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The Institute of Statistical Mathematics(ISM) was restructured to an independent agency, “Research
Organization of Information and Systems”, under the National University Corporation Law in April 2004. Before
this restructuring, ISM established a the Prediction and Knowledge Discovery Research Center in 2003  to
perform strategically important research area of statistical science. This center studies the statistical modelling and
inference algorithms to extract useful information from huge amount of data from complex systems, and aims to
solve real world problems in a wide variety of scientific domains, in particular, life, earth, and space sciences. This
center is currently composed of the following four groups.

e Molecular Evolution Research Group

e Data Assimilation Research Group

e Statistical Seismology Research Group

e Statistical Genome Diversity Research Group (from 2005)

ISM has carried out assessment of the Molecular Evolution Research Group to review research activities. To this
end ISM formed the external review committee consisting of three foreign and one Japanese specialist. The
reviewers worked on the related materials which were sent to them beforehand.

The review report was finalized by Prof. David Penny, the chairperson of the committee and the other members
of the committee and sent to ISM at the beginning of July 2007. ISM translated this English version into the
Japanese version. We must be sorry that publication of the report was too late.

The enormous effort for the review paid by both reviewers and the research group will be rewarded only when
the review report results in the improvement of the research system of the molecular evolution research group in
ISM. We will consider their evaluation and suggestions seriously and take necessary action to improve and activate
the research group.

On behalf of the Institute of Statistical Mathematics, I would like to express my sincere gratitude to the members
of the external review committee for their hard and concentrated work.

January 31, 2008
G. Kitagawa

Director-General



Section 0. Summary of Recommendations

The Committee has been extremely impressed by the long-term success of the Molecular Evolution
group and thinks that with the continued expansion of genomic data, there will be an increasing
requirement for advanced statistical methods in this important area. The current group at the
Institute of Statistical Mathematics have been real world leaders in the introduction of full
likelihood methods of data analysis into molecular phylogenetics and evolution; they are fulfilling
an important role in Japan, and indeed in the world, in this rapidly expanding field. The committee
therefore recommends that:

1. a new senior appointment be made to lead the group to work on statistical issues of Molecular
Evolution, and the position be advertised internationally,

2. the groups interests be extended to include some more emphasis on statistical computing,

3. the group include programmers whose experience includes graphical interfaces to make
software user-friendly to biologists

4. the groups interest be broadened further to include statistical bioinformatics

5. there be an expansion in the number of PhD students.



Section 1. The committee and its work

1.1: The External Review Committee and its work
Membership of Committee (listed alphabetically by family name)
David Penny, Professor, Massey University, New Zealand (chair).

Andrew J Roger,
Hidenori Tachida
Ziheng Yang,

Professor, Dalhousie University, Canada
Professor, Kyushu University, Japan

Professor, FRS, University College London, United Kingdom.

1.2 Members of the Molecular Evolution Group at ISM

Members at March 2007
Masami Hasegawa
Tetsuo Hashimoto
Jun Adachi
Ying Cao

Hidenori Nishihara
Yuriko Nishimoto

Takahiro Yonezawa
Atsushi Matsui

Previous members since the

Hidetoshi Shimodaira
Peter J. Waddell
Andrew Shedlock
Jeffrey Koji Lum
Margueritte Butler
Christopher Austin
David A. McClellan
Tal Pupko

Masato Nikaido
Rissa Ota

Tae-Kun Seo
Nobuko Arisue
Yumie Murata

Professor
Associate professor
Visiting professor
PostDoc

Associate professor
PostDoc

Assistant professor
PostDoc

Graduate student
PostDoc

Graduate student
Graduate student

1998 review
Assistant professor
PostDoc
PostDoc
PostDoc
PostDoc
PostDoc
PostDoc

PosDoc

PostDoc
Graduate student
Graduate student
Graduate student
Graduate student

— Mar 2007
— Mar 2002
Apr 2005 — Mar 2007
Jun 1999 — Apr 2000
Feb 2003 —
Apr 1998 — Dec 2002
Jan 2003 —
Apr 2006 — Mar 2007
Dec 2001 — Sep 2003
Oct 2003 — Mar 2007
Apr 2002 — Mar 2007
Sep 2004 — Mar 2007

Jul 1996 — May 2002
Mar 1997 — Mar 1999
Mar 1998 — Nov 2000
Mar 1998 — Mar 2000
Mar 1998 — Feb 2000
Mar 1998 — Mar 2000
Mar 1999 — Feb 2001
Nov 2000 — Sep 2002
Apr 2003 — Mar 2006
Apr 1998 — Sep 2000
Apr 1999 — Sep 2002
Apr 1999 — Sep 2002
Apr 2003 — Mar 2005



1.3 Terms of reference for the committee

The committee was asked to report on the following:

I. Academic contribution in terms of
(a) Statistical methods: Outcome and impact
(b) Molecular Evolution: Outcome and Impact
(c) Cooperative research activities

2. Contribution to Society

3. Bringing up the next generation

4. Prospects for future development and Suggestions.

1.4 Procedures followed by the committee

The committee visited the Institute on 26™ & 27™ of March 2007. During that time we
undertook the following activities and had the following information made available for us.

A detailed report of the past and current activities was prepared by Professor Masami
Hasegawa, and a copy of the extensive publication list is attached to this report.

26™ March. Symposium: Towards a New Horizon of Molecular Evolution - Molecular
Phylogenetics as a Statistical Science, held at the Institute on the afternoon of March 26", The
members of the group presented their work during this symposium.

27" March. Members of the external review committee also gave presentations in the
morning.

We then met with the Director General, Dr Genshiro Kitagawa, and with Vice-Director
General Dr Yoshiyasu Tamura. In the afternoon we had a further opportunity to speak with
members of the molecular evolution group, and Professor Kishino from the University of Tokyo
also visited the Institute.

[n short, the review panel had full access to all the information we required.

Members of the committee would like to express their appreciation to Professor Kitagawa for the
opportunity to participate in the Review. We would also like to thank all members of the Institute
that we met with, especially to members of the Molecular Evolution group, for the many courtesies
extended to us during the visit. We also appreciated the care and thoroughness with which the
review materials had been prepared for us before the Review took place.



Section 2. Academic Contribution: Introduction and Tribute

Although our focus is on the period 1998-2007 (the period since the last review) it is definitely
appropriate, given the retirement of Professor Masami Hasegawa, to pay a tribute to the
contribution of the Molecular Evolution group over the past 25 years. This group have been
important world leaders over that time, and probably have been one of the most high-profile and
internationally renowned Japanese research groups on any topic. For example, two papers by
Hasegawa, Kishino and Yano (1985) and Kishino and Hasegawa (1989) have been cited in the
research literature an average of over 2000 times each. This excellent and innovative statistical
work has been continued in the past eight years with the publication of some Shimodaira-Hasegawa
papers.

In the past twenty years, the Molecular Evolution group has made major contributions to the new
and rapidly-expanding field of molecular evolution and phylogenetics. Their contributions have
been both in developing statistical methodologies of data analysis, and in applying the methods to
sequence data in order to address phylogenetic relationships in several major groups of organisms.
As mentioned above, the Markov-process model of nucleotide substitution proposed by scientists
in the group in 1984 and 1985, now commonly known as the HKY model, is one of the most
widely used models of DNA sequence evolution. The Kishino-Hasegawa test suggested in the
group in 1989 is widely used in comparing phylogenetic trees by maximum likelihood. The
protein maximum likelihood method of Kishino, Miyata, and Hasegawa has been used frequently
for analyzing amino acid sequences, and in particular, in studies of ancient relationships near the
root of the tree of life. The MOLPHY program package. developed particularly by Dr Adachi, has
found many users and it is excellent to know it is again being updated. It was also Dr Hasegawa's
group who introduced the Akaike Information Criterion for model selection to the community of
molecular evolutionists and phylogeneticists.

As active researchers ourselves in the field of molecular evolution and systematics, the reviewers
have no doubt that research in Dr Hasegawa's group has been at the cutting edge of the field. The
group pioneered the use of maximum likelihood methods in the study of molecular phylogeny. In
doing this they have made a major contribution to the trend in the study of molecular evolution
towards parametric statistical approaches. They were the first major molecular evolution group,
both in Japan and in the rest of the world, to take likelihood methods and generalized least squares
methods seriously and were able to implement them complex data-structures such as evolutionary
trees. As mentioned earlier, they introduced a major stochastic process model of DNA change (the
Hasegawa-Kishino-Yano or HKY model) and they explored the use of bootstraps and related tests
in studying statistical uncertainty of the phylogenies. This effort has been instrumental in the
transformation of the subject area from a subject full of philosophical arguments and ad hoc data
analysis, to a mature field of applied statistics, with a strong theoretical basis.

The statistical problems that arise involve multiple models (the tree topologies) that are related in
highly symmetric but complex ways. The space of tree models is unusual in being a mixture of a
discrete and continuous parameters, which fail to meet the usual regularity conditions that are
important for most existing statistical methods. At the same time all these probability models fall
within the well-investigated exponential family. Thus molecular studies of evolution is a rich
source of novel statistical problems, as envisaged by the great statistician Jerzy Neyman (1971).
Neyman J. 1971. Molecular studies of evolution: a source of novel statistical problems. Pp. 1-27 in
Gupta SS, and Yackel J, eds. Statistical decision theory and related topics. Academic Press,
New York.

Besides the many theoretical developments, the group has made crucial contributions to several
important biological systems, starting with humans. Examples include phylogenies of humans, apes
and the evolution of modern humans, phylogenetic relationships among mammals and vertebrates,



and deep phylogenetic branchings such as the origin of eukaryotes, including a very innovative
approach (using duplicated genes) to rooting the tree of life (Iwabe, et al. PNAS 1989). Their effect
on biology, beyond methodological questions, has resulted from the energy with which they have
addressed a large number of different evolutionary questions with molecular methods. It is
arguable that this is the best and most balanced (theoretical and applied) molecular evolution group
in the world.

Although the subject area started by applying statistical methods to evolutionary relationships, it is
broadening into many other areas of Biology and Medicine. The impact of this group has been on
biology and on the development of methods for molecular evolution. Overall, the work of the
group has impacted on several areas of biology, from human origins and evolution, to the origin
and evolution of mammals, and finally to the deepest divergences of the tree of life, the first
divergences after the origin of life itself. However, although the group has been effective in these
areas per se, their impact has been even more widespread by introducing, and making solid
statistical methods available.

A final point in our tribute is that the group has both published in the highest impact journals and
has been widely cited in the scientific literature. For example, the group has published in the three
top Multidisciplinary journals shown below.

Multidisciplinary Sciences;

Journal Impact factor Ranking in field
Science 30.93 !
Nature 29.27 2
Proc. Natl Acad. Sci. USA 10.23 3

Source: Journal Citation Reports 2005
Institute for Scientific Information, Philadelphia, PA
Publishing in such journals is highly sought after by researchers.

In addition, they have published in the two highest impact journals for primary research in
Evolutionary Biology, namely Systematic Biology (Impact Factor 10.33) and Molecular Biology
and Evolution (Impact Factor 6.23). Their work has been highly cited both in Japan and in the rest
of the world. To summarize briefly, in terms of

applying fundamental statistics to the novel area of phylogenetics,

in many applications to important evolutionary problems, and

in terms of high impact papers and journals,
the molecular evolution group have been world leaders for over 25 years. We are pleased to pay a
tribute to the success of the group. Having done that, we focus more on the eight years since the
last external review.

Section 2.1 Statistical methods: Outcome and impact

The Molecular Evolution group has made major contributions in adapting the likelihood method to
phylogenetic tree reconstruction, and in particular, in developing statistical tests for evaluating the
uncertainties in estimated phylogenies. A phylogeny is best viewed as a model, with its own
parameters, so that different phylogenies lie in different parameter spaces. As a result,
conventional theory concerning the asymptotic properties of maximum likelihood estimates, does
not apply. Evaluating the uncertainties in the estimated model or phylogeny is thus a difficult task.
While D.R. Cox discussed some tests comparing different non-nested models, they have never been
widely used.

In 1989, Kishino and Hasegawa in the Molecular Evolution group introduced the K-H test, which
is based on a normal approximation to the calculated log likelihood difference between two trees.



This test does not accommodate the problem of multiple testing, as may occur when more than two
trees are compared. Thus in 1999, Shimodaira and Hasegawa introduced the S-H test, which
corrects for multiple testing. Shimodaira (2002) also introduced the almost-unbiased test or AU
test. Those papers have by now found widespread use in molecular phylogenetics, attracting
thousands of citations. We note that the S-H test and the AU tests were published by the Molecular
Evolution group during the period covered by this review. Given the generality of those tests and
the current interest in model selection in the statistics literature, we believe those works are
important contributions to statistics as well.

Besides tests on trees, the group have also made significant contributions on other statistical
problems of molecular evolution and phylogenetics. The group are among the earliest to apply the
molecular clock and relaxed molecular clock models to date species divergences, and have
continued to make methodological advancements to the problem (Seo et al., 2002; Hasegawa et al.
2003). More recently analysis of large genome-wide datasets is becoming increasingly common.
The group evaluated different strategies for analysing genomic data sets (Nishihara et al. 2007),
which provide valuable insights for other scientists analyzing large data sets.

Section 2.2 Molecular evolution: Outcome and impact

Here we turn to the application of the methods the group has developed to applications in biology.
The first thing to state is that we are impressed how theory and application have supported, and
stimulated each other within the group. This leads to application of the powerful statistical methods
to real problems that biologists encounter. For example, Hasegawa and Cao, in conjunction with
the Okada group at the Tokyo Institute of Technology, are combining sequence data with that from
SINES in a novel approach that is increasingly powerful. SINES are *short interspersed nuclear
elements’ that can be inserted randomly throughout the genome but can be checked for being
unique insertions by sequencing the adjacent DNA region in the different species. Thus it is
possible to identify shared insertion events by sequencing the regions adjacent to the insertion site
to confirm if the insertion site is the same in all the species. The tree topology for mammals can
now also be determined by the SINES, and therefore sequences can then be used independently for
estimating the amount (and hence times) of divergence. Simple parsimony is the maximum
likelihood estimator for such data (Appl. Math. Lett. 17: 785 2004). We expect to see improved
methods that allow SINES and sequence data to be combined formally in a maximum likelihood
framework, and that should come soon.

Hasegawa and Hashimoto and their collaborators have also made important contributions to the
field of ancient eukaryote phylogeny with the aim to clarify the relationships amongst the simplest
nucleus-containing cells. Amongst these manuscripts are a number of important papers describing
the red algal phylogeny and the genetic contribution of the chloroplast endosymbiosis on the
composition of red algal nuclear genomes (red algae, in the form of *nori’ (Porphyra yezoensis) has
a special economic importance to Japan). More notable from a pure scientific standpoint is a recent
paper by Arisue, Hasegawa and Hashimoto (2005) where the authors used ‘separate’ maximum
likelihood analysis of a large number of genes to attempt to determine the root of the eukaryote tree.
This manuscript was particularly noteworthy because of the sophistication of approaches used to
identify systematic error in their analyses. It represents one of the only recent analyses to tackling
this controversial, challenging and important problem.

In recent years, the molecular evolution group have also made important contributions to the field
of viral population genetics and phylogeny. RNA viruses, in particular, evolve very fast and are
excellent models for understanding the processes of evolution, and their consequences for disease
symptoms. In this viral area they have contributed both novel methodologies in the forms of
sampling designs for testing molecular clocks, pseudo-maximum likelihood estimation of ancestral
population sizes as well as made important biological discoveries using virus evolution to track
human evolution and understand basic molecular biology of viruses. In addition, other areas of



biology have been covered, one of the most important being in using human genetic diversity in
populations to follow ancient migration patterns.

In addition to the ‘thematic’ research topics above, individuals of the group have been involved in
diverse ‘one-off” collaborative projects that cover an impressive breadth of molecular evolutionary
topics. The topics addressed include human diversity studies, cancer biology, parasite evolution
and mitochondrial genomics to name a few. Clearly the intellectual environment of the molecular
evolution group is stimulating and has fostered a diverse but complementary productive research
program. These will be referred to under the next section on Cooperative research activities. Finally,
it is excellent to see the group updating some of their earlier computer programs, being able to

work at the amino acid level will have several advantages.

Section 2.3 Cooperative Research Activities.

We have already mentioned in the section above that the ISM group has been involved in
interactions with other groups. Many of the manuscripts referred to in the foregoing sections are the
result of productive collaborations between the statistical molecular evolutionists at ISM and
biologists at other institutions in Japan and overseas. Clearly, these other researchers have sought
out the unique expertise of the molecular evolution group at the ISM, underlining the group’s
reputation for excellence.

One of the most direct ways of indicating the extensive set of collaborations with researchers is
simply to list different institutions with whom the group has published. For Japan, these include
several research institutes (including the National Institute of Basic Biology, Okazaki), Museums,
and several other sections of the University of Advanced Study. The universities include the
University of Tokyo, Kyoto University, The Tokyo Institute of Technology, Waseda University
(Tokyo), Osaka City University, Nagoya University, and Hiroshima University. This extensive list
of collaborations within Japan, and some of them have continued over several years, shows again
how the group is sought after to assist in both the statistical analysis of DNA data, as well us
understanding many of the biological implications. The molecular evolution section of ISM has
shown real leadership within Japan.

However, the list is possibly even more extensive outside Japan, even though some collaborations
within Japan have been continuing for much longer. Starting within Asia there is the Chinese
Academy of Sciences (Wuhan) and the Kyungpook National University in Korea. In Europe the
collaborations include Germany, the United Kingdom and Israel. In New Zealand, Otago and
Massey Universities, and (among others) Boston University, University of California at Berkeley
and the University of Michigan in North America. The conclusion here is the Molecular Evolution
group has been doing such excellent and important research that many external researchers wish to
collaborate, and that the ISM group has been externally focussed. The molecular evolution group
has had an outward-looking focus that has helped get its ideas out to other researchers.



Section 3. Contribution to Society

The most important contribution from scientists to the society is through conducting innovative
researches, and breeding the next generation of scientists. In this sense the group has been very
successful in contributing to the society as detailed above. Another important aspect of contribution
is to make scientists in other fields and general public aware of the scientific results. Although the
group has been mostly focusing on innovative researches and generating breeds of young scientists,
the group also contributed to the latter aspect.

During this period, Prof. Hasegawa co-authored two Japanese books aimed at scientists in other
fields of biology and gave many lectures in other universities as a visiting professor. In addition,
the former members of the group are now teaching in major Japanese universities. Finally, public
lectures targeted at general public have been given several times by Prof. Hasegawa during the
period. Therefore, we think this aspect of contribution also has been made well by this group
considering the nature of the institute whose focus is on innovative researches.

Section 4. Bringing up the Next Generation

Here we are particularly interested in both mentoring postdoctoral fellows towards an independent
career, and in graduate education. Although our committee was charged primarily with examining
the research activities of this group, we think that it is appropriate for us to make some comments
on the role of this group in graduate education. We do not see as many Japanese graduate students
as we expected taking advantage of the presence of this group. The ISM molecular evolution
group is so strong that Japanese graduate students should be encouraged to learn from it, and use it
as a basis for their study. Our conclusion was reinforced by a visit by three members of the external
review committee to China in early June, where we found a really major push to increase PhD
training. The formation of the Graduate University for Advanced Study has been a major advantage
but certainly more graduate students in the Institute are highly desirable.

Section 5. Prospects for Future Development and Suggestions

In addition to our comments on the past work of the Molecular Evolution group, it is certainly
appropriate to consider future possibilities for ways in which the work of this excellent group can
have an even greater effect. The first remark is that it is always necessary to consider new
opportunities that result from new developments in statistics, computer science, and especially the
huge expansion of genomic data, which is expected to keep increasing. It is this last aspect that is
particularly striking. The ‘flood’ of genomic DNA sequences will almost certainly keep expanding
as new technologies come on stream. Turning this flood of data into real biological understanding
is increasingly going to require improved statistical and computational methods, combined with a
positive interaction with biologists.

(1) Increased connection with computational molecular biology. The current group is very strong,
as we have seen, in empirical work in molecular evolution and in the application of novel statistical
methods to that field. Perhaps not as much effort has been devoted to its connection to the growing
field of computational molecular biology (part of bioinformatics). Computer programs for
statistical analysis of phylogenies have been developed and distributed by Adachi and Hasegawa
(their package MolPhy). But as interest in computational molecular biology has increased rapidly
among computer scientists in the past few years, now would be an excellent moment to expand the
group's contacts with computer scientists in the Tokyo area. There are a variety of interesting
questions -- such as the combined ‘alignment’ and tree inference problem — these are of great
interest and this group could act as a stimulus to Japanese computer scientists to take up these



problems as well. One difficulty computer scientists elsewhere have had is an unwillingness to
consider these as statistical problems. The fact that this group is located in a statistics institute may
influence Japanese computer scientists to view these problems statistically as well as
algorithmically.

(2) Closer connection between the work on molecular evolution and statistical theory.

The presence of strong statisticians like Dr Shimodaira (and in the past. Prof. Kishino) has greatly
helped the work of this group. We see the strong statistical component as crucial to the future of the
group, and very important for the subject as a whole. Care needs to be taken to see that future
statistical methodology continues to be responsive to the needs of the data analysis. A possible
scenario to be avoided is to have the work on statistical methods gradually deviate from the needs
of the data analysis. One possible way of encouraging co-ordination would be to have statistics
graduate students supervised by Dr. Shimodaira work on problems of practical importance to the
data analysis in molecular evolution.

Section 5.1. Recommendations

The committee has been very impressed by the work of the Molecular Evolution group over the last
25 years. Given the retirement of Professor Hasegawa, the long-term leader of the group, it is
certainly appropriate to offer suggestions for allowing the ISM to continue to be world leaders in
this expanding area. The committee therefore makes the following recommendations, and we
consider the recommendations to be a tribute to the success of the group.

1. That a new senior appointment be made in fundamental statistical aspects of Molecular
Evolution, and the position be advertised internationally.

The committee considered that there is an excellent nucleus for renewing the group, allowing some
repositioning as statistical methods become more powerful and the needs of the user community
keep adapting to new opportunities (both computing and the large increase in DNA sequences).
We see the need for a new leader with a strong theoretical statistical background who will
inspire the group as a whole toward new challenges. There certainly are Japanese candidates
who may be attracted to the position, but as a matter of principle we think that the position
should be advertised internationally. [t may be possible to attract an overseas (Japanese)
researcher, but even if a appointment is made from within Japan it would give the new group
Director the confidence that they were appointed after an international search.

2. That the groups interests be extended to include some more emphasis on statistical computing.

The newer methods of analysis are requiring considerable computing time, and are exploring a
wider range of trees and models. In the introduction to this section (section 5) we gave some of
the reasoning behind this conclusion. Our datasets are becoming very much larger. and it is
reasonable to estimate some additional parameters for the models — this makes it easier to
include additional biological realism. Researchers are asking additional questions, including
which sites of a gene may have been the target for positive selection. In addition, it is becoming
more reasonable to infer additional regulatory signals in the data, and this allows much better
estimation of how, for example, the information in a genome will translated into a functioning
cell through multiple layers of control.

3. That the group include programmers whose experience includes graphical user interfaces (GUI).
It appeared to the committee members that some talented researchers in the group were having to
spend considerable time on the complex tasks of software implementation of GUIs and

developing applications that were ‘platform independent” — that is, usable on Windows, Unix,
Linux, and MacOSX operating systems. Such tasks are complex in their own right but are more



appropriate for a dedicated programmer, freeing up the researchers to focus more on
methodological innovation as well as evaluation and testing with real data sets. This
recommendation is clearly related to number 2, we just do not see that it is possible for a small
group of programmers to do everything.

4. That the groups’ interest be broadened further to include statistical bioinformatics.

With the advent of more completely sequenced genomes there is an increasing demand for better
statistical analysis. Again, this concept was introduced in the introduction to Section 5, and this
recommendation follows on from numbers 2 and 3. Biologists can be very innovative in
designing their laboratory experiments, but they are simply not equipped to be innovative
statisticians to come up with new types of analyses. For certainly the next 20-30 years we see a
major requirement for statisticians able to work with biologists in getting much more
information out of genomes. It is certainly something that biologists are not going to be able to
do on their own. There are major opportunities here that will only keep expanding. To take just
one example, we have little idea of some particular mutations lead to disease symptoms — there
is an almost unlimited room for expansion in applying innovative statistical thinking to get at
some of the vast amount of unused information in genomes.

5. That there be an expansion in the number of PhD students.

The subject of Molecular Evolution is excellent for graduate education in that it is good training for
some complex aspects of statistical inference. The ISM seemed to the committee to be an ideal
location for graduate education, and emphasizing graduate education may also make the
position of a new group Director even more desirable, something that can only help in the
recruitment process. Ideally, we see the expansion in both Japanese and non-Japanese students,
but an expansion of non-Japanese students may depend on Government policy. There is an
international trend for governments to help ensure quality of research institutions by measuring
their ability to attract PhD students from outside the country. We can only reiterate that
molecular evolution is an excellent topic for the education of graduate students (it keeps the
students thinking broadly and quantitatively) and that the Institute of Statistical Mathematics is
an excellent location for this process.



Appendix1

List of Publications from the Molecular Evolution Group at ISM
1999 — 2007
The papers with * are included in the collection of publications.

Statistical methods

1.

2

3.

13.

14.

15.

16.

*H. Shimodaira and M. Hasegawa (1999) Multiple comparisons of log-likelihoods with applications to
phylogenetic inference. Mol. Biol. Evol., 16:1114-1116.

*J. Adachi, P. Waddell, W. Martin and M. Hasegawa (2000) Plastid genome phylogeny and a model of amino
acid substitution for proteins encoded by chloroplast DNA..J. Mol. Evol., 50:348—358.

*R. Ota, P.J. Waddell, M. Hasegawa, H. Shimodaira and H. Kishino (2000) Appropriate likelihood ratio tests
and marginal distributions for evolutionary tree models with constraints on parameters. Mol. Biol. Evol.,
17:798—803.

D. Penny and M. Hasegawa (2001) Covarion model of molecular evolution. In S. Brenner and J.H. Miller, eds.,
Encyelopedia of Genetics, pp. 413—477, Academic Press (San Diego).

H. Kishino and M. Hasegawa (2001) Maximum likelihood. In S. Brenner and J.H. Miller, eds., Encyclopedia of
Genetics, pp. 1157—1160, Academic Press (San Diego).

*H. Shimodaira and M. Hasegawa (2001) CONSEL: a program for assessing the confidence of phylogenetic
tree selection. Bioinformatics 17: 1246-1247.

H. Shimodaira (2001) Multiple comparisons of log-likelihoods and combining nonnested models with
applications to phylogenetic tree selection. Comm. Statist. Theory Methods, 30:1751-1772.

D.A. McClellan and K.G. McCracken (2001) Estimating the influence of selection on the variable amino acid
sites of the cytochrome b protein functional domains. Mol. Biol. Evol., 18:917-925.

*H. Shimodaira (2002) An approximately unbiased test of phylogenetic tree selection. Syst. Biol., 51:492-508.

. *T. Pupko, D. Huchon, Y. Cao, N. Okada, and M. Hasegawa (2002) Combining multiple data sets in a

likelihood analysis: Which models are the best? Mol. Biol. Evol., 19:2294-2307.

. *T. Pupko, 1. Pe'er, M. Hasegawa, D. Graur, and N. Friedman (2002) A branch-and-bound algorithm for the

inference of ancestral amino-acid sequences when the replacement rate varies among sites: Application to the
evolution of five gene families. Bioinformatics, 18: 1116-1123

. *T. Pupko, R. Sharan, M. Hasegawa, R. Shamir, and D. Graur (2003) Detecting excess radical replacements in

phylogenetic trees. Gene 319: 127-135.

P.J. Waddell, H. Mine, and M. Hasegawa (2004) INTEROGATE 1.0. Exploration and testing of stationarity,
reversibility and clock-likeness in sequence data. Computer Science Monograph (ISM), 31:1-22.

*H. Shimodaira and M. Hasegawa (2005) Assessing the uncertainty in phylogenetic inference. In R. Nielsen,
ed., Statistical Methods in Molecular Evolution, pp.463—493, Springer.

*K. Shimizu, J. Adachi, and Y. Muraoka (2006) ANGLE: A sequencing errors resistant program for predicting
protein coding regions in unfinished cDNA. J. Bioinf. Comput. Biol., 4:649-664.

Z. Li, Q. Liu, M. Song, Y. Zheng, P. Nan, Y. Cao, G. Chen, Y. Li, and Y. Zhong (2005) Detecting correlation
between sequence and expression divergences in a comparative analysis of human serpin genes. BioSystems
82:223- 226.

Vertebrate evolution
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Appendix2 Schedule of External Review

Place: Meeting Room of the Institute of statistical Mathematics
Date: March 27, 2007

12:30 — 12:40 Introduction by Genshiro Kitagawa (Director General)
* Objective of evaluation
* Terms of reference
12:40—13:30 lunch time
13:30 — 13:40 Preliminary meeting by Yoshiyasu Tamura (Vice Director General)
* Selection of chairperson
* Schedule and method
13:40 — 16:00 Meeting (members of the committee)
* Discussion on evaluation
* Arrangement for making review report
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Margueritte Butler S IvAIEE T B = | 1998 4= 3 H —2000 42 H
Christopher Austin AL E R 1998 43 H —2000 4= 3 A
David A. McClellan FALRAFIIER 1999 =3 H —2001 42 H
Tal Pupko FALIFUE R 2000 4 11 F] —2002 49 H
Masato Nikaido FOLREIFIE B 2003 -4 J] —2006 3 H
Rissa Ota P 4 oA o 1998 4= 4 J1 — 2000 4 9 Ji
Tae-Kun Seo Kb e 1999 4 4 J1 —2002 49 J
Nobuko Arisue p g T 1999 4 4 H — 2002 49 H

Yumie Murata

KR

2003 44 ] —2005 -3 H



13 AR E B

ZERKIWRUTOERBICET 2HES RO LR
1. LUTOHEABIZEE L - Fi % 5
(a) atFik : R & T ORES
(b) ST KRR EZORES
(c) S [E] B 2215 )
2. ft&~oFEW
WD F R
4, JPROBR~OERLE LIVBE

b

1.4 Al FIR & FiE

FELIT 2007 4£ 3 A 26 AB L 27 BICWIgera il L=, = @b
B2 ZLLTOFEE 21TV, UTFTOE#RPE (2Rt Eni-,

WER L OREOIFE 2R3 22 8 E TS Masami Hasegawa #%12 L - T
HEff STV, AKRILOFMY A 2RV E— POKRICEMATT 5,

3 A 26 B : RAFEICHFERZRAICEWNT [ E Lo R - 22 R - FitE
HLLTONFRME 27—~ LT 0L ROTANBEES N, v rRY Y ABIE
FIZFEZ L —F DR N —BNENFNOERE LR LT,

3H 27T B : AL E2—FBED AV R—=RNERIPIZTLE T —a 2 T
y

F IRV THFFERT R Genshiro Kitagawa 4 35 X URIFT R Yoshiyasu Tamura f# 1
EoEERTOhz, FRIZIIFFERIN—T AU N—L X LI EPDTI#BEN S
Z b, FHRIFKFO Kishino #UFZ bR &M S -,

ZOXITLTULE 22— SIS E LT AHERT ST b Z En T,

FREEDA U NA—ZIOE IRV E2—ZBMTHHE% 5 2 T iz Kitagawa
FIRICEHOBFRLET L L HIT, FHx LBRL THAWVW-FRFETHTOT < TOHER
DF &, B THELT N —T DR SR —OEEICHILE L, Bficgi - %%
DEBICHEZRLET, £/2, LE2—EEREEBEES ORI ETFONATEY,
VE2—OERAHIAEMINZZ LIZoVWTHLELSFHMEL TEY £,



I vav2 FHER : B0 b ICEEE

Foa MIER L7211 1998 25 2007 EICE LM (RiEIOFFIHLAEOWIR) T 503,
#t¥ L Masami Hasegawa #Z DIRE & bi#E —I2 L GlE 25 FEiB L 5ok 7 v
— T DEMICHELRTHFETH -T2, ORISR YR 70— 713t RA 7
Y—F—ThVET, BELLEFTRTOWREIHE2 LB LTHARDODIHE I NV—T L L
ThOLERAMICER 2BV THESFHINTZIN—TThoTz, 72& 1L, Hasegawa,
Kishino and Yano (1985) 33 & Ut Kishino and Hasegawa (1989) @ 2 2D LiZENEF NN &
FRWFZESCRR LS 2000 [EILA E S5 & T 5, SR> EN T Z OFGGHFEODIFE TR
% 8 EMfEEE S Tl A> @ Shimodaira-Hasegawa i 3L & L TAKR IR TW 5,

i3 20 FEEIChZ W D FEL I NA—TINFELEZRFLE VWO FHF LR SIhTA
HICHEREE LT o0b D H CRELENRE L&, RZA—TOEBKILT — 7 fi#ir
~EAT AN FEOMREL LUOZOFEEZEST—2 1A U T fEE 0 FER
W7 —T7 O3 FRERERRIZER Y AT L WO IR AT,

Eofth k5 RX s LAF RBRO=/La 7 BBEFLVERIZ —TORE#EIC L -
T 1984 L 1985 EITREINTHIAETIT HKKY FF 4L LTAL MBI TEY, DNA
EHELEF L E LTRLBESER SR TWS, RZAV—FI2k->T 1989 (EIZIRB &
N 7= Kishino-Hasegawa R JE X3 O Rt 2 e KIE CTHEB T 5 FikE L TR HIL AW
5TV 5, Kishino, Miyata, 3 J Of Hasegawa (2 L 5 # v /37 RKMHEE O EEIL T
2/ BEBRCHIRRAT . RIS OFEEL O THEEICHW G TV S, Adachi % th
DELTHRESINEZT0 ST ARy — MOLPHY (37 TIZZ< Do —H—2 /L T
WAHDR, FRORHOHEFIEEPTHEI L 2MozZ LLEEFLWZ L Thotz, 57
JVRIRO Tk L U TlRth o & #E  (Akaike Information Criterion) % 4y fifE{k & Rk
DOWFFEEHLFIZEA LD Hasegawa LD 7NV —FTh o7z,

i 2RS4 2~ BH by Pk & RRFOBREDOMRE ThH Z Lib, Hasegawa
MED 7NV —FOWRNR ZOFBFOIEICEGHEEZITS bDTHD Z LIV ERZZRW,
R N—TE R FRHFCRAEEEZEA LA A =T ThH o, TOEMIZHIZ>T,
[\ 7 W— 7135 (L FEF S HEHN T 7o —F 20 A5 O 2k 5 EEAL R
{Tolz, MZN—TIZAARORZ LR AZ L L THELEL XL Ok 5
EEEMAGRY TR OEELR S FHEEIN—TTHY, "mkto L > 28
"f'ﬁ'fif: &L ﬂ%@—zﬁ?‘i‘i’@fﬂ'@"‘é EN Rl I NV—FTh A, HIIZHah<7=
L 21Z, FZN—71% DNA ZBibicEE 2 EREEE7 /L (Hasegawa-Kishino-Yano €7
‘$&b%HKY%T»)%%AL FE AT DR A EME DD =9I
7‘- FARZ v 7B IO L-REEOERZER L=, ZoX 528 h3Epn%R
i< ad hoc 7 — & TG0 B CTU 7= 5% 50 B & Sm [ 70 BEGHAY SLE & FE oIS A at A%
MENDHHFA~ERIED-DITEERER AR L,

Z O TRAT AHFHIRMBICIIEEROET v CGRER FReY) AL, £hb
EE LR E R, L LEMRFIETHEICEELTWS, Y Y —E7 V2RI
B /ST A —& Ll /N7 A= NIRELTWD E WD A TRERREM TH 512 DEETF
OHEEFFiE&# A CE 2 7= DICEBEREAMERMFZR7- L Tuhvigny, £ & RIREC
NETRTOMEET MILLKHASON TV AR L MIRICE EN D, BREHEHTFE
Jerzy Neyman (1971) 32 L IZBWINT W= Z &< LDy FRadOiFFE i3 7= Je bt
R % A= 2 HH Huﬁ&:t@r&;@



Neyman J. 1971. Molecular studies of evolution: a source of novel statistical problems. Pp. 1-27 in
Gupta SS, and Yackel J, eds. Statistical decision theory and related topics. Academic Press,
New York.

2 < ORGE TOMRBLUSMM LR Z V—FIEAME bR & T4 A7 KBTS
oNOBEBELREMEIT-TE, TOFHE LTET LD ANEORMRIRA, B
N O & FNEOBR, WILE & FHERM ORI FET 26, S BIZITHEAEY
DRI & OKEITH D B F DU OB 742 ENE Eh, kEOEA OMEIZ T A m
OB OWEE A ELIEFE ICHEHN L (EREEFE2ERT D) 7T7e—FhgdEhTuni,
AR RN A 2 B X T, 2 — T 0 it e A CHBOMER O R
DAL ~DEMICHT AT RNAX y L a RV MEANEMFICERKRERERIFLTE
too RZNN—7RMRTRREND (BiGEICHD) b AT rAD NN NV—T
THHZEIODVWTIIRETE D Z L Th D,

WFFe ik I (LR e BRI ST FiE 2 @M T 5 Z M ShhFE o 72 h3, BUETITIAYY
LEZOIRFESFICISHBENR > TETEY . MIZNV—T B E X BTN TF DI
2T D FERBEBICLEATWS, RZV—To02kE L TOMRIE, AR
DR LA LWL ORA L2 S DAY FOROHOFIKICEEEZ RITL, &
IO Y U —DRYINE, EfmEBEOFAEITE L BYIOMIRIZETRATND,
RZA—TZ R sDOMEEN TOLRE Tho72iEn Y T, BER LA FF o6
HFEEABALEZ LI VRN —TORBIIII S DITAEVERHEIZEA TWD,

BREED AL IR L =W RS > FRRIZ A — TR EEOE BN & /oY v — Vil
#ARL, BEURICEL SIS TWS ZETH D, &z, RIA—TERITR
T 3 MEOFRM Y v —F ISR ZER L TN D,

FEREE

Sy —F L ARG VT 7T H— NEIZBIT S Z
a4

Science 30.93 1

Nature 29.27 2

Proc. Natl Acad. Sci. USA 10.23 3

Source: Journal Citation Reports 2005
Institute for Scientific Information, Philadelphia, PA

TOLI T Y —FNA~ADERIIZL OPWEENBVRDODTVWELEDTHD,

ZHICMZ T, RZA—F 13 EY ORI Tl b REREE N 2R 2 O
Ty —F N, Tibb Systematic Biology (£ 737 N7 727 7—1033) BLD
Molecular Biology and Evolution (A > /32 b7 7 7 % —6.23) b LEHERKLTEY,
INHOMFRIZAADR R SPFHPTIELSIHERTWA, itk LD L, Rk
LS HT LW & b0 3% < o EEBEIC LREN SR H A EH L, BEDA
RY MO ATy —T NIRRT LIS Rl e 7 v —T71F 25 ELLEI
bl tRO Y =¥ —ThH Wt T, RIZNV—TORRICIREFEZIRT O 501
FxDEWRETHEZATHD, LLETHREEEZET L, AilElOAS L E 2 —LIEO 8 4F
il 2 HIZRERNICIRGT L TA D,

rvav 2.1 WatFiE  RE L ZORED



S 7 N — T 1R OB~ LE RO, R R R L OHEE &2 WUE
TH0O0FAFFEOMB CEEARKEZ LT, FMBEZETAERNINE DT
A= EROETNELTIADONRENWEETSHY . Lich> TR D FHIEEITR
B RT A—=FLEMNEET D, FD0, I AHEE ORI FFE %R 3 5 kMo
PGGA MM T 52 N TET, HEET AT AbbRHEEDOARMENZ T 201
NEEARREE & 72 > T D, DR, Cox (I ZE DR VRR S ET V% LT 5 (Tl
HODOMIEEICOWCiHEm LN, ZhbOHEBRIES HWHLNRE Z Eidhhoiz,

2k, 7 Vv— 7@ Kishino & Hasegawa {3 1989 412 2 -2 R4 o0 b5 AL L 515 fifi ]
DFEDEFELUCIE S K-HBRFEEZEA Lz, 727 L ZOBRIEEL 3 2L LoORKE %
el A2 EREIC L@ TE A d -7, 1999 |2 Y . Shimodaira & Hasegawa (325 il
EIC ST AHE2 M Z /= S-H #RIE % 8 A L7-, Shimodaira |XFE 725 ER Y D78 \WEE
% (AU BE) AL, ZHhLOMmUIBIETIIN TFREHEEON I TIL<EH S,
BT HLOMIIZL > THHENTWS, S-HIREE AU BREITASEIO L E 2 — o5 R
PN FEE N —TICL > TREINTZHOTHI I LxHRLTEBELV, Zhb
DRIEHEDFFHO—HME L | 7 VRPIZBE U THEHF oM IABEFE TV SER %
EZHEHIE, IR OWRITHFICEWTHLERELAREMLT LD TH D,

[7] 7 — T 1L R OB ELINT b oy Tk & RO AR KRE 2 HS

L TW5b, RZA—F135FREEEE 8RS FIEEHE 7 L & fli i O R RE SIS L

RO I N—TD 1| DTHY, ZORMBUZ SO TEBE L ik eaiE% &7 >
35 (Seoetal, 2002; Hasegawa et al. 2003) , & HIZfTTIEY ) AL TO KRBT — 4

Ty FRETET RN OOHD, RINV—T TS ) LT —Fty T

A1 DEFERE O 21T > T4 Y (Nishiharaetal. 2007) . FOFEFRIIINT —H 12
v PRIV OB EEE~LRERFNENZRMEL TS,

v ray 2.2 SR R EEDRET

ZZTCREZN—T 0% L HEOEMF OB A~OIEHIZER LTRSRT 5. &
FRONGR ARV DL, R NA—7NTHEGRETCABHEIZYR— ML, #lLAE->T
el LA BRI L TH D, ZOMAERIC XY BRSO AEYFHIREIC
T BN e HEHTFEOISHNE TN TE L, /=& 21X, Hasegawa & Cao [I A TR K
0 Okada 7 /— 7 & [ TREYIT — % % SINES Db OEHIT — 2 LMlAGbE 58 L
WHEZBELTEBY, ZOFERTETETRARLOICRY 22H D, SINES (short
interspersed nuclear elements) 1%/ ARIKIZT U F DARAFRERER TH DA, D
OS5 DNA SRS ZRET D LI T E EHELARWRATHLZ L &
iR TAZEMNTED, AV A MIBET SEIKOBINEREST D LItk TA
FAZFENTXD0, FOHAYA bBTRXTOFETRHR L THLINE»EMETHZ
LATEXS, WALEOY Y — bl P3BAETHL SINESIZX > THREMNARETHY, L
1= > THOPNASNL I LT it (L7eh > THEY) 2#EETHZ LB TE S,
Bt oo Lk 27— 2 ok ke T 5 (Appl. Math, Lett. 17: 785 2004)
ez (TR EORAN T SINES EfCHT— 2 2 AR Lo THAGOE LU BIEOH
REMELTRY, FOBYTIENEZEZ TV,

Hasegawa & Hashimoto, 5 OUERIWFZEE T FZAEY O WIHIHE(L I B2 2 \iik % L C
. FOBEMNTHIRZ Sk b MR AOREZHALNITHZEThoT,
ZhOHOFERICITAEEORKIAE L | MBS 7 AOMIZXT T % RERRIENERILE D
WA S 23 L 722 BOEELH IR EERTWS (FLEE, FFiZ ToY )

(Porphyra yezoensis) 13 A ARIZ B W TR ZRRFAEENEZFF-> T D) o MR



BENBRTEHICHER T X201 Arisue, Hasegawa ¥ J U Hashimoto 73 fizilt
(2005) AR L@ LTHY, ZOPTEE LIIZHOBETIZ Hlx e BALERNT
o U CEE A R OMIRIE 2 R 2 72, Z ORISR O RFRRGERE IV
FEPBOTRETHD Z 00 bIERIZMT 5. Z ORBILER OH X 72 IR EE)
SEBELRMBETH S5, il T T AT OO 1 > THh 5,

AR, (R 7 — 71X T 4 WA OB G & BRBEONH THEEREKRA R
=L TW5h, FFIZ RNA 0 4 L A TIER ISR AR HE(L 2 2T D 7= Db OEfE & . £ O
B L TOERBOIERZEMRET D DDBIGFODET N THD, TAINADHHTRIZ NV
— TS FREFREDT- DOV 7Y > it ML Y A X OELUR A HEE B ol
HTH L ERE R LI Tl v VAR ZFIH L T AR
BRE O A VADEARN S T AEYFOBMICHES T HEELRAEMEMRAE L, &S5
Rl 7 NN—7 OIENIEYZOMOFEE L H =L TEY, ZOFTHLROLEER 1 ¢
Zx N 5O KO NEBE) Y — % NEMOB{EFOSMEZFIH L O L
L£I2¢THAARTHS,

ZHETICHEWA L BRI FE vy 7 AZMA T, FA—T DK A 3 —3%
D x TEERBRERMER 70 Py MBIl LTEY, £hbD07 oy MR
D EFD bEy s 235 FHE(LORS TIKWEIPEZ B S— L TWnab, &Y EiFsha- k
B 7 ZADEBIOHEFHKT D E NFOSRIEOW T, T 0EMmE, FHEBROMEL L
T har R THEEFRENREENDS, HTELI A — T OMBEREE SIS H T
HZEEMLNTHY, ZThABEZERTLULLLMHAEICHTERREENTE T 07 0%2F
TTW5a, IhbizonTidke MHLFEFEFRE) ots v a TRAT S, &kEIZ,
[ ZNL—TBLUFMER Lo v a—F—7 5 A% 2THH P THE - LiTE
LW EThHD, TI/BLVTOMENRTREICARD Z LICTE VRS LOREN S
-6&hb,

+2ayv 2.3 (R BFSETE B

A7 aThitBL-L 512, ISM ZA—F13tho 7 v—7 L oie |z 3 fimn
Thole, TNETOEY v arThlFfaoZ% <X ISM O#aEH o FEEiEE & A
AP L UHROMO AW FE & OLEFENLFEEEDOBYM TH S, Zh bABONIEHE E
W ST ISM b 7 v— 7 B3 oM B oFMMEE RO -0 THY | Z1r—TH
IEFITE VM ZZ T TWA Z L E2EMFIT TV A,

SNBIFFEE & O IRFL e IEFERE A )3 e b BN 22 HIEIR Vv — 7 W a2 dER R L
TRk 2 75T 5 Z & Th b, HARENTII 7 B OWF5ENT (GEREE 0T
et [aiey] 2 &) CHMEEOIENIZRAEMIIERFEF KFED WL DO RE £
N, KFELUTTHITRE, RS, Rt TERE, BEBERY GER) | Kklisz
K, BHBRE, KBXKENGEND, 20X 5% BAREANIZIIT A LFRRFIEO LG
Y AN (ZDKDODIITHFEIZ G 7z » THERE L TV 3) 1 DNA 57— OF iR
D TR EMFRIERGITORMIZOVWT LR V=T D hEBRO N TNE T &
UGN T LD TH D, [SM O FHELEMIE Z o X S5 i A ARENIZEB W CHERE -2
J—F—y TEEHLTWD,

Mo ~H ZmPNT 5 & ERIFROIIRE & W 5 S TIZAARDZSHOFHIA L v £ < fkbe
LTWa EIIEF A, KEMEY A MIEOIZEAY # RS, 7TOTHMN LD S &

PEFESFET (I8 & Kyungpook National University (#[E) & 0ILEFERH 5, BRI
Tl A Y, BEL LA 270 ORI CRENELTTONZ, =2—Y—F KT

1% Otago 35 L. U Massey K5, 38 L UMLK TIIEH 2 315 57517 T Boston K5,



California K% (Berkeley) . Michigan K#72 EREEN 5, LLENLHLN AR,

o 7 N — T DA OWIEE 9 B LRI E 2 R S 5 X 5 A sl EE AU
E{ToTC&lEWHIZ ETHY, RIFIZ ISM ORI ZA—TBWEIcsh~B ZHIT T s
WO ZETHD, LI N—TREIZMNBOBXICHER L CWEZENTAF T %
O IR ITBET HDOICEKNL>T-DTH D,

trvar 3 HHE~ORB

BB ntba~lk LS5 b A B kITEHMIIE L2 i+ 5 = &, BLOW®H Ko
MREEEBERT DL THD, TRETICHLIHEBMLEZEBY . ZOFEKIZENTY
[Al 7 N— TR A~OREBKIC K E R 2D TW D, BRSO LT, 4
BF DR DR FHESC MR RICE AR 2O 5 L LEETH L, ML
— 73 EE LTI FER & R Z 5 B OS2 EOFRICE S 2 BT
feds, EHEOMmcR L THAEMKL TETWns,

Afa O GBIz BV TH, Hasegawa #URIZAEMFEO R 5B OMEHE 2+ X% L+ 5

2o BAGEOFEF (GE3) 2 LFEL TV AICEBEIR E L T K CEHDORFELTT
5 TWD, ZIIEMZ T, BRAIR 7 — IR LT A 25— 8 B AR B2

iz b o>TWdH, S HIT, Hasegawa #7113 Z OWIR Iz — e K 4 5t G & 2 3k & {i]
BIAT TV D, EFHNEEZ EIRE T AT OME 2 E 2 57 51F, Hikothe

EE WIBERTHLRIZNAN—TIIENRTRREE T LI N T 5,

tr7var 4 REROBRK

ZOt7 v a TR LSRG ORI ERIZNE OERR 2RS4 Af5H L
RERBEIZOWTHEHERET S, BAOFARITHREONBETIEE LTRIZAV—TD
WFEIEBNOFEM CH DM, R TN —T B REFEEEF IR L TOAERICW HEMhER
TEHDOLEWRDOSHDL L THDHEEZERD, BADODRHEZA, FxRTFHLEIZL I
ZRHDORKERRAENR IV —TOFEEEZENL TV ARWE S I2Bbh b, ISM 4 k2
N—TIIEIRNTHLEZ b, AAOKEREFIIZDIN—TNEHU, 5
DFOEMEL LTRAT 22 TH5H, 6 AUDICHEEZHM LA L e a—FR
B0 3 /DAL= TRE L7z PhD BEBRA~OB N2 %ML L x DE 2%
BIZHBE R bDIZ Lz, BREWFRERFERKFZOBRSITELELAETIIH S, ISM AL
NEL DRZEREZZITAND Z DM EEND,

¥7varv 5 FROER~ODREBLUVHE

TZFETEAIS L7 NV—TOREDOPFRICOWVTHH L TEN, Fhlomz T
ZOHEBLIZZN—TRERICB T LY KELREE N A2 CX Bz T
M TBLLDLERDHLZ L THHEEZEZD, RMIEELEVOIRFEHPa v Ea
— I —REPCET IR 2B CBET ILERHLLETHY, Ry ) AF—
FIEERIELTEY, 4% LIBELETS EEbNS, ZoPCHLICHRYTHED
IRRIZEET T ) AT — 2 Thd, HETOHEANZE-TH 7 2 DNA EIVIO TR X
IR LI 2DIXIRIEMETH S, kD X 57 Z 05 —# 2 BED WP
IS ODT 5 ICIIA B L UG R G EOE R LGB A VA THY . ZhbOHBIC
(WA L oA S bR T R 6w,



(1) S TEWF e oEcERE, Hex BB, BEO 7 V—7 130 itk
DERBNZES LR OS5BH~OH L Ot HEDIGH &0 ) S TladTHRATH D,

L L, EELWAYBHTHLINS TEWT (EWE@RFEO—) Lok )R
T+ RBhRbh Twin e Bbh s, REZHFICHTTo a2 Ea—
& —7 1T AN Adachi & Hasegawa (MolPhy /%7 —27) |2k » THR S TERAG &
hTWBH, ZOHFEORICHRES FEYE~DEANR IV Ea—F—RFEOR TR
HIcEE Y oohd Z LEEETHE., SRR 2 € — 4 —F5FEHE & OMifs
PEICT AL TH L L EZ D, RAES (combined ‘alignment’) X°Rife lHEE 72
Y OSEARREWBENGFET S 00, RZAV—TIZEARO I /B a—F—F%F
FENRZNLOBEENEBATRY B E LTH#ETE S L Ebhs, 2o
AV Ea— 4 —BEERRZHARED 1 DI 6OMBEERFMIZIEZ LD ETE
EORETHD, RIZNA—THBHEEFEATIZR L TV AHENEELX RTL THARD =
U a— 2 —FEEII o OMEE T AT ZAOREE LTENY Tk #HEto
ML LTI 5DICHSTH L Bbhb,

(2) AL L IRGR OWFZE 2 X 0 8 A,

Shimodaira {81 (& 5 3B EICEIT 5 Kishino BdE) O X 5 BRIt F& OFED
R Z N—7 OO KX BT L - TE -, FRICBWT RN REFHAIETE DS LA
ThY . WETEESEIZOWTHL ZOEENEFICEETHDHEER2 D, TOBR, kK
DHHFEIZT — 2T O =— X3 s LT b O TRIFTIER G 2N D S ICHEB S E
ThbD, BEHFECET AMERKRIBIZT — 7 o =— X Gl 2 Z2 5597
BEME L EET B2, Z 0L 5 o eI 2T bn, ok s
1795 1 DoOwfes e LT, Shimodaira £ A3HE 3 2 fiat FHI O KFPe AN 47 F
ML T — 2 AT O EEEEMC AL ARMBICER Y HFEED 2 ERFLbND,

s ayv 5.1 il 3]

MEBLSIN T T N—TDilE 25 FIlblstENLRERBELZ T, KF
b= FN—TF Y —F—%h b Hasegawa FUZSRE SN DIH2D . ISM 2
ZOREDOLSE TR L TIHRD Y — 4 — L L THI{L 2 RS- E 2 S8 Tz
Pl b Z x5, 20, YZEALEIUTOMBRELZRD LD, Zhbood
HREEMRR N —TRBOI-OILHESTH L EF->TW 5,

| DT IKREN e 2 YT S 8- IR R 2 {Em T 5, Z OFEEILEER
N iTbhabD &4 5,

WEBSII S NN— TR BEHTAOOENERT CICFET S EE 2, LN
FFEAERL, poa—HY—ala=T4O=—XZFIELEHLOES GHR
LIEKRAET % DNA BB —# oW b) 20 ANS < T 572010800 O/ E K
ZEHTONZYEEE 2D, FORDICITMERFEFEREZTRICRDL, Z—T72
KE PRI LD TCEBIIRY —F—PRELEX D, ZORAICHES
BT ARANERIEZE L L BAAGFETEZTHA I, FHlE LT ZOFEEREEIC
L LN TEEBMWICITbRA X ThDH EE 2D, WIMIEET S B ARAEE IS
YA ELAMETHAN, (LANRARKEANLRINIZHEETHoTHH LWL
—7F 4 Ly — I ERENREEORBERIEINTZ LW EEE 5D IR DT
HhhHI,

3 7 N—T OBERIE A IR L. SEHE R~/ E 2R L) b RE T D,



B LWDARST L X W IRWEPR DY U — & & 7 )V A PRET 5 7o Ot B D G ERIRE ) 4

P

3.

RELT D, ZOfRMPEINLITRICOVTEIOREIvay (B7¥a b) ©
WAMTHMBALTEW:, M >5—4Ey A ETETERIELL TS,
ETFIABINART A—F 2Bt T 2 ONRZ YR EL THWD - 22X AW
FIEREZ IV AL ORES I D, MR EITS £ TE > ZRBAZRBVNTTEY
FOHPIIIBIEFO EDY A MBIEDOFKONREZDZONEVHIBBLEERLTY
Lo ZTHICINA T, =228 EN 58N ME S 7 L2 HRITE 5 ERMEL K
XL o TETWS, ZhIZEY ., FlAEBIEFAORE SRS L A Y Ofil#H %% T
s U CHIR A e S A M~ BRI h 200 LV ERT- HIETHIETE 5 X
Izt B,

T 74 hnva—H—f o2 —T A2 (GU) ORBREFO TS F7~—%7

N—TICED 5,

MIN—ThbRBE, FN—TOFELLMEENRY 7 b7 (GUI) OEERSTZ

4.

v k7 4 — AMELFEO 720y (Windows, Unix, Linux, MacOSX DWW THEH T
5) T7ZVr—vavRREE VI BMRIEREDI-OIZRICEZ KRR ZHE L T\ 5,
TOLIREEZEFNARPENELRLOTHY, ZOXIREXEEZFEM T s F~—
AR CHFFEE D Rt 22 0t ill, E7 —4F &y FTOREEIZIRY MiT Hih
LM EMMT AONRNEEZD, “OHAIX 2 FLLALMIEKRELTEY, 4
BT n s 7=—1ETelotFE2z IR T I LT TE RN,

I N—T ORFFEFEIE 2 LK L CHREHIAEDIT R LE b EaET 5,

BE RN LY SERICITESIND X 5122510 fEvy, X0 @R IREHRHT O LA

-
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