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The RopGEF KARAPPO is essential for the initiation of vegetative reproduction
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Directional cell division in Arabidopsis is ensured by the production of -
sitosterol at the division plane

Ayaka Fuwal, Kazuo Ebine?3, Takashi Ueda?3, and Daisaku Ohta!
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We aim to understand the role of polricin the facial development
in the endodermal aspect by using the zebrafish model in this
project. To investigate the endoderm development, the available of
the fluoresce transgenic line is important. Thanks for the
collaboration, Prof. Takada group could provide us the transgenic
line for the necessary studies. We have visited the NIBB for two
times in the past year and had fruitful discussion with the group.
In the coming year, we will perform the gene knockdown in the
transgenic line to observe the possible changes of the endoderm
development and localization in the facial structure. Furthermore,
the line will be crossed with our polric mutant line to generate the
experimental model for various functional studies. We will work
with the NIBB group closely to share the data and obtain the
advice for further research directions.

UMW ® e
FOTIE

A review paper with the funding acknowledgement is now under
revision, and 1s expected to be published in the year 2020. In
addition, we are working on the research parts of the studies. We

expect to have one to two research papers during 2021-2022.
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Gastrointestinal Neurons Expressing HCN4 Regulate Retrograde
Peristalsis. Fujii K, Nakajo K, Egashira Y, Yamamoto Y, Kitada K,

Taniguchi K, Kawai M, Tomiyama H, Kawakami K, Uchiyama K,
Ono F. Cell Rep. 2020 Mar 3;30(9):2879-2888
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{i/&E : Biological significance of Androgen receptor gene duplication for the
sex characteristics development in medaka

i 8 : The effects of Androgen receptor gene duplication on the

evolution of androgen signaling pathway
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We found that the transient induction of DNA strand breaks in the moss Physcomitrella
patens can trigger the reprogramming of differentiated leaf cells into stem cells without cell death.
This DNA strand break-induced reprogramming required the DNA damage sensor ATR kinase,
but not ATM kinase, together with STEMIN1 and closely related proteins. Our findings indicate
that DNA strand breaks, which are usually considered to pose a severe threat to cells, trigger
cellular reprogramming towards stem cells via the activity of ATR and STEMINSs. It will be
interesting to investigate whether DNA strand breaks play a positive role in reprogramming in

other organisms and whether natural stresses induce reprogramming in the absence of wounding.
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Nan Gu#, Yosuke Tamada#, Akihiro Imai, Gergo Palfalvi, Yukiko Kabeya, Shuji
Shigenobu, Masaki Ishikawa, Karel J. Angelis, Chunli Chen*, and Mitsuyasu Hasebe*. DNA
damage triggers reprogramming of differentiated cells to stem cells in Physcomitrella. Nature
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7. Outline of research results and future prospects®

There are two ApoD gene clusters located on two chromosomes in medaka.
One cluster (cluster I) includes copy Al which is highly expressed in the skin in adult
stage; copy B2a and B2b which are highly expressed in gonad tissues. The other
cluster (cluster II) includes three tandem duplicated genes, copy A2a, A2b and A2c,
which are highly specifically expressed in gills in adult stage. The expression patterns
of the three duplicated genes in gills in cluster II were further confirmed by in situ
hybridization (learned from Dr. Hashimoto in Nagoya University, recommended by
Prof. Naruse).

To investigate the function of ApoD genes, we designed two circoRNAs to
delete the whole gene region. Considering about the expression redundancy of the
three ApoDs (A2a, A2b and A2c¢) in cluster II, we designed circoRNAs to delete the
whole cluster. To get the KO FO fish to the largest extent, we added tracerRNA into
our injection system so that we can easily judge whether the injection into the animal
pole is successful by tracking the fluroscence under the fluroscent microscopy 1-2

hours after injection.

We first test whether the KO efficiency of the designed circoRNAs is high
enough. To do this, we did pre-experiments for each pair of ciroRNAs. DNA of
randomly picked injected embryos (2 days after fertilization) (8 embryos in total) and
the control embryos (8 embryos in total) were extracted, respectively. PCR primers
crossing target regions were designed, i.e. for KO single gene/cluster is ca. 500bp, for
wild-type single gene is ca. 1kb, and for wild-type gene cluster is ca. 10kb). The KO
efficiency of all these four pairs of designed circoRNAs are high enough (60% to 90%).

We then successfully built all the four KO lines of ApoD genes/clusters in
medaka. The FO embryos were raised to larval stage and the trace DNA at the larval
stage were extracted. PCR amplification were performed to confirm the KO in the FO
founder using the same system as we mentioned above. Luckily, we got KO FO mating
pairs for each KO ApoD gene/cluster, so that we can get homozygous KO fish by
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crossing males and females successfully. Sanger sequencing were further performed
to confirm the KO of the target region.

With these KO fish lines, we can go further phenotyping to see whether the
interruption of ApoD genes/cluster affect normal development. Firstly, we will focus
on the target highly expressed tissues, including skin, gonad tissues (ovary and testis),
eyes and gills, especially at the adult stage (based on previous RNAseq analyses). We
will first do hematoxylin-eosin (HE) staining on the target tissues to see whether
there are detectable changes at the tissue level. Then, we will compare expression
profiles of tissues between mutant line and wild-type line to find affected genes. This
will also give a clue about the mutant changes at the molecular level. Then we will
use antibodies of the corresponding tissues and cells, as well as design in situ probes
to see whether there are changes at the cell level between mutant and wild-type lines.
If we find mutant phenotypes, we can further focus on the mechanism of

neofunctionalization and subfunctionalization of ApoD gene clusters in the future.

Based on previous bioinformatics evolutionary analyses, we predict that
ApoD genes are important during evolution, so that might affect the development of
corresponding tissues very likely. Even we could not find any detectable mutant
phenotypes at the end, this is also a good scientific result which investigate the
function of ApoD gene clusters for the first time. Besides, studying the mechanism
driving the highly specific expression patterns of ApoD genes and why they are kept
in clusters are also interesting. The project here thus makes a very good practice for
further collaboration.

8. Publications or publication plan*
Related publication (background):
1. Langyu Gu* and Canwei Xia, Cluster expansion of apolipoprotein D (ApoD)
genes in teleost fishes. 2019. BMC Evolutionary Biology. 19(1):9.
Publication plan:
1. Langyu Gu*, Kiyoshi Naruse*, First functional investigation of ApoD gene
clusters in medaka. In preparation.

9. Remarks, if necessary

*Concisely describe contents that will be opened in the NIBB web page.
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T OEEERILA S 2T A OEHZ BRI, HAFEEZHAWTS
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DFER - BRDB BTl BT DREEICETT 5 TETH D,

W TR A TE £
FEOTIE

BN N T AT VT =05 ) DDOT — 2255 T L.,
NFZUART VT b= DT—HIZOWTITAEBZEN T — % &
BT, 7/ AT & IXENENBIOFmR L EZHE L, WEEHITIE
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Z7A4 77U &, HiSeq2500(I11lumina) % AV 7= RNA-seq @ F2 HEFEIZ DUV T D
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AAFEFEO BHEIX, 8 B AEICRHER 2 &Mk & LTRSS
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(LCM) 2T Ve iz g L, it —r = —%2 iz b
TR YT b= EAT O, WEREORMMETOR R E =T T,
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)Y LI R 72 16 pm RO IO A TIXZE Lg > 72h3, 20 um
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N, LCM A T VU AT A RHZ A0 1) TR C
HistoGene |2 X240 %247 ) TRREZMNT D Z LN T 7=, Hilih HE
NTCEEZEEZITT, LCMIZ X D Ve fE OV HH L E T 27
U7 h—Affifraid L o & Lz, MES D ant v 4L ARG
O HIEBE R OB LT, EMREEWFEEIT CO LCM IZ L H1E¥%
1795 Z LM TE RN o7z, 2020 4 1Ak TOHLFEMEL B TE T
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INETIC, NERREI VAR OKMT b7 ZA&ERL L., Ve ik
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WZRIE L. TS DGR/ E — 2 ffiffr+ 5 2 & THE LD MR,
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FREIZR GRS & B 2 B, FIRIZHE D ITENRINO X & U CHERET 2 7]
BEMEDN® D, [T ST BE RS D B2 A0 70 B E TR L I
BOITERRIICEN H VX, CORRGE O TR DA D W
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EHHIHBEAEZ OV T, B LESDERIEOEMFHIER R
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EBIZZ DEEIZB N TR OEEE BT L2 RH L, ZET
TEBEND~A 27 BRNAN T AT I v Z IR A HE 35 2 & %2
LT LT, sl aF LD 2020 4E 3 Ao L7,

ONAIEANFEDS ) MEH L TT N~ AR & Ol ) 2
fitT

~ ARHEY) LR TH 0 8 D EREE A LRV E A AER
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PUF OfifdT 2 . IR — 72 o —NextSeq550 & HTIT 9,

A1l B AV U T2 TiE, b L= 294 2 & UIWTE O/ &
JfbzFET 2N TED, IV 7 ey BEdU 2 HW-ERIC L -
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9. Hrar DNA A2 Z 572 DNA B 2B 5 Z E R TE o T2,
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Sasaki et al., Intraventricular IL-17A administration activates microglia and
alters their localization in the cerebral cortex of fetal brain. in submission.

Sasaki et al., Expression patterns of SLIT/ROBO mRNAs reveal a
characteristic feature in the entorhinal-hippocampal area of macaque
monkeys. in submission
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¥k # A E
Date(Day/Month/Year):

BRICEER A A A — 2 7 LRAR AL s &

2019FY Research report for "Collaborative research projects for integrative bioimaging"”

H ANFH AT R

SEHEE W T IE T R B

To the NIBB Director General,
National Institutes of Natural Sciences

P I Institute of Biomedical Sciences (Mackay Medical College)
Institution:

Ik 4 Visiting Professor

Position:

K 4 Huai-Jen Tsai

Name:

TROLB M _1 FEREGA A=Y Z7RERANEZ IR L E Lo T, ELE
‘d‘o

| report the implementation of the collaborative research projectin 2019 FY.

iC
Note

1. MF9EEEE Cavl-expressing Subtype-specific Cells at Rostral Side of Lesion Site Play Major
Roles in Neuronal Regeneration after Spinal Cord Injury of Zebrafish
Research project title:

2. HEFIANEE GEAEY I ZERTLEIEE BREAT D 2 L))
Researchers and graduate students who ware join the project
(Fill in NIBB researchers, too)
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K e At & e 4

Name: Institution: Position:
Chih-Wei Zeng | National Taiwan University Postdoc.
Izsrﬁz;m National Institute for Basic Biology Assoc. Prof.

3. WREOBEE (BE, 1.0 0 05BN
Abstract of the collaborative research project
(Attachment (next page), within A4 1 page)

Herein, we asked if 1) a subtype-specific cell population is involved in neuronal regeneration
after spinal cord injury (SCI) and 2) the characteristics and functions of cells at both sides of SCI
lesion are different. Addressing these questions, we treated stress-responsive transgenic zebrafish
embryos with SCI and found a subtype-specific cell population, termed SCI stress-responsive
regenerating cells (SrRCs), essential for neuronal regeneration post-SCI. SrRCs consisted of radial
glia (RGs-SrRCs) and neuron stem/progenitor cells (NSPCs-SrRCs) able to proliferate and
differentiate into neurons post-SCI, while RGs-non-SrRCs and NSPCs-non-SrRCs subtypes
underwent apoptosis. Compared to SrRCs at caudal side of SCI site (caudal-SrRCs), SrRCs at
rostral side (rostral-SrRCs) participated more actively in neuronal regeneration by forming glial
bridges, synapsing with motoneurons and rescuing muscle locomotion in the SCI larvae. Finally,
rostral-SrRCs differentially expressed caveolin gene able to enhance the regenerative capability of
caudal-SrRCs and mammalian motoneurons, making it a potential therapeutic target for SCI.
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Collaborative research projects for integrative bioimaging (2019FY)

1  Please overwrite the Project Leader's name here (Please write the institution name
here.)-Please overwrite the Collaborators name here (Please write the institution name
here.):Please overwrite the name of researchers and graduate students who ware join
the project here (Please write the institution name here.)

Please overwrite the research project title here.

Please write the text in the following four items. (Please write after the item name.)

(Purpose] In the present study, we attempted to resolve key questions and competing hypotheses, as
noted above, by identifying (1) any subtype-specific cell populations involved in neural
regeneration following SCI stress, as well as the composition and proportion of cell types
belonging to such subtype-specific cell population, (2) the biological characteristics and functions
of such subtype-specific cell populations relative to rostral vs. caudal sides of SCI, and (3) any
major gene involved in differentiating rostral vs. caudal cells in the regeneration process.

(Method)

1. To treat zebrafish huORFZ embryos at 72 hpf with mechanical SCI.

2. To employ the IR-LEGO technology developed by Kamei‘s lab to ablate anterior or posterior

GFP(+) cells in the particular site of spinal cord without impending the development of other

tissues or organs

To observe the lesion of spinal cord

To examine the muscle movement and swimming capability

To measure the recovery duration (days) after SCI

To standardized the protocol (e.g. How many cell number of GFP(+) at particular site of spinal

cord are ablated, it requires how many days that mechanical SCl-treated zebrafish larvae are

recovered to normal movement)

7. To compare the recovery situation among the mechanical SCI-treated embryos and mechanical
SCI combined with GFP(+)-ablation in embryos.

ook w

(Results]

Results showed that a subtype-specific cell population, termed SrRCs, is highly responsive to
laterally mechanical SCI stress and actively participates in neuronal regeneration. SrRCs are
mostly composed of two main cell subtypes, RGs, and NSPCs, but also a few OLS and OLPs.
More importantly, we found cell-type proportionality in response to SCI stress in zebrafish.
Specifically, after mechanical SCI in zebrafish embryos, NSPCs-SrRCs develop axons which
synapse onto undamaged motor neurons, while RGs-SrRCs form glial bridges. Other SrRCs
differentiate into neurons and extend axons to synapse with each other and surviving motor
neurons, resulting in neuronal regeneration across the lesion. Interestingly, we found that the
subset of subtype-specific cells that form rostral-SrRCs can elongate their axons to a greater
degree compared to that form caudal-SrRCs. Ablation of rostral-SrRCs resulted in the withdrawal
of axons initially developed from caudal-SrRCs, while ablation of caudal-SrRCs had little effect
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on axons developed from rostral-SrRCs which were able to continuously develop.

(Discussion and prospects]
The above findings support the hypothesis that rostral- and caudal-SrRC are involved in

neuronal regeneration of SCI-treated zebrafish, but that rostral-SrRCs play a more prominent role
because rostral-SrRCs exhibit a higher expression of factors such as CTCF and Cavl.
Nevertheless, future studies must be performed to decisively in order to understand the unique

biological characteristics of rostral-SrRCs.
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BRICEER A A A — 2 7 LRAR AL s &

2019FY Research report for "Collaborative research projects for integrative bioimaging"”

H ANFH AT R

SR AT IE TR JE&

To the NIBB Director General,
National Institutes of Natural Sciences

At J& __Inst. of Biochemical Sciences, NTU
Institution:

Ik 4 Associate professor

Position:

K 4 KUAN, Yung-Shu

Name:

TROLB M _1 FEREGA A=Y Z7RERANEZ IR L E Lo T, ELE
‘a—o

| report the implementation of the collaborative research projectin 2019 FY.

iC
Note

1. #F9EREE Trace single neuronal precursor in zebrafish embryonic brain using IR-LEGO
Research project title:

2. HEFHUTEE AR AN L FETE SR bREAT D5 2 L))
Researchers and graduate students who ware join the project
(Fill in NIBB researchers, too)
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K Za AT & L S 4

Name: Institution: Position:
Dr. KAMEI, NIBB
Yasuhiro
Dr. KUAN, Inst. of Biochemical Sciences, College of Life Science, | Associate
Yung-Shu National Taiwan University Prof.
Mr. PAN, Inst. of Biochemical Sciences, College of Life Science, | Master
He-Yen National Taiwan University degree TA

3. WFEOME (B, 1 0 0 05-LAN)
Abstract of the collaborative research project
(Attachment (next page), within A4 1 page)

Kuan’s laboratory in National Taiwan University (NTU) is interested in deciphering the
developmental blueprint of the highly conserved habenular nuclei (HA) in zebrafish embryonic brain.
Previously, we found that mature neurons in HA and the proneural gene ngnl expression in the
diencephalic subventricular zone is greatly reduced in the wntless (wls) mutants (Dev Bio 406:117-128,
2015). These results suggest that ngnl positive proneurons will differentiate into HA neurons during
the development of zebrafish embryonic brain. We had tested Kaede to trace the ngnl positive
progenitors and it was unsuccessful due to the highly unstable nature of Kaede color switch condition.
We therefore turned our strategy to adopt Dr. Kamei’s invention (the IR-LEGO system) to conduct
the cell labeling experiments. We collected some labeling results in NIBB before and the results
were very positive yet were not reaching the paper publishing quality. This year (Jan, 2020), we went
to NIBB to conduct more experiments using the IR-LEGO in order to finish what we had started few
years ago, to prove that diencephalic ngnl positive precursors will development into HA neurons in the
zebrafish embryos. Below are the results we obtained this time.
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Collaborative research projects for integrative bioimaging (2019FY)

1 Projector Leader: Dr. KAMEI and Dr. KUAN

2. Project Title:
Trace single neuronal precursors in zebrafish embryonic brain using IR-LEGO

3. Purpose

Label and trace ngnl-positive neuronal progenitors in diencephalon during zebrafish development
4. Method
(1) Injecting Tol2(ngn1:GFP) plasmids into Tg (CMV:mCherry) fish to mark the ngnl-positive cells in live
embryos at 48hpt.
(2) Using IR-LEGO to induce mCherry expression in thos ngn1l:GFP-positive cells at 48hpf

(3) Taking confocal images to trace whether IR-LEGO labeled cells would become habenular neurons.

5. Results

12/108 32/108 27/108 37/108

(A-B) IR-LEGO induced mCherry expression in ngn1-GFP cells at 48hpf were found to
develop into habenula neurons at 72hpf.

6. Discussion and prospects

These data we obtained in Dr. Kamei’s lab again confirmed that ngnl-positive progenitors located
under the pineal are habenular progenitor cells. We currently are composing a paper utilizing these
data we collected in NIBB.
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Research Report
Collaborative Research in the National Institute for Basic Biology (NIBB)
Fiscal year 2019
13/5/2020

To Director General of NIBB

Principal Investigator Name : Li-Kun Phng
Institution : RIKEN BDR

1. Category (Please select one)

Priority collaborative research projects

Collaborative research projects for model organism and technology development
Individual collaborative research projects

Collaborative research projects for integrative genomics

Collaborative research projects for integrative bioimaging

NIBB workshops

Collaborative experiments using the Large Spectrograph

Support for NIBB training courses

DOoO0oO0OxXOdodod

Collaborative research projects for bioresource preservation technology
development

2. Research project title

Quantitative analysis of endothelial cortical actin organization in vascular tubes.

3. Project number
19-516

4. Project term (Day/Month/Year) —(Day/Month/Year)
01/04/2019 — 31/03/2020

5. Host researcher
Dr. Kagayaki Kato

6. Researchers in your research group

Institution Position Name
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7. Outline of research results and future prospects*®

The aim of this collaboration was to establish a quantitative method to analyze the
organization of actin cytoskeleton in the endothelial cell cortex after manipulating
the levels of actin regulatory proteins. The expression level of MARCKSLI1, an actin
bundling protein, in human umbilical vein endothelial cells (HUVECs) was increased
by transfection of MARCKSL1-EGFP or knocked down by siRNA. Superresolution

1mages of the actin cytoskeleton were subsequently analyzed by Dr. Kagayaki Kato,

who developed a software to quantify the density and thickness of actin bundles.
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Figure 1. A) Superresolution images of actin
cytoskeleton (Phalloidin) in HUVECs transfected with
EGFP or MARCKSL-EGFP. Scale bar, 2 um. B) Actin
density after overexpression (top) and knockdown
(bottom) of MARCKSL1. C) Actin bundle width after
overexpression of MARCKSL1.

This results support the hypothesis that MARCKSLI1 has a role in organizing the
actin cytoskeleton to regulate endothelial cell shape.

8. Publications or publication plan*

Results from this collaboration are included in Kondrychyn et al., 2020, which is

currently under revision to be published in Nature Communications.

9. Remarks, if necessary

*Concisely describe contents that will be opened in the NIBB web page.

321



ILUEAEEOFERT I RO FE SR 5 & (2019 )
2020 - 4 7 30 H

AR B
WEE PR - PR R R
Mppsy 7 o=y k
K4 : Ui+

TREDOEBVFEMLE LIZOTHE LET,

L
O & 3L [FR A AR5
O =7 /VAY - HATBHFR SRR FHiFZE
AN O &%) 3[R R AL
TS O #6747 7 2 7 A LEF A5
\ié” g ff D $oA A— Dy SRR
W) O KA~ kw125 7 3E[EFH R
0 F—=r 2 a—RAEH
O AW iE s IR AR AT B BR %8 2[R F AT
. CCRA-NOT i7" 7 = /ULEE R R BRI K 2 BG4 il 48 O A= B B
MRS -
Hbﬁﬁ‘ﬁ‘
AT 5 19-517
At e 20194 4H1H ~ 20204 3 H31H
AT I e

B Tk K4

o (WHoEs
(ZZhNE)
CRABBE U HH
B LT RO
ERALTES
)

322



2019 JEIL, EHBRERA L CTA A=V T ET D) v I T Y
k= T A DMENTIC LB IR JCER i 72 v o T2 . SRICER A7 2 212 A
A= TR EZFAT D Z ENARAHETH -T2,
2020 FFREIL, A A=V TSR v 7T U b~ AEHE
HCE, FAEMBEELETRETTIDHITETHD, kg Lzt
Co SRRk e g Ot (EFE. 2. HEORIE) OAI12, 2021 |
A A=V 7 HFEFAFEEFA LW EZ TN D,

BF 52 R DA%

KOS %O

B
BN

IIRANDE: 5 b

HOTIE

=S

AP TEZR2VWANRITEIE L, R AL T &N,

323



Research Report
Collaborative Research in the National Institute for Basic Biology (NIBB)
Fiscal year 2019
Date (12/5/2020)

To Director General of NIBB

Principal Investigator Name : Tobias I. Baskin
Institution :  University of

Massachusetts, Amherst

1. Category (Please select one)

Priority collaborative research projects

Collaborative research projects for model organism and technology development
Individual collaborative research projects

Collaborative research projects for integrative genomics

Collaborative research projects for integrative bioimaging

NIBB workshops

Collaborative experiments using the Large Spectrograph

Support for NIBB training courses

o000 XOoOdaod

Collaborative research projects for bioresource preservation technology

development

2. Research project title
Targeted perturbation of root growth with IR-LIGO

3. Project number
19-518

4. Project term (Day/Month/Year) — (Day/Month/Year)
30/06/2020 to 24/08/2020

5. Host researcher
Prof. Miyo Morita

6. Researchers in your research group

Institution Position Name

University of Massachusetts Professor Tobias I Baskin

<< <<

Undergraduate Melissa Elmali
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National Inst. Basic Biol. Japan Assoc. Prof. Takashi Murata

National Inst. Basic Biol. Japan Assoc. Prof. Yasuhiro Kamei

7. Outline of research results and future prospects®

The project had two aims. The first was to demonstrate the feasibility of
using IR LEGO to activate genes in single cells of the plant root at defined
positions. The second aim was to characterize the effect on the dynamics of root
growth when a single cell (or small group of cells) that remains meristematic (i.e.,
proliferative) moves through the elongation zone. To achieve these aims, we used a
line of the model plant Arabidopsis thaliana engineered to express PLETHORAZ
(PLT2 under a heat-shock promoter. The gene was fused to a fluorescent protein so
that its expression could be localized with microscopy. At NIBB, undergraduate
student Melissa Elmali succeeded in working out conditions for analyzing kinetics
of root growth at high resolution through a horizonal microscope and conditions
needed for IR-LIGO to induce PLT2 expression in a small number of cells at a
specifically desired location in the root. This satisfied the first aim. However, as for
the second aim, at NIBB, the roots of the PLT2 line grew at about 1/8th of the
expected rate. This rate was too slow for the aim and ways to improve the rate were
unsuccessful. The reason for the slow growth of the line remains unexplained.
Finally, Ms Elmali found that the dose of IR laser light needed for induction with
IR-LIGO inhibited the growth of wild-type roots to a notable extent, a finding
meaning that conditions for induction need to be optimized further.

8. Publications or publication plan*

Because the above results were largely negative, we have no publication plan at this
time. In future, Professors Morita and Baskin hope to continue collaborating.

9. Remarks, if necessary

Melissa Elmali greatly enjoyed the experience of living and doing research in

Japan. She made friends and her cultural horizons were enlarged.

*Concisely describe contents that will be opened in the NIBB web page.
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