For undiagnosed patients
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1. Whole exome sequencing (WES)

2. Remove non-coding, synonymous, 
and common variants

Disease A Disease B Disease C Disease D

Undiagnosed
patient

3. For further narrow down, compare the patient’s phenotypes with the phenotypes 
of candidate diseases

{Phenotypes}

{Phenotypes} {Phenotypes} {Phenotypes} {Phenotypes}

Disease-
Phenotype 
association
(Orphanet)

Disease-phenotype associations are important for this process

image(s) @ © 2016 DBCLS TogoTV / CC-BY-4.0
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IRUD

❑ Initiative on Rare and Undiagnosed Diseases

❑ A national system to find diagnoses for 
undiagnosed patients across Japan, by applying 
NGS-based diagnostic tests

❑ Applied to >6,000 cases, so far

❑ Achieved diagnosis rate of 33%
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IRUD Clinical Centers
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Needs for access to relevant resources
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Orphanet
7K rare diseases

OMIM
8K genetic diseases

PubMed
1M case reports



希少疾患診断支援システム PubCaseFinder
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Human Phenotype Ontology (HPO)

❑ The Human Phenotype Ontology in 2017, Köhler 
et al., NAR, 2017
✓ HPO is used by many data sets

• Orphanet, OMIM, ClinVar,  MedGen, GARD, …
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general

specific

cardiac
malformation

abn. of the 
cardiac septa

abn. of the 
atrial septum

atrial septal 
defect

atrioventricular 
canal defect

primum atrial 
septal defect



Similarity Measures

❑ Similarity between two sets of phenotypes can
be computed in many ways
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Measure Equation Variations Reference

Resnik(a,b) 𝑚𝑎𝑥
𝑡∈𝑔𝑎∩𝑔𝑏

𝐼𝐶(𝑡) Avg, Max Rensik, 1995

Lin(a,b)
2 ∗ 𝑅𝑒𝑠𝑛𝑖𝑘(𝑎, 𝑏)

𝐼𝐶 𝑎 + 𝐼𝐶(𝑏)
Avg, Max Lin, 1998

Jiang-Conrath(a,b)
1

𝐼𝐶 𝑎 + 𝐼𝐶 𝑏 − 2 ∗ 𝑅𝑒𝑠𝑛𝑖𝑘 𝑎, 𝑏 + 1
Avg, Max Jiang, 1997

simGIC(P,Q)
σ
𝑡∈𝑔𝑃∩𝑔𝑄 𝐼𝐶(𝑡)

σ
𝑡∈𝑔𝑃∪𝑔𝑄

𝐼𝐶(𝑡)
Pesquita, 2007

GeneYenta(P,Q) Gottlieb, 2015

Disease 1Patient 1



Gene Yenta

❑ Information Content (IC)

❑ Similarity between two terms

❑ Similarity between a case and a disease
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𝐼𝐶𝑡 = −log 𝑃(𝑡)

𝑃 𝑡 =
|𝑎𝑛𝑛𝑜𝑡𝑡|

|𝑎𝑛𝑛𝑜𝑡𝑎𝑙𝑙|



症状セットの類似度計算手法
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𝐼𝑡 = −log𝑃(𝑡)

𝑃 𝑡 =
|𝑎𝑛𝑛𝑜𝑡𝑡|

|𝑎𝑛𝑛𝑜𝑡𝑎𝑙𝑙|

頭痛

❑症状間の類似度

偏頭痛
咽頭神
経痛

睡眠時
頭痛

緊張型
頭痛

偶発性
頭痛

偏頭痛
前兆あり

偏頭痛
前兆なし

It=1

It=3 It=4 It=3 It=2 It=3

It=5 It=6

患者={偏頭痛} 疾患={偏頭痛前兆あり}

患者={偏頭痛} 疾患={偶発性頭痛}

類似度：3

類似度：1



HPOと類似度計算手法の活用事例
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❑希少疾患分野では、HPOと類似度計算手法を用いて、

症例データの共有が盛んに行われている

❍ 症状が類似する複数の未診断患者が集まることで

➢ 新規疾患の定義

➢ 疾患原因遺伝子の同定

症状が類似する未診断患者

各未診断患者の症状はHPOで表現



Databases which use HPO
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MatchMaker Exchange Program

❑ An official program of GA4GH
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Needs for access to relevant resources
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Orphanet
7K rare diseases

OMIM
8K genetic diseases

PubMed
1M case reports



Limited coverated of DBs

❑Manually curated databases like Orphanet
inherently have a limited coverage
✓ For example, only 1/3 of rare diseases in Orphanet are 

associated with phenotypes
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Tyrosinemia type 2Moyamoya syndrome Truncus arteriosus

6K Diseases (Orphanet)

・・・



Text Mining
❑ Text mining-based approach is effective to improve 

the coverage of disease-phenotype associations

❍ To automatically extract the associations from 

more than one million case reports in PubMed
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Tyrosinemia type 2Moyamoya syndrome Tyrosinemia type 3

6,000 Diseases (Orphanet)

・・・

As a result, 2/3 of rare diseases in Orphanet
could be associated with phenotypes
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❑ A diagnosis support system for rare diseases

Input patient’s phenotypes

PubCaseFinder

Specify causative disease genes to 
narrow down candidate diseases

A ranked list of rare diseases 
based on phenotypic similarity

PubCases: A diagnosis assistant tool for rare diseases based on disease-phenotype associations 
extracted from published case reports.,
T. Fujiwara; Y. Yamamoto; J.D. Kim; T. Takagi, ASHG2017
https://ep70.eventpilotadmin.com/web/page.php?page=IntHtml&project=ASHG17&id=170121395
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Hereditary spherocytosis is a genetic, frequently 
familial hemolytic blood disease characterized by 
varying degrees of hemolytic anemia, splenomegaly, 
and jaundice. ・・・

症例報告 PMID： 12355853 青：疾患名 赤：症状

文献から疾患に関連する症状を抽出

❑課題：「疾患ー症状」関連データの不足が大きな課題

➢ 約100万件の症例報告から、テキストマイニング技術で自動取得

例） 遺伝性球状赤血球症（Orphanet:822）

黄疸（HP:0000952）

溶血性貧血（HP:0001878）

脾腫（HP:0001744）
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文献から疾患に関連する症状を抽出
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❑オントロジーを用いたアノテーションツール

❍ ConceptMapper（Tanenblatt, 2010）、MetaMap（Aronson, 2010）、

NCBO Annotator（Jonquet, 2009）

❒ CRAFT Corpus を利用した、パフォーマンス比較（Christopher, 2014）

❍ 8つのオントロジーにおいてF-measureを比較結果、7つのオントロジーで

ConceptMapperのF-measureが最も高かった

❑HPO gold standard（Tudor, 2015）を用いたツール評価（藤原, JSAI2017）

System F-measure Precision Recall

NCBO Annotator 0.51 0.54 0.47

MetaMap 0.56 0.51 0.61

ConceptMapper 0.52 0.52 0.51

System Processing time (sec)

NCBO Annotator 206.0

MetaMap 351.0

ConceptMapper 4.3 5.2 (hour)

17.7 (day)

100万件の症例報告
の処理に要する時間



Result of IE from case reports
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995
疾患

1,483
疾患

1,589
疾患

【Case Reports】
3,072 diseases
with HP annotation

【Orphanet】
2,478 diseases
with HP annotation



Performance Evaluation
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我々の手法（GeneYenta : Orphanet + 症例報告）

PubCaseFinder

PubCaseFinder PubMed  



Performance Evaluation

❑ For 135 test cases
✓ collected from PhenomeCentral

• maintained by Care4Rare Canada Consortium

✓ Recall @ top5 was calculated
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23%

77%

正解症例 不正解症例

Orphamizer
（Orphanet）

30%

70%

正解症例 不正解症例

PubCaseFidner
（Orphanet）

47%53%

正解症例 不正解症例

PubCaseFidner
（Orphanet + PubMed）



疾患ランキング精度の評価
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p-value=3.72×10−5
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ランダム手法

我々の手法（GeneYenta：症例報告）

❑ 評価用の59症例を利用して、Recall1,5,10,20,50,100,1000を比較



Conclusion
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日本語での
検索可

特定の遺伝子
に関連した疾患
を対象に検索可

高精度な疾患
ランキング機能

を提供

複数のデータ
ベースを一度
に検索

GA4GHへの
貢献

API 約2万件
の検索
（月間）


