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KWK (Escherichia coli )

E#t; ( Saccharomyces cerevisiae )
FELMNANE (Dictyostelium discoideum)
# M ( Caenorhabditis elegans )

B ( Drosophila melanogaster )

B 4fty (Brachydanio rerio; zebrafish)
EIIREE (Xenopus laevis)

N (Mus musculus)

K (Rattus rattus)

YT+ (Arabidopsis thaliana)
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1900 Abbie Lathrop FFAta /N i i

1902 William Ernest Castle /) 57 fil8d
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1921 C. Little #37.C57BL

1929 C. Little & 7Jackson Lab

1940 George D Snell 34 LA 25
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human

Base Pairs 3,554,996,726
Coding genes 20,338

Non coding genes 22,521
Gene transcripts200,310
mouse

Base Pairs 3,482,409,794
Coding genes 22,598

Non coding genes 15,074

Gene transcripts131,195
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Expression data
Large Datasets *P

Strains
I INA_SEQUENCE 1.8 ‘

gil1982931gbIMI5131 .1 IMUSILIBA Mouse interleukin l-beta (IL-1-beta) mRENA, \

gi-198293.seq Length: 1339 MNovember 8, 1999 13:29 Type: N Check: 1315 .. ‘ !’ '! " “
1 TGCAGGGTTC GAGGCCTAAT AGGCTCATCT GGGATCCTCT CCAGCCAAGC
51 TTCCTTGTGC AAGTGTCTGA AGCAGCTATG GCAACTGTTC CTGAACTCAA .'- !( " " ‘, !!

101 CTGTGAAATG CCACCTTTTG ACAGTGATGA GAATGACCTG TTCTTTGAAG
151 TTGACGGACC CCAAAAGATG AAGGGCTGCT TCCAAACCTT TGACCTGGGC l’ ,' “ " |‘
201 TGTCCAGATG AGAGCATCCA GCTTCAMATC TCACAGCAGC ACATCAACAA

251 GAGCTTCAGG CAGGCAGTAT CACTCATTGT GGCTGTGGAG AAGCTGTGGC “ “ ’l ‘4‘ !.

301 AGCTACCTGT GTCTTTCCCG TGGACCTTCC AGGATGAGGA CATGAGCACC M 3 G‘ 3
351 TTCTTTTCCT TCATCTTTGA AGAAGAGCCC ATCCTCTGTG ACTCATGGGA ﬂus{ Erlp JTL ®
Informatics

Mapping data

Sequence

OO 460
OO —d a0

Mutant alleles and Phenotypes

Tumor data

Polymorphisms
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http://zfin.org/

General Information ZIRC

Downloads Login G ]
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Search ZFIN | b

Genes [ Markers [ Clones
Momenclature Conventions
Obtain approval for gene names

BLAST at ZFin
GBrowse genome browser

Gene Expression
Antibodies

Mutants | Knockdowns | Transgenics
Wild-Type Lines
Line Designations
Submit mutanttransgenic ling names

Constructs

Anatomy | GO | Human Disease
Anatomy Atlases and Resources

Publications
Author Guidelines

Community
Wiki. Protocols, Antibodies
Jobs, Meetings, Mewsgroup
Feople, Labs, Companies
Educational Fesources
The Zebrafish Book

Diata
Downloads
Sutimit
Statistics
Data Model

ct
claimer, |

imitations, copyright @ University of Oregon, 1994-2017 , Eugene, Oregon.

Zebrafish International Resource Center
Reguest: Fish Lines, ESTa/cDNAS, Monoclonal

Antibodies, The Zebrafish Book, Paramecia
Submit Fish Lines

Health Services

Genomics

Data mining: ZebrafishMine, Biotart

Browse genome: ZFIN, Ensembl, Vega,
GRC, UCEC, NCEBI, FishMap

“iew Genetic Maps

BLAST: ZFIM, Ensembl, Yega, NCEI, MGH

Find cDMAs and ESTs at ZGC

hlore Zebrafish Genome Resources

Other Fish Genomes and Model Organism
Databases

Zebrafish Programs
ZF-HEALTH, Husbandry Resources, mare...

News
The Alliance of Genome Resources is Opening
its Doars with Yersion 1.0 Website Release
2017-11-1
19th Australia and MNew Zealand Zebrafish
Meeting (Jan 29 - Feb 1, 2018 - Sydney,
Australia) 2017-10-25
ZFIM Mewsletters, Mews Archive
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Stages of Embryonic Development of the Zebrafish

Two cells Four cells Eight cells  Sixteen cells  Thirty two Sixty four 256 High stage High to oblong

transition
' J
Q

A .
Obk;ng to Dome 30% epiboly ~ 50% epiboly ~ Germ ring Shield 70% epiboly  75% epiboly 80% epiboly 90% epiboly  Bud stage 2-somite
sphere

L

B

e

N

4-somites 8-somites 13-somites 15-somites 17-somiles S -

20-somites 25-somites

24 hr 28 hr 33 hr 36 hr

From: Kimmel et al. Stages of embryonic development of the zebrafish
Dev. Dyn. 203:253-310, 1995

48 hr
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TCM (alcohol extracts)

CF, caudal fin; DF, dorsal fin; PF, pelvic fin; and VF, ventral fin.

ROI for Quantitative Analysis




Co-administrations of Erlotinib Sorafenib and inhibited tumor growth and dissemination
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Photo credit: http://www.scq.ubc.ca/genetic-studies-of-aging-and-longevity-in-model-organisms/
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C.elegans 41 il XK B % &

(D) AB.al —— Pharynx, hypodermis,
’ neurons
AB.a
AB.ar L Pharynx, hypodermis,
neurons 3
PO zygote 2 cell stage 4 cell stage 8 cell stage B 389 cells
—— Hypodermis, neurons
Anterior Posterior Abgl
AB.p
PO AB.pr L Hypodermis, neurons
Zygote
MS Muscle, pharynx, gonads (80 cells)
EMS
7 Pl E Intestine (20 cells)
Chorion C Muscle,
hypodermis, 2 neurons (47 cells)
P2 D Muscle (20 cells)
zygote E (¢} D P4 P3 : :
! P4
AB MS E germ line
D P4
. DEVELOPMENTAL BIOLOGY, Seventh Edition, Flgure!‘l:l’-rldl‘
i et
,,,,, neurons or glia
lonal
% dopaminergic neurons
lonal ABa A|B - -

anterior :74 posterior  ABa

left

ot o of animal
*
*

AWBR  AIYR
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NIRRT

C. elegans was used to identify
the machinery that regulates
programmed cell death in vertebrates

Regulator  Adapter Effector

C. elegans Ced-9 - Ced-4 —> Ced-3 =3> Death

Vertebrates Bcl-2 — Apaf-1 => Casp9 —> Casp3 =—> Death
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Science 11 February 1984:
Vol 263 no. 5148 pp. 802-805
DOl 10.1126/science.8303295

Green fluorescent protein as a marker for gene expression

M Chalfie, ¥ Tu, G Euskirchen, WW Ward, DC Prasher

+ Authaor Affiliations

A complementary DNA for the Aequorea victoria green fluorescent protein (GFP} produces a fluorescent
product when expressed in prokaryotic (Escherichia coli) or eukaryotic (Caenorhabditis elegans) cells.
Because exogenous substrates and cofactors are not required for this fluorescence, GFP expression can be
used to monitor gene expression and protein localization in iving organisms.



Neurodegeneration models in C.elegans

Disease

Neurodegeneration

Alrheimer's disease

Parkinson's disease

Huntington's disease

Neurobiology
Depression

Pain. neuronal
receneration

Pathway or genes (C. elegans
orthologue)

Presenilin [sel-12)

AR

ao-Synuclein
[no arthologue)

Huntingtin (no orhologue);

palyglutamine (polyQ} aggregation

Lerotonin

Regeneration

Model and method of validation

Cenetic egg-layving model and neuronal model: hoth models were validated by
demonstration that human presenilin can substitute for endogenous C. eegans
presenilin® ™,

Transgenic model: expression of human f-amyloid (AB) peptide in C. elegans
induced formation of amyloid deposits, which in turn caused parabysis'™ ',

Transgenic model: overexpression of human -synuclein caused neuronal and
dendritic lossin C. elegans™".

Fharmacological model: 6-0HDA (G-hydroxydopamine) a precursor of 1-methyl-
4-phenylpyridinium (MPP) ind uced selective dopamine neuronal death similar to
vertebrate models™”,

Transgenic model: heterologous expression of a Huntingtin fragment with
expanded polyQinC. elegans caused specific polyQ-length-dependent neuronal
malfunction and the formation of aggregates'™.

Cenome-wide RNAI screen for requlators of polyQ aggregation using fluorescence
read-out'"'",

Behavioural changes alter treatment with antidepressants (see text).

Phenctype model: femiosecond laser operated GFP-labelled axons of C. elegens
regenerated within 74 hours'™,

Table 1 Some examples of nervous system and neuromuscular disorders modelled in C. elegans

Disease

Details

references

Alzheimer's Disease
Alzheimer’s Disease
Huntington’s Disease
Spinal muscular atrophy

Parkinson’s Disease

Transgenic expression of human Aff (Drake et al., 2003; Link et al., 2003)

Expression of modified tau

Polvglutamine repeats
RNAIL of SMN

iBrandt et al., 2008)
{(Faber et al., 2002; Satyal et al., 2000)
(Burt et al., 2006; Miguel-Aliaga et al., 1999)

RNAI modifier screen of synuclein formations (van Ham et al., 2008)




Decreased

Decreasad insulin/IGF-1
mitechondral signaling Decreased
. germline signaling
respiration

Decreased DAF-9-
dependent

/ hormone signaling
\ Decreased

Dietary restriction

Decreased /

TOR signaling TUBBY signaling
Increased SKN-1- Increased SIR2
dependent oxidative histone deacetylase
stress response Increased activity
JNK signaling
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a C. elegans b Mouse
Insulin-like proteins Insulin/Gr-1
VN ] DAF-2 N | Insulin/GF-1
I'\ 7 © J/ receptars
e ' . =
| i: ;_?\MPJ @ ® PIaK p85
SR S (__JAGE-1 RS S——0 Plak p110
/_ — PIP3 —— FiF2 e PIFE. =y HiEE
=) | & |
. — : -
AKT12| AKT
|DAF 16 | FOXO
| '« I _
v i
Extended lfespan Extended lfespan

Copyright @ 2005 Nature Publishing Group

Nature Reviews | Drug Discovery



Insulin Receptor Pathway Regulates Lifespan in Flies and Mice

Extension of Life-Span by Loss
of CHICO, a Drosophila Insulin
Receptor Substrate Protein

David J. Clancy,” David Gems,'* Lawrence G. Harshman,?
Sean Oldham,® Hugo Stocker,® Ernst Hafen,? Sally J. Leevers,**®
Linda Partridge’

A Mutant Drosophila Insulin
Receptor Homolog That Extends
Life-Span and Impairs
Neuroendocrine Function

M. Tatar,"* A. Kopelman,' D. Epstein,’ M.-P. Tu,"?® C.-M. Yin,?
R. 5. Garofale®

IGF-1 receptor regulates lifespan and
resistance to oxidative stress in mice

Martin Holzenberger~, Joélle Dupont+, Bertrand Ducos*,
Patricia Leneuve*, Alain Geloén::, Patrick C. Evens, Pascale Cervera||
& Yves Le Bouc*

Extended Longevity in Mice
Lacking the Insulin Receptor in
Adipose Tissue

Matthias Bliiher,” Barbara B. Kahn,? C. Ronald Kahn'*
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About Directory

Tools Downloads

on: WWE2E1
Community Support

“— Blast and more

Explore Worm Biology

facilitating insights into

control what you
see on the page

~ Page Content

MEws

Discussion

Artivity

Gene name changes

hMeetings

~ My WormBase

Mty Favorites

Wy Library

~ Recent Activity

turn on history »

nematode biology

skip tutorial

+ News

Where tolook: C. elegans interaction data ed, 2 m
If you are looking for interaction data for C. elegans look no funherthan our FTF'
site. At every release WormBase deposits data files on the FTP site under the

Latest chapter of WormBook on the cell biology of the

mitochondrion now available

The latest chapter of WormBook is now available: Cell Biology of the
Mitochondrion by Alexander M. van der Bliek, Margaret M. Sedensky and Phil G.

WormBase Release WS361 1
YWe would like to announce the availability of the WormBase WS261 re\ease on
the WormBase website and FTP. Some of the highlights of this release are:

Wiew More »

+ Discussion

Forums:

Graduate student positions =
A nurber of graduate student (Ph.D. or M3) positions are available at the
Departrnent of Biology, University of lowa to study a variety of topics related to the

Suppression of roller phenaotype following mating of

transgenic x mutant?

Greetings - | hope someone can help me understand this odd phenomenon!
YWhen an integrated transgenic array (a translational fusion: GFP) marked with

K= http://www.wormbase.org/

My YWormBase [0 \[f_?) Login | For Developers Contact Us

foragene~ | P

Submit Data Micropublication ParaSite

see aﬁ?

click on it to save
to My Wormbase

+ Gene name changes

Below are changes in gene hames since the previous release WS260.
Gene name changes for each release since WS252 are archived here [

~ Genes with new primary names

Search: Save table

New primary name 4 GenelD Sequence
anp-7 WEBGene00011587 TO7F10.1
a5ps-7 WBGene00007100 BO024.10
cif-8 WEBGene00011815 T22C14
ddn-7 WEBGene00015227 BO0S207.10
dsce-7 WEGene00019595 KO9H3.2
eppi-1 WEBGene00020139 TO1B11.2
hrde-2 WBGene00011324 TO1C3.9
hrcie-4 WEBGene00020403 T10B11.7
hrpu-2 WEGene00022134 Y71G10ALA
if-739 WEBGene00022696 ZK328.7
lep-5 WEBGene00010424 H36L18.2
itah-7.7 WBGene00016589 c42c1.11
ifah-1.2 WEGene00022610 ZCA16.6
manf-1 WRGanenNn12aa WEACIA 9T

mrsd-6

4y
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HOME / CBS RESEARCH FACILITIES / CAENORHABDITIS GENETICS CENTER

SECTION MENU Caenorhabditis Genetics Center (CGC)

Visit our new website at cgc.umn.edu

Please update any bookmarks accordingly.

Caenorhabditis Genetics Center (CGC)

WORMBASE

WHAT IS C. ELEGANS?

WORMBOOK

ACKNOWLEDGING THE
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CONTACT US
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1976 Jaenisch: Wi HEEH T/
BRI IREEZEE /DN, FHeefER

(Proc Natl Acad Sci U S A 1976 Apr;73(4) :1260—4)
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Eﬁ‘ (Nature. 1982 Dec 6;300(5893) :611-5. )
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Select a report gene

Incorporate the promoter elements you want to drive expression

00— O —

I ‘ / ’ Report Gene Poly A

Positive and promoter
negative

regulators;

tissue specific;

enhancer elements
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NS RIFFHIREIEFIRSAE (Tet-on vs Tet-off)
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Shield-1

qQ « — Flagtag

Destabilizing Flag tag //
Domain (DD) - =

i

Proteasome s

NLS Flag
U6 sgRNA EFS DD  SpCas9 “\\|

C
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MPTP-induced Parkison's disease
32

Saline + LPS

Saline+MPTP

LR

Dex + LPS
Dex+MPTP

Zymosan-induced acute arthritis in IL1/luc transgenic mice
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Conditional Expression of an antisense mRNA of the
mineralocorticoid receptor (MR) in cardiomyocytes

Cardiomyocyte specific expression of tTA — dox-dependent expression of MR
antisense mRNA

Without dox treatment control Doxycycline treatment
Day 0 Day 0 Day 4 Day 8 Day 10

0844

Reversibility of edema

Control: Transgenic:
normal Severe heart
disease, rapid
weight gain, edema

Beggah et. al. (2002) PNAS 99:7160
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transposase mRNA plasmid DNA with
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Transgenic zebrafish allow analysis of endothelial cells in living embryos

| -

fli1-egfp transgenic embryo at 2

Dorsal Longitudinal Anastomotic Vessel

Intersegmental Vessel

Posterior Cardinal Vein

Dorsal Aorta  (PCV) i;-audal Vdn
(DA) Capillary Plexu§




Stable transgenic rag2-EGFP-mMyc zebrafish develop GFP-labeled
thymic lymphoma, which progresses to T-ALL.

Langenau D M et al. PNAS 2005;102:6068-6073

©2005 by National Academy of Sciences | | g A ; i



Leukemias developing in Cre-injected rag2-loxP-dsRED2-loxP-EGFP-mMyc transgenic
fish are transplantable, express low levels of GFP fluorescence, and have typical
lymphoblast morphology.
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EGFP-mMyc s
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GFP Intensity

Langenau D M et al. PNAS 2005;102:6068-6073

©2005 by National Academy of Sciences
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Mario R. Capecchi

Oliver Smithies

1981Evans and Kaufman: (e 1981 ju
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1986— 1987 Robertson et al ,
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Blastocyst 3.0 days

~30 cells

Inner Cell Mass
(128 cell stage)

1-totipotent
2-tissue culture
3-Transfectable

4-Selection

5- Differentiation
In vitro

Generating

Harvest blastocysts on day 3.5 by
flushing from the uterine lumem with
M2 medium

Plate out blastocysts in individual 10 mm dishes
on mitotically inactive MEF or STO feeder cells
to provide LIF and other factors

After 1-2 days, blastocysts hatch
(A) and attach to the dish by
migration of the trophectoderm (TE),
while the inner cell mass (ICM)

£\

grows (B)

After about 96-120 hours in culture (C, D), the ICM
can be dislodged from the TE layer, washed and
transplanted to microdrops of medium containing

trypsin to disperse the clumps

A 4

Transfer disaggregated contents to a fresh feeder cell
tissue culture well and inspect daily for signs of
differentiation. Primary cell colonies are clearly

visible as distinct clumps




ES Cells Differentiation

Drug or Growth factors

Blood
Vessels

Neuronal Bone Muscle
Development Cells Cells




Normal
C57BLI/6
Blastocyst
(black)

ICM —

agouti black

ES cells
129/SvJ
(agouti)







Positive-Negative Selection
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Screenling

Screening PlateGrow for
DNA, restriction digest,

then Southern

la & a af 000000000

Pick clones O00000000

and trypsinize O000000O00

000000000
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000000000 O000000O0O0
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Master PlateFreeze cells
or continue to grow and
subplate

ES Cell Clones



Strategies for Screening
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_ | - | utan

SOUTHERN BLOT SCREENING:

A-A, C-C = both WT and MT, but different —> PCR SCREENING:
sizes, when pro!)ed with 5’ and 3 1-2 = WT locus
probes, respectively

A-B, B-C = Specific to MT when probed 1-3 = MT locus
with the same probes
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CRISPR/ Cas9 (From Streptococcus pyogenes) %%% A 5"_‘%7}5)%\@

sgRMNA

" (tracrRNA-crRMA chimera)
/-""j-ff
REC [ —
Genomic target sequence 1:;:"“
\ $
o
HHH /
3, | E :
| ! Genomic specific sgRNA sequence "l Genomic
5 I 3 DNA
PAM
°Hf'r 5 NGG- T
RuwC e S

NUC e

e

T~ Cas9 Nuclease

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)
CRISPR-Associated Protein 9 (Cas9) protospacer-adjacent motif (PAM)
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A Transcriptional repression (CRISPRi)
Aa Ab KRAB
dCas9

sgRNA sgRNA
50 +300
B Transcriptional activation (CRISPRa)
VPG4
Ba VPG4 Bb Pe ;_:ntide oy
epitopes

C Multiplexed activation and repression

dCas? ﬂﬁﬂ 1
2 MCP . @ KRAB
m-$
PP7 PCP - @D vPe4
e Y
Com ‘:DI'I'I
Bc VP64

Nature Reviews | Genetics
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crRNA (41 nt)

from Prevotella and Francisella bacteria



Cell

Transcriptome Engineering with RNA-Targeting

Type VI-D CRISPR Effectors

Graphical Abstract

Computational — ..
CRISPR _—— L L e el —
identificaton ——— ':\_ﬁ
Type VD e S— ot
CRISPR-Cas I CeTeT
ribonucl \_- =

o P CasRx guide RNA
Characterization am

and protein - Q—Q
engineering .

. o am =4
~ N

T

AAV delivery

RNA knockdown to neurons

Targeted splicing

Highlights
¢ Computational pipeline identifies the RNA-targeting type
VI-D CRISPR-Cas family

e Ortholog screen and protein engineering yields the
programmable ribonuclease CasRx

e CasRx RNA knockdown exhibits favorable efficiency and
specificity relative to RNAI

e Neuronal AAV delivery of dCasRx splice effectors alleviates
tau mis-splicing

Konermann et al., 2018, Cell 173, 1-12
April 19, 2018 © 2018 Elsevier Inc.
https://doi.org/10.1016/j.cell.2018.02.033
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In Brief

A new family of RNA-targeting CRISPR-
Cas systems allows specific modulation
of splicing events to reduce pathological
tau isoforms in a neuronal model of
frontotemporal dementia.
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HEPN motif (RxoxxH)
o N

 (Ur) Uncultured Ruminoccocus sp.

{Rff} Ruminoccocus
flavefaciens FD1

. (Ra) Ruminoccocus albus

_(Adm) Anaerobic digester
) melagenome 15706

(P1E0) Gut metagenome assembly
' P1EQ-k21

 (Es) Eubacterium
- siraeum DSM15702

10 kb (Rfx) Ruminoccocus
—(CasTV g2 efaciens XPD3002
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Across 3 endogenous transcripts, CasRx
outperformed shRNAs (11/11) and
CRISPRi (4/4) in each case, exhibiting

a median knockdown of 96% compared
to 65% for shRNA and 53% for CRISPRI
after 48 hr.

FIRNAI K CrisprifHLl, CasRxHIzgF i
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This suggests that
the moderate
bystander

cleavage observed in
vitro (Figure 2C) may
not result in
observable
off-target
transcriptome
perturbation in
mammalian cells.
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A inverted repeat 8 bp space.[' jeadau pajiaAul
<

> 3
5 -ATAACTTCGTATA-GCATACAT-TATACGAAGTTAT-3’
3 -TATTGAAGCATAT-CGTATGTA-ATATGCTTCAATA-%

loxP site

B inverted repeat 8 bp SpacEr jeadau pajiaAul
-

> <
5'-GAAGTTCCTATTC-TCTAGAAA-GTATAGGAACTTC-3’
3’-CTTCAAGGATATG-AGATCTTT-CTTATCCTTGAAG-5’

FRT site

C Deletion/Insertion D Inversion E Translocation

I It 5
: o ) _i
> - <



Rox Site

1 g -
’ TAACTTTAAATAAT GCCA ATTATTTARAGTTA
(SEQ. ID. NO. 5)
ATTGARATTTATTA CGGET TAATARATTTCAAT
(SEQ. ID. NO. 6).
91 - R -
Inverted Spacer Inverted
repeat (14 bp) Region repeat (14 bp)

(4 bp)
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Tamoxifen-inducible system

Uses a fusion protein combining activity of Cre and a mutant form
of the ligand binding domain of the estrogen receptor (ER™)

Cre-ER™ does not bind estrogen, but does bind 4-OH-tamoxifen

Upon addition of tamoxifen,
ER™ Cre-ER™ fis released from
Hsp90, allowing access to
the nucleus and Cre-
mediated recombination

cell



flox/flox ‘

flox/flox T
r |

-

Cre-ER™



Tetracyline activator protein (rtTA; Tet-On")

Hom floxed alleles
> ! 3.

tetO-cre




Expression of Cre can be used to turn on a transgene in temporally
regulated manner.

Transgene: want to express the gene of interest (in yellow) off the promoter of
interest (in purple), but not until late in development.

| | r |
promoter ATG Gene
STOP
Clone a short bit of floxed sequence loxP loxP

near the front of the construct such that when the transgene turns on it
produces only a short bit of nonsense.

STOP

r
ATG




Breed the mice carrying your transgene with another transgenic line expressing
endogenous Cre-ER™,

STOP
P
| : [A ' =
ATG
> (Could be normal
Cre with tissue-
promoter Cre-ER™ specific promoter)

Upon injection of tamoxifen at required stage of development, Cre is free to
recombine loxP sites and remove translation STOP codon.

NN\ANANNAT
: pt —

This allows transgene to produce full length mRNA.
NB. Have to check all still in frame AND hope retained loxP site does not affect
function of transgene




LIRS 1) 2 SUAZ IR H A (Morpholino) = il &5 17l 1

o BASEn Antisense oligonucleotides
, CH: Designed as 25 mers

< /NCHs

o Bind tightly

o o—@ BASEnt Resistant to digestion
- CH3 ICi
N Low toxicity

R Not RNAseH mediated

O

Inhibition of Translation

Encoded Pgptein

QOSAUUAGUCCGGACCUAGess+ssAAAAA




S IMRAZ AT 1) e A% IR F: AR (Morpholino) : fI|RNABY £

ng E3I3 0O 5

500

300

Draper BW, Morcos PA, Kimmel CB. Inhibition of zebrafish fgf8 pre-mRNA splicing with

morpholino oligos: A quantifiable method for gene knockdown. Genesis. 2001
Inal-20(RY 1 RA_A



I IRAE 11 1) [ L AZ TR A (Morpholino) « ikt 5

Nasevicius and
Ekker (2000, 2001)



Fe R BRSO ZS B . B R A

I A RAR BRI K FVITT (FVIID) St A1 (8R) H.IheeREhs B 5 | e i XoZE B fa tham A& 1 Y
M. BATFHZERGIBRBAREL TFVITIRE SRR /D RAAR (B “mAmADN RER” ),
%/ AR T B A B B I A IR ATE AR

FE A T4l i E 4 /NREE R R E FRREVIIER T3 Bk U

1 2 3 4 5wt (1) M Wt Wt +- +- Iy -~ (3)

Y5 AT 43 i 3% Tl B ) A 00 VIR T35

M wt - -y -
140 ®) ) E13-14 [&

e » <l

120 —_—

100 | E15-20 |s== - |
ol ® o E24-25 |77 m— e
;8: ﬂ ﬂ B-actin [ o o — -
° wt | y |

-1y -/-
Genotype

APTT (s)
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Dopaminergic Loss and Inclusion Body Formation in a-Synuclein
Mice: Implications for Neurodegenerative Disorders

Eliezer Masliah et al.

Science 287, 1265 (2000);

DOI: 10.1126/science.287.5456.1265

A
A aSynuclein Transgene Construct O
hPDGFg Promoter h-aSynuclein  SV40 pA
SV40 Splice
B Tg Lines C
U DABMCNgH 501
h-aSyn— B L
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" O
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D E F
3.50 30 2007y mNonTg
2 50 = 5% % oLine D
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E 20 T2 10 = S
E =2 50 W
0 <5
- 0 0 0 ™
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RESEARCH ARTICLE

Axon degeneration and PGC-1a-mediated protection in a
zebrafish model of a-synuclein toxicity

Kelley C. O’'Donnell’, Aaron Lulla?, Mark C. Stahl?, Nickolas D. Wheat', Jeff M. Bronstein?? and
Alvaro Sagasti'*

A D

A — B Cell Survival 3 dpf Cell survival 3dpf
SENSORY o 150 ok o 120 " a
prOMOTER] [ £ SENSORY £
T > PROMOTER £
= 1007 “sessswasw (TTLTT] £
@ * —h— g
WT b= g =
% 50 - =
1 O
asyn [IH ST PINNES < 2
’ E-I. ? Control aSyn  aSyn + PGC-1a
0]
5 E
2 Axonopathy Stage
Q
:
ur
c
£ 2
¢ g
+ &
=] =]
0 a
2 G g : 8 2 dpf 3 opf
Fig. 1. Alpha-synuclein is moderately toxic to zebrafish sensory Q
Bwt BaSyn [ aSyn + PEC-1x

neurons between 2 and 3 dpf. (A) Transgenes to express GFP (WT) or



[ The Journal of
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Molecular Basis of Cell and
Developmental Biology:

Familial Parkinson Mutant o-Synuclein
Causes Dopamine Neuron Dysfunction in
Transgenic Caenorhabditis elegans

-~ T

ASBMB

American Soclety ‘or Blochemistry and Moeculor Biolkegy

Tomoki Kuwahara, Akihiko Koyama. Keiko
Gengyo-Ando. Mayumi Masuda, Hisatomo
Kowa, Makoto Tsunoda. Shohei Mitani and

Takeshi Iwatsubo
J. Biol. Chem. 2006, 281:334-340.
doi: 10.1074/jbc.M504860200 originally published online October 31, 2005
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How optogenetics works

A light-sensitive ...and insert the DNA into
protein from algae specific neurons in the brain

Take the gene for
this protein... *

\ _ Neurons communicate by “firing.” This is an electrical

This protein is an ion channel that signal created by opening & closing ion channels.
opens in response to blue light

+
jvl.'*‘ & So now you can cause
neurons to fire just by

flashing blue light! W"’

With the right combination of neurons, you can activate an
entire brain circuit to control specific behaviors (like movement)

KB : Karl Deisseroth of Stanford University and the Howard Hughes Medical Institute and Ed
Boyden of Massachusetts Institute of Technology



Halobacterium halobium, h4:EhT i Chlamydomonas reinhardtii, & pgA<
bacteriorhodopsin, Yo & 1iliE; channelrhodopsinl, 2: ChR1, ChR2, &k
halorhodopsin (NpHR), Y& S 7% R b ]



470 nm

A A

2

K 4 48 Chlamydomonas reinhardtii

>k B4 Natromonas pharaonis
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Tail-suspension test

Off On Off Sucrose-preference test
3 min % { J(,-)
‘Lﬁ;'-;her 5111‘.:;:!'5!:
: e Qs o
B Active nose-pokes (last 5 min.) Off On Off
B Inactive nose-pokes (last 5 min.) X8 30 min

b
=
[
H
=

=
[ |
(9]
s
:

== (Control

-+ NpHR
|
Off On Off

5

1
Time spent struggling (s)
[ =]
[ o .
w —
-
Lo
!
2 9
3
S0 p=
[T=3
Sucrose preference (%)
d &
1 |

Z
|

Nose-pokes
R

=

Nat. Rev. Neurosci., 13, 251-266.
Neuron, 72, 721-733.
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Designer receptors exclusively activated by designer drugs (DREADDs)

Neurotransmitter Neurotransmitter  Designer drug
. \ - . . . ** s
Cell membrane_ Protein engineering
Increased or decreased neuronal activity Increased or decreased neuronal activity

(e.g. Gq, Gi)



M1-DREADD

Wild type M1-
muscarinic receptor

receptor

ACh
-5 CNO

120 4

& ACh
& CNO

s 8 2 3 & °

—

(esuodaJ [BWpEW JO =)
*di-[H,]

§

120

g 8 8 8 R °
{asuodad jwxEW JO %)
*di-[H,]

§

12 =10

[Agonist] (Log M)

[Agonist] (Log M)

Current Cipinion in Cell Biokagy




CNO PERLAPII:lIE COMPOUND 21 SALVINORIN B
/ 7 Q
|{l+/ N N
H (N'—) N (N—_—)

()
db oh

s hM4Di KORD

LR A

1Y L\ Wi ' Y~
21\Vi 1D Ta
| A1 ) s ]
VIR

©
l l \

Increase intracellular calcium Activate adenylyl cyclase Activate K channels (GIRKSs)
(Depolarization) Increase cAMP (Hyperpolarization)
Increase cell excitability Inhibit neurotransmitter release

(Neuronal silencing)
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hM3Dq Excites

+ CNO

1- 6 hours B
—— > Altered Behavior

5 - 60 minutes

KORD Inhibits

+ SALB

Vardy et al., 2016; Whissel et al., 2016
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BaaH: FAERKONFLMRIE

doi:10.1038/nature 09651

Distinct physiological and behavioural functions for
parental alleles of imprinted Grbl0

Alastair S. IGarfield"zT, Michael Cowley"r, Florentia M. Smith', Kim M(mrwuud', Joanne E. Stewart-Cox , IKerry Gi]m‘:,fz,
Sian Baker’, Jing Xia®, Jeffrey W. Da]ley""“, Laurence D. Hurst!, Lawrence S. Wilkinson?, Anthony R. Isles? & Andrew Ward!
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Disruption of the DAT gene

Bcel
R oS ATG -
A. Wild-Type /5 Py . ¥ i i - i
Allele | 4
|1 Ir 7 I v [
: # 1Kb
RI Sp B
- B Ap RI
o Tomire | " e e
Bel —_— > —
RI Rl Sp
B A Rl B A
C. Mutant LLL v ey L i
Allele ||
5' Probe
- >
;s 12Kb .
D. E
R I R .08 o DAT (+/+)
® DAT (+/-)
4 DAT (-/-)
5 001
0.00 .P“ & .
0 4

B, [BH] CFT
(pmol/mg protein)

Sora | et al. PNAS 1998;95:7699-7704

©1998 by The National Academy of Sciences




Cocaine- and methylphenidate-conditioned place preferences in DAT knockout mice
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Sora | et al. PNAS 1998;95:7699-7704

©1998 by The National Academy of Sciences




Cocaine-conditioned place preferences in 5-HTT knockout mice

* %k
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Sora | et al. PNAS 1998;95:7699-7704

©1998 by The National Academy of Sciences | | ﬂ é i i
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Lack of cocaine-conditioned place preference in DAT knockout mice with no or one copy
of the SERT gene

Cocaine (mg/kg)

Sora | et al. PNAS 2001;98:5300-5305

©2001 by The National Academy of Sciences



Generation of DAT mutant knockin mice(L104V/F105C/A109V)

A K Exon3 K .
| 1 I Wild type
EI] N— A | . Targeting
e construct
K K K
-|——[|]—a::>ﬁ-|— Recombinant
N i |K Neo
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f1» f3ae i3 <2
23
B 5 C s
TR . g B o
= = o A = A o =
(—
1.6 kb- s 6 Kb- et
- 5 k- bt (oo
1.0 kb- s
PCR primers: f1/r1 PCR primers: f2/r2
D 3 E 3
! £ £
5 OB OB g g &
600 bp- - e 4.2 kb- . -
- } -
PCR primers: f3/r3 Southern blot

Chen R et al. PNAS 2006;103:9333-9338

©2006 by National Academy of Sciences | | ﬂ é i s
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Genetic compensation induced by deleterious
mutations but not gene knockdowns

Andrea Rossi'*, Zacharias Kontarakis'*, Claudia Gerri', Hendrik Nolte't, Soraya H'('leerl,
Marcus Kriiger't & Didier Y. R. Stainier’

*Max Planck Institute for Heart and Lung Research, 61231 Bad Nauheim, Germany. tPresent address: Institute for Genetics and CECAD, University of Cologne, 50931 Cologne, Germany.

*These authors contributed egually to this work.
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Derivative fluorescence
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