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2016)Highlights

• New)statistical)principle:)Selective)inference)
– Suzumura et)al.,)in)submission

• Improved)efficiency)in)pattern)mining)(POSTER)
– Nakagawa)et)al.,)KDD)2016.

• Neuroblastoma)SingleRCell)RNARSeq experiments
– OnRgoing



Testing)after)selection

• Select)features)by)LASSO)and)compute)pRvalues
– Selection)bias:)pRvalues)are)too)good!)

• Remedy)1:)Consider)unselected)features)as)well)
(e.g.,)LAMP)

• Remedy)2:)Condition)on)the)selection)event



Selection)by)
LASSO

With)permutated)outcomes

(X,y) ! (x2,x7)

Computing)
pRvalue

corr(x2,y) = 0.90

corr(x2, ỹ1) = 0.10
corr(x2, ỹ2) = 0.82
corr(x2, ỹ3) = 0.23
corr(x2, ỹ4) = 0.30
corr(x2, ỹ5) = 0.92

Compare
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Use)them)only)!



2016)Highlight)1:)Selective)inference)in)
pattern)mining

• Computation)of)selective)null)distribution)
needs)reference)to)all)features

• Impossible)in)combinatorial)cases)
• New)bound)for)disregarding)large)patterns)!

HIV)drug)resistance



2016)Highlight)3:)
Single)cell)RNARseq for)Neuroblastoma
• �2014:)Bulk)analysis)=)Average)of)many)cells
• 2014�:)Single)cell)analysis)(10x)Genomics)



Plan)of)experiments
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Cancer)cells)detected)clearly

• Cluster)1:)Neuroblastoma)
cells)(MYCN))

• Cluster)2:)Ganglion)cells)
(Npy,)Dbh,)Ntrk1)

• Cluster)3:)Glial)cells)?)(Dbi,)
Fabp7,)Arpc1b)

• Cluster)4:)Fibroblasts)?)(Dcn,
Col3a1,)Lum,)Igfbp6,)Acta2)

• Cluster)5:)Myeloid)cells,)
probably)macrophages)
(Lyz2,)C1qa,)C1qb,)C1qc,)
Ftl1)

• Cluster)6:)Endothelial)cells)?)
(Egfl7,)Id3,)Plvap,)Esam,)
Cldn5)



Summary

• New)directions)emerged)in)2016
• Biological)experiments)going)well
• 2017�:)New)discoveries)in)cancer)science

• Awareness: Invited)session)in)MCP)2017)!



Safe Pattern Pruning: 
An Efficient Approach for Predictive Pattern Mining 
中川和也(名工大), 鈴村真矢(名工大), 烏山昌幸(名工大), 津田宏治(東大), 竹内一郎(名工大) 
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データベース 

�KDD2016 採択論文 
 

�グラフの性質を特徴づける部分構造を
見つけたい 
 

�スパース学習を行う 
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Safe Pattern Pruning 

𝑆𝑐𝑜𝑟𝑒 𝑡 < 1 

𝑤𝑡′
∗ = 0 

 

�最適解においてスパースとなる部分木を同定・プルーニングできる 

�各ノードにおけるscore計算には最適解を必要としない (近似解を使う) 
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δ

-log10(P)
疾患発症に
関与するSNP

SNP単体 −疾患発症

...

LAMPLINK: detection of statistically significant 
SNP combinations from GWAS data
発表者: 寺田愛花（JST さきがけ/東京大学）

SNP: 数万～数百万カ所がん患者

健常者

3個以上のSNP −疾患発症
FREM2
(Chr 13)

MTRR
(Chr 5)

Carlborg & Haley, 
Nat. Rev. Genet. (2004).
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P E R S P E C T I V E S

results of mapping single QTLs and epistatic
QTL pairs that affect growth differences
between Junglefowl and White Leghorn chick-
ens26. Four QTLs were detected by their indi-
vidual effects, and four additional QTLs were
found as part of an epistatic QTL pair. Two of
the QTLs that were significant only as part of
an epistatic QTL pair had near-significant indi-
vidual effects, whereas the other two were
novel epistatic loci that showed only minor
individual effects. These last two loci could
have been detected only through the simulta-
neous search approach. Similar results have
been found in other studies: for example, in
their analysis of functionally related physiolog-
ical traits in 95 D. melanogaster RECOMBINANT

INBRED LINES, Montooth et al.33 identified both
epistatic QTL pairs without individual effects
and QTL pairs with near-significant individual
effects.

the analysis is done. The routine use of epista-
tic QTL-mapping methodologies will help to
explore whether there are particular traits,
population types or species for which epista-
tic regulation is more important than for oth-
ers. Here, we focus on the results of the first
genome-wide scans for interacting QTLs
without individual effects26–33. These studies
indicate that the more widespread use of
QTL-mapping methods that are based on
simultaneous scans for the joint effect of pairs
of epistatic QTLs can give further insight into
the genetics that underlie complex traits.

Population size and statistical power. As
expected, the power to detect epistasis varies
with the size of the population and the preci-
sion with which the analysed phenotypes
are measured. So, results that are obtained
from smaller populations in which single

measurements are taken from each individ-
ual29,30 detect less epistasis than studies of large
populations26 or populations for which several
measures per genotype are considered33. In
summary, although the results indicate that
epistatic effects are often large enough to merit
a full genome scan for epistasis regardless of
the population size26–30,33, the epistatic studies
(or meta-analyses) of populations are at their
most powerful if they use good quality data
from 500 or more F2 individuals.

Potential to detect novel epistatic QTLs.
Simultaneous mapping of QTLs using an
epistatic model can detect loci that mainly
affect the quantitative trait through epistatic
interactions with another locus, in addition to
those QTLs that are detected through their
average individual effects26–30. An example of
this is shown in FIG. 2, which summarizes the
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Figure 1 | Principles of individual quantitative trait loci and epistatic quantitative trait locus mapping. Quantitative trait locus (QTL) mapping aims to
partition the total genetic variation for a trait into the effects of individual loci. a | The F2 design for QTL mapping uses a three-generation pedigree, and requires
two strains that differ in the trait of interest and a linkage map of polymorphic molecular markers. The hybrid F1 generation derived from the parental lines is
intercrossed to produce F2 individuals; here, one full sibling family of n individuals that differ in the proportion of markers that they have inherited from the parental
lines is shown. F2 individuals are analysed statistically to determine whether there is a difference in phenotype between marker genotype classes. If there is, then 
the QTL alleles (here, Q,q and E,e) are linked to the marker. b | In principle, individual QTL mapping searches for the partitioning of the F2 individuals according to the
QTL genotype with the smallest phenotypic variation within the genotype classes and the largest differences among the genotype classes. Epistatic QTL mapping
partitions the individuals according to the genotypes at multiple loci (for example, Q and E), which ensures a better fit if the phenotype depends on the genotypes
of both loci. c | An individual QTL scan results in a statistical support curve for the individual effects of a QTL at each tested location in the genome (two green
boxes). A simultaneous scan for QTL pairs results in a statistical support surface for all potential combinations of QTL locations in the genome (centre panel). QTLs
with large individual effects will be seen as high peaks in the individual QTL support curve and as ridges in the QTL-pair support surface. A stepwise approach for
detecting epistatic QTLs (for example, on the basis of FORWARD SELECTION) will only detect epistasis along these ridges. QTLs with mainly epistatic effects will
usually appear only as small peaks in the individual QTL support curve, but as large peaks in the support surface for QTL pairs. Images of pigs in part b are
reproduced with permission from REF. 57 © (1998) Genetics Society of America. 

?
• FastANOVA

(Zhang, X., et al. 2008)
• PLINK 

(Purcell, S., et al. 2007)

SNP pair −疾患発症

Terada, A et al. Bioinformatics 32(22), 3513–3515

Kochi et al., Nat. Genet., 2010を一部改変


