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I have known Dr. Yamamori personally since 2012, and more recently I have provided materials
to his laboratory (newhborn macaque brains), in the early stages of what I hope will become a
collaborative project. However, | have followed the scientific contributions of the Yamamori
laboratory for many years prior to this, in particular the studies of selective gene expression in
different areas of the primate brain, This is the aspect of his work that T feel most qualified to

comment upon.

Dr. Yamamori's work on gene expression in the primate brain represents a truly innovative
research program, which I regard as world-leading in every aspect. Although it may make intuitive
sense to expect that different areas of the cortex show different gene expression patterns, some of
the world’s leading experts had different opinions about this issue until a decade ago. Some argued
that the functional differences in the adult primate brain (which is much larger, than rodent brains,
particularly in evolutionarily “new™ areas of the association cortex) would most likely be based on
slight guantitative wvariations of gene expression, with function being defined primarily by
neuroanatomical inputs. It was thus very important when the Yamamori laboratory that showed
clear-cut gene expression differences exist, even in fully adult primates, and that many of these
were not simply reflection of levels of activity. This has shaped currently thinking about what
exactly is a cortical area, and how these are formed and maintained throughout life. This series of
studies has already had deep impact, but it is important to realize that this is likely to be only the
beginning. I expect that expansion of this line of study, in coming years, will reveal many new
principles about how complex brains, such as those of monkeys, are organized and how they

function.

The study of primate gene expression patterns has also resulted in an elegant serics of papers that
elucidate how some gene products are expressed depending on levels of activity, in visual cortex.
This is pioneering work, which is now being followed up by at least 2 other international
laboratories that [ am aware of. Another highlight is the study published in Nature, in which the
relationship between gene expression patterns and a functional measure that is highly relevant for
primates (hand dexterity) is clarified.

I note from the documents provided that Dr. Yamamori has also been involved in other lines of
research, including immediate early gene expression for functional mapping in rodents, and
development of methods for study of motor behavior. Although I don't feel qualified to comment
on those in detail this demonstrates the sustained capacity to pursue different lines of investigation
to a productive outcome.

Dr. Yamamori has published 41 original research papers in 10 years, which is high productivity in
the field of systems neuroscience. In the materials provided [ found many publications in
prestigious journals, such as Cerebral Cortex (10 papers), Journal of Neuroscience, Proceedings of



the National Academy of Sciences, and Nature. This is productivity that matches that of the best
groups in the world working on primate cortex.

In summary, [ think Dr. Yamamori has just completed a very suceessful 10 year term, at the NIBB.
Review of the documents provided did not raise any specific issues of concern, and in fact has
grown my admiration for a great scientist.
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The human brain is often referred to as the “final frontier” in science. Dr. Yamamori is one of a
few Japanese molecular geneticists who have been directly aiming at this frontier since early
1990s. In my opinion, a major part of his current studies stems from his experience at RIKEN
working in the provocative, interactive, and multi-disciplinary research environment created by Dr,
Masao Ito, a renowned neurophysiologist who discovered synaptic long-term depression (LTD)
involved in motor learning. There, Dr. Yamamori was using c¢-fos in-situ-hybridization (ISH) to
detect neuronal activation during LTD in rodent cerebellum. He also had chances to interact with
neurophysiologists and psychologists sticking electrodes into various areas of monkey brains to
record neuronal activities while the animals were seeing various objects or performing various
tasks.



After he moved to NIBB and established his own group, Dr. Yamamori mainly focused on three
subjects: (1) genes selectively expressed in certain areas in the primate brain, (2) identification of
neural structures based on immediate early gene (IEG) expression, and (3) developing new
behavioral or learming tests that would shed new lights on brain functions. In many instances,
multiple subjects are dealt in a single paper, and a single subject is examined from multiple aspects
in a series of papers. In the present term (2004-2014), Dr. Yamamori published 41 original papers,
and in more than two thirds of them (28), he was the last author, indicating his active contributions.
His team sustained its productivity for the past 10 years, publishing 3-5 solid papers per year
constantly. It is remarkable that within this term, Dr. Yamamori served as Vice Director-General of
NIBB (2008-2013) and as Representative of a large MEXT grant [Grant-in-Aid for Scientific
Research on Innovative Areas “Neural diversity and ncecortical organization™] (2010-2014),
which must have made him bear heavy administrative duties.

Here [ summarize, and give my own comments on, Dr. Yamamori's scientific achievement in each
subject:

(1) Genes selectively expressed in VI or association area in primate neocortex — The team
initially used a technique called “differential display (DD)” and later “restriction landmark ¢cDNA
scanning (RLCS)” to find genes selectively expressed in the primary visual cortex (V1) or
association cortex in Macaque cerebrum. The choice of these two cortical areas reflects Dr.
Yamamori's interest in the mechanism of information processing in the brain, since V1 is the area
where visual input first enters the cercbrum, while the association cortex is the place where
information processing of higher order (such as association) takes place. The choice of Macague
as a model animal, in spite of anticipated technical difficulties, reflects his strong determination to
use materials as close as possible to the human brain. The techniques of gene detection employed
must have been rather ambitious and challenging ones, since it was the time before
high-throughput, genome-wide gene expression analyses [such as c¢DNA microarray and
RNA-seq] became available. Despite such high hurdles, his group succeeded in identifying two
sets of genes selectively expressed in V1 or association area. Occl, abundant in V1, was the first
gene identified by DD and characterized in detail in previous term. In the present term
(2004-2014), they moved on to characterize several additional genes from each set. Based on their
studies, Dr. Yamamori proposed that the Wl-selective genes [most of which show
activity-dependent expression in Macaque brain but not in rodent brain] might have evolved
during the course of primate evolution to regulate visual inputs for clearer vision, while the
association-ares-selective genes might be involved in dendritic arborization known to be abundant
in association cortex. They also identified a methyl-binding-domain-containing protein, MBD4, as
a factor involved in the regulation of some association-area-selective genes. Hence, the studies on
this subject, starting from gene screening, has advanced to the point where one can discuss the
functions, evolution, and regulation of the genes identified.

(2) Identification of neural structures by IEG mapping — The second series of studies have been
performed in collaboration with Dr. Yoshio Sakurai, a behavioral psychologist with
neurophysiological expertise. In certain behavioral tasks, concurrent, multi-modal stimulations
(e.g., light and sound) may provoke enhanced or faster response than single-modality stimulation



(e.g., light or sound alone), which is called “multisensory enhancement”. Dr. Yamamon’s group
developed a new image analysis technique called Cortical Box Method to standardize, display, and
analyze the intensity of ISH signals from multiple rat brain samples. They also improved the
apparatus for an audiovisual discrimination (AVD) task to make the measurements more reliable.
These technical innovations allowed them to find possible involvement of two brain areas, V2L
and SC, in multisensory enhancement during the AVD task, which was supported by

pharmacological ablation as well.

ISH was applied not only for IEG (mainly c-fos) but also for cortical-layer-specific markers and
successfully used to demonstrate ocular dominance columns in primate {(macague and marmoset)
brains. Dr. Yamamori’s expertise in ISH and his interest in technical innovations as well as in the
mechanism of modulations of neural activities culminated in these recent studies.

(3) Development of a new maotor learning tests — The third project was performed in collaboration
with his former staff, Dr. Takashi Kitsukawa, and his ex-boss at MIT, Dr. Ann Graybiel. The
standard behavioral test to assess motor coordination in rodents has been rotarod test, which is
aversive in nature, since unsuccessful animals slip off the rotating rod. Kitsukawa et al. developed
a new wheel running system in which mice are allowed to run pegs whose arrangement can be
changed. If mice could run such altered wheel successtully, they can drink water from the spout in
front of it. This reward-driven task can be complementary to the rotatod test, and in fact, they
could demonstrate the difference in performance between certain mutant mice, which could not be
discriminated by the conventional rotarod test. I suspect that this task requires motor leaming, just
as bicycle riding, and therefore of great potential value in future studies in this field.

In conclusion, I find Dr. Yamamori’s works outstanding in their originality, persistence, and steady
progression. Particularly in the present term, despite the heavy administrative duties, the projects
initiated some 20 years ago out of his strong foresights now began to flourish and to bear fruits.
His successes in well-focused, multidisciplinary collaborations, in developing new experimental
systems when needed, and in training excellent young collaborators/students should also be noted.
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Summary by the Director General of NIBB

Professor Tetsuo Yamamori became a professor of the Division of Brain Biology
of the NIBB in 1994 and has conducted research and education centering on
the area-specific gene expression in the primate brain cortex. Professor
Yamamori led to an outstanding progress in the field of brain science by
showing evidently the presence of genes expressed area specifically in the
brain cortex. He continued his work during the present ten-year evaluation
period from April 2005 to March 2015, further characterizing these genes to
analyze their function, and thus has played a leading role in his research field.
The outcome of these work was published as more than forty original papers
and was evaluated by the three referees to bear high academic value. During

this period, Professor Yamamori also greatly contributed for academic society



by leading the "Neural Diversity and Neocortical Organization" project of the
Grant-in-Aid for Scientific Research on Innovative Area as the Area Director or
by being a member of the Strategic Research Program for Brain Sciences
(SRPBS) promoted by the MEXT in aiming the realization of the "brain science
contributing the society”. He has been dedicated to training voung researchers
as the professor of the SOKENDAI in the field of education, and also
contributed to the management of the NIBB as a Senior Scientist or as the
Vice-Director. These contributions in education and institutional management
were also highly evaluated. Professor Yamamori retired from NIBB at the end
of March 2015 and was decorated as a professor emeritus of the NIBB and the
SOKENDAI. Although he now continues his scientific work at the RIKEN and
cannot make a response to this evaluation result as a professor of the NIBB, I
would like to record here that he received a high evaluation, to thank him for
his contributions during long period and to wish him much success in the

future.



Summary of research accomplishments in the last 10 years (2004-2014)

Tetsuo Yamamori
Brain Biology, National Institute for Basic Biology

During my second term (2004-2014) in this institute, my colleagues and I focused on the
characterization of the genes selectively expressed in particular areas in the primate
neocortex, which was a continuation of our work in my first term (1994-2003). We first
identified two groups of genes, namely V1-selective and association-area-selective genes.
We then determined the functions of two V1-selective genes in macaque V1. We further
classified the mechanism that regulates the association-area selective genes, that is,
methylation of the promoter and MBD4 (methyl binding protein) regulates the
transeription. We also eontinued our work in my first term to identify neural structures
on the basis of immediate early gene (IEG) expression and to examine motor
coordination using the wheel running system that we developed.

1. Genes Selectively Expressed in the Primate Neocortex' Their Expression Pattern,
Function and Regulation

When I moved from the Frontier Research System (the predecessor of the current BSI)
in RIKEN, where | worked on cerebellar LTD with Dr. Maso Ito, to NIBB in Okazak: in
1994, having a new laboratory, I wanted to conduct a new project. I started to search for
genes specifically expressed in the neocortical areas in primates. The idea was simple,
and many groups tried essentially the same approach with rodents in the 1990s. For
rodents, retrospectively speaking, no group was able to find the genes specifically
expressed in a particular neocortical area until recently. This was clearly mentioned in
Dr. O'Leary's review in 2002 (Nakagawa & O'Leary, 2002). I thought that the situation
might be different in the primate neocortex because it has more expanded and more
evolved areas than the mouse neocortex. By searching for area-specific genes by the
differential display method, we found the first clearly area-selective gene in 2001. It is
selectively expressed in the primary visual cortex (V1) and we named it OCCI (pecipital
1, Tochitani et al. 2001), which has recently been termed as FSTLI. We identified several
characteristic features of OCCI/FSTLI expression in the primate cortex. (1) It is
selectively expressed in the primary sensory areas, particularly high in the primary
visual cortex (V1) (Tochitani et al., 2001). (2) The expression is enhanced after birth up to
three months (Tochitani et al., 2003). (3) The expression is activity-dependent in adult
V1, which was confirmed by the monocular injection of TTX (Tochitani et al., 2001).

During my second term (2004-2014), by the differential display method, we identified
another gene, RBP4 (retinol binding protein), which is selectively expressed in the
association areas (Komatsu et al., 2005). We then expanded the search for macaque
area-selective genes by using the restriction landmark ¢DNA scanning (RLCS) method
for large-scale screening. We identified only a limited number of genes showing highly
area-selective expression and carefully studied the expression pattern of each of these
genes. We published a series of papers, mainly in Cerebral Cortex, on the genes that



showed selective expressions in particular areas, Among these genes, the HTRIE,
HTRZA, Testican-1, Tetsican-2 and SEMA7A genes are selectively expressed in V1
(Takahata et al., 2009, : Watakabe et al., 2009; Komatsu et al., 2013), whereas the
PNMAS and SLITI genes are selectively expressed in association areas (Takaji et al.,
2009; Sasaki et al., 2010). These genes showed similar expression patterns within each
of their groups (but the RBP4 and PNMAS genes are expressed in layers 2, 4, 5 and 6
whereas SLITT is most highly expressed in layer 4 as well as in layers 2 and 3), which
suggest that there are common mechanisms that control their expressions, and this was
indeed confirmed later by Hata et al. (2013).

By studying the function of the V1-selectively expressed genes in collaboration with Dr.
Hiromichi Sato (Osaka University), we found that HTR1B, which is reported to be
localized at presynaptic sites, to contribute increasing signal to noise ratio whereas
HTR2A, which is reported to be mostly localized at post-synaptic sites, to compensate for
its gain and loss activity caused by HTR1B, functioning as a gain controller (Watakabe
et al. 2009). The function of OCC1/FSTL] has not been known for over 10 years since we
reported its selective expression in V1 in 2001, Li et al. (2011) have reported that Fstll is
specifically bound to the a subunit of Na, K, ATPase (NKA) and is highly expressed in
rodent DRG. Fstll is transported to axon termini in an activity-dependent manner and
increases Na influx and thereby negatively controls Ca-dependent transmission in DRG
excitatory neurons. | presume that the same functions cccur in primate V1 as that in
rodent DRG. However, one clear difference in the expression pattern between mice and
macague monkeys we found is that the expression is activity-dependent in the primary
visual cortex in macaque monkeys but not in mice (Takahata et al., 2008), which
suggests that the activity-dependent expression of Vl-selective genes (OCCI/FSTLI,
HTRIB, and HTE2A) has evolved during the course of primate evolution to regulate
vigual inputs for clearer vision. The function of the association area-selective genes has
not been determined yet, although 1 presume that they function in
association-area-enriched dendritic arborization as suggested by Elston et al. (1999). We
consider that the association-area-selective expression of SLIT7, which controls
dendritic arborization in the mouse cortex (Whitford et al., 2002), supports this
hypothesis. 1 summarized these findings in a review published in Progress in
Neurobiology (Yamamori, 2011, Review).

We have studied the molecular mechanisms that control the characteristic expression
pattern of area-selective genes and have recently published a paper on our study that
demonstrated the hyvpo- and hypermethylation of the promoter region of the V1- and
association-area-selective genes, respectively. Furthermore, we demonstrated that
MBD4, one of the methyl-binding-domain-containing proteins, regulates the
association-area-selective genes (RBP4 and PNMAS genes) in vitre and in vive (Hata et
al,, 2013). The existence of a regulatory mechanism demonstrates the evolution and
functional significance of the area-selective expression of genes in the primate neocortex.



2. Identification of Neural Structures based on IEG expression

One approach that 1 have explored has been the use of gene expression as a marker
for tracing the informational pathway under certain behavioral and stimulus conditions.
There are advantages in using IEG expression for tracing neuronal pathways, By
sectioning the entire brain, it is possible to identify all the areas showing activated c-Fos
expression (c-Fos mapping). It is also possible to identify specific cell types in which
¢-Fos expression is activated, Although the IEG mapping technique is limited in terms of
temporal resolution, it has the above-mentioned advantages in terms of spatial
resolution. Therefore, we explored the behavioral and stimulus paradigms for rodents
and primates.

In collaboration with Dr. Yoshio Sakurai (Kyoto University), we examined c-Fos
expression in rats during an audiovisual discrimination (AVD) tagk. From ¢-Fos mapping
and the AVD task results, we concluded that only the excitatory neurons in the
task-relevant primary sensory cortex (for example, the primary auditory cortex) showed
significantly enhanced ¢-Fos expression in the auditory task compared with the visual
task (Sakata et al., 2002). Although the stimuli enhance c-Fos expression in inhibitory
interneurons (parvalbumin-, somatostatin-, and calretinin-positive neurons), no
task-dependent enhancement was observed in these interneurons, which suggests their
transient or nonsustained roles. In the original AVD task, the sound source was in the
upper part within a shield box and the lights were set on the left and right sides. In my
second term in NIBB, we developed a new behavioral paradigm to improve our method
by setting the light and sound sources in the same position (left or right). We detected
the movements of nose poking and withdrawal from a central hole to a hole on either the
left or right side. Our modified method was useful for measuring reaction times
accurately (Sakata et al., 2004). To further explore the informational pathway in the
brain by multisensory enhancement in combination with ¢-Fos mapping, we developed
the cortical box method for rats (Hirokawa et al., 2008), with which we were ahle to
accurately quantify the expression level of c-Fos in the rat neocortex. We found the
specific enhancement of c-Fos expression in the lateral secondary visual cortex (V2L).
The inactivation of V2L by muscimol selectively diminished the multisensory
enhancement but not the unisensory reaction (Hirokawa et al, 2008). Using our
improved AVD task, we further demonstrated that multisensory information modulates
competition among superior colliculus (SC) neurons resulting in faster responses. A large
population of SC neurons showed direction-selective activity before the onset of
movement irrespective of the stimulation modality (visual or auditory). We analyzed
trial-by-trial correlation and found that the premovement activity of many SC neurons
increased with reaction speed for the contraversive movement. In contrast, the
premovement activity of another population of neurons decreased with increasing
reaction speed for the ipsiversive movement. The premovement activity of a population
of neurons for the contraversive movement was increased by the simultaneous visual
and auditory stimuli. On the other hand, the premovement activity of another



population of neurons for the ipsiversive movement was decreased. We confirmed that
the unilateral inactivation of SC neurons using muscimol caused longer reaction times
for contraversive movements but shorter reaction times for ipsiversive movements.
Therefore, the difference in activity between the SC hemispheres presumably regulates
the reaction speed of motor responses. From these observations, we suggest that
multisensory information enlarges the activity difference and causes faster responses

(Hirokawa et al., 2011).

Our approach to finding an activity-dependent neural structure in the cortex on the
basis of IEG expression was [urther extended to finding such a structure in the primate
neocortex. We identified a new structure in the macaque ocular dominance column after
brief monocular deprivation (Takahata et al., 2009). We also for the first time confirmed
the presence of the ocular dominance column throughout the layers in marmosets, a
species of New World monkey (Nakagami et al., 2013).

3. Wheel Running System for Studies on Motor Coordination

During my first term in NIBB, my colleagues and | developed a wheel running system
in which mice were allowed to run pegs whose arrangements can be varied. The wheel
starts to rotate and the mouse in the wheel is forced to adjust its limb movement to be
able to drink water from the spout in front of it, Dr. Takashi Kitsukawa was the main
person who developed the system as an assistant professor in my laboratory. Dr.
Kitsukawa continued to work on this work in the laboratory of Prof. Ann Graybiel (MIT)
and then in Osaka University, where he is currently appointed as an associate professor.
I have continued the collaborative work with him to the present day. We reported the
development of the apparatus and how it can be used to monitor mouse motor
coordination on spatial and temporal orders during four-limb movements (Kitsukawa et
al. 2011). We also applied this system to the analysis of motor impairment in D1IR KO
and DZR KO mice. Using rota-rod tasks, which are most often used for analyzing motor
ability in mice, we were unable to clearly distinguish differences in the motor learning
ability between D1R KO and D2R KO mice. However, Toru Nakamura (2014) was able to
clearly differentiate their motor learning abilities in the order of D1R KO<D2R KO<WT
mice using the wheel running svstem. The rota-rod tasks are aversive tasks, in which
mice are afraid of falling down, whereas in the wheel running system, the mice are
motivated to run on the pegs in the wheel to drink water and is thus a reward-driven
task. Therefore, | consider that with the combination of rota-rod tasks and the wheel
running system, we have tools that enable the study of a greater variety of motor
abilities in mice, and our wheel running system will greatly contribute to such study.
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