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情報理論で金持ちになる

緒方 法親 博士(農学)1,2,3 
1 株式会社日本バイオデータ　代表取締役  

2 大阪大学大学院工学研究科生物工学専攻　招へい教授 
3 次世代バイオ医薬品製造技術研究組合　顧問（ゲノム技術）

招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

第46回情報理論とその応用シンポジウム(SITA2023) 招待講演
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緒方と主な会社について

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

Nishikigoi Farm

阪大・大政研に寄生 Work Space (川崎)

新型コロナウイルスの変異株を世界で最初に発見＆報告 設立 2013年
資本金 200千円
従業員 4人
論文数 32



3

山口県とゲノム科学と情報理論

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00
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ポジティブリスト式免疫で防衛できるのか

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

ポジティブリスト式

ネガティブリスト式

実施してよいことが規定されている。 
警察や自衛隊で採用されている。 
昆虫の免疫（攻撃してよい標的が定義さ
れている）

禁止事項が規定されている。 
軍隊で採用されている。 
ヒトの免疫（自分以外は全部攻撃する）

ポジティブリスト式の方が低コスト運用
できるらしい。 
“軍隊や自衛隊に対する法的権限の付与要領についての
一考察 -公共財の限界費用価格形成原理に基づく権限
付与モデル- 陸上自衛隊教育訓練研究本部 奥田昌弘
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カブトムシ幼虫の血球を個々で見ると 
ヘモシチン遺伝子とPGRP遺伝子は 
同時に高発現にならない。

細菌を食べる血球と 
カビを食べる血球がいるが、 
両方食べる血球は少ない。 
培養して出てくるのはカビ好き。
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de Bruin graph を使ってゲノム配列を復元

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

The present and future of de novo whole-genome assembly 
Briefings in Bioinformatics 19(1):bbw096 (2016) 
DOI:10.1093/bib/bbw096
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ゲノムを何に使うのか

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

Mendelian Randomization

https://www.nature.com/articles/d41573-022-00120-3
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感染症の追跡にも使えた

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00
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バイオ医薬品製造工程のウイルス管理

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

根元の細胞の 
ウイルス否定

最後の製剤の 
ウイルス否定

根元の細胞の 
ウイルス否定

最後の製剤の 
ウイルス否定

培養タンクの 
ウイルス検査

培地材料の 
ウイルス検査

精製過程の 
ウイルス除去 
効果検証

内在性ウイルス 
を抑制する 
培養法開発

内在性ウイルス
の監視

検査時間 
3ヶ月→１週間

Before ICH Q5A (R2) After ICH Q5A (R2)



9

Burrows-Wheeler 変換の活躍

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00
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genome coverage (Supplementary Methods 
and Supplementary Tables 1 and 2). To 
increase the likelihood of discovering a novel 
organism, all unmapped reads are de novo 
assembled using the short-read assembler 
Velvet12. The formation of large contigs 
comprising several unmapped reads that do 
not possess significant alignment similarity 
to any sequence in the reference databases 
may be suggestive of a previously undetected 
organism.

To demonstrate the utility of PathSeq, 
we have used simulated data to assess 
the ability of the method to (i) efficiently 
subtract human-derived sequences and 

appropriate reference genome databases.
The analytic phase of PathSeq comprises 

several steps that are performed in parallel 
(Fig. 1b). To identify previously sequenced 
microbes, all unmapped reads are aligned to 
reference viral, bacterial and fungal sequence 
databases by BLASTN and BLASTX. To 
assess the bacterial composition of a sample 
containing a rich microbiome, PathSeq 
performs a metagenomic analysis by 
aligning all unmapped reads to the complete 
collection of currently sequenced whole 
bacterial genomes and quantifying bacterial 
representation by a measure of both the total 
number of aligned reads and the bacterial 

the past few years have seen steep drops in 
price and increases in throughput for next-
generation sequencing technologies, and 
these trends are expected to accelerate in the 
near future7,8. Even so, this advancement in 
technology brings with it new computational 
challenges. Analyzing sequence data using 
the computational subtraction method is 
computationally expensive relative to most 
other next-generation sequencing analyses 
because it requires subtractive alignments to 
several large reference databases using local 
alignment algorithms such as BLAST.

PathSeq is a comprehensive computational 
tool for the analysis of the non-host portion 
of resequencing data that is capable of 
detecting the presence of both known and 
novel pathogens as well as any resident 
microorganisms. The software runs 
efficiently on sequence data sets of any size 
in a scalable and completely reproducible 
fashion because it is developed on a parallel 
computing architecture and is implemented 
in a cloud-computing environment. The 
PathSeq software package is available for 
public use in the form of a machine image 
for cloud computing, which can be launched 
and monitored using no more than a basic 
laptop computer. We believe that PathSeq 
opens the way for a new large-scale effort in 
pathogen discovery by any researcher with 
access to deep sequencing data from human 
tissue.

PathSeq’s approach begins with a 
subtractive phase in which input reads are 
subtracted by alignment to human reference 
sequences (Fig. 1a). This is followed by 
an analytic phase in which the remaining 
reads are aligned to microbial reference 
sequences and assembled de novo. The input 
reads are first filtered to remove low-quality, 
duplicate and repetitive sequences. The 
initial subtractive alignments are performed 
using the rapid short-read aligner MAQ11 
against five reference human sequence 
databases, including both genomic DNA and 
transcriptome references (Supplementary 
Methods). At the end of each subtractive 
alignment step, mapped reads are discarded 
and unmapped reads are subjected to 
further subtractive analyses. In the final 
steps, the residual reads are aligned to two 
additional human reference databases first 
using the Mega BLAST algorithm and then 
BLASTN. This identifies alignable reads with 
additional mismatches and/or short gaps that 
are not aligned by MAQ. The set of reads 
that remain unmapped after the subtractive 
phase are candidate nonhuman, pathogen-
derived reads. A similar schema may be used 
for other host organisms by substituting the 
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Figure 1  The PathSeq workflow. (a) Conceptual workflow of the subtractive phase of PathSeq. The size 
of the read set (orange bars) is proportional to the number of reads at the indicated step in a typical 
run of the method. The black dots in the bars represent pathogen-derived sequences, which become 
progressively concentrated. The steps in this conceptual workflow have been reordered for concision 
(see Supplementary Methods for actual ordering). (b) Conceptual workflow of the analytic phase of 
PathSeq. The asterisk indicates the unmapped read-set that is carried over from the subtractive phase.

CORRESP ONDENCE

How to map billions of short reads onto genomes 
Nature Biotechnology 27(5):455-7 (2009) 
DOI:10.1038/nbt0509-455
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ここまでのまとめ

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

•ゲノム科学に情報理論が使われている 
•ゲノム配列を手に入れるためにオイラーパスが 
•ゲノム配列を利用するためにbw変換が使われている 
•どちらも（たぶん）儲かってない 

•そもそも儲ける話ではなかったか 
•儲けて何になるのか
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太陽は無料

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

コロナの変異株を見つけても儲からないし、それをつかって感染追跡
しても儲からないし、病院からはPCRのプライマーくれと言われる
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ワクチンマネーを生贄に養鯉場を召喚

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00
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貧しさを恐れる心を破壊する

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

貧しさとは貧しさを怖れる心
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応用基礎研究のすすめ

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

JST/産学官ジャーナル/2018年10月/応用研究と純正研究 
元ネタ・上田良二「応用基礎研究のすすめ」 

原題「研究開発にみる日本の後進性」。「蟻塔」9月号、1980年

お金になる お金にならない

色々な物の礎になる色々な物の礎にならない

基礎研究⇆応用研究という比較は誤っている

基礎

末梢
効能無し 効能有り

売れない

売れる
企業の闇

ここ以外はイヤ
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特許庁以外は大抵許してくれる

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00



16

細胞の話させてください

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

多細胞生物の細胞を培養していると不死化することがある。 
” ”Immortality"という言葉の意味は、自明のことと考えるかもしれないが、そうではない。最近のある論文で、「"partial immortality”を獲得した細胞」と述べ
ているものがあった。これは矛盾した言葉であるが、かなり的を得た表現法のひとつであろう。” 
ヒト細胞の老化・不死化・癌化/難波正義、渡邉正己、L.Hayflick 編著/共立出版/p.10-18 
The Role of Telomeres in the Mortality and Alleged Immortality of Cultured Human Cells 
ヒト培養細胞の老化と不死化におけるテロメアの役割/Leonard Hayflick/杉原進介 訳 

死から不死の生まれる過程を知りたい
PMID: 33077772 PMID: 35358245
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細胞の話させてください

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

個体の中の細胞 初代培養の細胞 樹立細胞系の細胞

いずれ死ぬ (集団としては)不死何かが起こる
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細胞は培養によって脱分化するのかどうか

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

J'ai montré dans les publications citées plus haut qu'on ne pouvait pas cultiver un tissu ou un 
organe en lui conservant ses attributs caractéristiques, c'est-à-dire multiplication des cellules 
celles-ci se dédifférenciaient. 
上記の研究に示した通り、培養する前の組織の特徴を維持したままで培養し続けることはできなかった。脱
分化することで細胞は増殖する。 Champy, 1913 

⇨細胞の増殖抜きにトランスクリプトームから見ると、培養によってシャノンエントロピーが増大する。 
⇨分化/脱分化の程度はトランスクリプトームの情報エントロピーとして定量評価可能そう。

Champy, 1913

Sato, 1960
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細胞は培養によって脱分化するのかどうか

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

ぼく「左の図をひとつの値にしてくれ」 
西村「シャノンエントロピー使え」
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遺伝子

培養前 培養後

貯蔵タンパク：BGIBMGA004399, BGIBMGA004394, BGIBMGA004396, 
BGIBMGA004457, BGIBMGA004397, BGIBMGA004395 
ヒートショックプロテイン：BGIBMGA005781

黒く塗りつぶされたように見える部分には 
10,000個程度の遺伝子が含まれている。

●全遺伝子の発現量を１本のグラフで示した。

任意の組織jの任意の遺伝子iの発現量をPijとした時の、
その組織のトランスクリプトームの不均一度(Hj)

Shannon, 1948; Martinez and Reyes-Valdes, 2008

実験区 Hj

培養前 6.488197

培養後 8.518913
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この値の変化は信じても良いだろうか

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

トランスクリプトームのシャノンエントロピーの性質を調べる 
ふたつの世界があるなら過去にどこにいたか（=ヒストリー）に依存する
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hysteresis loop, using the following path integration through
the heating power (Qa) ramp:

Af ¼ "
þ
f dQa; ðf ¼ L"1

p ; L"1
n ; L"1

T ; p; n; TÞ: (7)

Figure 6(a) shows that the measured strength of hystere-
sis indeed scales in proportion to Nusselt number, which
varies as ðvi;neo=vi;neo;0Þ

"1. The hystereses are obtained from
loop areas for the inverse scale lengths plotted against the
heat flux. Here, vi;ped % Dn;ped % vi;neo, through Dn;ped and
vi;neo differ by a numerical factor. vi;neo;0 is a normalization
factor. The evident deviation from linear proportionality of
hysteresis to Nu at large Nu is likely due to difficulties in
accurate measurement of loop area in that extreme limit. We
note that the Nu proportionality of the area of the (hysteresis)
loop in the inverse scale lengths is relevant only within the
pedestal (r=a! 0:9).17 The hysteresis outside of the pedestal
has no relevance to Nu proportionality, since there is no local
transition. Fig. 6(b) plots the area of hysteresis in the profile
quantities, as a function of ðvi;neo=vi;neo;0Þ

"1. The measured
hysteresis also tracks the Nusselt number, as ðvi;neo=vi;neo;0Þ

"1

varies, for all radial locations (at least) within the barrier.
Figure 7 shows the relative hysteresis of 1=Ln and 1=LT ,

for different values of the pedestal Prandtl number,
Prped & Dn;ped=vi;neo. The blue plots in the lower region repre-
sent the I-phase. In the I-phase, L"1

T oscillates around L"1
n , as

the model sets vi;turb ¼ Dturb. On the other hand, in the

H-mode, (plotted in red), L"1
n > L"1

T . Since the pedestal trans-
port is different for particles and heat, (i.e., Dped < vi;neo), the
pedestal particle barrier relaxes more slowly than the heat
transport barrier does. Since the ramp-down speed is chosen to
be slow enough to eliminate the effect of rate-dependent hys-
teresis, relative hysteresis is not a kind of rate-dependent hys-
teresis.8 Relative hysteresis is characterized by the two distinct
states, i.e., L"1

T % L"1
n in L-mode and L"1

T < L"1
n in H-mode.

Thus, this behavior originates from the difference between
states of the L- and H-modes in different profiles (density or
temperature). As compared to Figs. 7(a)–7(c), relative hystere-
sis is evident and increases with 1=Prped, as expected. Finite
relative hysteresis implies that the H!L relaxation dynamics
will not be the same for all quantities.

Figs. 8(a)–8(c) show hysteresis loops in plots of scale
lengths 1/Lp, 1/Ln, and 1=LTi vs heat flux Q, while Figs.
8(d)–8(f) show the corresponding loops for quantities p, n, T.
The I-phase behavior appears as an oscillation in the lower
region. The L!H transition appears as a jump of the trace
from the lower to the upper curve of 1/L. As the heat flux
decreases from the top, above the power threshold, the plots
will follow the upper path. In the I-phase, the turbulent trans-
port is dominant (vi;turb ' vneo). On the other hand, in the H-
mode pedestal, the neoclassical transport is dominant
(vneo ' vi;turb). Thus, the inverse scale lengths in the I-phase
should be lower than those in the H-mode pedestal. The
quantities in the I-phase are lower than those in the H-mode.
Additionally, some slight oscillation in the loops, due to an

FIG. 6. The figure shows, as a function of ðvneo=vneo;0Þ
"1, the area of hysteresis loops in (a) scale lengths (L"1

n ; L"1
T ; L"1

p ), and (b) quantities (p, n, T) for vari-
ous radial locations (r/a ¼ 0.95: in the pedestal, r/a¼ 0.9: on the top of pedestal, and r/a¼ 0.8: inside of the pedestal shoulder). Both hystereses track the scal-
ing A % Nu, as shown by the red or black bold lines.

FIG. 7. Relative hysteresis in L"1
T vs

L"1
n at r/a¼ 0.95, with different Prandtl

numbers. Blue plots in L"1
T % L"1

n indi-
cate the evolution through the L!H
transition, while red plots in L"1

T " L"1
n

indicate the evolution through the
H!L back transition.

062304-6 Miki et al. Phys. Plasmas 20, 062304 (2013)

双極安定性とヒステリシス

"双安定性という用語は、スイッチがヒステリシスを示すときに使う"
ワトソン 遺伝子の分子生物学 [第６版] p.722 

�1/'$(��
)-�
������������+�
���,
	�
�

 ��!�0.%�"%#*&��2�������

Spatio-temporal evolution of the H→L back transition 
K. Miki, P. H. Diamond, L. Schmitz, D. C. McDonald, T. Estrada et al. 
Phys. Plasmas 20, 062304 (2013); doi: 10.1063/1.4812555
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実験の予備検討（濃度決定）につかえた

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00
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抵抗性(＋)

抵抗性(-)

ﾍﾟﾙﾒﾄﾘﾝ Bt毒素

doi: https://doi.org/10.1101/684803
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実験の予備検討（培地選び）につかえた

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

ヒステリシスの面積を安定的なmilieuの指標としてつかう

© 2015  N * BIODATA  all rights Reserved.
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どちらもあまり儲からなかった

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00
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ただの経時変化追っかけは需要あった

© 2023 nihon biodata corp.招待講演・情報理論で金持ちになる・緒方法親 9:00-10:00

PMID: 34527435
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分化の度合いをLiberality と呼ぶことにした
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DeDedifferentiation

DeDifferentiation

Liberality is quantified cellular dedifferentiation/differentiation states.

"En plaçant un tissu ou un organe dans un milieu ... permettant 
la survie (culture de tissus ou d'organes), on libère le tissu ou 
l'organe de toutes les stimulations ou inhibitions qu'exercent 
sur lui par la voie du milieu intérieur normal,…”


L'EXPÉRIMENTATION EN BIOLOGIE ANIMALE

Georges CANGUILHEM
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他グループによる追試
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より一般化を目指して
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Cells

RNA-seq

Mapping to Genomes

Tag Counting

Measuring Transcriptome Entropy

Cells

RNA-seq

Measuring LZ Complexity

・Independent from Genome Data

・Independent from Mapping Tools

・Genome & Mapping Tools are always in 　　
　Refinement = VARIABLE

OLD NEW

244.5MB/1.73GB = 0.1351 253MB/1.82GB = 0.1388

Very easy. Very fast. For example…

Shannon Entropy and LZ Complexity has similarity.

Numerical data

Numerical data

Character data

Character data Character data

Numerical data
Reference data
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より一般化を目指して
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• シャノンエントロピーとコルモ
ゴロフ複雑性が似ているという
話を読んだことがあった 

• KCは測定できないが、LZ複雑
性であれば圧縮で測定可能 

• 測定装置の性能向上に伴ってい
つの間にかデータの加工なしに
LZ複雑性からLiberality が測れ
るようになっていた❗
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どこから金を取るか（ｷｮﾛｷｮﾛ
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一方、データ解析コストは 
この間あまり変わらなかった。

Nature Biotech. の患部シークエンス論文
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genome coverage (Supplementary Methods 
and Supplementary Tables 1 and 2). To 
increase the likelihood of discovering a novel 
organism, all unmapped reads are de novo 
assembled using the short-read assembler 
Velvet12. The formation of large contigs 
comprising several unmapped reads that do 
not possess significant alignment similarity 
to any sequence in the reference databases 
may be suggestive of a previously undetected 
organism.

To demonstrate the utility of PathSeq, 
we have used simulated data to assess 
the ability of the method to (i) efficiently 
subtract human-derived sequences and 

appropriate reference genome databases.
The analytic phase of PathSeq comprises 

several steps that are performed in parallel 
(Fig. 1b). To identify previously sequenced 
microbes, all unmapped reads are aligned to 
reference viral, bacterial and fungal sequence 
databases by BLASTN and BLASTX. To 
assess the bacterial composition of a sample 
containing a rich microbiome, PathSeq 
performs a metagenomic analysis by 
aligning all unmapped reads to the complete 
collection of currently sequenced whole 
bacterial genomes and quantifying bacterial 
representation by a measure of both the total 
number of aligned reads and the bacterial 

the past few years have seen steep drops in 
price and increases in throughput for next-
generation sequencing technologies, and 
these trends are expected to accelerate in the 
near future7,8. Even so, this advancement in 
technology brings with it new computational 
challenges. Analyzing sequence data using 
the computational subtraction method is 
computationally expensive relative to most 
other next-generation sequencing analyses 
because it requires subtractive alignments to 
several large reference databases using local 
alignment algorithms such as BLAST.

PathSeq is a comprehensive computational 
tool for the analysis of the non-host portion 
of resequencing data that is capable of 
detecting the presence of both known and 
novel pathogens as well as any resident 
microorganisms. The software runs 
efficiently on sequence data sets of any size 
in a scalable and completely reproducible 
fashion because it is developed on a parallel 
computing architecture and is implemented 
in a cloud-computing environment. The 
PathSeq software package is available for 
public use in the form of a machine image 
for cloud computing, which can be launched 
and monitored using no more than a basic 
laptop computer. We believe that PathSeq 
opens the way for a new large-scale effort in 
pathogen discovery by any researcher with 
access to deep sequencing data from human 
tissue.

PathSeq’s approach begins with a 
subtractive phase in which input reads are 
subtracted by alignment to human reference 
sequences (Fig. 1a). This is followed by 
an analytic phase in which the remaining 
reads are aligned to microbial reference 
sequences and assembled de novo. The input 
reads are first filtered to remove low-quality, 
duplicate and repetitive sequences. The 
initial subtractive alignments are performed 
using the rapid short-read aligner MAQ11 
against five reference human sequence 
databases, including both genomic DNA and 
transcriptome references (Supplementary 
Methods). At the end of each subtractive 
alignment step, mapped reads are discarded 
and unmapped reads are subjected to 
further subtractive analyses. In the final 
steps, the residual reads are aligned to two 
additional human reference databases first 
using the Mega BLAST algorithm and then 
BLASTN. This identifies alignable reads with 
additional mismatches and/or short gaps that 
are not aligned by MAQ. The set of reads 
that remain unmapped after the subtractive 
phase are candidate nonhuman, pathogen-
derived reads. A similar schema may be used 
for other host organisms by substituting the 
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Human
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Figure 1  The PathSeq workflow. (a) Conceptual workflow of the subtractive phase of PathSeq. The size 
of the read set (orange bars) is proportional to the number of reads at the indicated step in a typical 
run of the method. The black dots in the bars represent pathogen-derived sequences, which become 
progressively concentrated. The steps in this conceptual workflow have been reordered for concision 
(see Supplementary Methods for actual ordering). (b) Conceptual workflow of the analytic phase of 
PathSeq. The asterisk indicates the unmapped read-set that is carried over from the subtractive phase.
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ショートリード戦国時代
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儲けが 
大きい

解読塩基配列の長さ
解
読
塩
基
配
列
本
数

10^9
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10^5
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10^10

10^1 10^510^3 10^410^2

Illumina

PacBio

Onso by PacBio

Nanopore

BGI

ThermoF

Short Reads

イルミナが持つMantiea特許が2024年に時効を迎える。

AVITI Instrument
by Element Biosciences

G4 bench top system
by Singular Genomics

UG100
by Ultima Genomics

Medicale Meccanica 
by Nihon BioData Corp.

性能未知数の振興企業群
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LZ複雑性を使った方法を装置に載せよう
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細胞状態グラフをシークエンサー本体に表示できる

Sequence Libraries
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文脈散歩
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"問題解決型リーダーたちはつねに使えるアイディアはないか、
とほかの文脈を探し歩いているものなのだ。" 
p.29 座長推薦💪


