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WD 2004/ 051265 PCT/ GB2003/ 005239 FI SH DI SEASE MODELS
AND USES THEREOF The present invention relates to
w@esena2sdn and use of disease nodels, for i NBCHOGBR003/005239
assays to identify and investigate 5 genes and
subst ances invol ved in disease_and_di sease treatnent
i denti fi caFESH BAGEASE ¥PPHLGANDr Jefs THRREOF
particular, the present invention relates to
generation and use of disease nodels in fish such as
The zebesdnshinvensboe retetesred @@@@UahEQmsan@r@@@b¢é disease

eno enerated in 10 fish | | owi, n
modBley el Rl SadE I oh oF Sar Ter et ditt P M Ot P b gpte
gen&f €4 9ub§t£ﬁ§@§nEﬂﬁ@l@@@elﬁrdﬂyéﬁééOﬁnﬁodbgease

assayed. In sone preferred enbodi nents, conpeting

tre@tmﬁ@t; aﬁ@ntaﬁp@ﬁbéoﬁoamﬁs%5¢nO§c¢§%%st%§%%§$ng For
par?P&u%£¥ tQthéﬁggeQE ﬁ¥i$% éﬁ§{£§0{o %e§e§atlon and

e or tatron exanpl
usecofibiinataoa médahsaﬂdlfisNes@mMgasazebrsﬁa$h sinnsbms,
an audi ble startle stlna i ah rature gradi ent
PrefArEPRcEPPRISHBRKS / afir TP 57 ViR T ﬁﬂ aLe P hrRat ahfhgt?

fisBhapelofeng- fHPdgégQQeaoPr§Q§£@éV1@ﬂl6E|él@ér@tﬁ@ﬁkof an
area may be used. "Qther preferred enbodi nents are

actigisey osedehéeetnof 28 tf@@t@$%Eov@$?e|%rc%PF@ﬁ%P9 to be
ass£§g&tedlgységg ﬁpékélo O°e§8?&ﬂm¥€ hethﬁQtPﬁ&'leﬁ&ll are

articul ar gene
appc@ﬁblﬂatfoﬁhoinseUEéahsg&@esypmghﬁaysaleityaVQ affect an
desirable effect on a gartlcular di sease

actyyiby ThechEeSEnP28 FRVRFEEBR p?BUF dRE @?E%?%@?es for

exaﬂ%@éCQHF LbesenRr 0Bhens, ani HGhUSE NG NBERGISat 01 dexel op
e appropriate disease nodels, how to subsequently

stimeteen thesedhbliel starhba HbWEbUSr aastamRerahnsge] giadient,

an QYERD-10CLABEK! ! 68, 2PU-COUD BLAGLLIS, ARPLARELELRIng chape

parflcular wa aimis ac
(e. &hemaaeln&enalpﬁeHBUSrylaﬁlmal)oafyai@arheanaaumeyome used.
icular individual steps, but_also in the

Oth%ﬁrPF%E‘PQFG%WW%]@%F%?W d‘éh?c%‘?%%g BPESEBMDI ned
together The nature of certain

Drug discovery is currently limited by the ability to know
whether inhibition of a particular gene, biological pathway or
a combination of several genes/pathways will have a desirable
effect on a particular disease state in vivo. The present
invention provides strategies to overcome these problems,
including methods to develop the appropriate disease models,
how to subsequently screen these models, then how to translate
this into human therapeutics. By combining the appropriate
steps in a particular way the overall aim is achieved. The
invention thus lies not only in the nature of particular
individual steps, but also in the particular way these
individual steps are combined together. The nature of certain
steps places constraints on other steps. Thus, an additional

part of the invention lies in the recognition of these
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steps places constraints on other steps. Thus, an
additional part of the. invention lies in the
w0 e@agsi2es on of these WO 2004/ 051265 PCT/ GB200B¢D0GB2®93/005239
2 constraints and the applization of particular
strategies, both in that particular step, and in the
conath@xngse@sd mhehaphélgah10@f06v@@é6h€%ba¥h%%éateglesr both
trai 5 Th pt I t
in GROE BFAC Fuader Fal ol ool SUFRER LSy SR phe ain
of espeebalhy anéebr abhsbralhes.zebrafish is an organi sm
whi ch conbi nes many of the advantages of manmali an
and i nvertebrate nodel systens. It is a vertebrate
a r t e upBa-€i sgase dRle
The EQEE@#%S%EEQ%agg§¥%ﬁh£§9|Esgr%éb?gygsﬁgﬁut unl i ke
encmbhed dveclebnateimpdefsshi eaperealilyvyabechsedish. The
enetic _screen

Th
2epB55) ShihPeat Rae=DenRar bR orPRD ERe BEPUSE e advantages

of ﬁ@ﬂﬁhﬂ@&hoan@f1hﬂé@tb§béaéem5@élabybtémsanmtvfst&brate
nodel | i ng abilities. They develop rapid W th t
verba@retebéag Ehaﬁ ﬁpﬁéaaylﬁﬁéﬁﬁgtae@ﬁdﬁéﬁd06u¥umﬁ?h?hsease

tha§4D9?H5éE9§a Lerpihizaton, - Mprepxer ., b&@ehﬁlﬁ%euéﬁﬁ@r

wthin a ftransparent capsule allows the
ver@abyate wmbuelwi stakhsatrkedidf RO i1medrhal per§ans genetic
t hrough a di ssecting mcroscope. Many di sease states
SCLEGR®be npdelled within the first week of life, at
which time the enbryos are only a fewmllinetres
| ong and capable of living in 100 ul of fluid. Thi
ThepéPHEREOHAA 9§?saaprephaFengaﬁteﬁﬁP§6§lﬁh offer the unique

comgﬁkgklSHaB@ehnBQE@@EraﬁgcQfggagﬁlmﬁ | a2 QEﬁEQbEQEEHt

i's particularly useful for drug screening, wt
modﬁmmyngheapabhilbeeﬂg aheangedelanGamedﬂyplaméhfbhﬁabaSlC

rnativel atlo of, fi di sh
b°d8r 3 af reﬁéy 86V5H§|b§88 i?ﬁoBH?aW?gﬂlB ?'éﬁuﬁﬁyOf
ferbeitrgated. 3fdo-egother thand BrRyuberbegtedibpgenbenithin a
e.g. via addition of one or nore or a conbination of

trapegprenbscanssset aLlipgswaher easy in vivo visualisation of
internal organs through a dissecting microscope. Many disease

states can be modelled within the first week of life, at which
time the embryos are only a few millimetres long and capable
of living in 100 ul of fluid. This permits analysis of A
individual embryos in multi-channel format, such as 96 well
plate format. This is particularly useful for drug screening,

with many chemicals being arranged in 96 well plate format.

Alternatively, a population of fish in a petri dish or a tank:
may be employed. A population of fish may be treated
together, and may be tested together, e.g. via addition of one

or more or a combination of test substances to the water.

The zebrafish has a short maturation period of two to three

months and is highly fecund, with a single pair of adults
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The zebrafish has a short maturation period of two to
three nonths and is highly fecund, with a single pair
wo@tooatsi2es WO 2004/ 051265 PCT/ GB2003/ 005239  3PCHP&ERA0/005239
of producing 100 to 200 of f&pring per week. Both
enbryos and adults are small, enbryos being a few mm
capaine atiptslwhemdbny AH WP ERsaPahdesy tRpth

mai ntai n._ The abilit ge lLar f
emo SR e vt T O B 2 R MR
adul®s ge-Scah ahddd t yrhéy faré hette olveant agps wftcetmaitsin i sThe
. the fact they live in water. This npkes, . 1
abi BHR rff S tFerS oht Df L LRI wkée%eﬁ c%f%%%]s%/g It T
e. 4 t | SEover afish, are 10
pla%?s%f%%% ré?«‘ﬁ%@iéf VEr egrddalczehs af

sul phoxi de) tol erant. isis
i nportant as many drugs are dissolved in DVSO The

i nventors have establ.shed .t ha raf i n .. -

B RO AT TR, S ek TRt Sk i e el BfeD by in
watdestTsubstanss Hayihesdissobyesf i candMB @anchemicals easy.
adm ni stered to zebrafish by addigg to the fish ter

d fﬁ%@tare

DY of €RE @

Poti&o 1041 mdth 91 &4) i fo V@Fdous Pref ef & ethportant
alsgs%%c sggﬁﬁggﬁ %d?%gg?éQyog)the pr esent invention‘E.)Or ank s

manyebrads sdrandi otbkvedi sh BYSO. rEaeli lyvebsorp have
chem cals.. The 20 effective. concentyati of
eSt%?%h?%%?st?%ttﬁ%bﬁ%f%?ho??%nto Gua %s{fobﬁﬁ%'e??%%ti%e
canBl @sh@ gPNgEHtrathon t8sBsuwsSancd sy Eebdhssshied in
enable the entire biological pathway of a vertebr

e _ y . Of br ate
DMSQ 2@ a@pbeheeeradatai gRoERE bilyhputdFAEhy oho ©Be | 115y water
i bl g [ 0 i QRS- N e g
s B L e L e e s st Pohan Sl
Thigui agenesd ped Soh nveni Kuezeteféradd  agedet s cand ogmbodinents
j 136(4}: 1401-20% The publication of the results of
of the PFesent atyee3b elal e nutagenesis screens was in
1996 by the Ntisslein-Volhard and Driever groups

[Driever, 1996; Haffter, 1996]. They were ,
Zebrafish and other fish also readily absorb chemicals. The

effective concentration of chemicals in the water often

equates to the effective plasma concentration in mammals.

Thus, Zebrafish enable the entire biological pathway of a

vertebrate to be screened in a high-throughput fashion.

It is possible to introduce random mutations into the
zebrafish genome, for example with the use of chemical
mutagenesis (Solnica-Krezel et al., Genetics 1994, 136(4):
1401-20) .The publication of the results of the first large
scale mutagenesis screens was in 1996 by the Niisslein-Volhard
and Driever groups [Driever, 1996; Haffter, 1996]. They were
able to isolate over 2000 mutants affecting nearly every
aspect of embryogenesis during the first few days of

development. The original 1996 screens analyzed 2746 strains
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able to isolate over 2000 nutants affecting nearly
every aspect of enbryogenesis during the first few
waelayg/08f265 devel opnment. The origi nal 1996 scr eePGT/GB2003/005239
anal yzed 2746 strains WD 2004/ 051265 PCT/ GB2003/ 005239
4 of enmbryos. Only those with obvious norphol ogi ca
of aphoraaki Pnéy Vh@ﬁbl@lﬁhd@bvﬂﬁésdm§§§69#ﬁ§lﬁﬁéroscope

abnpgéglﬁgggg LTy, Lhe  f é?htﬁgl ggggceengh lbéagaogaaaere

have "a V|sual emwere-those wt
kepal.t ehaki ohs fmsayee$baped 5nsthe basmsgnhatathey.mﬂeht have
mut ants were isolated t M@ Screen

2 VHEHR&IBTPREGTt KBS FHPPSdU&E b?égeFﬁF6°ﬁﬁtéﬂtege shape,

512§ebﬁcbh8ﬂen£5th%na|§@ hhkghfstQ@Eeoﬂgﬁlétéaakhls way. Such
fraction of the total nunber of possible nutants were

scredeangf nedhods musVlbﬁbthentéeﬁupgobaﬁédlmépeméﬁﬁyt

se hEPL SR ean sl adadl BUEL0L 500" R Ovyar sRHE P ELaLROLESor the

4&Ji ¢resle sens|

totﬁﬂiHﬁmbeHubagpﬂesublécmaeﬁﬁtsIWekbeldéhgnﬁabd sasemnst of
m croscopi c exam nation was used to detect
thegdgenet P18 8f "FaPt PRaVaF *RRSFBRT €4l P¥r 8asipple allele.
interest, by 15 observing a decrease in the size of
the structure or altered optical properties using
VarNonarskkangﬁes hhlyw, bgeougsvased tpeénbﬁgaﬁﬁaﬁbgenic

pr r the contro of r t :
senp vl BEe B TR BLySaEnb Pt acPEeahorn: SRLEE, §ETyinal
screpaed MpcseEeepsc %kﬁmhaétﬁanthab peedi eushytysed™in
ot her 20 animals - (e..g. WO01/12667). Mitant fish can
deg@ﬁéﬁabé0§cpéeaéatlﬁaﬁaroégaépmﬁpaéré§eéﬁc@fahat€ﬁ9§t by

obsggpgagag ésxgkgegeak Ohe deggngkatihanselyarRakt beUh@tered

An exanple is the transgenic |ine expressing
optGEEliprppdrphesonecagtNpgarbyl pbacicag t Newr odroppBnare

stream of eGFP %Kennedy g 25.al.,.J Bio%

creRhep( 50Ty 03760 19057- EABASy TL0) 8 R B59BBSEPE £0%¢goL of
proﬂBK@rbIaﬁﬁggnéﬁpEéghe@aﬁhYBﬁEtFpegeﬁﬁuéeggBGSf interest to

Zebrafish expressing a heterol ogous.|karos protein
spepgdyvBPbeERcRBE8d Fomilar to that previously used in other
animals (e.g. W001/12667). Mutant fish can then be screened
for loss of fluorescence and thus abnormal devélopment or
degeneration of a particular cell. An example is the
transgenic line expressing GFP in rod photoreceptors, by
placing the rod opsin promoter upstream of eGFP (Kennedy et
al., J Biol Chem (2001) 276, 14037-14043).It is also possible
to make transgenic fish carrying exogenous genes. Zebrafish
expressing a heterologous Ikaros protein have been used to

model haematopoiesis and lymphoproliferative disorders (WO

01/40273) .

W099/42606 concerns a method of screening an agent for an
anglogenesis activity or cell death activity or toxic
activity, comprising administering the agent to a teleost

(e.g. zebrafish, medaka, Giant rerio or puffer fish), and
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nodel haenmat opoi esis and | ynphoproliferative disorders
(WO 01/40273) 30 W99/42606 concerns a nethod of
w@eremni2ey an agent for an angi ogenesi s acti vPCT/GBR003/005239
cell death activity or toxi activity, conprising
adm ni stering the agent to a teleost (e,g. zebrafish,,
detpeblakd, 2 FapPoRres| ) oFNPUEFEROS T shydi@mel WD angiogenesis
acti@%{ﬁoé#%é Egé%?&’r‘?%é’%?&@atﬁ Q@Ef&ﬂg%@ LESPONSE 3 vity
In the tel eost 1ndicating angi 0genesi s ctivity or an
in effkedsonocel tiseathoactryan yobrthoxielacttvity in at
| east one tissue or organ of the teleost. 5 WO01/12667
descri bes use of a transgene to drive narker

WOOEXDEESTI @Bt Pibbe €YE. odhe OF gesysie Mey &eifdd Sharkdr
suggests. making a transgenic animal (which it says

expheyShenaltithy dyca et hhowozohpriBINgs nfidduci hg suggests
efi t Xpr i on. o K -
e BETEL L CoBOOTLANEL ol s PIRGEES O oo TEE S eion) by 2
metpbdt osecepsivg Cettsdosing ganganst sel eststgudorfor
tranggenesis by visually, detecting the

rker in a
eXPERST BT R cept F VBAEERF BEbt gher T VB 17 51604l ( §%‘F?§<‘? 5% s

mar KOACEE NS Mb b Dp OV i fg1 8eNSH thZ84n 4R ISHESCSLedh BSr
a tunor gene 0[ an oncogene"ln a non- hunman .anl m
tragsgenet chby ebk ate Shy adet eenin@nek asaekpassi ny,

phoﬁ%ﬁgé$§{%g${c$?fsépi&{%Xg-in cel I s where expression i?

i S proposed to detect changes and
conpare on nutation or other treatnment. The aimTs
fication of 20."interactor genes" that, when

| dent | n f ) o
ool {rhe . (Sebiieni 15 KMFeBIoT etk ©THE Sive Prnsitizer
genéj@rsﬂ%hté§sé:'etlﬁl_§é@l etorthe SEASddAL e n gens)-n¥an

_visual |y observing the change in appearance of the
aningkslieor Roricihi zeheasvom tdey ndosonde aF osaphd ding,

meti dia,  as.death of. the cells of the ommtidia

by G S DRAET Bok hyY 25 b el 1 IR 1158y ¢t itep
letidewed tinderp fopd SEDSEOREatect changes and compare on
mutation or other treatment. The aim is identification of
“interactor genes” that, when mutated, specifically kill or
reduce the size of target tissue (subject to the sensitizer
gene), by visually observing the change in appearance of the
tissue. For this reason they chose the drosophila ommatidia,
as death of the cells of the ommatidia give a rough-looking

appearance to the fly eye when viewed under a microscope.

WO98/56902 discloses use of transgenic fish, including
zebrafish, and methods of crossing fish strains, including
strains with mutations, the aim being to identify genes that

affect expression of fish genes.

Scott C. Baraban, Peter A. Castro and Herwig Baier have
disclosed identification of seizure resistant zebrafish

mutants as a model of epilepsy. For induction of seizures,
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W98/ 56902 di scl oses use of transgenic fish, including
zebrafish, and nethods of crossing fish strains,

WO p@uosi2zegy strains with nutations, the ai m beP@GBR003/005239
identify genes that 30 affect expression of fish
genes. Scott C. Baraban, Peter A Castro and Fbrmn%:

zebiBaf esh hMa@imi@s@@NMtW | & 2RO DR BRG FUFeL san

b t
(R Coabtd vt Pt b i e T
und&%&é @2@@@/@Q§Qﬁ9ct %iﬁé@fwhséﬁwxae—y\ﬂm estposied t &

conmon proconvul sant agent Pent Ienetetrazo]e

deSCFII'-Zﬁ)e%rwrQWeOW%% (er s et Rjo- 95
ct r Pﬁi@d’ tat®Sve seizure-
2: 4 éﬁpbedﬁp?%\?éogi e gB%r aﬂnk(getl al . 2&%151 Epei'lseeplszi%r%
resﬂ&tﬁm@é%@utahkbwe Wew&lléﬂmti@ae@arrled putative
sei zure- resistance nmutations were identified. In
contrast to the above disclosures, the present
In é@ﬂ@ﬁéé@ntopfﬁélQ@@v@adi$éyé§mr@§Ih@@@ i £dm e it en i on
fish, such as a 10 zebrafish, to be used efficientl
proyides vpaet el of yuotheds uvakﬂ%se%bh?s%oﬁﬂe?hr such as a
zeb%%ffgﬁeu{60§er&égaagffigl %%S§a§§de 535Wé@§dopy
resent 1nvention are . zebrafish)
s;t@asE@Bs h@d@iscamdrdtheaspewbd@$Iragem®mhous Wmah Gikeease.
nly representatjve of,the underl di se
Propited ey AT 40 HESaP i LUTZNT o AnRhant £°F of Side FRETarieh)

dis8MHS eAYEEL s SEhEeNi 88asd hhSde Bl 1 oyvsmé théds Nwii Dl hefe not
identification of a human therapeutic. The invention

onlysregeresaltytappl PEabhe Wedaniybid Abapiety Rt are also
d d. X V] ,
paxELETPERE L ALPPLIRED. L S00LR SOE Ol AL RIS, o
all@n@cimanmrﬁspecthenLSemEnflugtﬂmmgofaag@mmamrtherapeutic
ounds for OSSIb deve o) i s asses
The | RBrY L G ) el SR SEr | Lk o LRI shasererar o it tayy of

disthads| ¥88 ADsoRSSESSNBRY eré(\ﬁ@éh@f bta@Bed is
detectable effect or not. It is
specifically set out herein.

agent

A particularly important aspect in selecting drug targets or
compounds for possible development is assessing the likely
degree of effect on the disease state, rather than just an
assessment of whether it has a detectable effect or not. It is
valuable to be able to quantitate the potential therapeutic
effect at the earliest opportunity and rank this against other
candidate compounds and targets. Only those compounds or
targets with a large enough effect to translate into a
clinically useful effect can then be selected for further
development. Equally, only those compounds or. targets with a
large enough effect to be detected in the clinical trial with
the degree of power which will subsequently be run can then

be selected for further development.
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25 valuable to be able to quantitate the potentia
therapeutic effect at the earliest opportunity and
WO 2004/051265 agai nst ot her candi date conpounds BEGB2003/005239
targets. Only those conpountds or targets with a |arge
enough effect to translate into a cIinicaIIY usef ul
Theeptesentannvhehibe pebwited heanturshesiB8pcally fish such

A e T

idegkiBiy€al hrgaheWwhhcht hehdagheeaobdponetewhi thewatbkivity or
subsequently be run can then be selected for further

etfgefePbpheAt Senee2008£052d65NPETA GE2803FB0B23IOCYPThe A
secBESé?Qt éH&eBk'QH'BBOMhQE%iBHagﬁfeéEECéét§@hLy EisBffect of
suc ad zebraflsﬁ, for use In nethods of screening .

a pkdmaapddibdenti fghrgia gemeedhieoh]inhenaabpaf edene and if

alters the act%vitﬁ 0 a_di sease _gene
0

i r._ effect of and

it PRHECEsyPeEags HnbRors EeEASE aobbansry SeRe Er rarlRe

wsuppt-atker~afbaet sTactivihyreksekf eetioftyaopr efBEYt of a
di sease gene is terned an "interactor" gene_and if it

 pripedicesnactiviify termeff agt “sphanperiaf9gene FSTREEREd

gen%F "§#BEP8§§8r;uggggsst Lhql BEREASES aéhégit¥eﬁges§nt

effect 'of 'a “prifairy gene it Is termed an "enhancer

targehe. fbmnt dragtotol@rgehneshei déckadbag Buppressotaanddvantage
enhance enes, represent rge for _dru to treat

ot {REeaRCEaZeI R EPEL Pl Sal0Bht AB8 LBFCTREEPECPERS T2y be

par@€Be 86 agBgpkstthabathfaiNt shackori19genel Myebedefdified in
of an unexpected pathway, but wll still be identified

suchna sgehea-sBfdékionddilyi ondl PyudascamugslyokiBel o and

[ : .15 ni se I Iwtarget a.dr [ ;
antga00:b8 B raPuReT A dag byt PROEL g pRe Brbtein
encodker gt hegenéd btgpehauneecaastorl| genebenef/i bbak ef éntlar

on,dLsEas% phenotyge. In addition to zebrafish, other
bengfifialcRIAECFugh, 2§5PEFRSRCN98YREdaka and gi ant

rerio are anenable to mani pul ation, nutation and

study, and use in aspects and enbodi nents of the ,
In pAdséehbn tAveabrahfias, dpsbkssédshesurh. as -fugu, goldfish,

medaka and giant rerio are amenable to manipulation, mutation
and study, and use in aspects and embodiments of the present

invention as disclosed herein.

The present invention is concerned in various aspects and
embodiments with a method of screening for a substance or gene
that affects activity or effect of a second gene (e.qg.
expression or function of a gene or encoded protein), or
activity or effect of a treatment, on behaviour or physiology
of a fish, the method comprising:

providing fish transgenic for the second gene or subject
to said treatment, as model fish for screening;

mutating said model fish to provide mutated fish or
treating said model fish with a test substance to provide

treated fish;
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The present invention is concerned in various aspects

and 25 enbodinents with a nethod of screening for a
wgaadsnanee or gene that affects activity or eP€ECB2@B/005239

a second gene (e.g. expression or function of a gene

or encoded protein), or activity or effect of a

t r GEFRRALNT ORehRRAVRBUPL PRSI BFBgYE BRLAtEAshishher

tre?ﬁgﬁoglgﬁnpﬁtﬁlHgde§ogﬁé§¥£g'Bgdéksbot£§Q§9§fyca59rmutated

cond géne or su to said treatnment; as
flshDdeItﬁesheﬁoflshreehhngltauédtbegasaodrnodephysshlbgy
rovi de nutatﬁd fish or treating said nodel fish with

comﬁaF%QtW§EBsW3 gt foSPfovide treated fish; WO
209&é9§%§6§oPgaé§5§@93é0953898u§s@QH@@TtH@tbgbﬂébebr

physi ol ogy of nutated fish or treated fish with
actwmdey brshffﬁcbrqérth@ sgennilf genayCrURAELHItY| 9F Bffect of

salgo ategg %h %& gg h@?éﬁgfgﬁpﬁvéogénQElBhﬁﬁff Qg¥ce b?tween

St h ereby to rdenti
modémbsﬁaﬁcanﬂhﬁhtaﬁéécf$shawﬂthlBycbraéﬁéeed béhaheour or
second gene aqr activity or egfect said tre%tnent

Phy§iophgaydEat RSN hgTH @eﬁ@??ct FFf@FgﬁEE Sphathe¥htYnBgepfect

of Ehéhséggnaugéﬁgdog'§Etﬂb§hy559he§kéﬁﬁegbeH@MlQHéanent
physi ol ogy dentify a gene that affects activity or

effect 10 of the second gene or activity or effect of

eSSy bhERITER s 0 PRLLETALD Mk psaetcpisvands

vardeuel npaentisaofosychnd oevbodpméhtFhus, shion exasphed.
in one aspect the present invention provides a nethod
of screening for a substance or-gene (terned herein

Thusf 1 F8t 8§88plet hah @BéesggeeﬁttMétMreseﬁEfﬁﬁbeatl@n
second gene or act|V|ty or effect of a treat nent, on

progiflesha mehbodeoﬁoacceﬁp&nguﬁgr QOSBb@vadpﬁgorageﬁﬁdétermed
norb b EOE RO EER 9y gt Ry TRIEDICCLOL kDR o »
second gene, or activity or effect of a treatment, on a fish,
the method comprisiﬁg:

providing, as model fish for screening, (i) fish
transgenic for the second gene, wherein the second gene is
under regulatory control of a specific promoter and expression
of the second gene within the fish affects an aspect of
behaviour or physiology of the fish, or (ii) fish subject to
said treatment, wherein the treatment affects an aspect of
behaviour or physioclogy of the fish;

mutating said model fish to provide mutated fish or
treating said model fish with a test substance to provide
treated £fish; _

comparing an aspect of behaviour or physiology of mutated
fish or treated fish with that of model fish in order to
identify any mutated fish or treated fish with altered

behaviour or physiology compared with model fish;
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under regul atory control of a specific pronoter and
expression of the second gene within the fish affects
wa@rooaspret of behavi our or physiol ogy of the PCHBB2@3/005239
(ii) fish subject to 25 saidd treatnent, wherein the
treatnment affects an aspect of behaviour or
physiesedyy tof idratiifsha heeht pHgssargenbber RILSRCLS
i d fiS r ti d [
actEQﬁ% %rggkﬁgﬁge 0Q820€e oﬁa gg?egEfagEQ%§8§ %Q @%Egct of
saiconpaaingnan agpedly dﬁeheh&yuﬁgraogepbyscoﬁmgiembnce
nmut at e fish or treated fish wth that o fish
betwﬁeﬁr@@PeéoflﬁaeﬁpgfVu5ﬁ§eﬁu2ém%dwﬁkghsBthggg?§8df|sh
beh@%&%u§|5§r§ﬁ %ﬁ@??o%B QHeR@X%ZBEOQYrQQ ahedtWathaffects
fish; 200 051265 PCT/ GB2003/ 005239 9
actuwetebprt@fﬁd@ﬁtpﬁyt@et§§pogdb§§aﬁc@rtﬁﬁtlﬁﬂﬁéep§ effect of
sai C%iVIE% o4 effect of the second gene or activity or
& “0F " “said treatnent, or, by identifying a

genetic difference between rodel fish and nutat ed
fish wwth such altered 5 behavi our or physi ol

[ tO
Optiigentilty éuFPr§tm§§ﬁ€dtﬁ&FtQPFeEpgpréEF?v?F%eﬁgggﬂf58F and

pre%%r%%@ysgﬁgﬂq1§§Q%go%ra%B%$thn%raeEﬁgﬁEcﬁﬁ t8ditdinteracts
treatnment. Optionally, such a méthod further conprises

w1t@c¢@enpmgtE@n angodeg pweﬁ@eabu}dr@ynpuﬁymﬁg gene, e.g. for
obt ai_ni n1ca| interacts h in
use ﬁéo&e&%%§aPﬁ8 g realmeEn ofwhaﬁa% %1@ %E%és

FEPSY gene
a therapeutic in the treatnment of human di sease. A
speci fic pronoter. % be used, and a specific
A SﬁﬁﬁﬁéﬂérpF§mP§e§eWéﬁa Ry USiEsls u8NEpBc FPEE 1@ promoter is

b I [ d~pr 4
oo RSP St aggmnens B ok LIS ooz

preibsmealpmwmngealblé@w§equenﬁlgeep§ Biiatehgosdeeeni ng

e ure to E rri.ed g pression_.of .
reRd G uate TR LALI PAty GHABH Ho tOnERBLogh o Lg otePs in
theNalcteahi2g promeHeie &% @esehirkeddwblill . previcdslgy expression

di scl osed prior art,
of the disease in entlrety under the control of its natural
promoter, as descrlbed with previously dlsclosed prior art,

may not permit these subsequent steps to be performed, and, in

those circumstances in which they could be performed, they may

not offer the equivalent ability to identify a therapeutic
relevant to the treatment of human disease. An inducible
promoter may be responsive to aﬁ applied stimulus, while a
promoter that can be derepreésed is active upon removal of a
repressor. In some preferred aspects of the present invention
the specific promoter may not be eye-specific in the fish
and/or the behaviour or physiology of the fish that is
compared may not be vision, although in other aspects and
embodiments eye-specific expression may be employed and/or
assessment and comparison of vision. In various preferred
embodiments of the invention, the specific promoter is

selected from the group consisting of nicotinic acetylcholine
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may not permt these subsequent steps to be perforned,
and, in those circunstances in which they could be

w@esotosizetl, they may not offer the equival ent PEDGBRG0F/005239
to identify a therapeutic nelevant to the treatnent of

human di sease. An inducible 25 pronoter may be
recepisponstias t orlardapplt edF st mieti 1 el Bleprbomotgie 1L
that_.can he derepressed | ctive r val !
CYEQkHtasybr M Sngg% ne- %%gﬂéér ?kel gaésep’e cétJl o ﬁ%‘g'r eacs)éelnc?lc
ribb SNl i gHospiep sPesid | B0 prewmd exctniy, rdxbe insulin, alphal
eye-specific in the fish and/ or the behaviou r
tubilies oh P DICthe FRoh BHRAPHROERS GO od iy ot b
alpﬂé@'&E&s@%ff%Wght&fb§&ﬁ@rh§§%5%§féégvjd&ﬂgﬁiﬂé@nts
eye-speci fi1c expression nay be ‘enpl oyed and/ or
decaslsesghesd, arngrcohpase s BATA- i HIDEATAr hapigyeters.

. _preferred - enbodi nents. of the inventi S i
Tis ?%?m:trérﬂ?%g%e? &?5181%?} o?ﬁ?%emagf&gp%: ns?és ele%gﬁg(fcﬁ&ec’ but
are Nh€Ot F&d€r BERd Y| €00l hder W 20044 D512 65f neurons (including
PCT/ GB2003/ 005239 10 receptor beta3, rhodopsin, Flit,
Mot RBrBEFHEIS | sl @¥RONgYhe ¢F thStbketat iTStRRcle 9-
. L na al . i L POS OB hponents of
o T e e kY Berd et o TR T e
thet abdl tory t s@siseluci the GRX{n phdsphodirest exd@er, athd, pancreas,
brn3c,. 5 al phaB crystallin yr osi_ne hydr ox :
che i T SHELar Boky T hee YL aie et e e
subPyPE®L £rhe A SSHEStHPe WhEhtige Negadtl gene may beé
expressed include, but are not restricted to:
neurons, subsets of neurons (including notor
ProﬂﬁyéPQSth&@nW99§n£er£d% eaﬂséﬁﬁwﬁy@éQ@lﬁ@c@-eQﬁEession
photoreceptors, Tens, gahglion cells), nuscle,
to spapbientsebl tyhes alwi tebyatysh emclib@eskin, the swim
bl adder, the pancreas, the haematopoetic system
(i ncluding specific haematopoetic subtypes), the

Neu¥88&Ul & U1 &: antedhenheastet JEcHB OIMY eF Scibit 67 Hayes
al ready been shown to direct expression to specific

(nAgRRbe tgPpeseFeneled¥ af Tekue kel )2Neur onal cells:
ni cotinic acetyl choline receptor beta3

Photoreceptors: rhodopsin promoter [Perkins, 2002].
Blood vessels: Flil promoter [Lawson, 2002].
Stratified epithelium: keratin8 promoter [Géng, 2002].
Motor neurons: islet-1 promoter [Higashijima, 2000].
Skin: Type II cytokeratin promoter [Ju, 1999].

Muscle: Muscle creatine kinase promoter [Ju, 1999]; Alpha

actin promoter [Higashijima, 1997].
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(nAChRbet a3) pronoter [ Tokuoka, 2002] 20

Phot or eceptors: rhodopsin pronoter [Perkins, 2002].
w@b@agsressel s: Flil pronmoter [Lawson, 2002]. PSI/GB2003/005239

Stratified epithelium kerdatin8 pronoter [CGong, 2002].

Mot or neurons: islet-1 pronoter [Higashijinma, 2000%
Gen8kiph: e¥ppeskiopyt ekédarc mippreadeér gwph@ggg]:elaol’ (arp)

|
corfi3e " Missl e reat g K b RO GE.A 111098557,
2004/ 051265 PCT/ GB2003/ 005239 11 Gener al expressi on:

acidic ribosomal phosphoprotein PO u,
Panfgeop; Beka é@@lﬁnﬁﬁéﬁﬁtQFOPH|§5§hlp ﬁﬁ%sfg 9@%; Huang,

opofPgncreas: Pdxl and insulin promoters [M Iewskl, 1998;
Huang, 5 2001]. Neuronal progenitors: alphal tubulin
pronoter [ Gol dman, 2001]; GATA-2 pronoter [ Meng,

1997 10 Ha II T , .
neut337h phAg e TR el S Rhane yrrRIn ERaLhaRy 2000,

GATRO929b rbhokl rpriefeair, ed o@mhadi ment s, the aspect of
behavi our or physiology that is to be determ ned for
nodel and nmutated and/or treated fish is gradabl e,

Haegﬁgoggéelgec%ﬂﬁgt't@@ﬁ%ﬁll@r%ﬁggeBrQE%hﬁedl9§8 Meng,

iments, level of skin pignentation’is
199%@ét.erm ned for fish, and can be conpared as between
model fish and mutated and/or treated fish. Zebrafish
adapt their skin colour to the anbient I|ight

Lenisnt enphby By saeiing t[reishergoneenyrati on and
distribution of nelanin. In a dark environnent
mel ani n granul es beconme wi dely distributed within 25

Tn FBl2RoRRAr 85y 3 en @ap%%ebﬁégﬁcg'%qe%%h%%ﬁb%m bhus
ausing the fis I'ook bl a In contrast, in a
phwsu@ﬁbggnthamnmsnmo be determined for model and mutatgd

and/or treated fish is gradable, i.e. can be quantitated.

In some preferred embodiments, level of skin pigmentétion is
determined for fish, and can be compared as between model fish
and mutated and/or treated fish. Zebrafish adapt their skin
colour to the ambient light intensity by varying their
concentration and distribution of melanin. In a dark
environment melanin granules become widely distributed within
melanophores, star-shaped black pigment cells, thus causing
the fish to look blacker. In contrast, in a light environment
the melanosomes aggregate. The stimulus for this adaptation
depends on a retino-hypothalamic projection, the hypothalamus
then inducing pituitary secretion of either a hormone causing
melanin aggregation or one causing melanin dispersal
[Odenthal, 1996]. By creating dysfunction specifically in a
component of this pathway, such as through the selective
expression of a disease-causing gene, it is possible to get a

very easy and rapid read-out of the level of dysfunction
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t he nel anosones aggregate. The stimulus for this
adaptati on depends on a retino-hypothal am c

w@e@ges2odNn, the hypothal anmus then induci ng pPCTIGBaK0P/005239
secretion of either a horndde causing 30 nel anin

aggregation or one causing, nel anin di spersal
thrppgBneRal ysigoef. PBYTEREAEiAR - dTSFURKETBACS pRY| PRREPFINT

the'Bﬁgeagenggﬂgﬁhgséehg'§Ppehg%ﬂ¥ub§QEhoﬁsgBHBQHQH thels

ctive expr ion o di'sease-causi ng gene, it is
whlpbsprbﬁectotgetha hyepyheasyuantor mpldakteatheubagkgtrhend

of dysfunction WO 2004/ 051265 PCI/ GB2003/ 00 239
adap Sk PRy EAoRRAPESl S Cof SpPOREHOLE: o, MERF LoRaREPESLH
degBXBr88SbAYint RRcdbpBaBE=CaUShAY @@H@rhﬂ1bhdtnéubSﬁélOf
4 %gn glion cells which project to the hypothal anus to

VA

dpéﬁéntﬁédeéRQréﬁﬁdreééaﬁﬂétPSnPF§§SBF§§lOPtlﬁgel
Alteg§§£9bgl& qggega@ﬁgpgggg s QESEB Eagbg d'BetBSnflned to

apbsence o nera eur ona uncti on and
themkphthbéiaéademmb obgaugnwmththomebdvebt of pigmentation

Al ternatively, at hol ogi cal process coul d be .
LevEdnt FACHONGN PhESEpPeREFFAr SEPPSESagaRRoqi o Bipression of
a flesdeautnef npi-aeentathen théVébitﬁblm@mgbeQHBemay also be

mar kers, such as degree of expression of 10 a

usefiluorescent marker within the epithelial cells may
al so be wused. In the circunstance that extent of
pi gmentation is used as the read-out,,this may be
In ghantiitatedthyceotpati egtthe béspifinshtatdom th ased as the

wil d-type, fish t ticul
coaflbls Y08 1 S, PLOTEDL QLo op, Ln RRLULEULAL LD £ior

WltHeEaQQQBQE9?e abser bphibgBhe Fhusuby¥si | bunbaatingibhethe
. fish with ight of standard intensity and then

melﬁeagugrrﬁgutlﬁé Qmmﬁtla@psomﬁght cppaasRedt BdthhRough to
melﬁngﬁ% SSIde Eh%ég#herég 8°B§a&ﬂ§5m%a?@&REeEﬁ@C%lEH with

g6r |on an ore | ev
lighe detecbadabatmaeanbesy and Chﬂhrmbasﬁrihg Ahsuamabhe of
detector woul d be the D%gatechTM m gr I% %ader a
ligphot 6ABEBE C4ES GREqUEH aEBFef?HeSFgﬁhP ab86r bafte

container, a difference in light absorption and therefore
pigmentation level may be detected between test and control
fish. A suitable detector would be the Dynatech™ microplate
reader, a photometer designed to measure the light absorbance
of samples in a microtitre plates. This is automatable, high-
throughput and gradable, thus allowing small differences in
pigmentation to be detected. This is important as the
suppression or enhancement of a disease may be slight. The
smaller the difference that can4be detected and the smaller
the amount of time taken to detect this, the greater the
chance of identifying an interactor or chemical which is

altering the baseline phenotype.

In other preferred embodiments, auditory function is

determined, and can be compared as between model fish and
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of sanples in a mcrotitre.plates. This is
aut omat abl e, high 25 throughput and gradable, thus
wa@bdoamsnzgs smal | differences in pignentation tBCHEB2003/005239
detected. This is inportanti3as the suppreSS|on or
enhancenent of a di sease may be sllg The snmaller
muteheddehfiépentecehad Eanibe Bepeetadldndhehecaralted with
t he_anmount f ti k t thks
oth o S0P A nah b of (T aSat (75 N5 SR T ATer acrB or RRaR gal”
basehigh is aahighlﬁgrbhghpasefanhlphenﬁiypeexhnbothen
preferred enbodi nents

audltg % Qction ig. .
acoggtéfnfheatlandNciRi6B RoRPared aidbEPhEeRCHBERESEFEh
det@Bg? %Ogééggﬁgﬁé Eggégggoﬁ§i905g§93,1§n"ﬂh@ﬁeﬁeadlng to

reate I sh. Especially when conbined with
f1rmhbeofstbpselghtsnakwamsAfQﬁlaéﬁécVLbﬁabprgnﬁﬁﬁlexr

s_.in b I h f h
resfIERIgy frBmy Sar taebhs iaaiffat "B EuANRHL | 28 i atea
thraught en¥ shiBEhUS1ifed dﬁéeétedlhylmtohehhactseaSerMauthner
hair cells, in turn |eading ~f|r|n e ei
celhgy vEniahr énatednyrBFAVEES W@FPExneuF ﬁlt&HS F?gﬁﬁg is
muséﬂgd88P¥Fgeeabﬁnakv§abﬂegasb¥Ia pediakede LhLAUgh the

tera Ine. These stimuli hen activate Maut hner
cells, which in turn activate npotor neurons. The

esul t is 10 nuscl tra i den
A S%QFPe PPe EOWTHF gﬁa? Fa%Ong%H§¥S§ Eﬁg ?ngntal er®
pet®h Hhenfi shy @egus@d Pet éuldushthasaystlaetmsedetspoersecu fn
the startle response. An auditory stinulus

audéﬁ@ﬁ&aﬁ@#@ééu§yméﬁoﬁﬁlﬁ&aﬁdéﬁﬁPFedlg Fﬁﬁ?lﬁgoﬁ15mall
welgk%d%% ped grﬁﬁg%ﬁﬁeﬁnﬁgskgﬁcé'@%t@fthgesﬁggtéfnﬁhe

etri dish, or other consistently repeatable
conmaahamucalgstmﬁmkusdlsbun@rnayhﬁé gppliisdeb lieahrpeatable
usti.c. sti nmul_us | oud.speaker
mecHR R, SRS o pERer T, Pe SRPLASRog Tt Beghs of an
aco%%%ﬁ@'@%ﬁn@ﬁu%heef@Sha gotd pedhetrhe b@&ee&Em@&ée af loud
a Petri dish, and a noise played through

th
speladeds peak be. asieishechése KOBISHEF Bé Bhcefish, e.g. to

the base or side of a Petri dish, and a noise played through

the loudspeaker. Such a noise need only be brief.

A change in movement amplitude may be quite subtle. In order
to quantitate changes in movement amplitude the following
steps may be performed, in accordance with aspects and

embodiments of the present invention:

1. Distance that a weight falls onto a container such as a
Petri dish may be altered, with an observed threshold
height for a response in a control situation compared

with that in a test situation.
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A change in novenent anplitude may be quite subtle. In
order to quantitate changes in novenent anplitude the

wo olotomi2eg 25 st eps nmay be perforned, in accorPercs82003/005239
with aspects and enbodi nen¢s of the present
invention: 1. Distance that a weight falls onto a
%oﬁmaﬂm§ndsuoﬁ assqunpeptpyailshhiaygbedal PefeASapEARAY be
an _obse reshal 0 n
oREraL g T ¥ ust P ON RonBar i LUtk PraperRiarfage OisBrve o
Si ﬁ:é@bbﬁ@e Y& 2004/ QS&:BﬁBrBCTéGBZG@@tO@SEGQt:Ldm 2.
Anpl i tude of a sound played through a | oudspeaker nay
be gradually changed to determne a threshold to
§b§ﬁ§&§tﬁder%%pgAngthebQEhf@sﬁOGEH@E andmi8stion may be
Situatio tude of response of fish under
exqman&ttaﬁedayybeecqmdmngtahedrb§Ppé§©erng £RE8 camera and

onse on a amera,and then gt
G PSRy Ed o T B g " eHe s MR ier ahg Bffe stimulus.
neuronal activity may be accurately neasured by 10
determ ning the degree of fluorescence-in enbr

Ext@hitc b thage ropadn achi-detad ™At Re426RN L8 Y5 e SECEPE B
detgrﬁﬁ%l%gg%ﬁ%r@% e%wgke%ﬁh@&egﬁgﬁgé)1ﬁtehb%¥ést9h4ch have

NCCOI'son). Thi's acts as a quanfitative
beemanthcmkdn@umondkGadtpﬁl0y5 $rnpbépluacgmeﬁﬂyl dextran

(oIS TG 5. Tak o0 P o] ARLonakodhRly oons

act@O%%|Q'%ua%%h&ﬁt@v%'@Q&Q%@eb&-ﬂﬁ@kbﬁbdlﬁc&t&ﬂﬂy Similar
(Mol ecular Probes), followed by a conparison of

actMiich Grea sand vl Ier&sEenfey Prtenset 1566t wleiotBhPLge1cal
ass%%%nf%it %I%%§|é“%; rl@ AFSe$eMRal - %%lﬁ@elgeﬁﬂ@63§5%31ble

SO possi oul d the disease process 20 be
uSlen@glaneEemed:ots@elleaa@hladlnedu@rmmal@egélnéle@wl@ﬁ Pllfl@bleﬁl)

APSEI st ai nin Pr ol% s#lwoul % ec
foi;ﬂﬂqu Yate COMGRLIGH ﬁ r@& §Fe8 Sorbiiati-on
1intWnid) t9NQ @y B @ ondddilt lxanal fseatrils@s . AN svaliileus assessment
aspects and enbodi nents of the 25 %resent i nvention as
of dihecnssagriasitsi 45 also possible, should the disease process
be engineered to lead to neuromast degeneration. In this case

DAPSEI staining (Molecular Probes) would be appropriate.

Vision may be compared, in combination with one or more
additional features in various aspects and embodiments of the

present invention as disclosed herein.

Where the behaviour and/or physiological response is seizure,
especially if seizure induce by pentylenetetrazole, PTZ, and
especially if in zebrafish, this may be employed in aspects

and embodiments of the présent invention in combination with

one or more additional features as disclosed herein.
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Where the behavi our and/or physiol ogi cal response is
sei zure, especially if seizure induce by
w@entysenet etrazol e, PTZ, and especially if iPCT/GB2003/005239
zebrafish, this nmay be enplidyed in aspects 30 and
enbodlnents of the present invention in conbination
Pllwpahplnﬁe beinbeeaaddi prohabbf dasar esnasidisnl asedexamples
04/ 2 PCT/ 03L0 1
o BRPEedB ReR RaF NEE. a¥alsr TRegh Hosstaan iy fgpgiments
of eh@np&e3en@f1nﬁeﬁ®mwanants that may be used in
aspects and enbodi nents of the present invention. 5
Wiere a treatnent is applied to fish initially to
Whe@%fgcgrégt anpect QF ?@E@Vkeuﬁlgh @HY%&QR@QYt@ngffect an
provi fish ﬁ can then be subject to
aspeutabiobehaVQDQV|de ghvanedogyshndrprsubp@cmOdel fish that

can 1§70 P SUbOaTh GnoBABICS. ERSEPELReRECFE SRt 16y ©F

sub3@cappbi eathenngoleky ef tpent yuesetateazol proPide Theated
resent invention pr ovi des in vari ous aspect s and
fisembédi FEALS IRoPMREFLFFAGSt 516r LERPEEPRG fPsAOSUBK

app§§cé%95ﬂf'§éelgnskt VIEQQ%h ge%Ethhb phis allows for

ncr eased ty and gradability of an assay
and al | ows teaS|ng apart of snall dlfferences
n resg nse_tendenc

The, JrEaRay 107 BRap! ErPY SRy e SHbEAar BRCSFCS| g

embSHiifehaki eBr apboRBhar tst bRukkpokenperakur encwhesheebrafish
with discrete changes or a te erature gradient, food,

to jgoapererdadcHEmitalis o?héﬁué oyt £t LPEXBRASEHdI ti ve
sen%@ q%&@ andpﬁ¥§HQBE ¥ r%EOQnSHEQ?ZSaS eg%%b§sshggglng

r eat eni ng a preferre odi ment
apazebbﬁfBmhl&rdlﬁébKEuaEGdlnoraap@ﬁsaddbndeecsub@panseng
be n

h
st TR bR eR S nteera el en taateptYocghBegation of

ligher isedmuebt3odaysprbabere themwater tkaptheaurepl aeedner
wth fresh water. The natural response is one of

w1t§e§p§§r§§er@b@pqgsngpeaopemﬁ@rature gradient, food,
aversive chemicals or drugs, attractive or additive chemicals,

physical aversion such as electric shock and a threatening

shape.

As a preferred embodiment, zebrafish are habituated to an
additive substance, which may be nicotine. This may be through
the addition of the substance to fish water, e.g. for a period
of 3 days, before the water is then replaced with fresh water.
The natural response is one of desire to receive more of the
additive substance, e.g. further nicotine. The fish will now
swim preferentially towards a focal source of the addictive
substance,'such as supplied through a wick to one end of the
tank. An opposing stimulus may be applied, e.g. passage of
black and white stripes in the case of the optomotor response,

a temperature gradient or an aversive stimulus, and strength
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addi tive substance, e.g. further nicotine. The fish
will now 30 swmpreferentially towards a focal source
wo@tooog1263ldi cti ve substance, such as suppl i edP€hGB@R/005239
a wck to one end of the tlank. An opposing stinulus
may be applied, e.g. passage of black and white
of ghaﬁpesppnlngesta@glus thy bpt erdesedr espygndgjusiing the

A L L R e

SWl@pm@&amgssthaubual&ayvaesab@eaade Buchdpushiingttihe in the
stinmuli appropriately, fish which are very, addicted
facs PiF $RF| PPDSWAGE Sliaftid VPhe LAIAPEEFI8 Csubt n@@lgacﬁave

a 0 h of, . th [ t n
na SHEL SRR e Ree ok Soogeesl BY Bl LIS ohne cose

sublséadercpragehietiat ed taesagioesulifilohod besﬂrayubgwaﬂcérom

tic altert|o wi | l. now be_drawn fro h
e et AL L LR L S S R
oth@&h@bu@@@@Lattabttaahl@@nﬁ@ﬁ@im@ HQadrahbthEShlaha§Wa¥om

from the addictive stinulus, the extent of the

thea@@ﬁépwéﬁecaﬁl@élfe,rébﬁaswyepéa§édt69taéﬁactlon can be
relgngﬂg.E@%E%SlXu@séﬁasggankﬁtggéQEEQeésséeggﬁf'Qn a further

odi ment, a source he addi ctive substance such
spead fiiicc etnbnd imay the acepuaicred fi hheceddortaveaseblstiasnd such

co hebBan, B B BB 5, 32 SE0he AR AN cne

tan®.dgf shopregaeh theakbeatl ickedlansiouhge phevidepeadfure which
accurate gradable assessnent of their degree of
theyddiret P5RPaBRdt ks EWABAASLOt dfePRERTWEPhrg§ach the nicotine

souggeng??iegésoéncQ%?h%ékehg&gggblgeﬁé§eégﬂeﬂ%ug% %BXﬁPy

which alter t I ction. response, hig
degdesibébbddﬁotlbhe Byeahﬁsﬁtmehnhunﬂngdthgraﬂdthtaon

20 d d t
Ut RO SR L OE SRS o Lo AEE ATy e SRR e et P olaiy be

ldehﬁiﬁmbuowhhehcgitékntﬁ%pgahic@méneﬂbggbﬁﬁﬁtShl@thldeS
for screenlng for and preferably identifying or 2
]

desgpeRilai AgratsabsrancaenhariphytrdedragsyAdighione This is
giv%gnggnghlggample and does not imply any limit the scope of

such a techniqgue.

The present invention in certain aspecfs and embodiments
provides for screening for and preferably identifying or
obtaining a substance that provides a synergistic combination
with another substance, or for screening for and preferably
ideﬁtifying or obtaining two or more substances that together
provide an additive or synergistic combination. Clinical
benefit is often derived from synergistic combinations of
drugs. Use of an in vivo system in accordance with the
present invention allows for identification of such

synergistic combinations.
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wi t h anot her substance, or for screening for and
preferably identifying or obtaining two or nore
wg@adpsanees t hat together provide an additi vePOF/GB2003/005239
synergi stic conbination. Cifnical benefit is often
derived from synergistic conbinati ons of 30 drugs. Use
Thuof an tervaiiom syst@iméntactioe damceninioh ¢PRPrpsesent

invention_allo or.identificatjon of h, . :
gengyetgR st ¢ Hitharthe. =00 Sk 08 268 St ing model fish
wit PCHGB2P034 PO5239s t ddcdBYSat i Degst tehd enbopiorNis &heest
I nvention conprises generation of a nodel fish, as

subdtaeteseand t ceapi HgnanEee eFERCt WpE NCRGOCBP FHrBoTre

subst ances, n LchihS1 fat&Sts1
sub?ﬁ%%%%ﬁc%, an %@%%%??ngwgégwg#fgﬁt 0 athe&?m%,%f nor e
seqbeftbst apcesplbedpnbhnati aspéwhet hdpesanibtaneoushysbplogy

. sequentially applied) on an pect, of behavi our or
Wltbh?%?oﬁ8§90¥mP£hefE%%EfPE??Ogg %ftﬁ%? ¥ pBt h"'3F ©t he
subb¥OnlEs "PhEn sPbsiaacenqwhenuappli ed dnehyidupktyeorall (or

alone. Either all (or both) of the substances applied

bothhyo€athe bsulstescesupspahed, map eachneeop Fpat substance,
subst ances na 'a.d o} h e Lcial
or FHPeel"FRS e dnsls THY, SRCN AL e B EeR L7 PRe
benbBBiel a1 0éfatcteast the dffeetei nhoheigodet SibhecThef the
i nvention thus provides for screenin fgr nd
mOdSﬁef@FaBFyleiéti@8n?ﬁ%§FFngrt Bt%?ﬂg%g ésgubstance
that provides an additive effect to a known drug or a
synergistic effect with the known drug. It also
Thepiovedesohothser peavagetofoandcpeenrtrabf9ri dedt PE§FRGaPLY

. . or .abtai ning conbi nat i tapc e
iofE BV Raur Beohr EPREP S SR8 phlP PhalbFoyPls Bcsaaicive
efrthe ebfecknefint heutworsubsyanegsswheneéipboywdth the known

i ndividually or _ alone. Add-on therggies re u?efu

drugecad§eai 80 BXAVIFFEUFPTt CEBRALEE ToFi APCaPTE Féﬁgan
ideﬂ@é%?iﬁ? g%i sbERYnIRHOal sombiRdEavn bFopye o25mbaki ent

an epfaced wth a new drug. The patient is deprived
substances that provide a synergistic effect, compared with
the effect of the two substances when employed individually or

alone.

Add-on therapies are useful because it is difficult to conduct
clinical trials in which an existing drug is withdrawn from a
patient and replaced with a new drﬁg. The patient is deprived
of a drug which has at least got some proven efficacy and some
confidence in its side-effect profile. Additionally, the
patient will be vulnerable to their disease during the phases
of withdrawal of the existing drug and build up of the test
drug. For example in the case of epilepsy, the patient would
be at risk of fits during this period. Thus, although the new
drug may be more effective in monotherapy than the existing
drug, most clinicians and patients would not want to take the

risk of switching therapy and having a fit, with the social
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of a drug which has at |east got sonme proven efficacy
and sone confidence in its side-effect profile.
w@daunsoeanl |y, the patient will be vul nerabl eP€DGBR@3/005239
di sease during the phases 18f wi thdrawal of the
“existing drug and build up of the test 30 drug. For
andemadptellnmphecaasenaf éprlepsyy the pastenf Aodrivipg
risk of fits d e S t
1:0Rbk ' 5 B Pty SRETHGH Bt fhoi pvelin RO HePs (oH RaRblE o
tritheagxyat+og tﬂéggpynnst clinicians and patlents woul d
not want to take the risk of switching therapy and
having a fit, with the social W 2004/ 051265
PCTL 0 g | |
PN R tha T ogs Brog ar T hae T¥ enceorn hahy
1den®mmﬁcaE$onlbf|somhmsanmoh nbﬁeaﬁessrabﬁé pp therabpigp and

add-o e present tlon e
SYnBEBABbyPeCOT DL PR bRt PR Bat LoRobP EBAoRAkLI BHe cxomle
of %BQ&§959Sbyade06ftm@&a@teataea SMném@bSﬁménts of this

conbi nations in vivo. Cbntan|n% with the exa Ie of

n

aspepit| epsyhpyrragest iPVastigani snknPHefbBdi RaKt 8¢
adm%@'%&e?%gggg phet Respre 89tekﬁﬁﬁmé'98d§uﬁn9§@pg5596”ay

adm nistered to the fi for exanple sodi um
Epivabproatethefpihdpsydi $nt her Endbcedddntihaafi §hst

Addi tional test bst h di dat
SUbSREAFEar sSUGF GBnBERE RACat FORTTHAY ( hah BE appri B4CEEO"

maytﬁﬁehlée apd1asgessedntorikhenhdanbkesepl epogasie anti-
fect. If this effect is greater than any of 15 the

epléﬁ@ﬁpganspdeﬁégpﬁut5€|éﬁ§8a?§ﬁ@ctthéngaeé PRi ERppyany of
theu%% nga?fDgghgg?ﬁu@gﬁgohgegﬁbkbedthéHcQ @§1ﬁ§call¥ useful

. -conbination of syhergistic effect
eff%@klhwsngednugdeam&flemanpheh ahaan|augmﬂbtaaupons of

two or nore nmay haye some t t
compdgathar: °§o&VﬁﬁF9&F5F8aF§feég fb%.ﬁ?& %Wégg drugs are

exaRPeRYt @hAr ¢Ar BaRBZBRIAGNs! 3FDELbIbRemogBbARGNhERe some
phenobar bi t one, di azepam cl obazam tiagabi ne e-and

Synﬁé@eﬁéﬂpcaﬂémpﬂAﬁ?g§§h§¢naﬁpdﬁu@fVﬁﬁé§@a§ﬁd/6FhQ§Hé#mlder

heny%%%n?rcarbamazeplne, lamotrigine, gabapentin,
b

phenobarbitone, diazepam, clobazam, tiagabine and
levetericatem. Any combination of these and/or other drugs or
test substances may be arrayed in every possible combination
and tested for synergistic efficacy. Appropriate doses vary
from InM to 100mM, e.g. 0.1luM to 10 mM, with 100uM being a
reasonable starting concentration to assess. This will pick up
beneficial effects, with for example, diazepam showing

therapeutic effects in monotherapy at 35uM concentration.

Furthermore, the invention provides the ability to avoid the
development of a compound or target that would otherwise be
toxic when co-administered with an existing therapy, or would
decrease tﬁe beneficial effects of an existing therapy. (e.qg.

it is useful to know as early as possible that the new anti-
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test substances may be arrayed in every possible

conbi nation and tested for synergistic efficacy.
wa\poprsat e doses vary 25 from 1nMto 100mMV BCTGB2003/005239

0.1pMto 10 mM w th 100uMibpeing a reasonable

starting concentration to assess. This will pick up
epig@pdfice i1a d@rvreé&gner\‘m tis et gedmsl &0 dﬁeézﬁ@@ar’ﬁhﬁw@\fﬂfﬁgt of
sodlu%r %ﬁ:ﬁ)tﬁjo%teef f g% reOtol}er ¥>a§’ntaz % when .egentually

concentration urther nore, e I Venti on provides
prdsue ideid ity tihe addird d heglv@ewelhepxmmyofpaalmmomdlobe

et that would otherwise b t oxji ¢ when

ta]@@gg FRchitSMEed e O SRS B tRG S REMESY,” or woul d

decrease the beneficial effects of an existing

therapy. (e.g it is useful to know as early as
In @oﬁ@tbtlléetdh@txampelmm amt iempod2oeatost2ése invention, wild-
2 005239 | epti deyel S
typeo ngﬁt %qﬁes% B eq]I éicta%%f r%ar | u?% va ro%:véen Wizures
aré aihetnr iigidve sor marmm&zmm rtelmime;m ededttdaln ywf a stock of
prescribed in _the clinic, given that many patients
peﬂﬁﬂheqﬁ§QEﬂa4ﬁ}%ﬂﬁP%WQﬁQQMlﬂgO&ﬂedneooﬁcpﬁ€§? &r ugs).
corb%eln'%r%tQ%tna'dfeCiO‘?ﬂ@'m erd rfaRnerkedi-Ten Bfbhe is added to
invention, wld- type fish of tup background are
theréaﬁé!dtpoadaa@mmats@rszeéowreetlﬁél@n wducied in t he
h t hrou dit] f.a k
Concé%tfl enet gct rgcczglo edgnﬁn%IStd:ﬁst’ltl%%orger hteo P&ER y&\?eleécef(fawle’

or QoMmeRNsr atuber afentOtMd ithe Relrfindls twat-daton Bifazegam™i s
added to the fish to a concentration of 20uM ejther

perdy l@aptet ragoiSur rién e ddittH Othé Cadienifd @28RR8h 38C t he
pe%ﬁ?l yleneteliazol en éﬂdf%ﬂdﬂ%ﬁst%%%s%%%%%%nk% the test

mnistration of the } pentylenetetrazole. In
submddinciesn et kelddicazepamhdrgels feneyl evecentazdlion af

addi ti onal .test b tan e f. sub ances, are
R S b IR I g o gy
Control s include mnld type fish with: 1. only dilutant

added 20 2. only pentyl ene tetrazole added
1. only dilutant adde

. only pentylene tetrazole added
. only pentylene tetrazole and diazepam added

. only test substance added

g1 o W N

. only pentylene tetrazole and test substance added

The extent of seizures is then assayed through visual
observation of the presence or absence of seizure activity and
the duration of each seizure after 6 hours. If the additional
test substance decreases the seizure activity in comparison to
controls 2-5, then it can be concluded that the test substance
may be a useful add-on therapy to diazepam therapy in the

clinical situation.
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3. only pentyl ene tetrazole and di azepam added 4.

only test substance added 5. only pentylene tetrazole
wa@ar@4erss subst ance added 25 The extent of seP@UIGB00BH05239

t hen assayed through visual0 observation of the

presence or absence of seizure activity and the
Varduuatt@mlogseaéha@@umuﬁératuen enﬂoa5§essmenhe various

addi ti,onal . test substanc decreas selzure
dosBE, oL § A oLom RS0 eo Doc NE R0l S5 ADoPReRPP dgs Just
onebexeppeckuded that the test substance 30 may be a

useful add-on therapy to di azepamtherapy in the

clinical situation. W 2004/051265 PCT/ GB2003/ 005239
1n 304YRELAUSS! bTRES QhadahaLs! EAL! 20 ANHagoReS ARk ated

I ous oses ‘and various dfugs nay
flsabmmehpmovhdasajw&ﬂd—mg@eeiaapleIt51Bntadd|ppeﬁlb¢eato
t est. substance, .the fish fish rathe

asSEHaRoF WAFALAFE O S LS ¢ CURBR pBSErbr G Pg. HEBg otic

eff%@&slnb@ra%ub%@r&BE%Cbife@tehebfb@ﬁ@fm@t@hl@mngugesth@ test
effects, or deleterious effects, of the nutation pl us

subshancest. Aé@@gmaﬁe@§lyA|ﬁéﬁnapa@éﬁys fIRE BRalysit§enkpown
theggpgnggel agun 1 k%%r aRauti¢ ag%ﬁkl@ﬁdlhh% geneti,c

, dlscover el ther a new rug
distawgetemthbenafmermrm@nmamgbtonf hehbfhhe1hnowmbdnagion
neti-c marker of use |n pred#%t|n

Wit ;Fgén$§°£PedﬁH§v Ok @l ¢ o6 HENBRT 609% BFebéHePFFflCtlng

whlcﬁoghﬁﬁéﬁ%%'ﬁkboﬁo%ﬁ thgekpown deuarild (bR anet Behefit)
enbodi nent, a conbi nati on of potenti al antl -

frornnplramwrtyoag@rft &hies kaginndst@red to a nodel of an
i nfl ammat ory di sease, which may be generated through
addition of a pro-inflamatory agent to the fish

In wabehert Bnboghm20 texpr essbdnaafica proponkhadait enyi-

, ene, or knock-down of. an antl-lnflannatory %ene, to

1nfg an

SUBSL OFfePRER tohed ScAfBRRAETSRefs to @ model

inflammatory disease, which may be generated through addition
of a pro-inflammatory agent to the fish water, through
expression of a pro-inflammatory gene, or knock-down of an
anti-inflammatory gene, to assess whether the combination is
more effective than either of the individual agents.

For example, there are a variety of anti-inflammatory agents,
either in clinical trials or currently prescribed. For the
sake of this example, assume there are 11 drugs to be tested.
It is possible that the various drugs act at different pinch
points in biological pathways and that by judicious co-
prescribing, an optimal combination may be found that is
better than any drug alone, whilst with no worse a side effect
profile. It would be very difficult to do clinical trials, or
indeed mammalian studies to determine the optimum combination.

The present invention allows this.
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nore effective than either of the individual agents.
For exanple, there are a variety of anti-inflammtory
w@g®ansi2es ei ther in clinical trials or currentP@I/GB2003/005239
prescribed. For the 25 saké of this exanple, assune
there are 11 drugs to be tested. It is possible that
Fort beavaliiois dnugsragt odt wdilfiber dmugpnél agdedt §oi Avery

.

row 8 bet'l)e&nbh%lﬁﬁm dr ugnal eae onWhRbst 1vm(t‘h"m0awdr gelamn 1
S|de effect 30 proflle It would be very difficult to
aredgoslticailcalelidsi dns Whéeh sed¥eatnamhdl fanastgdi-e§arh well

als%eE% QBl%st%qs%p%HQHw‘%3%??@%4}%@1 8éﬁgeete§ﬁ@tdegree of

Cnvention alTows thi's
1nfE€ﬁh€BZ@&3h&05&&& a%beEeedexampbélUnianaagmaﬁedfhigh-

drug 2 i to ever Il in
thr@us-h}ouéné S5 20 3?1&5 §5¢gP é&%%ﬂtfe Weeo st 0 vent
a1l & ge)aaﬁﬂxgﬁhHﬂﬂl%ea%@ds%QeQ&tyR@W lOC"Alﬂ andeeel HaWing a
1 are control wells in which sol vent onl % i s added.

diseack W@Wﬁratal§€ SoraiersepitsKowi €8 PAF Pitgh have grade

i.nduced. fI i Qn t he
2 GigSArty Seve l%sgdggu%uSﬁh%th?gggﬁpgth §ghFo%y%%%%§%?§c

efﬁ%banple the untreated fish in well A have a maxi num
di sease severity of 10, all others having a disease
severity of 5-9, except for C6 and F3 whi ch have grade

Thik0 2 0t 38A%Q & F%&H%%ntEﬁQ§ :dice@p oBn@Nd16 dvavern@n tested

synergi stic his was tested experinentally:
alogemadurid L/ M94m\mvn ipestia® madsde Odt l@@ﬁ@ﬂmatlll‘?nan shgwed

no dé%g ng%ﬁ! Of Iﬂﬂ#&ﬁﬂ%&%&ﬂa mg%g@ %QU%%%%Ct e% tested

res °Simil Y, conpoun en testéd al one
alaafle 48ng/0Ng /Ml dm ian \Ajnvarumdeiod@fl ioff [iafimttioert,ioshowhdwed

no det ectabl e response. the 2 enantloners S
no [edestable X5 SRemne oft E&ého n&%ﬁ g IO TS was'tested

at %\Oer gjl/lmlOfofC%mu%@antﬁ%?délrt ' Q@)n'gqni‘lu'dve&%iq_u%fo‘ccoh@%und
ti on phenotype
resultlng 1n full rescue of the inflammation phenotype.

The present invention also provides for screening for and
preferably identifying or obtaining a substance that
ameliorates one or more side effects of an aétive substance,
e.g. a therapeutically active substance. There are many drugs
which have been discontinued in clinical trials, or are
marketed but infrequently prescribed, not because they are not
therapeutically effective, but because their side-effect
profile is limiting. The side-effects may be relatively
benign, but significant to the patient, such as weight gain
(e.g carbamazepine), or of potentially fatal consegquence, such
as inducing a cardiomyopathy (e.g. doxorubicin). It is
desirable to allow the administration of such drugs, with

proven beneficial effects, through the co-administration of an
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The present invention also provides for screening for
and preferably identifying or obtaining a substance
w0 bat/oseeel i orates one or nore side effects of PENGB2003/005239
active substance, 25 e.g. &2therapeutically active
substance. There are many drugs whi ch have been
addditécontli raedti focimpiresk thraksdeppfipet Rapkéled bbt

exaln&%e%%e@%l pre r'% adﬁ?é ?%EQH§8ntg @{Sn@ggonlsts

erapeutlc | ecause

(e. @Ideaﬁﬁﬁedhnepr@Elbeot&nlpﬁmplmgh15h60$sdeee§feomepnayole)
be relatively 30 _benign, but S|gn|f|cant to

to GéﬁFéﬁFe §ﬁ@hré§km@¢gﬁﬁsﬁéﬁﬁ ug eﬁaEéPBaﬁ828BFﬁ§?ts pho

req@h rBON%ﬁﬁbgll %atﬁbu§98§gﬁye@%§ pﬁﬂﬁhreﬁieEnQHCbgﬁlﬁln as
car di onyopat h doxor ubi ci n) . IS desirable to

an aht@wpﬂhéea@nlnggmeaatomyoﬁgguch drugs, with proven
beneficial effects, through the co-admnistration of
an WD 2004/ 051265 PCT/ GB2003/ 005239 22 additiona

In agedidaecempriewne thke psedenef faetnpiohi | eucAnagexasphee
of this is the co-admnistration of H2 antagonists
screengd fami trdiien on pPoCOn2puApiPhRRrbLEEr ST(&hg, active

sub%qgﬂr@ZQEQLce%o d%96§a§§f59% Bksgtﬁgragﬁéﬁbggpe reflective

ul'ceration in patients who 5 require
or nhdpm@tawﬁ bdrapaudereﬁﬁebtor Ehpsrun agbodiments of the

L 256 S ST SHRLOT 205 0 BESOLRREE AL uhe

51deneﬁﬁ%&tl@fWBk%Bra@ﬁbﬁb%@b@tu@na@%ebbédaﬁbmveutﬁ Fish when
- substance induces a side-effect or other Bhenoty pe
Subﬂ@FW@@tﬁveon@rOwnapést¢@étoﬁu§S§Pa§eéffeE 1STAQSSi ROt
reqﬁggg 5%, 1h %leﬁ %eBE'QEtléﬁ @%t%ﬁ% 28efbmifistered
mnistered to fish side-effect of other
agephenoﬂmp@thsragﬂesgemehas saghntsshhwheachs@bpecheddeelred
st anc Thi s does uire
thed AR RCHEEda W SR BREaP™: e S3oRamERASEs, ban Pe
scragelt. fbi ahbeprereedbNent Senadents bhabba@ﬁh@mebyhmeans of
desired therapeutic effect with a reduction of

assgisgaecatf oét §ieaasbePheapé¥redangr saAG-pLépetaphpnotype. As
w1t%d%@EEE'%@p%%t%b%ﬂﬁnggbgﬂlﬁgﬁQﬁ 8% the present invention,

this may involve co-administration of a primary compound
together with either a battery of candidate substances, or
together with randomly induéed genetic mutation. With the
latter approach, i.e. mutation, subsequent steps are needed to
identify the appropriate co-therapeutic following
identification of fish with a mutation that provides an

ameliorative effect.

A diverse library of drug-like compounds, such as the LOPAC
library (Sigma) may be used, or the Chembridge PHARMACOphore
diverse combinatorial library. Other targeted libraries

against particular targets classes may be ﬁsed, such as ion

channel libraries or G protein libraries.
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assessnment of di sease phenotype and side-effect
phenotype. As 20 with other aspects and enbodi nents of
wo b@4psesent i nvention, this may involve PCT/GB2003/005239
co-administration of a priéry conpound together with
either a battery of candi date substances, or together
Sthhltﬁuﬁéﬁ@@WWyownd@deQYgéﬁ@tpgeﬁ@mata@ﬁenmﬁpn tlsea method of

ian, e u s _are
lden% gg& %pgfgggégRﬁﬂfgeg%§§§pp(06?ﬁ§ e%cgg%ﬁe&égguflc
haﬂﬂdﬂyWMSn@nd denkitfiicc atrodn 1lefs hissbowathdawtiihat-e@pohBatreness

provides an aneliorative effect. A diverse library of
to &rG&eFaPéuééﬁpouﬁ@§res&éha&slPﬁéeEQPRQ mQGeIFBWQFQS

tar&%&%@abr%%%rQ%lﬂ edwh@&eb etﬁ@eghﬁhggeO@HQBQ%QEQUQE% is

i versé conbi natorial Iibrfary. CGther targete
1nfﬂm@m@edebyag&mngwppagtt@@l@atuanget§actasgésrnaplbmorphlsms

s .ion hann ies _or G _prot
havd Bt $e iy 508 AR Ea s a6 EObE T CBnG03F SBES50C 55 chpFifeness
of %Ubbhgbuﬁﬂovb@adabﬁothﬁepﬂﬁ&@m&hbﬁmeﬁEl@Uff%r@nﬁeba@dain
of identify mut at i ons enot ype allelic
sidgaEifdeicsss, SuﬁngéF996§laﬁ@ g@ﬁéﬁpélbﬁéﬂlPésCOSt effective.

It %&%%Chék%g Wt hEasPeRSLYENESS; o103 EﬂﬁraQEUghﬁely

here I's an incfeasing nove towards 5 taf
respn@@emsbcag bahérebptehe chusceeoésshEaapegtacsmaller
ient. Particul

|nfluence enotyping.the p
saml A PEntens R aTE BEB T PoaAa Lt SLBPAdt bRt [iRgever, for
thetﬁ@m@ﬁ@utm@s@fa@@?byeaaﬁﬁ aQEe§d905E@§8Q1béﬂdo§|$ﬁ t he

I'i kelihood of suffering certain side effects. Such

devedepagalri sée preEsBRVBi A PBPEEBriatre&erlie. 10 It al so
makes clinical trials easier to run, as likely
responders can be targeted, thus necessitating a
Thespakkent sanphéisnzprbuidehi éve aBaebsﬁhgathe effectiveness
ni ficance

£ si? .., However, for, tge nmone he t dru Sty

of Bg¢HouPr BaGy CAFASEr| BBACBICI RS dBVeN OpleRENOEB ABESLC

mutBaYenantapRHentl alethesk. mu%gtIBﬁsp%§§@HtehBM@Btéﬁﬁance or
provi des for assessing the effectiveness

decrease the therapeutic effectiveness and/or alter the side

effect profile. This allows for identification of genes,

polymorphisms, mutations, alleles and haplotypes associated

with a particular response to a drug or other treatment,

enabling development of appropriate genetic assays in humans

to permit rationalised prescribing.

For example, the effectiveness of diazepam in reducing
seizures is assayed in an array of fish with a variety of
mutations. It is found that diazepam at a concentration of
30uM has an:anti—seizure effect of grade 3 in wild type fish.
However, in the presence of mutation x, the anti-seizure
effectiveness is increased above grade 3, whilst in the
presence of mutation y, the anti-seizure effectiveness is
decreased below grade 3. Thus diazepam should be

preferentially prescribed to patients with a mutation or
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of various nedications in conbination wth random
genetic nutations to identify those nutations which
w@raohesizenhance or decrease the therapeutic PCT/GB2003/005239
effecti veness and/or alter 2¢he side 20 effect profile.
This allows for identification of genes,
polpaloypbiphi seivalkeati aosmuiktébesxand hhplbbmpé@gous gene,

associ at e rticular response
anchEnet EFBkininy ~TRaRt 1 BererOnaoie hr aBhLasiPa &*
pol9aRebng sAS 8ays vl eR¥NMRBS muta tRehmyt ihathenabnse@dgous gene.
prescribing.” 25 For exanple, the effectiveness of
di azepamin reducing seizures is assayed in an array

In %Tfﬁ%%ﬁe@'%ﬁb%d!ﬁ h@tyr%%hequ%ﬁgéoﬂéFﬁEE %ﬁefBQQQCEQBEng of

mat & concentrati on o
a b@me&nbuaSeagahe ebfredinpabvgr ade 8fifhcackdotfype bilshady
However , %he presence o

ation x, the .
ben&ﬁﬂFl§é|§QF€t'e P@cﬁpyéﬁéégnlgayn%?e5§88 58068d§F§d5he side

effactWhidesstnl Agkhe wRienered e iyt aih@R Mott Be prescribed
anti-sei zure effectiveness is decreased bel ow grade

becgusthe$ ditazepamtéieulsddse effeetepsntiiabl-y Ipr 686 péguation

to ients wi_th _a [ I 0044031285 ;
e 003005596 34 "abl SRor BT S equiy B HgEovement of
thimutcatlliear’ ri ous %hdeheﬁﬁb@gouslggnexamanddpfetemembughlyhe

avoi ded in patients_ wth tation_or ol ynor phi sm
resgdii 4l &t a@&lﬁ&@&ﬁ#oﬁ%ﬁmﬁ théﬁﬁlec'ﬂj&g?rg@ﬁé‘e 5 1N

a further enbodinent, rather than target the

prescribing of a beneficial agent, or inprove the
Foreﬁkam@dﬁ,omla@xam¢@@d¢ hgsnebieslal cagancalt Réfects in the

i_nvent.i S u he s ec
oo U] B0 M o g odute g iy Bttoctsott . o
1tsb®@@u3% @%vb&%l@e@a&hmel&hdeneﬁbeohnproﬁikae bardhbs side

situation_10 the _del eterious _side effect is assay

efﬂﬁCthéﬁfﬂ%ﬁré@@ﬁéﬁ?'oﬂoogﬁlsF&éPeWéFPoﬁéngpﬁemBFFE&Pns or

patPeidng nexamened 5§85 +bRERUER ot BepokeauUlh ﬁ&t@@antrone and
addi tional chem cal or |nteracFor gene. For exanpl e,

examiinexaftrone chasgeséhukcackiinicc dhnetfeot soimpatrhd to
baseline. An improvement in function from baseline treatment
with mitoxantrone alone, leads to the identification of the
interactor gene, or chemical and subsequently therapeutic, to
be co-prescribed with mitoxantrone in multiple sclerosis

patients.

Embodiments of the present invention as disclosed herein may
employ expression of the shibire or tetanus toxin genes in
order to achieve either a temperature controlled inactivation
of a specific circuit of interest, whilst maintaining neuronal

structure, or cell death of neurons of interest, respectively.

A method of the invention may comprise mutating model fish

transgenic for the second gene to provide mutated fish and
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15 treatnment of nultiple sclerosis [van de Wngaert,
2001], but its use is severely curtailed on account
wotoodls126nr di ac side effect profile [Ghalie, PODEB2003/005239
Fish with random nutations2dr bathed in a test
substance are exposed to mtoxantrone and exam ned
idengifaiotiangéliratcarapaghrineffeateonphiBdtyoogoetffect of
b line i mprovenent in function from baseline
the ggg hH geﬁQ th m toxantrone alone, leads to the
|dent|f|cat|on of the interactor gene, or chem cal

and subsequently t herapeutic, to, be co- Erescrlbed
A mGEhRdnPE kARt +BHENFACRUNEY pFEMBEL 8F obF 82 CHAT BAER, aobest

subEHQﬁéénﬁaaél0£1EHetPEH§§ehlbn¥89ttH@ §§c9h§058§§dto provide

herein may enpl oy expréssion of the shibire or
treaeean@sshoanﬁ g@ﬁes1ﬁm1n9rdetesb achsegrcei that affects
erature 9|£§d i nactivation of a specific
|

aCt%Vr Ml?ro? %? r% PFSP HaPREST ni ng neuronal 30

structure, or cell death of neurons of interest,
respectively. A nethod of the invention may conprise
A mafhadi A§ FBEelnYPRRLORr BA¥GEANBLE BF @ﬁ%agé%%n@oa@%ef%ﬁh

subREGVI de Eyiét@gegtﬁgn@ngov%E§99§éOé&@@@ed fish and
CT/ GB2003/ 005239 25 identitying a first gene that

identfégingast fvisy oenef fhat @ffeche secondtygene. effect of
saiEE edtof he invention nay conprise treating with a
est °5-8Ubst ance nodel fi sh transgenic for the second
gene to provide treated fish and identifying a test
subst ance that affects activity-or effect of the
A mgkReAdofehie %pﬁ%$hbanomaYh@om99éﬁ%|%ﬁeﬁ%yn@owbths@ test

subgyéﬁ&énﬂoﬁgﬁefl %biQC§upbe§£l§Ot§@égm%ﬂ€a£geg£%$9de

provi de nutated Identifying a first
treghat éi$®casdaLd$Nti§yDngeafée$toéubsaamcerEBanemffeéts

ntion ise treating with a
athgégy i% %%gi?E ﬁ%ﬂ%lga¥§ gﬁ bject to said ,
treatnment to provide
A method of the invention may comprise identifying a first

gene that lessens activity or effect of the second gene.

The second gene may be a disease gene.

A method of the invention may comprise identifying a first
gene that enhances or increases activity or effect of the
second gene.

A method of the invention may comprise identifying a test
substance that lessens activity or effect of the second gene

or said treatment.

The second gene may be a disease gene.
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treated fish and identifying a test substance that
affects activity or effect of said treatnent. A
woreiohosi2es t he i nvention may conprise identifyP@yGB2003/005239
first 20 gene that |essengéactivity or effect of the
second gene. The second gene may be a di sease gene. A
A m@éhhddogfthhelnnvehﬂpOnmﬁﬁycomnpnsgelﬁaéh@fwynggaatest

ene, t hat _enhance n es.activ
SubsFP&SF %E ?hSHhSEESndacglVl%x ﬁétﬁgESQ? ?Ee%bnv Ond gene
or @aydcenpatﬁ@ntdentlfylng a test substance that
| essens activity or effect of the second gene 30 or

said treatnent. The second gene nay be a di sease gene.

1n WRv20046031268,,PCH (82043, QO§§§9pr%§eét”§hbth9EnthS

i nvention may conprise identifyihg a test substahce
disehat enﬂahces genevatydobyehppéucetlohe0§eeondegenel or
vané geoqus, enb

ony B g3 BEEAE TP RyentroRC el AT BUeaHERET & onarar B4EnouTD

usebbfagéhbﬁﬂtlﬁﬁt@tl@nCﬁ%nhﬁ&bleéd phystealk tmBatiimBhts of
rather than by genetic nutation, although use of

thegéﬁ@??étnﬁﬂﬁﬁpéhopsaﬁn@éﬁ@éésﬁﬁ BeReiNenbGBRRERRS BF
phy%g%aﬁfﬁﬁsﬂ th eBE!Q”dégegggcgeﬁeg bei §i,0- Fﬁﬁe%hgﬁ'lﬁfa
1 a ows all

physical in uctlon 0 i Sease state a
pophilshibn ar pepulaampmeototbawesahplélseahavéndheed at the
ease,i nduced, at

2L Sh e P aRd PR T Loted P B ofenel o Rsh ERAFEAfor cenetic

or kBsgtleall tesaieche usedahopevasea@neodbitéirehti asrrotulties
di sease lethality, and allows for rapid node
of génepaci bALNAbILH, prefeptéavenbodi AeRid, MPHEl pHERBESHEON -

In E§e95§g§9| &Qiﬁgnkgbn o¥aghég89?§0apf 8§%H§bl which is

creeni ng e creatl gene fered’ |1 ne
advestapaeusonsuneague Addethonglly, if the mut at i on

af fects survival or breeding 20 capacity, maintenance

of the genetically altered |ine my be

The creation of a genetically altered line is time-consuming.
Additionally, if the mutation affects survival or breeding
capacity, maintenance of the genetically altered line may be
compromised. Furthermore, 1f the mutation has early
developmental effects, in addition to its disease-causing
effects, this may compromise the appearance of the disease
phenotype. Finally, when considering subsequent screening for
rescue, as only a propo:tion of any clutch derived from
breeding of the parent carriers will manifest the disease, it
is necessary to either screen populations of fish rather than
individual fish, or invent additional screening steps to allow
the identification of the carrier fish (see elsewhere herein).
This is because if a fish appears normal, one would not
otherwise know whether this was because it was a wild-type, or

a mutant fish which had been rescued from disease.



conprom sed. Furthernore, if the nutation has early
devel opnental effects, in addition to its
wale@easretausi ng effects, this may conprom sePCT&B2003/005239
appear ance of the disease 2phenotype. Finally, mhen
consi dering subsequent screening for 25 rescue,
Thmmrgdua:tplo@p@rft icdrs eafscary chemdlrade iy ©8 Visieml meéié\éﬂdﬁg can
of th arent carriers [l _mani.f st Jgh
gfﬁge%égggpfcfgleﬁFﬁ@? §%$g§ﬁepéﬁglat o%@ghé%%ﬁghar% known
to raldiete tdharadandiny intudda fs St hohiemeeyip iaddicuiierdlence to
screening steps to allow the |dent|f|cat|on of the
humagy ([diseapiesh Fode & X8 dthe A& tHEPSITAT Ongg LTHiNg sicd ton of

st}é‘¥3£8%d¢&naiH681 RREANS QTR (2RG WU tR0ke11 death

herwi se know whether this was because it was a
aftwﬂ a- pppe.odoof & meeks ([Hastsanhi GHORAd pdemoteapdged 1y

dIS ase 512 PCT/ 003/0 9 27.The
reqa B 3 iz I oL AR SATR TaveneSY peen

shdwan tob%alth%%d stp@cqmrccwer&@y ief ftltsesesl :-‘peues of a screen to
Chem cals are known to induce disease in mamual

di gRRSTOS ¢ COqUA é’rfc@qv@lqﬁWﬁ le§§§§§onFor20@>errpllé is by
coﬂﬂyh ghﬁ%n%ﬁsééyéﬂﬂﬂ 5w§%%e859%%kﬁg %H%?G%yplc

m ce |n uces pancreatic eta cell death afté
s cyeEmiiogy afetqukselesmq Haessare, sz&etj;]eglmertothymhcatalyy involve
se Iln 1 dla etes nellitus. cal.s ha
tregtdE e S B /O L S B ggents
releafatntOftoa t$1(ér Q%nsdtﬁe 5 et e cgereldaes &f identified.
devel opnent [Peterson, 2000]. It is by 10 conbi ning

this disease induction with suitable phenotypic

In Sb“errﬁ%'l' NG ARIAGAS, and e{ﬁ%‘é‘{% S 3L egieS y"'b“eh dB¥%rmined.
Vol ve n

treatnment With a test substance d/ or
mut ati on) that agents relevant to the rescue of human
di sease can_be identified. 15 .1In cert odi nent s

FOL 80P Sgn YO eyt S et e i e arr?aeetor fate

todBsOHIMR 5 SN G M tmsphweque@eptwgsﬁqt &hilst rods
towards cones and ama% fromrods [Kelley, 1995

do it gomt@d@ut@o HiEn aritBut ¢ Os ivgiLfone Aty e Wildi-dd

[Sa gfﬁ r%gn[§%%%l&ec%%%%ks g%&Q%@E%@ Qevels

ecr éases ﬁhyrox ne
[Taurog, 1976] and thus, when administered to zebrafish

embryos, could lead to cone degeneration and blindness.

Other potential methods of modelling ophthalmic disease
include the administration of the following drugs, known to
cause retinal or optic nerve dysfunction as a side effect:
methanol [Eells, 2000); quinine and choloroquine
[Calissendorff, 1976]; ethambutol [Heng, 1999]. The ensuing
visual disturbance is then amenable to a highly specific,
gradable and high-throughput screening assay in accordanee
with the present invention such as the use of the optomotor
assay. The administration of physical agents may also be used
to induce a disease state, such as a retinal degeneration, in

an analogous way to the addition of a chemical, such as the
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[ Taurog, 1976] and thus, when adm nistered to

zebrafish enbryos, could |lead to cone degeneration
wa@pa4lobizetiness. O her potential nethods of noPEl/GBa@3/005239

opht hal m ¢ di sease 25 incl g8le the adm ni stration of

the follow ng drugs, known to cause retinal or optic
expoenre dpsbunghitoniahta siodendbifectetimefihdegkengEekion

i ne and chol oroqui ne [Calissendorff,
[Vl%§?8¥c'egﬁ§ﬁﬂutol [Heng, 1999]. The ensuing visua
di sturbance is then amenable to a highly specific 30

gradabl e and hi gh-t hroughput screening assay
Vlsa@éoﬁuaﬁ@éommoﬁhatﬁés@rég@ﬁtaﬁn@eﬁ?béﬁféééhmay fres ggample

be %%séggafgt%no%othe %%%Xowlg %Q ”'Stfat'on of

agents nay al'so be use to |nduce a di sease
state, such as a retinal degeneratlon an
anal ogous way to the addition ch as

By R er > L B T v IS (M ys%gxaagh'ﬂgé%d In a

daﬂyweﬂQErbh%Qh% 1@ HAduge thehi BakciegengnatinOl pright
[Vihtelic, 2000] -Visual function of a fish such as a

envzebmmbmghlnawthar @%am@lélsb berasdagedhensediveshas being
in qﬁ % g y%huglk eb%ﬁ% %Hﬁgg r%%h%%rthovgggﬂgapld

ground. gark envi onnent
v1§uannsbk@@her ame mna@kbﬁughtarenbﬂﬁ&dnent li ghter.
Blind fish perceive thensel ves as being 10 in the dark

and thus turn black. This provides a very. rapid
V'%%@Ea%ﬁ%%e%r c&%%rbkﬁ%% hebkahethld Rdspbdse can be

Ze rafish or other fish-optokinetic response can be
asa@&@dy@d D%Sﬁ&@@lmgnmpaSpeQ ifrrohitoet @hetﬁyeéyesASAsnlﬁuman

subﬁgggﬁén%E subj e 6@FSéHFQ% lex ltan % e%%se%%nnot be

sup resedd. “¥hus assa
supplrielspes . Imhh@ombs@bg@ I $M@hpa3 1aeﬁmahmsbfamdshheuch as
assessment. of the presence or absence of optokinetic

zebraddshs 8Fr GPicd €S SHTSTIRET 3§s§9€f8F6§@§G§|Orféhéﬁpeﬁ of
oD e TR Lot et on ot TSt urr ey be BT
funggito. A related visual assay involves the optomotor
response. The éophistication of stimuli may be built up to
allow a detailed, graded assessment of fish, e.g. zebrafish,
visual function. Moreover, the assessment mechanisms allow for
the testing of larger numbers of fish in a short period of

time.

A moving grating or a movie, e.g. presented as a computer-
animated display on a screen, elicits innate optomotor
behavior in zebrafish larvae; they swim in the direction of
perceived motion (Orger et al. Nat Neurosci 2000 Nov
3(11):1128-33) . Zebrafish larvae innately begin responding to
moving stimuli shortly after hatching. This is advantageous
in a screen of the present invention as disclosed herein,

since it allows for rapid determination of the effect of
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allow a detail ed, graded assessnment of fish, e.g.

zebrafish, visual function. Moreover, the assessnent
wore@hasizehs al l ow for the testing of |arger neebeB2003#005239

fish in a short period of 20ine. 25 A noving grating

or a novie, e.g. presented as a conputer- aninated
mut@utsptnapnora acsieleaspralfiisht-s Onhare féphombror similar
reSb%hawor in zebrafish larvae; they swmin the

aorecticon of percei ved notion (Orger et al. Nat

Neur osci 2000 Nov 30 3(11) 1128 33). Zebrafish larvae

i nnately begin respondln nDV|ng stimuli shortly
Visgpded upgténing L Feos aitd sA Tt 8Ge 68 e ngds begRnSt deTing

theﬁ@ecB&%%%n%r'%% r%ﬁn@Sprﬁ%hQ§QQORer%UQera%h%ﬁe olft which
for rapi eterm nation of thé effect of WD
is 2@@4b@512@5oﬁCﬁﬂGBﬁ@@@EO@SZ@QSC@QsedtatN@ﬁueﬁ dumpgiébn may
rafish. m_Il.ar esponses.
be FEREETGR oot CHeBFAR S N ey 68 YAStB ol SBy Lais o R LT
of 2.gheik eelrawe sobhkackgraurdopi-gagntaki efesabiferaki Gash.
of which is indicative of blindness as discussed. _,
In & &E&8ferdret iea\l?q%ylenﬁe desknitasd By rpeAfs &P be blind and
llg%Q%%r%%ﬁo%Qeﬁffﬁg%. %c%%datga %%%nv1gh §- $unction are
stripes passed in ront of e eyes o the fish.
segaegﬁeédrb@dt@@b@@ﬁdsnbf bhadk bpébuexpecn@d to be
ht er - col our ed f| xpect e o_have
der G AR e o e CoS560r et aicah Pho BaSTd GROEREEP BY
mea@@l QU a Rfilsealt @ss@gt.erm nation of the degree or
extent of visual function by neans of a visual assay.
15 Assaying for visual function of a fish such as a

Assé§9&§fT%Q %&%uaﬁ”&h%%tggﬁer%ag'g ?fsﬁcﬁhgggg %@brafish may
bac

round pi gnentation, vi sual startle
empdpwobbaemwatn@ap@ESB ahdhge apt baokgronesppngeentheéion, of

B MR AT RN N TN —
res@@h@%hneﬁh% latter two both typically involve passage of a
pattern, e.g. horizéntal stripes, passed. In an optokinetic
assay, fish may be immobilized in 3% methylcellulose and the
pattern passed in front of the eyes. In an optomotor assay,
fish are free swimming in one or more long, narrow channels,
and the pattern is passed along the length of the channels.
Fish swim in the perceived direction of motion of the stipes
and thus collect at one end of the channel, unless they are

blind in which case they are distributed randomly.

A typical powerful stimulus is a 100% contrast square wave
filling the entire visual field, and a stripe width of 36
degrees moving at 4 Hz. Limits of vision are identified in
Orger et al., supra, although for partially blind fish the
limits are less. Degree of visual dysfunction can be
determined by decreasing the contrast and/or stripe width of a

pattern until the fish no longer respond. Other aspects of
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20 assay, fish may be inmmobilized in 3%

nmet hyl cel | ul ose and the pattern passed in front of the
we@y@a/051265 an opt onot or assay, fish are free sMTGBAW3/005239

in one or nore |ong, narrowchannels, and the pattern

i s passed.along the length of the channels Fish swm
visjuglt Ry spencsilved ndivr 8¢t ifon lykedpbivonasl inke tei pesdors of

a |1 nd of the channel, unless
thet%g§E§%§ %% O%% %ﬁ%?% fcase they are distributed

random vy. A typi cal powerful stinmulus is a 100%

contrast square wave filling the entire visual field
Theapd §e§PrW6é %@dﬁﬁrépe§6OrsUaHég#é€§sn89Wﬁ§ga?CE°ﬂ§ the
fleﬁﬁwb¥sv9%1%hs'o@t% ¢ h@%n%bﬁkggr'BrCEg%6n9t0§her stimuli

supra, although for partially blind fish the Timts
mayabe kapdoybdgr ee Jof avi seakrdpsflunct Pogecartbel., supra.

determ ned by decreasing the contrast and/or stripe

width of a pattern until the fish no | onger respond.

Fis@t her dspecksted WOtR08450b3265cBCTHhGB2003008533%9wag8,
.. visual dysfunction may be anal ysed by varying the ,
e1tigroge SEeaftAenst topEseareothBr 1patrePRENPREPBat ferhich

flsﬁaﬁrgea§kéb@%8 4 Qﬂvﬁs%beﬁsO@DBEHQV§SEQS§rtBﬁyagology, or

of vision. on- Fouri er or second o
in §meaﬂhng ﬁayhbsléhphoyedt eugstaSCdesnrtbedcpnrébgef a

SR R linBor CoF Rue T ert RE Sal ok FUkEReAE POTBFEaPS 3

pripeiciatycpheaatype matwhieh &8 &i §blﬁé@yaf>ﬁ@ﬁbe§pén aRish
aspect of behaviour or physiology, or in treating
mayf pghcRptAcheHedt tauBstaAteSPRASERBCROULSemBY Be SeRebAd or

rubb8A 8nt €akisubgt-ance 89'§n§8cééhe£n@8 ef,.Lget thést

primary treatnment or nmutation on a prinmary phenotype.
subfFighcenmgybbecedtiadt ed wathralneshlsUbShamcereitonayn the

hed. or 15 _ruhbed f t ed
c25Brob Fhehyt A\ PesP FOQURET anBel 1By Bb. aUed ST BRELPRI AE the

appwbpehatbeyoaifg 8kqhBnthe case of a protein, produced
in the cell via expression of the appropriate coding

sequence.
In further preferred embodiments, the disease model in fish is

generated by means of expression of a transgene that induces
an effect on an aspect of behaviour and/or physiology of the

fish, a measurable and preferably gradable phenotype.

The expression construct may encode antisense RNA. Thus a
series of lines of zebrafish expressing various antisense RNAs
may be generated and crossed to, or expressed in, the disease
situation. IF an éltered phenotype is seen, the rescuing gene
can be readily identified by.PCR of the antisense sequence.
This may also be combined with the Gal4/UAS syétem with
bidrectional promoters in the cases of diseases modelled using

the gal4/UAS system.
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20 In further preferred enbodi nents, the di sease node
in fish is generated by neans of expression of a
woec@asgene that induces an effect on an aspeckCD{B2003/005239

behavi our and/ or physi ol ogplof the fish, a neasurable

and preferably gradabl e phenotype. 25 The expression
Thecpmstptiet naydenoodenanblseageeﬁ&mpnThuBiah mayi s bissue-

| iines of zebrafish expressin tisen
Pefiiy L SHRRERALER BAN BFolEHCLELE or Yok pRebEEathR T hate
estab§§§§ﬁenﬁlEHaVbensckEeamnglb@rgdfpbﬁnpiu@e i's seen,

the rescuing gene can be readily identified by PCR of

the anti sense sequence. 30 This nay al so be conbi ned
risfhbbl8 s FRLI ARy S ETLIBLD FQ%QESQ&&H”@% aPEOTBLERS o

cases of diseases no ed usIn
oveSiShéﬁdl@EﬁEGQéA@S1@65hPC§tEBZO6$/O@SdS@llGWsTﬁer prov1sion
ronnte used to_control ex ression,

of B GEaEobLAoBhr ot Ehnr basPaRCREy (Bodt naRLs p SO GRERhon

audﬁ%ﬁr&agbkbbﬁhé entARLhghment and/or screening of a
line. 5 Tissue- speci fic and/ or inducible

expreSS|on can be used to overcone difficulties with

1o BELRSLLIK, BRdoaLlone. T ORePHOKLILONG-OL 0F 2030 E sed

t0 SCree at I on
resn@§ponaea smsﬁnbegpheﬂetypepantacdbminenboﬂaahmbs theme
di sease gene when exgressed results_in,a d%ﬁeas

embBRARGEY BeOf ntRedORVRAAE OF ad RV BAYS SoReaCLiB ot freRERS oRRder

thel BEntR¥ENLFOR HP¥RALYES, PLachBY tRen0ens Ypdenathbgl
control of a promoter, rather than its own natura

proppoabt ef o ﬁ@oadoiath@ﬂ-h‘ay» t yhet heopebabdt Eprf oraBrAAPPeing
1nafgiBYe12nhnguCLbLE, ANGLOL ki 8SURRSPEFLILE, The: fLgeaspy
I'S en-on y~ nan u

naer con PtiOne TR
manfpfosdt endes bnddmedonanﬂhOWthhttBSU§SOm@tmblch iheuced
rompter .is active. Thjs can be used, to allow fish to

and?@échnaﬁlﬁaéeéf19l%B%th?hﬁnHrOQ%E%ﬁd%FyaCFbVeexaF%F% can

pe USEROL8NaiNdWCEDLE PHOPRLER ah! Q¥e 69rv29bibft9'§§ése
process to be switched off before the fish die and

fecundity. For example, using an inducible promoter allows for

the disease process to be switched off before the fish die and

not switched on until any pleiotropic actions have terminated.

A preferred inducible promoter for use in embodiments of the
present invention is a heat~shock promoter, such as HSP70
[Yeh, 2000]. Use of such a promoter allows for induction of a
disease state in a controlled fashion by means of alteration
of temperature. Fish are amenable to prolonged expression
from a heat-shock promoter, which may be necessary before a
phenotype is detectable, as temperature of water within which
fish reside can be easily adjusted and maintained. The
inventors have observed that zebrafish can survive at a wide
variety of temperatures. Only minor changes in temperéture are

necessary to activate heat shock promoters [D'Avino, 1999].
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not switched on until any pleiotropic actions have
termnated. A preferred inducible pronoter for use in
weedvagsrent s of the present invention is a herCFeBo@R/005239
pronoter, such as HSP70 253fYeh, 2000]. Use of such a
pronoter allows for induction of a disease state in a
A daeaaselbedefashbenemylngadSlofaalembad&@ﬁntoﬁf the present

t Fi sh |
snvERORER Pkt DEnOTR BPORoREr o dfr bR Reg paeRenEabgFShRlcn,

wheQeEQb@eéseﬁhQHOEYEQShSsd@heébaEEBraﬁSsheﬂééﬁBtsrEnoﬁbnormal
water within which 30 fish reside can be easi

devgdppsead, addskanAtaPRedr ¢ﬁ§en?ﬁ9EhP6r§fh5%%SBﬁs@Fv%611
funggﬁgnzebraflsh can survive at a wde variety of
tenmperatures. Only minor changes in tenperature are
necessary to activate heat shock pronoters [D Avino,
999]. WD 2004/ 051265 PCT/ GB2003/ 005239 32, A.di sease
Tn RRenEs B CARBF65eanPAOAN=BRBOtENERE B ST Ra"pi BEBHELON @

GalMUWﬁ@tEQBtQEY1Qeu§€M g@ﬁ§4|Bnbbh@st¥p9eaétanaﬁbhE@bmyces
when expressed in a fish such as zebrafish’

Cerﬁ@§§uﬁ§ i Rrabrornelf 8dévemdprentidgysthatt reaudptes genes
1nd%%% n%&aé Qfsg'sﬁﬂed chgl g EH?@E%? bhﬂdﬁH&tESrfour

I'ment's o the sent |nv ntion,
rel@ﬁb@/UASpSﬁSt&H]I$og8€derG§b4lamngdes Hpypbastm Actlvatlng

( Sacchar o cerevisia protein_of 1 amn
Sedyerass (AP BUETENEs GeALboRHS! BaReH Ly GarkELae.
eukhl-y008s 8@nhYcdir e¢bhknki.ndhng tanf euhctiehatadalvbpe

sifes, together defining an Upstream Activating

vargeguenéesrgBASEIs| éneAct igntro§sasseaiataant feem Ghar UAS
ele%%g%ryggﬁé E%@%E%%rtgksgﬁﬁh 9§E4e§ggeggﬂgk'gﬂ bntgmporal

Sr GARF SIS t 8 activate transcription
andf spattibe WAShibneliemetito.TiTos apaieivesthasgetedngenéption of

expression in a npor al atial fashi 0.
they 5 eGBnrE08 CRPE, L6t BRECFPbLPOnEY PrERENERuBontEE HNe
elelm@n@ontrbobled Ay eprasence rahskhepUhSn, ekeaBBhdefOlines are

activate their transcription, responder lines are

matest & fénkisnesprerprésgi AGLEALD Rnparpacuiayl 4EsEHnssaé

1nte&est, termed the driver. The resulting progeny then

express the responder in the desired tissue of interest.

This can be used to overcome difficulties with lethality,
allows the same driver lines to be used for several diseases
and facilitates creation of mutated lines for subsequent
genetic rescue. The gald/UAS system was originally developed
as a means of tissue specific gene expression in Drosophila
[Brand, 1993; Brand, 1994). Such a system is now also being
used to assess developmental genes in zebrafish [Scheer,

20027 .

In this system, a driver line with a GAL4 coding sequence is
placed under the control of a tissue specific promoter, such

as CRX, a homeobox gene expressed specifically in
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20 interest, terned the driver. The resulting progeny
then express the responder in the desired tissue of
WO niog/08R6s This can be used to overcone diffiPkCl/GBe®3/005239
with lethality, allows thé3sanme driver lines to be
used for several diseases 25 and facilitates creation
pho@brnueatQQSIHﬁeguk@wasuaﬁéamenpr geheri cdepsadéngThe the
4/UAS syst em, i_nal | dev | ope ns. :
deSgFet|é§u893688F% lCl Xe grpﬁeég Eog Dgogggﬁgpa #ine is
thethéﬁérat8831anamdh 1994 )i sSueh- ansyeﬁeg1geneomeabeop1ed
bei n used to assess devel opnental genes jn zebrafish
to Fsehgéﬁ PZEMOHeT} . TPﬁStHF§m§§§FeﬁF drgvevePY| Fhédw fRuS.

wheﬁ @ﬁe4teediagegegyeneeosgedpkege@hgydg%xgyepeeﬂaeeloefthe

tissue specific pronoter honeobox
ofLgemengxpnéisedrsgebothcabhytmnc%@ 2004£b8%2651ish, the
PCT/ GB2003/ 005239 Si pgotorece toas kFur%kama 2002}Lflc
disgasgrRarSigdpdRArny oh ﬁeex85§ P& 8stie 3pRERTT

fash@bnexpression. A responder line is then generated |n
whi ch the di sease-inducing gene is coupled to the UAS
pronoter. This pronoter is driven by GAL4. Thus, 5

In gpeeﬁkge pedkbaaﬁaaremgaeeﬁe tEOggthaom§nQE@pQEEh98
t he S

ring wll carry constructs. In thesSe
diskishk, gehe ldlseaseteduimn@ gbaegwoup benexptésgedfin a
ed_i ndi vi.

I,ssue-spe fash 10 In prefer al
g S G Ren e 4P Pee SHBNERGNT aBEFHGN at GokeePBERE TG LA 2/ TNF,
SMN§eheeteedf&ﬁaubbelgroe@tﬁe@suﬁtwmgdotypeueklmgtant forms.

al pha- synuclein, presenilin-I, presenilin-2, TNF,

AccepRioTaguahErFhaa8psSPASTeNEREr TPR W PESt §BRESr 28t ARE
fo1hQrEB. ané99§§5é9? FHH@?&%nggdrﬁéﬁﬁfﬂpﬁg EQEeEEﬁgé.
0 I ncor

genes are as 1 are a _ por at e
herein by reference: Huntingtin: accession for

i, d-type human,gene OM M 143100;. Hunti ngton'
Huny BB OB RB Gl Se UL Lar SHOG BUpBERCarT e BuTm 143100,
Hun%%%gggﬁ FlgggeagébﬁgﬁlbQor§ﬂ§3@8§es@BE§H etodp, Hemr 72:
971-983, 9893 PubMed ID: 8458085, Marsh et al. Hum Mol Genet

2000;9(1) :13-25;

Alpha-synuclein: accession for wild-type human gene XM003494;
Spillantini et al. Nature 1997;388(6645):839-40;

Presenilin-1: accession for wild-type human gene AH004968;

Sherrington et al. Nature 375 (6534), 754-760 (1995);

Preseni;in—2: accession for wild-type human gene NM 000447;
Levy-Lahad et al. Science 269 (5226), 973-977 (1995), Levy-
Lahad et al. Science 269 (5226), 970-973 (1995), Rogaev et al.
Nature 376 (6543), 775-778 (1995), Levy-Lahad et al. Genomics
34 (2), 198-204 (1996);
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20 2000;9(1):13-25; Al pha-synuclein: accession for

W | d-type human gene XMD03494; Spillantini et al.
WOR0M0E128097; 388(6645) : 839-40; 25 Presenil i n- 1PCT/GB2003/005239

accession for wild-type hud&n gene AHO04968;

Sherrington et al. Nature 375 (6534), 754-760 (1995);
TNFPresensBRnQZfoacweédr@NpEOhHWﬁhdgﬁypexﬂuﬁﬁﬁ6ééneBRm@Ch et

11 OQREST: oo H3 LTS g1 8 AR (99, (SEE5) B OTRLAT s

JanQZQ19738@3995Pr08@g&e%tehla|ProthHte B76d(6543), S A. 1995

775-778 (1995), Levy-Lahad et al. Genomcs 34 (2),
Non@é&@ﬂ%ig@é?%v@ 2004/ 051265 PCT/ GB2003/ 005239 34

TNF: accession for wild-type human gene XM 055614; .

Bitsch et al. dia. 2000 Feb 15;29(4):366-75, Liu et
SODall.: batekbdonl1988 wilad-4FDp: R8m88, g@n@béﬁﬂ4@ﬂ8ab.Rpsec et

a1t/ La0d PR T ST Pa- Eype RONGN. Gona AVBAGIETI"

199@03@q2¢t17qL4 :Nat ure 1993; 362(6415) : 59-62, Parkes et

al. Nat Genet 1998;19(2):171-4; 10 SMN. accession for

wi | d-type human gene XM 041493; Pellizzoni et a

cel ) whias aneh- 4Lhagavebalo3FEBS11izz0ni
SMNLeFFC%g§§OESE%g gé 1%§pegh ops?% accessi on for .
et\mlld{Eyﬂelﬁeﬁan9§eﬂe V48722, MagskalAliBget aft. al. FEBS

[ m stry, 1994; 20):6121-8, Li et al. Proc Natl
Letﬁc%&géﬁ%@(é)/@%@%é?és(24):14176-81, Colley et al.

Proc Nati Acad Sci U 'S A 1995;92(7):3070-4. Tau:

accession for wi'ld-type human gene NM 173727, Heutin
Rhozi@pplnHuﬁpcwmsloeeﬁ@tr w3 LdsFvre761988 0206014 ééédeﬁaushal

Br t G [ ScA. 1851

ot o1 A660 0 1548). " oRar 2 ARy GPa 140 B¢ B6t & amTera "t
Acabr 42 if o Bhaobét a3dmyl) oild LA4-pilecUpddeyprtt eiln FOWkMNatl

AcaéJ%%ZGO S A 1995;92(7):3070-4.

Tau: accession for wild-type human gene NM 173727, Heutink,

P. Hum. Mol. Genet. 9 (6), 979-986 (2000); Goedert et al.
Proc. Natl. Acad. Sci. U.S.A. 85 (11), 4051-4055 (1988).

Beta amyloid 1-40 or beta amyloid 1-42 from the beta amyloid
A4 precursor protein (OMIM *014760).

For example, by coupling the huntingtin gene to a marker, or
by assessment of the disease phenotype, such as gradable
visual psychophysics, or through genotyping, it is possible to
assess those fish which should express the disease. By adding
a test substance (or applying any of the other inventions
disclosed herein), it is possible to identify a beneficial
therapeutic substance. To identify a genetic mutation with a

beneficial effect, an additional step may be performed.
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25 For exanple, by coupling the huntingtin gene to a

mar ker, or by assessnent of the di sease phenotype,
wag aah/osaeyr adabl e  vi sual psychophysi cs, or thro/gB2003/005239

genotyping, it is possible3fo assess those fish which

shoul d express the disease. By adding 30 a test
Thisubstanaeoloe aapbwhnq any laf mbhe beherorzggensi ofis

di scl osed herein) ssible,to identif .
ho“@éﬁ@PPéléFlvﬁﬁeFéﬁéﬁtFG ?§%§9§ﬁ8§lsTofpaeﬁﬁl%§§§ with ENU.
Thed@nebile smit-at kR Wit saedbenehi eeablef kegbonadr lines. If

addi tional step may be perfornmed. WO 2004/051265
theP@THGBR2A0B:0685232 h35 ThidomimpnitndolLeEaekpasichd&dul &

Ao A aGInGErs, o SRVRRIE WLRCEND. Yostohar s B §hose

fidhhen reoassad wokh freralde ivespanderekppnesier] tontsheucts. The
i nduced mutation has a dom nant interactor effect 5
£ gBHORE SR GEhE Sendcrad TIRGABTBE WPHETPad i L eactor
gse fish harbouring both the driver and responder
constructs. The inventors termthis a Gal4 Fl
nmut agenesi s phenotype interactor screen. 10

ng&@glarl%grt% ;h%g%?% n?f&?S%%%g%%l%%tg%%%r%%%%o%%rrler, or.

ease causin

a d@ﬁﬂﬂ%ﬁ%e@lb%a%etb%&@@n@p@@nkl@xp&@&hedn;nnmtagem@slspelelc
~of the adult males foll owed SSI % of these
fas&w%}s Wt geaesier Herrhces Serésn g LoFEth & YFIcrossing

h%%%n}‘aafl de\tiratd a1 if,0 @emqe%x pegt 8¢ RRANGIYRE the F1

I eves 1 t he deS|red aimof the identification of
pragyenyntieractkor ageme. £ rAgdithieoraiplegted albreaotabievelaghieves

end MO0 sealence, QAN (8 Be 899498080 cone.
control) may be pl aced under the control of an 20

i nduci bl e pronoter, such as pronoter selected froma
AdQ#ﬁﬁonaéﬁdbPrp@éﬁﬁﬁ@@t%ﬂekyrté@ﬁa@?@ﬂpﬂes§ﬂuﬁ@Fﬁbﬁg a gene,
r?gdtéCI he %ﬁtee@o am%év%v%@gilQﬁoBr 2QVicdeS @M and spatial
ni pul ati of nucleic aci order fo nodify
expoeddss oof ddmﬂraiUchw@sbzemﬂabeghpnd@rdt§©l@Sﬁﬁrol of an
inducible promoter, such as a promoter selected from a heat

shock promoter, or a tetracycline or hormone inducible'system.

The invention provides for manipulation 'of nucleic acid in
order to modify cells of fish such as zebrafish, as disclosed.
Nucleic acid of a disease gene to be expressed in fish in
accordance with the invention is to be integrated into the
chromosome of cells. Integration may be promoted by inclusion
of sequences which promote recombination with the genome, in
accordance with techniques available in the art. The disease
gene may be heterologous to the fish, e.g. may be heterologous
to zebrafish (e.g. mammalian, such as human), and may be in
wild-type form or in any allelic or mutant form. The disease

gene may be a zebrafish or other fish gene, in wild-type or
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25 Nucleic acid of a disease gene to be expressed in

fish in accordance with the invention is to be
wo ndoggsb®d i nto the chronosone of cells. | ntBPgraBR@A/005239

may be pronoted by inclusién of sequences which

pronote reconbination wth the genone, in accordance
mub@iteld fechni gugs &vaibirablidei ant kataprcoprYhefdiaseabeadhsh or

n e heter ous to_the be

ot B Sogats CO TR at s FE gt mharras, TEHBh as

human), and may be in wld- type formor in any
allelic or mutant form The di sease gene may

Nucigfraffdl SPISEREL St CSROgéne, thR RFPHl@?EeOSrPV@WPePtldeS
of %%@4?9éé%ﬁ% PGE@%%%%QB&Qg5%§9reéélmytg&%gaﬁea”byetae

ovi de an extracopy oOf a zebrafis other fish
SkL@éﬁd psucbnassiinga timet andécdrdbseaseahdr mefueheees achtained

sequen codi n eptl s or_. pol.ypeptide 5 of
herrg BRESERETT GRS OGN OBy She CrEadFEy (P Braohy -« REC
Sam®&bbmean§eR&@@eu&INMoua@uua&ocmahua@,andLéaﬁeaeaegsManual",

ccontai ned herein and techni ques known in the art &for
Thléﬁaﬁﬁﬂ§}0§eeCoéénﬁpééwgaﬁérhe§séPPOTﬁBPé§uP5?5€}oﬁ Ag, and

baratery al." Edi,t
o oP Lator atory Pr 525, 3801, -and 16 Ausubsl Cat LA, TN
Wil@uraedtS@netod@BQ,inrwﬁbeemladleohogygréoﬁm W£beyDetrich

d 1992, | at, rt th S h
ot 31 SO Bao R e TRE SERRR SR OBPRY bgy MERBPHS LT Retb! |
BioBo@hQgyolVekuss ,59ndandtbethi ek 81 .al(1068998heThebrafish:

Zebrafish: Genetics and Genomnics. Methods in Cel
GengitérggypndVernRB1EE - f oMetBodechhi §aés Bfozepiraf Vehume 60 for

tec@ﬁeagggagﬁeze 5?@@Heﬁbﬁntgﬁgﬂégenﬁﬁkﬁgrﬂgglgapgkggsgene31s

esired c I ng sequence nay be por at éd
andcoagpbiogt having one or nore control sequences
operably linked to the 20, nucleic acid to contro
its expression. Appropriate regulatory sequences,

Thel RekUEEATCBHOABt 8EGEEABENRES, bEeL AtBabBkatEHagAERt Sonstruct
pol yadenyl ati on sequences, enhancer sequences, marker

havgsgesnangrohhsr seqtsnteseasenpproppracblmyibked to the

nucleic acid to control its expression. Appropriate
regulatory sequences, including promoter sequences, terminator
fragments, polyadeﬁylation‘sequences, enhancer sequences,
marker genes and other sequences as appropriate may be

included.

Regions responsible for promoter and enhancer activity of a
gene known to be expressed in a desirable pattern such as only
under certain conditions or in certain tissue, may be isolated
by ligating stretches of sequence from upstream of the
translation start codon in the gene to a reporter gene.
Constructs with deletions in putative promoter and/or enhancer
regions are generated and the constructs tested for tissue
specific gene expression in transgenic fish, e.g. transgenic

zebrafish, fugu, goldfish, medaka and giant rerio.



10

15

20

25

30

i ncl uded. 25 Regi ons responsi ble, for pronoter and
enhancer activity of a gene known to be expressed in
w@a2eessinebl e pattern such as only under cert aP@T/GB2003/005239
conditions or in certain ti33sue, may be isolated by
l'igating stretches of sequence from upstream of the 30
translation.start codon in the gene to a reporter

93552 LIS, D SSLBOE L B PR cent

prcﬁ:@l&t lsedhS e sired Qllddrﬁ‘eé‘skt%ntsm&@tfell@ gene) emrye@@ on
. in transgenic fish, e. transgenlc zebrafish, fu
incdordem &1, Trsddia adird sEilastt oar oF, ql@n@@owom@@ the gene
COHSWU.@%ZQI g/q_%%?e:}%led?ﬂ f o %lh%cg%lﬂl ?nemar lore %r fﬁ)&%'irgls‘éent
gene encoding a f Jorescent oteln su as Ge
marﬁdamnessmreatd , Preadied o 5 @E@) brea ys clye e nieliic ungied: to fluorescent
facil.itate sel ection cl ones in which the gen
4 PO RO TS 1 o TG & n6 g Gie L Wi e gt they grow,
mayf 1e0ese/iMed MRYKahd gu@%%%cee6&rﬁoaeﬁﬁwtb&e%@&%gﬁgdfrom
under a fluorescent i ssecting m croscope. Enbryos,
thept rEinsiy eingt-o m @hlcttﬂi!@yr @moaqﬁay eF® ryOFe 8A¥d PFoPophed
prlgye%%n%§t% Qﬁf é%%ﬂfe %& a%@)a%%ﬁy% %n%ge@ﬁe Bgnomlc
anot her ap ac r 0S may ool 6
DNAEXWT@CRI@mddbxgeﬁmﬁhﬂchNAnaﬁdzqmal¢S@$Smf tﬁesganaﬁlclones
DNA by d/or strictiqgn_en est,. POSI ive
Yo GEP AR b & ek ST R S ve LORBE T & ibPeedrig e Tioh
mayf it3Rn Bée%‘?cefd' h JrvdRerike hednt eapr9duee fcloﬁ;g} of the

whi ch carry one copy of the gene construct int

' gen@erq@nls‘tﬁrelctm@sémﬁetg@rr@z)lg@@s f T&lesenyetsrorgnobe Bies may

£hen® Rl BYUEE (] $ CRAILY G pt *&%tr%gg‘i \%h QERZ Y AQHS ‘g)égno Agously.

urther aspec prOV|des a me ch i’nclu
introducing a nucleic acid construct wherein a codi ng

n GSMEICS Rl ASSUEL Y Seise Tge e LAY AR cing
a oiucdRiceadiZelnafishe DNA Ry Qecobﬁgﬁcg%%u@hﬁ%cbkya'n

vivo into cells of an early enbryo
desired disease gene is placed under control of a promoter
into an embryo cell of a fish, e.g. zebrafish. DNA may be
injected directly in vive into cells of an early embryo. With
the establishment of embryonic stem cell culture, other
methods generally referred to without limitation as
“transformation”, may be employed, for instance selected from.
any method available in the art, such as using calcium
phosphate transfection, DEAE-Dextran, electroporation,
liposome-mediated transfection and transduction using
retrovirus or other virus. Marker genes such as antibiotic
resistance or sensitivity genes may be used in identifying

clones containing nucleic acid of interest, as is well known

in the art.

In a further aspect, the present invention provides a method

of making a fish, such as a zebrafish, useful in or for use in
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the establishnent of enbryonic stemcell culture,
ot her nethods generally referred to w thout
wo povsR26HN as  “"transformation”, may be enpl opeTGBR@B/005239
i nstance selected from 25 &8y nethod available in the
art, such as using calcium phosphate transfection,
a sbEAEnDext tasclelsect heperat rod, dikicpesedefnstihatrelelow.
ransfection and transduction usin retrovirus. o :
such RePeuTPis Malla FREP Tq8ReS “EUCATEY AnBrBFofPastTuct wherein
a dofShgt 8ReReBleSFSiat skl sgenenemy beewapdyl Ninked to a
identifying 30 clones containing nucleicc acid of
Proknl@ttélffe§¥l,ata§aiss thel depasra 1NAUCRR1AALtY PRI4OFUFLRENS
spe%%%g%&t Ehg PLEseny Jhnventlam, psg | 488 gemBl BedstQhct into
making d7FiS , such™as a zebrafish, useful in or for
a fuse embWHo20e44Q51265rPET/1CR2003L085280c 88natgucseno
~as disclosed herein _and di scussed further beLomnthSu%h n
integkatRod gy tEGmPriSde SPPIVCA PG °TCge ABc FAST MG tRE -5
empMer €0 @ ¢AdiNg saguence of a disease gene is
operably linked to a pronoter that has the desired
inducibility and/or tissue 5 specificity, in the fish,

l.ntraduci ng th 0 uct, int fi.sh eghtyQat th
A V&ﬁ%&ﬁnﬁngrggﬁvgﬁﬁﬁgSW%e%géﬁé %d §t%3g?a53%%Vn?g rataee "

ond Rironiche fdtslkeremirsyg genemd,isaidggroviing lfe filiiseh e.g.
enbryo into a viable fish. 10 A viable and .
zer@gASHuc rPE SARH.C 0. PEpPERs Ir Oy Uirkt EPEH S18ffe T
di ¥ s0IR i@t RYe SRy 188h@RRI iteh)i RG A uhidRe @k glilshorg. @ontrol
zebrafish, transgenic for the gene construct _ ,
of ,cduner ipsiomyptietie & ddase ofes@chpdiabl y & -ignkegbrgfighd 1s
er. requl atory contral f, the pronoter. A line of
us?%&ﬂhlpi§%Fe§p§.%fébﬁg ﬁ§ﬁ,%rs 15 useful in screens as
di sclosed. In order to introduce a di sease gene into a
fish enbryo, e.g. a zebrafish enbryo, a gen
In GREET GO TS SAEES ds (G e RICRos R TRy & ITaTe TTYOr ©-9-
a ABSEisH d@dJd) el ol (GRAStUG: JEBY uk8 nd0 techniques
rel eased froma vector by restriction digest, and ge
available to those skilled in the art. The construct may be
released from a vector by restriction digest, and gel
purified, for example by elution in 1xTE (pH8.0) and dilution
to a working concentration of 50-100 ug/ml KCl containing a
marker dye such as tetramethylfrhodaminé dextran (0.125%).
Typically, 1 to 3 nl of this solution may be injected.into
single celled zebrafish embryos. Several thousand embryos may

be injected.

Injected embryos are groWn up and then mated with each other
or to a non-transgenic wild-type fish. Transmission of the
transgene to the subsequent geﬁeration{is usually mosaic,
ranging from 2 to 90%. At least 100 offspring are typically
anélysed to establish whether the founder fish carriers the

transgene.
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purified, for exanple by elution in 1xTE (pH8.0) and
dilution to a working concentration of 50-100 ug/m
wKab4om6ai ni ng a nmarker dye such as PCT/GB2003/005239
tetranet hyl -rhodam ne dextsBan (0.1250). Typically, 1
to 3 nl of this solution may be injected. into 25
Thesiinglezteel leathzehyr afaysbeenraes aSeversale stlougand visual
enbryos magy be injected. 1njected enbryos e gr.Qwn
fungd g5y ath i bestved Swi e %each J@tyi'?ér %yormet‘%‘sa ot mO%l%l.ed
optHAN-AdANS 381 G Mo e fdashy, B.ansswieru@fsddeurdber
transgene to the subsequent "‘generation is usually
belmysai c, ranging from2 to 90% At |east 100 offspring
are typically analysed to establish whether the
founder fish carriers the transgene. WO 2004/ 051265
ri FICHGR20A/00523% 3 iThel ipleantigteenhidyes nmenhdigpe may be
reared and assessed for visual, _ functiaq t intervals
GEqE G BThyEY B MRS oF Wi ik YBSptdiahetiE Aifents and
e e iy mi1Rel1gWasEessed
Ofé%ﬁﬁ% e%%ﬁ??%gﬁﬁﬁﬁﬁgg%égﬁiggﬁﬁhenot;ggg;EgYor.geﬁggype
fommphdretyroovandfp e ndy e fHtced wiltispriing tigé fa sh.

Th t d ff i . .and C
oo 0 A LSO L08, I R LRS00 o

of GaNoiReyr aklas el ifdsy igehaniddh s ik tpardarc Wearselectively
phenot ype, and hence likely gernine transm ssion of

bregh |$ANEYraft & iR Igeh bt rieés fddirhd OF more
deiSBl €L 12 dl&si?i,e%.gsforﬁ% Aot MNP IHRP NG /B P& he”

sacritice or nore detailed analysis, e.g. to confirm
blitrnert urknicf arfely<ls nunesisiclbves fanal il Sipggidisation

i nclude in situ hybrjdisati 15 st udi i
St it VbR I G561 THE 1R RS Gertd 0 Toeal o

gedOre &XHa881 Wy Axdhes Cstyuathd tagldmaf itheelfllisshf the
_anatom cal assessnment such as with plastic sections to ‘
£1gdhe AaFtom i efFetqs LR SR &S ¢Elals Plafdersfidiaions to

check for an effect on tissue or cells, and terminal
deoxyuridine nucleotide end labelling (TUNEL) to check for
apoptotic cell death in cells.

Families from which fish with the appropriate characteristics
came may be maintained through subsequent generations. This

maintenance then allows this new mutant strain to be entered'
into a secohdary screen 1in accordance with further aspects of

the invention.

Another aspect of the present invention provides cells of
transgenic fish, such as zebrafish, fugu, goldfish, medaka and
gliant rerio as disclosed, whether isolated cells or cell lines

derived from the fish and optionally immortalised using

standard techniques.
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deoxyuri di ne nucl eotide end | abelling (TUNEL) to check
for 20 apoptotic cell death in cells. Famlies from
wokioglosf2esh with the appropriate characteri st i PET/GBa008/005239
may be mai ntai ned through gtbsequent generations. This
mai nt enance then allows this new nutant strain to be
A gemeersadh28si at digegseondary ssgreanei Heageohdancelaigons to

e i 3SPELSSh oG LRYeBbiaD 901 1oFoaREet. Bl <o

asﬂédﬂ% adiC s dz elehafsi SIF, th@g@meg@h@fh&henﬁ&@ﬁkﬁa§n@mploy a
giant rerio as disclosed, whether isolated cells or

STED: 8, o A e S g 8fd9GFL vehalPy Sequence may

oLk Al se siandard qt e¢hni ques. Y4t b
be 5%62/3%1265%8%TF%%5803/005§g8 % A genewsuch Xgea v
chadigseade cene se@uemcmo¢e gf hetiétabogousstotibnshdeletion

uc het,er ol agous to zebrafi sh)
andg $00eRE aRi S baa

0 ,be enployed in '
JoE B0 S BPEEna Rl BSkRESEng BnE PEn SRy once
sho@mplomh@ng@sl@othp@ugeeeteaeas&qh@ﬁbe waki @Bkul®k in an
derivative sequence may 5 be enp ied The sequence

amlﬁﬁya§ﬂﬂfépaﬂﬁ§nﬁ®|W&Et?§@t€9nalegﬁ ng€TwhPéh R§ Eféesmined
by qgreggge@qglglgg i nsertion, deletlen and

substitution of one or nore nucleotides of the
sequence shown. Changes to a.nucl eotide sequence may

r.esul an 'no ci d chan t the t evel
re 68 erl Re¥ie BPnireRe - tah) et shotr ko teRai fE Lo the
1deW%hE1&@QW@ntB&taphéhnﬂ%agtmﬁ§|1h9§@@échhee§@k@@nﬁﬁgt6@ very
identification of a new drug may involve the screening

large @@ﬂ@erﬁapéeCﬁaﬁﬁea§eoﬁueaﬁanaaﬁe bobbt haéese patheven
aft@?fgrgegﬁdcglgguﬁé ?ggege@nmﬁ OHDQHQQ EQSOHQG actPr

found. This one factor nakes pharmaceuti ca
whlpesmakeb peaymexpensbae aedeemuh veopsarbagsivkansdf atme-
assi,sting._in th creenl gﬁ rocesg can haye

CO“@BW%P@eraMF@“@o r ePAFSEAPar t3nk aﬁGrGFPFPEyprQGEﬁS can
havBeaBsshaerseleenbrsiekel asubsbanesscROLEAt hakhyrysef dlich

meahg for screening for substances potentially useful in
treating or preventing a disorder or disease is provided by
fish such as zebrafish accordiﬁg to the present invention.
Modifier genes, such as enhancer or suppressor geﬂes
identified using the invention, and substances that affect
activity of such suppressor genes represent an advance in the
fight against disease since they provide basis for design and
investigation of therapeutics for in vivo use, as do test
substances able to affect activity or effect of a treatment,

and substances that affect activity or effect of expression of

a disease gene in a fish.

In various further aspects the present invention relates to
screening and assay methods and means, and substances

identified thereby.
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20 treating or preventing a disorder or disease is
provided by fish such as zebrafish according to the
w@e@gont26s nventi on. Modifier genes, such as ePtEHOB(03/005239
or suppressor genes identilied using the invention,
and substances that affect activity of such
Thes pppressor ngenes rse prgse meadn sadv &he§ ifastheugs kisght
a t _di seas ince _the rovi de basis _for des
23031, ode; Pgatrn 10t % ROLRBEREco PBECERo0] 05 Gedangs®
scﬂ@%nte&tse&@ﬁ@h&@c%ﬁp@ﬁb%st atfreeh aetbiivky ahteblbieeting one
of a treatnent, and substances that affect activity

or gorsf fuEE téPNex prESsitEs SENORC]REEasET§ERENPN OF ﬁﬁéﬁCtlng
for?%lggt&%5lg%ss g@&%%%l%%P%Qt%nhﬁ%c@ﬁ%é%”%f‘@K%”%E%@ct of a

tes to screening and assay net s and neans, and
prisubgt ancesiondentified thereby. WO 2004/ 051265
PCT/ GB2003/ 005239 41 The present inventors have
realised that fish such as zebrafish are useful in a

TheSQGANGANY S UBRI 8SS AN 10/ teRRACEK wS§T 8ENcxAmpeeondarty:
Suppr essor Sscreen i nvol ves i ntroduci ng one or nore

refﬁ&ﬁ@ﬁﬁoﬁ@ PnhoPogegdrade 9ane SceréePAghonosardcivpgtson is
%%gr%ﬁg?ﬁ%%nsg SURRY €$5150 e%r %Ehﬁﬂ%SQEHts8ftB%% it is

rimary nutati e principle can b
undelragstivat dd hypw&pr@hlexmmmbat Ywi shallefrefésbewtid laensue.
of whi.ch nor function is

t het |
Now SRR O TS TGO P CiPd JERG ForRAbR: D08 : FUboELon 15

to makengeLackinve 16a hypomprhigengut anfhcaseBl, | 8hichi $Rat the
wi |l ensue. Now take another hypothetical gene S

genghdse apePnEnderASEtiaR i $het 6imbkeitisheshabper. Thus if a
mut%@ %ngggelh%rgﬁh%%ﬁdﬁn%%th%hgtg%gg ifl 5§H§Paéigf§dy

e
deracti ve wil | rgger. T
harbnhaungnalmutateddﬂcgénent@hbh@ws gehé canaefi gehch other

al rea rbouri nut at ed B,gene, the two w
Outc&ﬁgeg%ga%ﬁs tWéEg gﬁtngﬁ@aghélgﬁgh Rﬁ?lmﬁéaﬁspnélgene
suppré@desThBeMBhahedypedeRethe mutated B gene.

However, there is a problem where gene B is a dominant disease
gene, since if this makes the fish non-viable, causes them to
die quickly or fail to reproduce, it will not be possible to

raise adult fish harbouring a mutation in gene B.

The present invention provides a solution to this problem by
restricting expression of the disease gene to one or more
tissues or particular conditions, by placing it under the
control of a suitable promoter, e.g. tissue specific and/or
inducible, or by phenocopying the effect of the mutation at a
defined time point. As a result of this spatially and/or
temporally restricted expression, the disease process is
limited to these specific cells. The fish are wviable, can be
raised to adulthood and bred, and are thus amenable to use in

a secondary suppressor screen.
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suppresses the phenotype of the nutated B gene. 20

However, there is a problem where gene B is a dom nant
waele@easees gene, since if this makes the fish PCT/GB2003/005239

non-vi abl e, causes themto42die quickly or fail to

reproduce, it will not be possible to raise adult

fish harbouring a nutation in gene B. 25 The, present

i.nventi.on provides sol uti o this prohl em hy .
Althongh d) ﬁ&”@xﬁf@é’ﬁl&ﬁn&s e & 'esé’gfeseglé_‘ngnt%oengcr%émdr disease
modBr 8 ndulcTSURS i JRafdriatd@ibyC Ghdintiicans oy hylsdeialg rdans, in

under the control of a suitable pronoter, e.g. tissue
margpeEiseisc ignd/Somoti mAFE Bl ter dy thRSnodSdyi dg MRgticularly

ef fect of th tatd defi (& iy 4 n
thea Cr‘—jesseulf?)rofe ﬁghn{ggesggt?aaﬁtuyl%&%% %%l {81 g%'ggrsgﬁ I 3@ it l/ﬁs many
cadeastird cfeat texpridssidon,varhe ditseasdepreseds icsf Yhemgesstic

to these sdoecific, cells. The fish are \Qﬁablee, can be
defegitsddf (G ISTRTATIST e de ¥ Sarfd SHils Sméhiabl e to

ALASErd}t’ A FRGANGRA I 'SUPMASSON SHRE D1 SR s2004/\b1 2651y
“PCT/ GB2003/ 005239 42 Although in sone enbodi ments of
Dentere: ipgr)es dite denvientd G1eR di deds©f v@EI0 Hvdire tiegn g tekon
.gener-at ed C ] C si,gal il JTRIYY
cll%élsceaslailyt‘ iMsJO\%ne (?th’eepryd sgélvbﬁq{a “ﬁg%d g q‘lt%hiag;f%1 E'IL'IQ%les';L J":?Lst
soardticidtard w15 dtike lcases fyor fexanpiverf gre tdeurta ,oditcalan be

di sease, which in n ases | enet i cal | riven.., .
vk TR e P G et adres g Aiei¥ions in
prx%eﬂ%'ﬁroﬁ‘lt.' ahiQf dhemes Wrs nexteemilfEidul Alwahel i "wivo

ar ki nson's, Mdtor Neuron D sease, Lewy Body
sciaTeimd &)t arhewmenasl gfadal -a | ot of phenotypic

variation 10 clinically. Mreover, even with the

avai lability of sophisticated clinical assays for
OndWENPaln et $hild icancdexpmrss hdred dicameas wend her a

extent of disease and alterations.n pro ressi on.

Sperhi i el re i THBIE LAY Al i Rt (ST i Jipre sasily
scRAIRENNY Riafn AR JRIQ) radkd 1@ IdHyN tThd HiResent
I's to express the disease gene in a . .
invention in various aspects and embodiments capitalises on
unique features of fish, especially zebrafish, and some

examples are here given:
a. eye specific expression.

Use of an eye-specific promoter to generate fish with affected
vision and subsequent assessment and comparison of vision of
fish may be excluded from certain aspects and embodiments of
the present invention but is useful in others, such as the use
in conjunction with the gal4/uas system to increase expression
control, the use with mutation of male heterozygotes to aid
identification of interactor genes, the use in conjunction
with add-on or combinatorial chemistry screens, or its use in

pharmacogenomic screens.
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specific tissue, malfunction of which gives a nore
easily screenable, quantifiable and gradable
w@b@aosepe. The present invention in various BEPEBR®3/005239
and enbodi nents capitaliseg3on 20 uni que features of
fish, especially zebrafish, and sone exanples are
Whehe@mpgbyed an eye-speciiffiic @xpmesstoﬁorZBSesenoﬁhanpresent
cific pronoter to gmnwat f sh_with affect

i g B B g o e e e P AR SBB S Ta o igpase gene

in W SoaBofkntf bgh thRy ke cexehedegef faroeeetaiin agreetrSmore
and enbodi nents of the present invention but is

of :ugkubaissagehefs 2 shotoas ofhéigsé thAOHER] GNet PR withR

con%ﬂ 89%54 aﬁh%¥%%¢%5%%g%”%&ﬁgs%egégﬁg §Egﬁ §9gﬁgﬁtrghd the

Se Wit R orutation terozygotes to aid
trﬂn@&ﬁhsﬁbmabﬁomhd% isiigardctor thenessubheceséries of the

conjunction wth add-aon or conbinatorial chem s
braddy eedLUser 2 £LOHSE St Loph M encBgbRENPE SSERdenE efton may

pe 400440314265 i RCHLEB2Q03/0Q5239 and3 thenecerpavedngditissues

eye-specific pronoter for use in the present
and meddisi:on condvingds viter coxpeds sieaieofisahyanere. §itreous
i sea ene_.i.n_a n r S th
oy eaY neshe 6 FrRT ShrvBhe piebssahar Semie: 55
phoifodeicgipt otrhr edgle the teyecepherd gangeﬂsmonedﬂ p@duaﬂ cell,
en%P%y intg.a blologlcal signal, and.the ransn1SS|on

horggzonfiad §ﬁéﬁalbﬂ@C%ﬁé"@@%&a@néeﬁﬁﬁé§189 £Rél -brain..

Thus, a pronoter for use in the present invention-may
be functional in one or nore of any of. the follow ng
A qaﬂ@sm@sbeaﬁmpd@Wbﬁ icorjpursbiodamensr ada thgqeegent

1nventlo w%'%% grﬁl%QOQQWEE%ﬁohegé f%%b@%d %B&'%engﬂyegene

any Feti'na receptor,
in @hQUemgpeprrmugamglE@ﬁmcahhchglwabncekbxesh@ﬁlannhaElsh
cell, bipolar_ cell and amacrine_cell. A gene to be

SuChEoFEa TR L &R/ cREGUTTENE DO TS HPEEARPIES | AVSREPSHion
or W%%%%@Xa% bshopsofy fiighies -af bagted rmpycbe anycdgneasi Bet
d-type or nutant,form which, when expréssed i'n a
outfméheady above), thls affectlng visual function of the
fish. 1In some embodiments, the expression of the disease gene
in a component of the eye causes failure of development or
degeneration of a part of the visual system. In other
embodiments, the expression of the disease gene in a component

of the eye causes a component of the visual system to

malfunction.

Alpha-synuclein (e.g. human) carrying A53T mutation may be
expressed in fish retinal ganglion cells, leading to a
degeneration of the ganglion cells. Transmission of Visual
information to the brain is consequently impaired, and thus
visual function of the fish adversely affected. Fish with
alpha-synuclein expressed in their retinal ganglion cells

perform more poorly than normal on visual testing.
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such as zebrafish, results abnormal devel opnent,
dysfunction or degeneration of a tissue or cell of
w0 b@4oye6i e. g. as set out al ready above), thiBCT/GB2003/005239
affecting visual function @# the 20 fish. In sone
enbodi nents, the expression of the disease gene in a
Rha@@@pdneﬁe.gt hhﬁmeyeceauye&gfﬁBMUSemutadewelmpqebe or

ratiqn of art of the visu system |In ot
S I S o S S UL R A S SR (SIS
tjwﬁ@%@Q6Q@be ebrt Re1aye causesqace@MponNenbtehst A@evhsuabnger
systemto 25 mal function. Al pha-synuclein (e.g. human)

detegitedi Ry ABSTrefiag andnkpube thexgiedoadofnthesfhish is
lmpaﬁ%k@a'a%a%%Ee%ﬁﬁ%%hT%n Lgadl ﬂgtEQFQ degenefatlon of

angl’i on ransm ssion of visua
|nfornat|on to the brain is consequently |npa|red and
thus visual functiaon of the fléh adversely affe

In eigh BT CUAPEh ETOPAGEREn Bx FPESEEd SERYERER OFeFuﬁéFease

ger@angl banieelbsudeer ieny mpkee rpaarl ¥ . thaneReEMkhONis placed
vi sual testing. WO 2004/ 051265 PCT/ GB2003/ 005239 44

undﬁﬁo@@g@ﬁﬁtpéYgcom@w&ﬁ)Oéa¢h§|ﬁ@hﬁ3@¥sm@ﬁeét|aﬁhﬁaySbehe
zebTARGERSE 'gp i%ﬁ%h%&%ﬁgig tg%stheeﬁgﬁg%phglg basic helix-

egéner ation of hot orecept or
lodaeheeQMem&bmscmh@tdb& dnetoa Aongen adeteetedpbysebe

retina_and thus the_vision of the fish is 5 inpair
speggfageéﬁﬁlﬁ@dr&ﬁleeéugeneégppngefﬂﬁ 6ﬁéyp§FtF&u|§Furon

200@”@@%‘”@@t8)a79@d8@9 SQ%”%H%%h@E émgbaﬁﬁéﬁt g%ﬂ% beochBter
i ntroduced into the fish, e.g. zebrafish, i'S pl aced

of needisegakatenyg @@nﬂe@ﬂa@ﬁdtWeththseppeﬁ@nepromphsrus
Ke%?%d%oﬁ%egﬁaf'ﬁBoﬁXﬁ %peﬁ&fic 8&%&0'923357Sh614037 43) or

| a~bBas eli x- Cripti
rhoﬁapemh Atonalkeand is expressed specifically in
retinal ganglion cells (Kay et al. Neuron. 2001 Jun.

30(3):725-36). In another enbodi nent, the pronoter of

b. Ehe %bgeggecg%&%rggsggglaced with the opsi n pronot er
15 (Kennedy. et "al., (2001) J. Biol. Chem 276(17):

14037-43) or

Degeneration of a component of the auditory eystem affords a
quantifiable screening system. Zebrafish display an acoustic.
startle, in which a sudden sound stimulus results in a reflex
movement [Nicolson, 1998]. The intensity of a sound stimulus
can be controlled in a graded fashion and the threshold for
movement measured. Hundreds of fish can be tested at the same
time. The invention additionally provides for monitoring the
movement using a camera, e.g. a digital camera or video camera
connected to a computer, to record positions of fish pre- and
post-stimulus. This facilitates automation of the measuring
process and screening of large numbers of fish. By combining
this with a rescue strategy, it is possible to screen for the
fish which retain the response, rather than losing it through

degeneration of the auditory system [Bang, 2002]. Suitable
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rhodopsin pronoter. b. ear specific expression. 20
Degenerati on of a conponent of the auditory system
wa@tdoansieem quantifiabl e screening system Zebr&f/iGsho03/005239
di splay an acoustic. star#be, in which a sudden sound
stimulus results in a reflex novenent [N col son,
earF3QBci fihe putensidsy iofcladeouwhe Stoyinal ysnecardo®ter [Long,
controlled in a 8:aded fashi on aqd t he thr%sg |.d for
20035 mo\derrernt Nrgesur SF NHIFATESS Tofl A5281 *¢an A& West ed
c_?gdﬂy%ggygbntgyg%ﬁghe i nvention additionally provides
or nmonitoring'the novenent using a canmera, e.g. a
digital canera or video camera connected to a
computer,. tqQ recard pasitiqgns of fi re- _and-. .
Zebﬁ&éﬂol-ss iar%lt?lpg"s .t%ﬁwl‘lrs ac] IC|0;1 ates tguttz%at%im (;%nl 0 - tlhleqht
int@Raswy By IR Prieeeshand derceenirag ieh laadgeistmensioh of
fish. By combining this with a, rescue strategy, it is
mel5dddy-hIT o ke SR HEORE L MedR iRy <9Ir¥arné1tl§isn%teﬁ€me widely
i b Wi ' i = tig@Rn
R et R R g e e
ce 12304 /:05E2 6% URGTHIGR2G0 F 1G5 239 Lotk ddeckiseci flinc contrast, in

pr ters include.the scyba gene pronoter [L , ,
2 BB Ed R B et P R scs, Tag0 i Lus
forPitgBN it tSyst @Bpendéelnali sk tadaphyideeina 1skiin
colour to the anmbient Iight intensity by varying .
PraJRé&itd Qonc&ift MRS U SOEMbatCoF 160 Prditaiagy sRegetion
of dalh SN FIIRMe MRLANIHY HADU;eS 4 B WHelo one causing
di stributed wthin nel anophores, star-shaped bl ack
me lgingme it speglsiag, |, (Octens: hedusitng 1t-he 1%96h .t G'hleogh gmentation
bl.acker. In.contrast, .in 10.a |light, environment the
LevRdl aodSRed Lag GPEgae t ﬁ?e%&ei Hﬁ%ﬁ&‘ MG 2Pfh §an b
quaadidptadieldon GepENds; iah dnkgll BaahyRathalod¥@re such as NIH
. projection, the hypothal anus then inducing pituitary
imegecr Vs 16f tdier BaiesE o LRy Ra Lé &s BF§ emsMgmitn and

con?%gﬁ%% t%?”gﬁéw@?ﬁfgg%?qﬁ%ﬁeqehgﬁggedh§@%ni%5ain Prpgiding

ent hal e e pignentation 'eve

‘a higadithy cappaugntsdresniagnaked teyg and loak lfor rescue of a

defect generated by expressing a gene e.g. disease gene
specifically in a component of the pathway controlling the
plgmentation response. As part of this pathway involves
neurons, neurological disease may be modelled specificaliy in
a subset of neurons to give a graded, easily screenable

phenotype which avoids deleterious effects.

Furthermore, the invention provides for an accurate, gradable
and rapid screening method for the presence of disease
activity and degree of disease activity. Thus in all cases, a
continuous graded readout scale is achieved. This is highly
desirable for identifying a therapeutic, as described earlier,
and can be contrasted with phenotypic assays which measure an
all or nothing response, such as the occurrence, or non-

occurrence of seizures.
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quantitated readily with i mage anal ysis software such
as NNH image. Thus, in the present invention
wa@s@essent and conparison of pignmentation | eR€l/GBag3/005239
be used, again providing &6high-throughput screening
strategy to |l ook for rescue of a 20 defect generated
by expressing a gene e.g. disease gene specifically
a_conponent of the pathway controlling the | X
Thepitbnt &t-Fon 2EEaEISE, REOFAFE 0PVt ARE PaFRRRy invention
arel MLQlFYES ; NNEULARS,s BeW GhegiGal odi Seage BRYpRessor, genes
nodel | ed specifically in a subset of “neurons to give
thag gifdeed, a@aswuyysome@ﬁébte 25 pherovyge g@hicchnatbiedgish,
el eteri,ous effects nore, the_inventiaon
such 5% Ge e lhorSan SRCRUr a6 OGP ANEDER S oFERrq2tpect of the
preseneeinRgnieihod nae tikeppoesaade tok disseasea &Qbhvlbyg
and degree of disease activity. Thus in all cases;
zebygfdshri hudis Goddddsheadiiekacand SéaQGhF€€é8 l?h?§Ch a
scresphighly desirable for identifying a therapeutic, as
described earlier, and can be contrasted with
phenotypic assays which nmeasure an all or nothing

nse C t he ccurrenc Or _non occurrenc
as ERBANS Bkl 348% T, B8 BehFReEea g0 aa 8t ki Rcnd) or
phybiishl @e@nszebhaldhskh phee ded byiveheipheserb prov1des for
i nvention are useful in screens for interactor,

'Scr§@5ﬁpgs§@ﬁ ag8fes thRst hapf ast caéeryi op §Peeﬁﬁ€€Ftona

beh%%%%ﬂ@ Q%n?h&@l%ﬁ & %ﬂat5l§U8?f%§t@ddb e%ﬁ% 9fhBfical or

Accordi ng er aspect of esent

phyisngent torathené .i s provi ded the use of a fish, e.qg.
zebrafish, fugu, goldfish, nedaka and gi ant rerio in
such a screen. 10 As noted, nodel fish may be

Thugenehatagp@&t@go@heﬁbcahvaaaﬁah ipkysieabed®aNE, rkBcue of |
whi ch case the invention also provides for screening

an fgfugegeRBenRaYPRas an effect on the aspect of
behavi our of physiology that is affected by the
chem cal or physical treatnent.

Zebrafish -are particularly amenable to genetic rescue

experiments.

Mutagens such as ethylnitrosourea (ENU) may be used to
generate mutated lines for rescue screening, in either the Fl-
3 (for dominant) or F3 (for recessive) generations. (It is
only by the third generation that recessive mutations can be
bred to homozygosity.) ENU introduces point mutations with
high effiéiency, so any phenotype is most likely to be
recessive. Retroviral vectors may be used for mutagenesis,
and although they are an order of magnitude less effective
than ENU they offer the advantage of rapid cloning of a
mutated gene (see e.g. Golling et al. (2002) Nat Genet 31, 135-
40. Mariner/Tc family transposable ‘elements have been
successfully mobilised in the zebrafish genome and may be used

as mutagenic agents (Raz et al. (1998) Curr Biol 8, 82-8. ENU
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15 Thus, the aspects of the invention involve genetic
rescue of an induced phenotype. Zebrafish are
w@asowioszbar | y amenabl e to genetic rescue 20 PCT/GB2003/005239
experinments. Mitagens such4as et hyl nitrosourea (ENU)
may be used to generate nutated |ines for rescue
rem@dn@ehhﬁgmobm eifftherenheakb- e3s¢f petdodi pant)abieF3t the
essi ve) ge eratioons. (It is 25 only by the
momn ﬁlrdaaénéPaFFoﬁ Fﬁgfngcg§§i 8%t ati ons can be bred
to honmpzygosity.) ENU introduces point nutations wth
hi gh efficiency, so any phenotype is nost likely to be
Reseé@e§§¢@én8R@ﬁﬁovhﬁa|cv@ét@ﬂsaﬁdytb@ usderiping genes

e e Pres 1Bt £k Pe a0 ranlefelrcy Sehedinige 91

driadmad&agasefomaplHselmmhag aefidationulatedpgenee(peeferably

. Q. L1ing et al.(2002) Nat Cenet
perRREiag Fc S ARG EF aHOGBsABPEC R Bt STRRGLIBRER of the
presde€esafuhkyonpbiki $8d1bRst he zebrafish genome and may
be used as nutagenic agents (Raz et al. (1998) Curr
Biol 8, 82-8. ENU WD 2004/ 051265 PCT/ GB2003/ 005239 47

If Eﬁgaﬁgae&hfsngs& %Rgﬁksggagggegﬁéy égognfyabgabéﬁ the

erred OF now. ¥ Rescueé

~offsprangsfabm thenosseared addlthErundgéhytagwgenesaﬁbour the

ver ghe case of a dom nant transgenlc

mut@8€4gea?iv ualéﬁagé soPfaCRRPST i ARS %Hﬁ%t?%ﬁa¥n% epgether

resdh@ Hasf@é@@kyedpskfQﬁ@%ﬂeknn@Cﬁ@fgﬁﬂcgeMétﬁa§SB§§ﬁS
and enbodi nents of the present invention, as foll ows.

inhgpifedt heehpablvesbacddiigant ratagsgenite thenebaty needed
to %éﬁg9£téh§ h8£§?9§ar E£ ?%@eﬁigsflof 2 a@eﬁ%%%go$ﬁ

ransgeni cs w nut an gen%
cari&0s odreagesyn ong mmﬁ|1m©tok@@M/MH@m@e®f tiesseiep heGeny
w1lf ccurred or whether po mutant gene has been

NRer RPBAZY SRR CERTELBF Bedl MRY st ateyi kel 1 9@ ras ofech
thrb€§Hledrossing to responder lines. They will be capable of

driving expression of the responder gene in all cases in which
the response element is inherited. The next step is then to
mutate this line at random, such as with ENU, and to screen
the offspring for deviation from the expected phenotype. All
of the offspring of an outcross should be carriers. Any
possible rescued fish are grown up then retested.
Alternatively, an adult heterozygote is mutated at random and

the offspring screened. Normal offspring, or those in which

- one suspects the phenotype may have been partially rescued,

are genotyped from a sample of cells or tissue taken from the
fish, e.g. via fin clipping or equivalent method. If the fish
is a carrier, then it is grown up and the new line generated.

The underlying rescue gene is then mapped.

If the model is under the UAS promoter, a related problem to

that described above occurs. The solution in this case is to
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15 to generate a honobzygous transgenic |ine.
Het erozygous <carriers are grown up and incrossed.

W@/ 05263 hese progeny w Il be honbzygous carPCEGB2003/005239
They can be identified as 98ch through crossing to
responder lines. They wll be capable of driving

gengxpices o zybotReGCReé4pdnderrgénaebn mlitatasebesa whi chndom,

re se, el nt.i s inherited. The_next, step is
crofRe e RAEL: EnB B8 R AbS s "FERBo R FeRenTRE HPER T BRE,
resand,t asseesenribtheiaf ispaingekenideyi ati on fromthe
expected phenotype. Al of the offspring of an
out cross should be carriers. Any possible rescued fish

a : p r e native an u
L Tt et L R L
of geréemedonNohmafiehf gpnehge wmept heseliaadhi chnsbderably

orep R RLehin BRalgRhot JPelOR BN s aNEPRLLr EoF| febrtively
reckhssgeptiakentr em tBerakish. €ofsuytachénhgbiBPENgeBEite on

equi val ent nethod. |f the fish 30 is a'carrier, then
zebrpliighgr ShAdaplandsine ABW praélebherdeedbromper using
terHQdeEE%kQQiEﬁsCHﬁDgeﬂgrbﬁrBhencH?PQSQ%yI&%éhﬁogﬁﬂ§grl§002)

under the UAS pronoter, a relafed probfemto tha
fouddseti bed above occurs. The solution in this case is

2004/.051265, PCT/ GB2Q03/.005239. 4 enerate
(neh 8 e eR e e e AP VBF O b FAescu AT RbLne Aeot To, Ladet; L)
TheCB@Ag§ethesptYet Rat hBe YAS Lbnesquihes k& eLobfOrish genome

. dom nant rescue, as described in detail earlier.
WithhaequpprageRFrantant (§nlevesbennpdPal i Mebyishey. atThe
d j S 1 he £ish et ] P I
RS et bl 3 51 carar thn {hat> o fHe ouSs” g, SeY any
webdespisert heinel a¢rvel Ydankcent¢rpopudad i tyamwer” or

“ fish. Co t d bsite on zeprafish,
e R RERTRG  hhy® Ao P EbI B VR B U ot Hf 1000 are
beih@riBppd@bbaf i shad AND chakyirdi meprrently (28

Novenber 2002) found at .
(http://zebrafish. ngh. harvard. edu/ mappi ng/ ssr_nmap_i nde

Ano%hgfnégrategy for introducing effects, which may be random,
on an aspect of behaviour or physiology in accordance with the
present invention, is to down-regulate the function or
activity of a gene, for instance employing a gene silencing or
antisense technique, such as RNA interference or morpholinos.
These can be either targeted against candidate genes, or
generated against an array of genes as part of a systematic
screen. It is relatively easy to inject RNA, DNA, chemicals,
morpholinos or fluorescent markers into fish embryos,

including zebrafish embryos, given their ex utero development.

A morpholino is a modified oligonucleotide containing A, C, G
or T linked to a morpholine ring which protects against
degradation and enhances stability. Antisense morpholinos bind

to and inactivate RNAs and seem to work particularly well in
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The Sanger Centre has begun to sequence the zebrafish
genone W th sequence currently (28 Novenber 2002)
w@odsiostzesl at 15 www. ensenbl . or g/ Dani o_r eri o/ . PATYEB2H08H05239
can be found using any weHB9browser using terns "danio
reri 0" and "Sanger" or "ENSEMBL". Around' 70, 000 ESTs

ZebﬁaﬁeSbeeﬁom@eduﬁﬁdgdnaaqear@itbethgsnappedaoh dnclude the a

radi gtian:hy 20 Anot her strategy far -
ﬁoﬁir% 5§|ﬁg EPchrgg ﬁﬁpghSﬁﬁﬁeﬂgeraﬁéSn%eegntgnlnjeCt the
cheaﬁ[ae(lt iaftobehavieaun yoemphysi, 0be@¥ntRadCceokeanceqwi thrects
present invention, is to down-regulate the

andfGﬁ@tF@ﬁaéﬂveé§tﬁVPF§ furatieneotf sFtifAse ahdditionally,
the?”ﬁhgﬁknao%ngﬁﬂg ?hh@@gbﬂgogr g%h%?egﬁﬁ Egﬁgnhgugbt offer

Such as RNA interference or nos. hésSe "can
thebeawet hepetrapgetedfagailrdt eahdirdatengeaespodnt mutations.

generated against an array of genes as part of a

systematic screen. It is relatively easy to inject

A fRNAheDNA:rehegi,cabs, a188rRhgl tReSrRhcEl ¥R 88C8NLene or
markers into fish enbryos, “including zebrafish
ProgrbPyas, p@F@eﬁftﬁélFHeYlMPeﬁGIQGVeIGBHBh@d tgoapy of the

ws< RUEBLOR LocPeBELL S0 PhLagMuELEl O eanial g fheca

heragain$s tdegeadaatentaadsgahﬁncBSnssa@kﬁféyslﬁ@tpsﬁﬂéﬁn
ate RNAs and seemto

abt nos bind . to and hvﬁﬁ :
b m%?g pa?FPEEF%?|§hﬁE?|W%E 908479319651 nes, or inducing
disPedé BP0081O0RSs 49 hérbL akh$hng SpaE 9ﬁ399¥@9é§g§§sease

Wi th this approach i nclude the a priori need to know
statpe 659Ee§%q®@ﬁ%@er¥h@rﬁ%€@6t®n¢h¢@ctrww©e Thendlcag

distBLOCYNECEALLy £ADEY O,y POLENtLAl, Loxi € sTde, BT fiect s

ere atlve y
effeddivénasas | yn 61v0eynkm@c@ﬂammcéfmnﬁhﬂﬁﬁé(@kéﬁeﬁt&ﬁﬁﬁhntion
t hus do not the_sanme repertoire of allele

mar a?%@( a%?%%%a%%“%o?kh?“ﬁu P38 oiress pitetn stiaregicreening

methodsal tering the function of a gene or protein as
part of an in vivo screen, coupled to any of the 10
vari ous other conmponents of the screening strategy

In Qifﬁ%{ﬁ§¥jaspeét, the present invention provides a method
of screening for a suppressor gene that lessens activity or
effect of a diéease gene, the method comprising:

providing fish, e.g. zebrafish transgenic for a disease
gene under regulatory control of a promoter, wﬁerein
expression of the disease gene within cells or tissue of the
fish affects an aspect -of behaviour or physiology of the fish,
as model. fish for screening;

subjecting said model fish ta mutation to provide mutated
fish; |

comparing behaviour or physiology of mutated fish with
behaviour or physiology of model fish in order to identify any
mutated fish with altered behaviour or physiology compared

with model fish;
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herein, is to generate transgenic |ines expressing
protein aptaners, crossing these with the disease

wO 20ve®51265 | nduci ng di sease by ot her neans, tPENGB2003/005239
assaying for an altered di $éase state. Protein
aptaners provide another route for drug 15 discovery
[ Cakdastif996h bugehbeiabhﬁﬁﬁyrbocasbayweheimodel fish and

ef f I venes n cordance with the ese
any; AP ERtr KTy SReT Gabengs: Rerr VheaF uPre BEYReyoRAY
the&@b&'%bolﬁéhﬁgﬁyng sﬁ@b&@@%orzgeha anburtheseaspeetivity or
the present invention provides a nethod of screening

effegit @fstppr désepsgedenthat | essens activity or effect
of a di sease gene, the nethod conprising: providing
fish, e.g. zebrafish transgenic for a di sease gene

As woded,r egelfatreey embbﬁdhentsaomronetpmesthréhnezﬁion in
expressi on of the di sease thin cells or tissue

1tspfrarheUSt PSRESIPelE oY 4§ é@ 1§f - pehavi our or ‘
physi ol ogy of the fish, as nodel fish for screening;
subj ecting said nodel flsh to nutation to provide

A fashasegh Rissh; z8breddpar hagbbekartoar ddéFephgsicalsgpdopr

phepo%%pgga%F%g%nggguag%%%V|%HBLQESE? bg|$9¥ﬁ9 nﬁggEVLOur or
phyahbebgg hehavm@uml@roﬁhp&p@b@gyoaoaﬁated dwsthseodehe may
WD 2004/ 051265 PCT/ GB2003/ 00523 ldent|f¥|n

9 §
be 4OBBEAELE AP SRBAOESBEL oGk NEd8PSs) BREANASEIAY

beh@%&%ﬁ%doE'%hy@h%@oéycBrahb%%eﬁo@eeﬁﬁbQHQ @t to the same
physi ol ogy, "thereby to identify a suppfessor gene

degtrat beegusascictiei effect off ectushtine dnseasecgadegene,

enid A9.00L80 RURNCLLRD SIBRALIBOLS 0L HE RLESENLE cho

i nven vari o aspec enploy Ze
diskbsh swab.as a zebrafish harbourlng a, disease-causing

or
Thus, in embodiments of the invention fish such as zebrafish
transgenic for a disease gene expressed in the fish under
control of a specific promoter (e.g. tissue-specific and/or
inducible) may be maintained fhrough several generations. This
maintenance allows this strain to be entered into a secondary
suppressor screen, through which a secondary mutation is
introduced at random into the genome of this strain. The
relevant aspect of behaviour or physiology of fish now
harbouring both the disease causing mutation and the
potentially suppressing secondary mutation may be assessed by
means of a suitable assay. Fish in which relevant aspect of
behaviour or physiology is better than the initial subjects of
the mutation are candidates for harbouring a second mutation
which is suppressing the effect of the primary disease causing
mutation. This second mutated gene and its protein product are
therapeutic targets for treatment of the disease caused by the

primary mutation.
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10 phenotype-altering nutation manifested by altered
behavi our or physiology as a result of expression of

W0 be4dseense gene may be identified on the baBCEHGBR@B/005239
it does not display the béhaviour or physiol ogy or
does not display it to the sane degree because of the
effect of a nmutation in a second gene, 15 this nutated

second e s preSS|n of the di.se
2 R IR SRR AR A o P e Ve HTER dath 2
dls%%sée@realfel %ﬁldetrr wgﬂmlc Jora paditseade rg@remdyressed
in the fish under 20 control of a specific pronoter

conteiging gsgettapd o e BNl 6 SUPRGESIITe P ogy Bt lessens
act'ﬁlq: 'o'}e%f%%cl%u%qf Vercalseg.a%réeg%(nbo%% ]:lhl pect of

mai ntenance |s strain to be entere into a
bersedandayr pSU&mekﬁgy’CSbﬁﬁEH]leth@thNWﬂhﬂWWEGful in a

%&%&%a%t 'Ogti??q—ﬁ% sH&%gS duced@%é\?a ndoméé‘g‘ta % affect,

pr ¥R 1U K @e RN AT Ol 9V refr falseh thew s e iidig elﬂﬁef&t of

t he di sease causing nutation and the potentially

thes pressisng gedendarCl anilati dlemepie 2a@Pddssedsyre a
muﬁgetql%sh qf EY %Léhteaqlse 1%%‘:!1% fl@ds I%h'a'% ‘@%’h%l?lcreeg %\iaqtncreases

pect of aviour or physiology is better than the
aC’EIJn?IJItIyabela’ibjS@@OSld)fge%& the nutation are candi dates for
har bouri ng a second nutation which is suppressing the
effect of the primary di sease causing nutation. This

of Terad, Mihat ed rgene And 1ids iBr kel B4 @dual R8gn”any
therapeutlc taiggts for treatnent of the disease

appEapsad tey comé rogr iepmeyr imemdesi o Ehwehigh4/to5 ppepare results

obt qg{g?%gO%/gQS%%% &ég A nutant fish such as a nutant

sh transgenlc for a disease gene under contro
of a partlcular pronot er and contalnlng a nutation

hi n ppressor ene tgdﬁ % Ss &g activity or

BE1 b SEHE GREs & o i "ot A eatPe 0P e Gl 1ed
peﬁ@bnpﬁb§'QhQ%bd%Elkﬁﬁ f'§§&ddﬁdr&s%hka%§%huﬁnk% & primary

further assay for a test substance able to nodul ate or

mutgfftesttrain. These strategies may be applied in various
situations in different embodiments of the present invention ,
e.g. in mutation of gal4d driver lines or adult male
heterozygous carriers). The mutagenesis procedure as described
by van Eeden et al (Methods Cell Biol 1999 60) typically
yields mutation rates of 0.9-3.3x107% per loci. A starting

number of 100 healthy fertile males are considered necessary

to obtain 20-30 fertile males after 6 treatments with 3mM ENU.
Mutagenesis may be performed as follows:

Ethylnitrosourea (ENU) is dissolved in acetic acid to a final
concentration of 10mM, as determined by the optical density at
238nm at pH6.0 (extinction coefficient = 5830/M/cm), and then
diluted to a working concentration of 3.0mM in 10mM sodium

phosphate buffer, pH 6.6. Males which reliably produce
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preferably potentiate or increase the suppression
effect of the suppressor gene. Cearly, the sane
wappkiosremwhere a 10 nutation in a gene is i denpCT/iGBaA003/005239
t hat enhances or increasesS2activity of a second gene.
O course, the person skilled in the art will design
ferany i seppodfispatie g anter @Ila@kpleninrrﬂwvs swiltafr iwi clort @ hour.
co e results oht.ained in test assays., A nurrb
ATt BPaPagres e RFaiiabl € 20 "EREEr ands FheRerredt
aquReligen whek rl ForoduGioha: %a%@CQEQQVYpEHEQtk@nrbﬁhQnato the
primary nutant strain. These strategies may be
aquapplired The vartigesesd ssipresedons s dePfatest up to 6 times
at %"J%%‘i'y"ggltt%r alshe present invention e.g. in nmutation
I river Ti'nes or adult nale heterozygous
carriers). The nmutagenesis procedure as described by

van Eeden et al (Methods Cell Biqgl 1999 60) typicall
ey drdsSRaton SEaoTst i6%9osdat sobToper BGEhL A0 the

1A nkinB@ r2® FN RGNy <R s1Q0 herkbhy ckeblirr® riRlies T@ke number -
COI’]SI dered necessary to Obtain 20-30 fertile males
of a:frtoezled@rteﬁegtanertthslswbteh vamveENdepepdiagenasitienaymper of
s _foll LEthylnitrosourea (ENU) is
mut% §§§I &SI ﬁeéjcgtel%c éeéll “to a final concentration of
10rr1\/l as determ ned by the optical density at 238nm
(extinction coefficient = 5830/ Mc¢m,

at
The ﬁ@ﬁua&. Fitegens sd swaiacsgiEsndentrati & ﬁrafle§ @H&z if the

darkOmM sQdii iMsePhosPhate ufferypPHi816. Mal es which
reliably produce WO 2004/ 051265 PCT/ GB2003/ 005239 52

fertilised offspring are placed in ENU solution for 1

.haur. Afte thep cedure the fis e sh 2
T o BE SR ST SR ab O SE oGP aLE Crre Cpr FOF

nutfageheldr Fiko bhe taguarficwd mbhednBt ageresias wee&egure
is repeated up to 6 tines_. 5 at weekly intervals. The
lnt@ﬁé&&éné?lépwﬁﬂﬂaﬁﬁ€n§lPﬁ&u@€8a9§nﬁﬁéﬁoPFPGﬁ§Prﬁo fRegeny

obt%é%%grﬁ%%QQVtﬁ&s”%&@ge%%sh%np&g%QQHEeélﬁ%%f%&?E%utgﬂﬁons

will have arisen in spermatogonial stem cells.
Other useful mutagenesis agents include gamma- or X-ray-
mediated mutagenesis, and retrovirus-mediated insertional

mutagenesis.

An alternative method to overcome the problems of lethality

and thus allow dominantly acting disease mutations to be

entered into a secondary suppressor screen involves placing
the mutated gene under the control of an inducible promoter,
such as a heat shock promoter, the tetracycline inducible

system (Clontech) or a hormonal inducible promoter.

The tetracycline inducible system {(Clontech) relies on two
different constructs. The tet-on plasmid expresses the

tetracycline controlled transactivator, rtTA, consisting of a
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of procedures can thus be varied depending on the
nunber of 10 nutations desired per genone. The actua
wOoniagenesi s procedure is best carried out in PEEGBA@BK05239
to mnimse the stress to the fish. 15 Initial progeny
fromthe nutagenised fish are nosaic. The nutagenzed
mu tfaitshl aeé—mh@meS@p@ paodeis, t icfesRat caepkieg tenteevEPS6
f.ol | owi ng the f enesi s ocedure en
bt g SEIBaR 1 S FETBeonGR TRk &1 GPndg Ddny the rtTA
profetiat bangs wOIbn@aw@taweiée tﬁesﬂétﬁabgngh@|r%%@ﬁhse
cells. 20 Other useful nutagenesis agents include

eleg@ﬂﬁa TBE) xPp&- ofedingt S6cRNtagénesis. kg activated TRE
actre% Q%'EH% @ﬁ%’%&ggptn§§%hbggéltonﬁkﬁggn@§§§efg§oﬁnof the

alternative netho vercomne the proble
gernleetlfalinty reamd Eh@skaWIww dbri sgetey aet thgtdicbeaseTA

nut ati.ons to b di condar ressor,
CradiPaE P05 Vag IpPAdTnG MG T Aeed SGERESINGUPTERG in the
pre%@ﬁbéobeEe%&ab®@QQh@|QO@rQﬂEt@halo§u@hd@&y@ybﬁdhe). In the

shock promoter, the tetracycline inducible 30 system
absearcenpéc by tap cychénfonRinfAddcFBRE pPémbE&E. PIRES, the

res§§%5@0$iéh%%t'E@U&b%%ﬁ %%ﬁtg?b@@&ﬂ”%%%?gs%ﬁbhe§soﬂlhﬁ@al,

erent constructs. The tet-on plas expresses t
suchethatyewbnetoaﬁtr@kb&@lhsansacbevaﬁ@eptuUéAy switched on

o 305 091 5 U0 2000 GSHSS PETLCRROOB 0SS, B 1o

95:YRE61 - @gtlvatlon domai n of the herpes sinplex virus
(AD). The rtTA protein binds to and activates the
tetracycline response elenent (TRE) part of the

TheS%QQQgcgE§§HEd1n£ﬂ%&@9%i% E@ngﬁgssb@%hSHEEHhihhﬁaﬁkyis to
I'ent pronoter to drive expression of the gene o
prowvitler estiulihedkeyetrexphessyshenti snthafletiRénr iTAin the

LunhRBRRRLXRGE ML arhe B e THE. eponae ol sl
wasdaxyayebirBgY. tbRikth®y to embryos treated with doxycycline
in utero, or to pups or. adults. In the absence of doxycycline
levels of IL-11 were less than 50pg/ml. Doxycycline induction
raised levels to greater than 0.3ng/ml. On removal of

doxycycline from the drinking water IL-11 levels fell by >80%
within 24h. Alterations to the response element areApossible,

giving even tighter control.

A further modification involves the coupling of the TRE
response element to a bi-directional promoter. This allows
eGFP to be expressed whenever the target gene is also
expressed. This provides an easy visual marker of gene

carriage and activation.

Thus in the scenario of a secondary suppressor .screen, a
mutated gene is introduced into the fish, e.g. zebrafish,

under the control of an inducible system (e.g.“tetracycline
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absence of tetracycline, binding does not take place,
the 10 response elenent is "off" and protein
wez@esesdn is mnimal, such that even toxic PeDGBRIVS/005239
can be effectively switched4on and off (Harkin et al
Cel I 1999 97:575-86; Lee et al PNAS 1988 95:11371-6)
induciklls )Thelteetgeaoy cld reviitnches] lire gy stcethias eferthgsédducer

in |s to provi requl at ed overexpressi.on of
(= 1y e S e TR o R Ay Bt 267
selddin®l 1avr 100t B0 IsPudylhene e NG apRA el HWLCIdHE,
to enbryos treated with doxycycline in utero, or to

allqipqiorthed s 4 Rener dd rsfuddopiFaquen tpgenerations
.of - e . QR . | ‘
andl ﬁ%ﬁicsfiagnldwhﬁ &t lgcvleq%za%t g[hlggrget gl er t Oarkl3 %‘%%ﬁﬁu%& as
partemifval ssfcordimuyc yolpme fSscomddreedr. nki ng water |1L-11
| evels fell by >800 w thin 24h. Alterations to the
response el ement are possible, giving even tighter

AccWinR 1y, 29 A 4 unihele imediddgat itor iinvRinteSt Rovides a

coucgl ing of the THE response elenment to a
metiacyiafe @GR L NS it @ SURfire sfdowsneeGhRtt d gssens
r Y t target- e i, al o
ac )&)?Lst%%?\iie es aneogfasg;%vll%&%% %?%ér toe g%%élo%%roﬁ&qgmg'
cargdcageliand facti watdroms Belbsrafi shhe sseexal digh dor
secgndary .suppressaor.screen, a nutated gene is
SCrSfT SRt i Tt §'AdR fHiSH) 'y E AR TISh FOhRU&E Ehe
corEMIH e @ 4 RduCiBlgy RMAL a0 forl QfiIRGHE ige@eWPhat is
2004/ 051265 PCT/ GB2003/005239 54 inducible). The gene
letihmls\iin dHed @F Beradis ifdshomonhe liagpdgc @r nog-geproductive

i FEARS] LS A0 thase JJ S GXRLESEING Lhegsne g che

ected for ene i'sthen sw
modaflf ,£isd laow REridiefdds hard e rneeanedarhioongiitions in which
subsequent generations 5 and thus all ow ng additional

EhEnititiare & @ BERT dduded 48 dueEct ag/ @ TsddorkgRrySsed
SURRISSRA1 R ¥ model fish to mutation to provide mutated

fish and inducing and/or de-repressing the inducible promoter

to cause expression of the disease gene in the model fish;

.determining viability and/or reproductivity of mutated fish in

which the disease gene is expressed in comparison with model
fish in which the disease gene is expressed;

identifying a genetic difference between model fish and any
ﬁutated fish with altered viability and/or reproductivity,
thereby to identify a suppressor gene that lessens activity or

effect of the disease gene.

Such a method may be employed in combination with for example
the gal4/UAS system for added spatial control, or with a
specific combination of known or unknown chemicals, as

disclosed herein.



10

15

20

25

30

Accordingly, in a further aspect, the invention
provides a nethod of screening for a suppressor gene
wo ba/obessens 10 activity or effect of a di seaBeT/GBR@®3/005239
the nmethod conprising: pré%¥iding fish such as
zebrafish as nodel fish for screening, which node
Thef issippares stedansgeninc dforfiahgend l Ganst muctl eafser &wo a

codi ng sequence a for disease gene that is "lethal in,
MUY T ol SRS B PRI PR SO0 LB R G gt Ra tion

resk thihgP AUl eq URRRIC LM 03 +Ofe AN sieRdUCiRIR ,PLARDESE
and the nodel fish are generated and reared under

di seardit/IPhies oty PshiseIpP tetse Lingd vai ble rpiserpide muite taon -
i nduced and/or is repressed; subjecting the nodel fish
to nutation to provide nutated fish and inducing _
It ahdiad der mepeessilng tthet Adugilblce prrorlearif2Qattdon of a
cause expression of the disease gene in the npdel .
SUPPILSS O X EWEPHINM G &508Irt V- 8n 8F 65 eRépradgativnt ylof Yy of
itsU%%%%%stb%@'é&bd@ym%%t%h%a§'%%a%%e@e%% I 3 @XREESSeHutation

in conparison with nodel fish in which the diséase
andgggec $hexpeaseades dentintyienges gbresevedilftiepréntée
.bet ween nodel fish,and any, 25 tated fish wth... .
o B edr SRR ty ki) SR Sy SAGE L1 0y e toier angbonal
gene@enhivioy vads uppressat igena rt dakebesseashasli.vi TheOkterm
.. effect of the disease gene. Such a method may be
ln@ﬁﬁ@&ﬁ@& Pﬁnﬁonﬁﬁﬂapﬁoﬁsﬁﬁtﬁoféﬁnéiﬁwﬁl@en§0 Pﬁé affects
actd3h44UAS system fer sadded spatiak control, or with a
.specific conbination o0f known or unknown chem cals, as
di scl osed herein. WD 2004/ 051265 PCT/ GB2003/ 005239 55
._Th uppressed strain_of fish w.ll. have at |east
Sim R4t VNS H SoEadl ERIL T  BReRGt Y80t AdueTRGE Lty 2
tesfiukabs@Bnceesubli AFfee@m hathoduet benc@fcthecdi segsge in a
. gene, and the disease-/phenotype-suppressing or '
fishepredsi-hgaricati 6. a5 fiehgh6uld HBSKSt EBSaP§Bet At 2i n

traBk8efeObxbi8RELY G&L LOR 86U or under certain conditions in

the fish and the transgene or the treatment has an effect on

an aspect of behaviour or physiology of the fish.

A screening or assay method according to an aspect or
embodiment of the present invention may comprise identifying a
suppressor gene that lessens activity or effect of a disease

gene.

A screening or assay method according to an aspect or
embodiment of the present invention may comprise identifying a
gene that enhances or increase activity or effect of a second
gene, or a test substance that affects activity or effect of
the second gene, whether lessening or decreasing, or enhancing

or increasing such activity or effect.’
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suppressor nutation and gene, the present invention in
any of its aspects and enbodi nents may be used to
WO d@asfzgs a nmutati on and gene that enhances OPCT/GB2003/005239
i ncreases the severity of the 10 prinmary phenotype.
This can be used to identify additional enes
Geﬂanﬂﬂan&iﬁhmaxummtmka@rﬁﬁqiigﬁgtpdtMWaﬁﬁ [he eevmntage of

ey 35 9 IS DS 9, 92501 8 01 0E Rk

ancdindd,ard.y;. tReRresent dgimeentdhen eﬂiayztké&wsl@@eﬂ.@pment By
identify a test substance that affects act|V|t%
labgfliggt domox geddsiin IR BXSHPde RVt ABAEFEAP P & Mogﬁscent

maf%é% her & he .98 ehﬁr%o,tr%n%%e?%sgﬁ%ﬁ%s%%dtkﬁc% the fate

tissue or under cértain-condition fish and
of &h&skkﬁmsgewél@r ﬂhastmeatmEnMShdst@n1@hméaﬁyowh2®h&m a

gergipe t ﬁglbeha our_.or 5 yS |oIo%¥ﬁgﬁf} nagiﬁgctng

&gﬂl@dl ety quttable; RicQSeRio IR QR Ry re@RRI Wden
ntif ing a suppressor gene that |essens activity

SuIgro o yofwid ddityees €135 ,gdid s AUITLEEHi ﬁ@eorgea%sawts in
a ﬂgﬁjggifﬂg&y &M%u%on%%néﬁge%%do% u%"?%ﬁ'%%@% Q tI%esecreted

resent invention ma rise identi ng a gene
or td%aaltl enhefees gxrotlerlmr edse cact iewiatnp ler, efyfedbtudofora lens

sec nd 30 gen t est. subst.ance.t hat affect
RGP GET Gt G o0 e St g e e rerigRet 1o
lnﬂﬁmra Y Hhedehaasi RE, & tBRhaRGIsNg anQr tionelieasitRgigle
such act|V|ty or effect. WD 2004/ 051265

1 erRCHE2E33/0052Id NG5 6 reskes siede ik aiod Imay  be
facilitated by taking advantage of the easy of
transplanting cells fromone fish enbryo to another

Fola.aguirzelirdafnitdlfi agitdem bﬁeaegembemmldﬁveﬁd&mﬁmtacﬁﬁvity or

abelln donor cells, for exanple by injecting
ef BT SR | 7.6 1 e “SRPEFOERT Y6NN g gene

J.nQ,QSﬁJ_l?Jge a dd AR e if @ trefr hederor «cel.l Sumbhi)s ox
may be ‘used to identify whether a gene acts in a

enceesldd gignen MrvEsiatameer beo Bengsked. otdyerwise provided in an

isolated or purified form, and may be provided in a

composition comprising at least one additional component.

Often there will already be enough confidence in similarities
in biological pathways to move straight to human or another

mammal. However, certain steps may help.

Where there 1s a mutated gene leading to rescue, the human
homologue of that gene may be introduced into the rescue line
in both wild-type and mutated form. If the human gene has
equivalent action in its mutated form, then rescue will be
seen when it is injected in the mutated form, but may be lost
when injected in the wild-type form, depending'on the

mechanism of action of the mutated gene.
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exanple, if a nutant cell no | onger degenerates when
surrounded by wild-type cells, this suggests the gene
w@eag/0512610 a non-cel |l autononmous manner, and PETISBREE/005239
code for a secreted or celsf surface protein. In one
exanpl e, eye bud or lens transplants may be used to
whedet ermigie anketheksaydemeain its aldit kigadinett aheheesetiing gene
or to the lens, and to disentangle |ens-retinal
or ditgnANcRgies Feessds [ [Lhaee FompPe FSreshrowhgectly. As
thl's,dﬁ.rgI 'efalsfgﬁtt'oo'aoo‘cb 2-98Re Whireh aff-eqhstast khighhelred into
of fect of a second gene, e.g. a suppressor geéene, the
thegengs tefi, nAsudiisg Lo skombleogue i thisotiisequdgéeires o gogthan

hunman) or encoded ne pr t may .be.cl one \ :
TSRHIEN $8 0PRSS0 108 Bed RSB o tpdegioal
pat@ifhymy be provided in a- conposition conprising at ‘
| east one additional conmponent. Oten there wll
al ready be enough confidence in sinmilarities in
1ol Qg t e i t u 1 QF
he e R oA TR L el 3 TR R retated
priNeeirss therthd seanitay ecthapelrsl lpeadierdig t Gheascheset san all

human hong| f that . Lntroduced j .
be (i 4Rte A b ori W e Tartdemi Al FsrELoed
abde e dnan genedas & aguivahent w@ctbdretded.its

_rru_tated form then rescue will be seen when it is
injected in the nutated form but may be | ost when

whd 24 %teegfr% %Jigl?[ ;ﬁéﬂno%;)e%i@%erfoqfe@ Qdependi BN dh&et, or

nechani mut-at ed gene.
wh20 4 Q266 RCHrER20068/00623% HuMhvere gmggsnal grotein

. already kno to act ai nst, the rescuin ne or its
mlfe‘?ﬂ_:%‘b%yﬂyﬁ)ra& i9rg Yt S eendd Xi reegltnllﬁue&s may be
usddli& I 888y} AR REGAUSE: fetihe Tiddd Qgipﬁ:f‘oaches can

engi neered into the system as disclosed herein, this
generajid clasty tialde thentS adirh 4190 TR torp et 1ak Blesivait o g work

totfg%ﬁ%ﬁ%y%k%ﬂp%égdk%éﬂé%ﬂé%ﬂs.@ﬁ%ﬂ%ﬁ%ﬁ'using the present
invention, &he effort required to screen candidate drugs or
chemicals against dozens or hundreds of possible targets is
less than that required to further validate these individual

targets.

As noted, the gene, e.g. suppressor gene, (including a
homologue in another species, e.g. human) or a gene product
encoded by the gene, e.g. suppressor gene, may be used in a
screening system for assaying ability of a test substance to
affect activity of the gene or the gene product encoded by the

gene.

A test substance that affects activity of a gene, e.g. a
suppressor gene, or the gene product encoded by the gene may
be provided in a composition comprising at least one

additional component.
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Where only possible drugs are known that act agai nst
related proteins to the rescuing encoded protein,

wo bn/oszese can all 10 be screened. Again, thBCT/GB2003/005239
scalability of the system é@®scri bed above nakes this
a cost-effective way to proceed. Wiere the rescuing
protein proves to be a poor target, or where a

scui ng ei.n renains. el usive ene an ote|
Fo%lle Troat r endﬁl d G e 5t ot Wi nfep% 91 teocrtma} qdd'es s
ger[@)’oab&rﬂﬁsﬂfbstto igdendtfer ppdrenttralt taafrmit% abdgsgity or
approaches can generate nmany fal se | eads and
Mt iDriAd9nd EfiiGe TRREFUWRINES I idderiTsF e and/or

| SR SR YA G5 oINS IR PrES M arget £
ni nvent I on, ?Sref ort equ reég&t odv;ecr éaen car?d:g ate or
1destrt;g&lcozrt1201 d@m@aﬂrﬁ:@mﬁi&traimﬂnmmmmlﬂaﬂaedﬁleﬁapeutlc
OSS|bIetar ets j.s nthat uired to
10 PO 1B AT & Altheve Sy £ o WPRAE Ky o
otHde OEMEst Gnals LSUPRIRSSOIgHene, fdﬁﬂ}fémdl ng a 25
honol ogue i n anot her speC|es e.g. human) or a gene

product encoded by the gene, e.g. suppressor gene,

é’ssftﬁ G USRI a38aK); £f
ThehT IRk e e né;e P et axtiity oF fdect
of gaenseacmnd hoge rge e v roed Lie tn cereclo dbgsch b yo 1t may gene KShwh gene

t est substan that affects tivit a
noty RS R i de W e shich St Gddd oy ©

suienes JiBg abﬁ::ﬁﬁ dﬁdéﬂfea:tCQfH)QSHet QN GRMY ISINRA R gene.
| east one addi ﬁyonal conponent. WD 2004/ 051265 J

ThepURNEB2ZBOR/MF0 5239 al5® aay |kadwiy drdemsaeicdad dip drave
FurRHPRSESSOT, & 4 & %cctvlr{é/e ! wrch

" é{ﬁ- rn gene % an# ects u} ti |Stlyeggr fle q% ) case
thes econd tge fe;ont MGslmmresmHa}oradni heriggene candveorava idrble

encoded ne product nay be e ed as a target for

TR 1 | Ot B S tpoten i Sy PG (e GrBRdapsion ox
otHderaIH Gecurs in vivo increases the confidence for using
the gene, or encoded gene product or fragment thereof, or a
component in the pathway of action of the gene or gene
product, as a drug target. For further investigation and use,
a homologue from another species may be used, where available

e.g. via use of cloning or screening technology.

‘The responsible mutation, e.g. suppressive mutation, may be

identified by using mapping techniques available in the art,
(e.g. see Detrich H.W., Zon L.I. & Westerfield M. (1998) The
Zebrafish: Genetics and Genomics. Methods in Cell Biology.

Volume 60, pg 182-192).

Thus, to identify the position of the relevant mutation, e.g.
a suppressive mutation, the mutant locus is mapped relative to
the position of a marker, the position of which is known. DNA

markers include short sequences of DNA, cloned genes or other
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inits owm right. Also, the nature of the suppressing

or other effect may be investigated further. 10 The
waxppHsRsdr or ot her gene that affects activit pCDGB2003/005239

effect of a second gene n&y be a novel gene or may be

a known gene not previously known to have a function-
mutoft afrfsec tlibeg core resup fresss imeg hact iin tzebare fefsthe dinvafl vielse

, rel evant di sease ne. . The gene i ne al ready
SRt S e QBT 1 ST T e sty g Gt gt the
entSURPTRSINMRY ACtH I\ H Yerdd3 4l it Gas e nhdde Jres Wdss ifiemto map

the fish assay add weight to the available evidence.
to 1wt G Pical,, fides fitch et tete as ghpoEesionR lowald ey be
. .effect, o N _Vi ' S nfi_d :
o e e SO R ek R Yingle
stddret eafnfoataa 1 o2 Ic grydgmendphirsntshe patdanail daft ea ctane®
of the gene qr gene product, as a drug target. For
Se#%ﬁﬁﬁﬂﬂéar Y-gation and use, a honol ogue from
anot her species nmay be used, where available e.g. via
use of cloning or screening technology. 25 The
Mapmigporisiiside SAltfati on, e.g. suppressive nutation, may
be identified by using mappi ng techni ques avail abl e
inthe art, (e.g. see Detrich HW, Zon L.1. &
ThaAes trerrfidealsd ddnsiEXO®)E TherifedrsaffilsinkiGenet icdswanigdotide
nom cs. Methods in Cell Biology., ol yne 60, pg

(Cpggéf-ei@?)t.- 3GCSeTRIS Fd-HFEI f")g?&lﬁé’ osit i 96{‘% the
polRlaANlc BAldedN .zt rish SHRRIESS| @ dTeald alpdihe

nmut ant | ocus is mapped relative to the position of a
inviedrvesr thiehd oddsimtiingn, sdfepstti ch is known. DNA markers

i ncl ude short sequences of DNA, cloned genes or ot her

WD 2004/ 051265 PCT/ GB2003/ 005239 59 nutations. The
Raicieent me@scrmeishod dantzehrialg sdttiantolcwes i exigyplfdxing

sequence | ength pol ynorphi sns (SSLPs) as they cover
mu‘?"ﬁ& SeRtPld "o REMISRY 1HEIR T i%ty. It is therefore

possible to map to within 0.5cM fromwhich either a

chronosomal wal k may be
Isolating genomic DNA from both mutants & siblings

Genome scanning qsing pooled DNA from both mutants & siblings

to determine linkage group
Verifying potential linkages with single embryo DNA
Searching for closely linked markers

Positioning the mutation on the genetic map by determining the

number of recombinations between marker & mutation.
Isolation of genomic DNA

To extract DNA from single embryos, embryos fixed in 100%

methanol are poured into a petri dish. More methanol is added
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5 initiated, further mappi ng may be undertaken using
single strand conformational pol ynorphisns, or
w@e andiosizs® genes sel ected directly. Mappi ng UBCTGB3®HB/005239
10 These markers consist of602 prinmers flanking a
di nucl eotide (CA) repeat. These are extrenely
to vare dblsé ito keasgide &hepempnyophirembénweenezebr.afimblryos are
strains. The SSLP pi i,nyol ves the follown
thely g1ESTEEIRIPEPNG 4 o5 1o B4 C5 defit PIYPRG AUPARE Per well.
A el $s kh%inng s Uttt efictiebbisnGuphogeRY: ssepakat gb¥sible
I sol ating genomc DNA fromboth nmutants & siblings 20
fro@e@@@@nsﬁcégﬁi ggoFyiorg FH6l é@m@NAlﬂﬁoW\eFSQtaﬁoﬁfuﬂéng@e&

I bli.ngs o _deterjmne-lin oypoMeri fying, . 5
o e A et RS SL0tB g yominutes. 25u:
of SQean&hiotig 2600 1C Ipaseley naisrk &d (TEmkgnd , PUsircikonigng .Chel 1xTE,

. mutation on the genetic map b etermning the unh

PR AL AN e B A S S S e

HyHa3@l atign sohegeremie, BNACRO@xhraet FBNALnOmiSiuRelseat 55°C,
e

mbryos, enbryos fixed in 100% methanol are poured
folilpwedabgetr i 0dimgirutibr/e °FetihgibRtiionad@ednotivate the

or RRQ4,081265PCTLGER003/.005239,.60 L0 Lh-di $0:40 necaea.
ensure the e r?os remai n covered. Enbryos are "then
pipetted into a 96 well plate: a single enbryo per
well. A pipette is then used to renove as nuch
Genpien £76r 248 9possi bl e  from around the enbryos. The
remai ni ng nmet hanol is then 5 evaporated off on a PCR

bl ock set at 70C for 15 m nutes. 25ul
Pooled DNA is prepared by taking 10ul from each of 48 single

samples, and then diluted to a final concentration of 50ng/ul.
Primers for markers are arranged on a master primer 96 well
plate in such a way that the mutant & sibling sample analysed
with the same marker will subsequently run adjacent to each
other on an agarose gel. The markers selected for the PCR
plates are those known to show useful polymorphisms & which

evenly span the entire genome.

PCR reactions are then set up in 96 well format. Each well
contéins 14.28ul PCR.mix, 0.16ul each of 20uM forward &
reverse primer, 0.4ul of 5U/ul Taqg polymerase & 5.0ul of
template DNA. PCR is performed with initial denaturing at 94°C
for 3 minutes, followed by 35 cycles of denaturing at 94°C for
30 seconds, annealing at 60°C for 30 seconds & primary
extension at 72°C for 1 minute. The reaction is completed by a

final 5 minute extension at 72°C.

PCR Mix
0.2mM dATP
0.2mM dCTP



10

15

20

25

30

of a m x of 250ul proteinase K (17ng/m, Merck) &
2.25mL 1xTE, is added to each well. The PCR plate is
wo b@a/osaeered with Hybaid film& heated in a PERI/GB2003/005239
machi ne for 240 m nutes at 665C, followed by a 10
m nute 75C incubation to inactivate the 10 protei nase
0.2KM dbeppl ates can be kept at -20C until needed.
Gengne_scanni ng Pool ed DNA is prepared by taking | Qul
0.2pMomi&Bch of 48 single 15 sanples, and then dil uted
to a final concentration of 50ng/ul. Primers for
mar kers are arranged on a master priner 96 well plate
in PARsbohfarway that the nutant & sibling sanple
analysed wth the same marker will subsequently run
adj acent to each other on an agarose gel. The nmarkers
pcrsehegked (fok)the PCR 20 pl ates are those known to show
usef ul pol ynorphi sns & which evenly span the entire
100&3n3ﬁé§‘5@%rr§ cBirdns are then set up in 96 wel l
sook@r #Bi. Each well contains 14.28ul PCR m x, 0.16ul
each of 20uM forward & 25 reverse priner, 0.4ul of
15mBWaClTag pol ynerase & 5.Qul of tenplate DNA. PCR is
0 lger&?rged gﬁ%h initial denaturing at 94C for,3
"“Ri nUf &8, 9Fof Fofked by 35 cycles of denaturing at 94C
for 30 seconds, annealing at 60C for 30 seconds &
_ primary extension at 72C for 1 mnute. The reaction is
SingdapPBPEHCHYCE 30 final 5 ninute extension at 72C.
PCR M x 0.2mM dATP 0. 2nmM dCTP WD 2004/ 051265
PCT/ GB2003/ 005239 61 0.2mM dGIP 0. 2mM dTTP i n PCR
PCRpu¢setrioss PCRebagfenp (40s)performed as above, except that

single embryo DNA is used as the template.

The PCR products are assessed for polymorphisms by running out

on a 2% agarose gel at 200V for 80 minutes in 1x TBE.
Mapping using SSCP

This uses single strand DNA. Each strand assumes its
thermodynamically pfeferred conformation. Single nucleotide
substitutions may alter the conformation sufficiently for a
difference in migration pattern to be detected on a non-
denaturing gel. This allows non-SSLP markers tightly linked to

the mutation to be analysed.

The protocol used to amplify a marker‘is as for SSLP mapping.
To precipitate the PCR products, 2 volumes of pre-cooled 100%
ethanol and 0.1 volume of 3M Na-acetate are added to the PCR
product, vortexed well, incubated for at least 20 minutes at -
20°C & centrifuged in a cooled centrifuge at 13000 rpm for 25

minutes. The supernatant is discarded, the DNA pellet air-
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100mMM Tris-HC1, pH 8.3 500mM KC1 15mM MgC1l2 10 0. 1%
(wv) gelatin Single-enbryo PCR PCR reactions are set
waipooasosizper f or mred as above, except that 15 sipgl/€B2003/005239
enbryo DNA is used as the @enplate. The PCR products
are assessed for pol ynorphisnms by running out on a 20
drieafar asssyeperade @00V Fwbr B0 difmdt.e§oi h.4x1TBE. P28 product,

Mappi ng usi ng, SSCP Thi s uses, sjngl e strand DNA . Eac
0.6} r%dgeéé% 9 t%OllfhWe?rhbgd%n'a r}ta(ﬁ )SILO C[eljfneqr rbeuoff%r bre
add &P Al £ 0. St ket aod i ideeusatisdd tad i8BPC My 10

alter the confornmation sufficiently for a 25

mingligs erBrreesamo g ghait i en path @Sy 1Blide afbt@etigr orf g1l of

non-_depat ur.i,n Thi .o . -%S_JEE ;
each isg%r?ﬁfdlygl%%k%}ﬁ gfé?%eeg%%f% iao\rl%l?at%q{;ée anaﬁ%%@#@mlde
gel proteoate Usestr 0 BN L Igktaromrdersd-sTashifide) SSLRn at 200V
mappi ng. 30 To precipitate the PCR products, 2
& 1%%&%&@‘?1% eﬂé%dp%‘&igﬁw reertniﬁarfdis‘g’?’rbcqfd%%rol ume of
3M Na-acetate are added to the PCR product, vortexed
wel |, incubated for at least 20 mnutes at - 20C &
Denzemtind ugeluthom cool ed centrifuge at 13000 rpmfor 25
10 m s. The supernatant is discarded, the DNA pellet
M 2004/ 051265 PCT/ GB2003/ 005239 62 dried &
so0mesusgended in 8ul of ddH2O. To 5.4ul of PCR product,

0. 6ul of denaturing solution & 2.4ul of |oading buffer
are added & briefly mxed, prior to incubation at 85C

LoadiPhg 1O rAbpUtes. The sanple is then quickly chilled on
ice. 6-8ul of 5 each sanple is then | oaded onto a

2% maenoehgnektadstuacryl ani de gel (O eanGel SSCP, ETC

o8 El é(rgeré) hr%fse-Techni k) & run at 200V & 15C foll ow ng
* ¥he"anltacturer's instructions. Denaturi ng sol ution

in formamide

The gels are then stained using a silver staining kit (PlusOne
DNA Silver Staining Kit, Pharmacia), as per the manufacturer’s

instructions.

By these methods the mutation is mapped close enough to select
a candidate gene. This gene is then sequenced in both mutant

wild-type fish to identify mutations.

If the suppressor or other gene that affects activity or
effect of a second gene encodes a protein, it may be that that
protein interacts with or binds the second gene, e.g. disease
gene, or gene product. Thus, for example, a novel protein-
protein binding pair may be identified, immediately presenting
the possibility of modulating or affecting such binding as a

target for identifying candidate therapeutics.
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10 10nM EDTA 500nmM NaOH Loadi ng buffer 2% br onophenol
blue 15 2% xyl enecyanol in formam de The gels are
w0 b@a/osees ned using a silver staining kit (Pl uBCneB20Bi05239
Silver Staining Kit, Pharn&gia), as per the
manufacturer's 20 instructions. By these nethods the
Wheﬁﬁtaﬂtéﬁap§l@appédb@hdsegeheUghenogseEepﬁodactandsdabebe
hi is then nced_in_bot
snv e P Son B FRERRes” ploRBPR VR 45, onaay SECHRORAG or
1deﬁumﬁyES§0Eu@th@kheﬁbggﬁﬁcébaébﬂéf€§t§f§§&tVth¥ Binding or
effect of a second gene encodes a protein, it may be
inteRaft{RRr SPLEABLA PRAPEPAERSSWRAER avabiadbethe teeopdt, for

insB&REe @e@hngh§@95§nv8f9§n Ofagfgfmﬂuggggga ThHé* for

exanpl e, a novel proteln roteirn bindin may
lmmbeopdenkpﬁted;onnnadnatelyapxesepromgmltyeapssg;bELI$y
ectin

netRaalT QB FIPrGvREnd: GRFEYE nbf Bpebt Voof L ops 0pa 081265

198 PCTHEB2OO380052395-686 YWergri h8F ackd Ofs g bi R8I Ho binding
bet ween gene roducts Is to be |nvest|gated further

domgingnpf olee Fhbassagnaet HeEEoR ofacteenet f yhaghexh{WRe0
sysBspstances able to affect the binding or interaction,
sui t abl e approaches are available in the art, for 5
i nstance techni ques invol ving rad|0|nnunoassay co-

mTunopr eci (gl tation, scintillation @é}?XI m t assay

Fur T EaATRta bt S0 ahde t BORRYBTF A a5 dyS {6 % gnax:.%@ dased

to BiéhiSORY, vad D89t s Nat b %%c@&%g@hefﬁsé r@j@éﬁ?&j
usi ng the two bi ndi ng domai ns of the GAL4

SUPRFSHERF | PLRORLPAct or or the LexA/ VP60 10 system

Thus, the suppressor gene or other gene, or encoded gene
product, in wild-type or a mutated form (which may be a
mutated form as identified in the original screen or a further

mutated form) may be used in a therapeutic composition.

In various further aspects, the present invention thus
provides a pharmaceutical composition, medicament, drug or
other composition comprising a suppressor gene or other gene
or gene product or substance found to affect the disease gene
of interest or éuppression of the disease gene of interest,
the use of such a material in a method of medical Lreatment, a
method comprising'administration of such a material to a

patient, e.g. for treatment (which may include preventative

treatment) of a medical condition, use of such a material in

the manufacture of a composition, medicament or drug for
administration for such a purpose, e.g. for treatment of a
proliferative disorder, and a method of making a

pharmaceutical composition comprising admixing such a material
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Further mutation in the suppressor or other gene may
be used to identify variants with enhanced or
wortdhenmi2zs® altered suppressor function. 15 TheST/GBR@3/005239
suppressor gene or other geéhe, or encoded gene
product, in wild-type or a nutated form (which may be
with anphatedckaricadliydentebiaedlenekbepoehgi nakhsereesr
further form nmay be used in a
CarFﬁSFap839I8p€6ﬁﬁaiﬁyl Fheﬁolpﬁr9gﬁﬁ85§ -furt her
aspects, the present invention thus provides a
phar maceuti cal conposition, nedi canent, drug or other
OnecemWpBorei enadonpeilscngea mappbessoefgenedothethpeugene
0 Qr 4s bst ance u to a t
e gl B Sk B Y aahe P s Uipr B5r R Cot PPRRELOR.
Howdvseaséhgemﬁveﬁthﬁheme§tbe tilbeduse @aeﬁuﬂbyaaﬁpkept@hte
nmedi cal treatnent, a od conpri si ng
targaﬁFnESFraPFbﬁoéy @aéﬁaéeﬁaFB?FéPYtotaerﬁaY|@ﬁ@laée@
thrBQthﬁgﬁEnEQE§$@hﬁg H?y kBEEEgetgfsggfﬁgt'gf any of a
treatient) of ical condition, use
VarhﬁtﬁrpﬁlGEheSelihecnaqutachU£que$ aigohposngi BHAL,

ug.for admnistration for such a
antHEQhQQ”EH&.morgﬂ Q% P83t ment of a proliferative

dlsorder and a nethod of making a pharmaceutica
osition conpri sing adm xi ng such a nmaterial WO

Wha SGUAY 0529 652 FET) ©32005 08B 2307 Baod o Bedical treatment of
thepﬁﬁéﬁ@ﬁguih9éﬁ£¥oﬁcCﬁﬂhﬁﬁiﬁtf%fi&ﬁefée%ygﬁéﬁéﬁlg 1n 2

carrier, and optionall'y ot I ngr ed
Pr@m®Ylaﬁﬁi@@hlfseﬁ©§CbEV©r@m@mmbﬂ ¢heaab@h&rapeu£ﬁcally

f " d ft resent
ceckdeny s ac obigloed by of he plesen o
may i lﬁi@%d)rﬁeyl@@m@ptm@t@pyl Argeis sorn@ndih oedy: dedi @b eghow

era t her apy nedlated t hrough gene targetlng or
ben%?b?éﬁ% tRf ger gl duRl anyllst actuemk jangut agmenistered,

and Std €hci g ¢ gehnd Ques, df“édﬁ&ﬁ§%€¥g¥lon, will depend on the

nature and severity of what is being treated. Prescription of

treatment, e.g. decisions on dosage etc, is within the
responsibility of general practitioners and other medical

doctors.

Pharmaceutical compositions according to the present
invention, and for use in accordance with the present
invention, may include, in addition to active ingredient, a
pharmaceutically acceptable excipient, carrier, buffer,
stabiliser or other materials well known to those skilled in
the art. Such materials should be non-toxic and should not
interfere with the efficacy of the active ingredient. The
precise nature of the carrier or other material will depend on
the route of administration, which may be oral, or by

injection, e.g. cutaneous, subcutaneous or intravenous.
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10 anti sense and nor pholinos. Whatever the materi al
used in a nethod of nedical treatnent of the present
WO poogfosizeh, adm nistration is preferably in a PCT/GB2003/005239
"prophyl actically effectiveéSamount” or a
"therapeutically 15 effective anbunt” (as the case may

Phaina cutiaisgh dqongpikylaxing ey e lcersidesed athemamsl, be in
this being sufficient to _show benefit _to the
Eah i v iChRAUL eFh @ caiciedalo Tartg G dadifirHi-st ér &4 Sdndapadgclude

a @4 d IdB-Gyr s& Hf ’asa%l@tsitnr %trj QA a hkfagx%pen@l%ﬂdhe

nature and severity of what being freated
phdam&nauquqaﬂwammnasunuamanganenah;y d@@d@ﬁ@n@ diddsiagerrier

tc, is.wthin th respon5||I|t er al
o & iR Ger oA 6t Rer AHRddal” JGQEArBLC Oils, mineral
oilPhat mRGAHdtG oG_Q”p0$|hty|sq|'dﬁ.o@Ci“e@rldls@glh@ tsb@.ultﬁ@ﬁlemdextrose
25 invention, and for use in accordance with t

or Fﬂté@éhtsaq%mdfeoﬁ’o%qnn(ﬂru@é,yqq:}saéalpﬁ @ﬁ led;l'lé{ételn\?e
1 e et A PRANIRGOUL Al AGHERLABL G cBACkRl LI

stabiliser “or her erla wel |

inddnoiedl .t 0 those skilled in the art. Such naterlals
shoul d be non-toxic and should not 30 interfere with
the' efficacy of the active ingredient. The precise

FonaliH@veindule Galthinlou@l ot Relhcibekbals Wnhlecdepend oen
the route of adm nistration, which may be oral, or by

injafiden o, tacgSiket afesdEl iaenr atdsuscoive ingredient
wilMJAvuenQus. AR, 2004/ O?Ja%%%tpgylﬁz%%/g%@%%ﬁ% sous

armaceut i cal conposi tions ni strati
solneyi dme wihi cht dlsl ety,rogapsiflree p@Wdeasosuhtqbue fodr,m A

. tabl.et, may include sol i arrier uch s gel ati.n
i s PG A B s ndCeon Of TeoRiast Fard ] 1h he ast
arcderanalidild re IR pad rldl GG aGAkS is@l utd ohdC i sas yatef,

petrol eum animal or vegetable oils, mneral oil or

exagipdchetisotonic prpdicdlesgistah &l iSreizsl Gﬁlll@ﬁ?ld@e)lﬁlﬂ@;é?élonf
Rlﬂ%{eﬁr th% 3%%1%%%“ %%c%%'t‘ét& 1@ rg'sy%ﬁ']%c ;t%

glycol’, "propylene glyco e hylene
Prqﬁaﬁmmt1W@$ betabilisers, buffers, antlox1dants and/or other

additives may be included, as required.

Examples of techniques and protocols mentioned above can be
found in Remington’s Pharmaceutical .Sciences, 1l6th edition,

Osol, A. {(ed), 1980.

Vectors such as viral vectors have been used in the prior art
to introduce nucleic acid into a wide variety of different
target cells. Typically the vectors are exposed to the target
cells so that transfection can take place in a sufficient
proportion of the cells to provide a useful therapeutic or
prophylactic effect from the expression of the desired
peptide. The transfected nucleic acid may be permanently

incorporated into the genome of each of the targeted cells,
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i ncluded. 10 For intravenous, cutaneous or
subcut aneous injection, or injection at the site of
wa@bdosios2sdn, the active ingredient wll be i nP€eBR@B3/005239
of a parenterally acceptabléé aqueous sol ution which
is pyrogen-free and has suitable pH, 15 isotonicity
proaﬁdisgabbhgtyasfhngeedﬁecebewanalshkhbtine&betaettraaEment
WE]I agle 0 preg% g sui tahl e glutlons usi ng, for
maye PAYSI &° PSofERFE CeENPEFESdGEA1Ys Sodi um Chlori de
Injection, Ringer's Injection, Lactated Ri nger's
I njection. Preservatives, stabilisers, buffers,
A vagteéxi @anvscaAdFor PetheizeladdrtPyesantdypbesmid vectors,
arel ﬁlﬁ'o%egn BRer aON, 1 8, EXABRLER,Ofo! CERALALIRT 0a0dy
tocol's mentionéd above can beé  found en1ng
93/BﬁaBﬁacemhlpattScuea@esa ﬁﬁmbeedbflomrusésohavé béed)used
25 Vectors %uch as vir vectors have been used
as gﬁthErBPF FralEetPE Sy ntPEdY énHUEPBPEaX&FHS?ﬁtoSHCh as
SV40"d@a&@ﬁh@vaQEug'fB@E%@Ev1E@EQ§t §§£h§dlﬁgpngalgxdtﬁ§v
_ vectors are exposed to the targe s sO
andt¢§ﬁ§P§éFPéﬁSCanMﬁakegshacéhﬁﬁaQYSHfﬁteﬂehE 3@ the prior
p r e [ V|de ef ul
2=t RER e hbED B BEeEohbE A8, BEEHPEEr TR he
expr essi on of the deS|red peptlde The transfected

nucleic acid nmay be permanently incorporated into the
As BBnBAECERAEAEA kP the Paﬁg@FeHlE@#|gecgwréoea/@sageéherapy

othBETKEBAA0RL0R8439, £ 6610 -0M:dE Y hQEQeiésébDQ §££8t&ells

or alternatively the treatnent™ may have
inclegeat edcheniodl chethniguear fech af MECtQIBJebbihH,

B R i AT T L

trapaftkcubaso adnunbetretivhrusesahavephresr UsRY, B simple

ene transfer vectors, including papovaviruses, such
adm glstratlon, e.g. injection, of nucleic acid such as a

plasmid, for instance to muscle.

The following sets out in detail certain embodiments of

aspects of the present invention.
A disease model may be induced by genetic means.

In preferred embodiments the disease gene is placed under the

control of a UAS promoter.

1. Clone the desired promoter (e.g. rhodopsin) upstream of a
gal4 coding sequence to produce an expression construct or
transgene.

2. Inject the construct into wild-type zebrafish embryos.

3. Grow up injected embryos.
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SV40, vaccinia virus, herpesviruses, including HSV and
EBV, and retroviruses. Many gene therapy protocols in
wo b@4f5i263 10 art have used di sabled nmurine  PCT/GB2003/005239

retroviruses. As an alternafive to the use of vira
vectors in gene therapy other known nethods of
i ntroducing nucleic acid into cells includes

%panlcal t echni ques _such as m croinjectiagn,
traﬁgpgypﬁe&Fgﬁéﬁ'bfmbr§8§owé@raﬁ&apgééppéﬂ“ﬁegﬁgt@6 DNA

extMBteldr @nrsheh, ralhs@1agMyH Shivahios okpRakednDNASOLy primers
RNA, b mpl e administration, e.g. injection, of

whlﬁ@c@@@ﬁliaué SQElRCASNA Of| A8Ri dnIiE6Steidnsoanteurs -
Alt@#@%bgve§9sggelgogwgytqgnsekéugagrgncdgt seﬁﬁgéﬁﬁkged

aspect’s of e presen
thrmugeaseomdelg nsﬁ)fsbelm@dlwdeﬁ byUugenetspongars1i3ds kAd
d enbodi nents the dlsease gene is placed under
assFﬁélngo%PFOEGBF §*DASSSLBR0t8r the. PEPERBYthe desired
pronoter (e.g. rhodopsin) upstreamof a gal4 coding
sequence to produce an expression construct or 30
5. trad¥geneale. driayect lihe mohssrace theo wkbdseypeo

AP oL 268 POT GiB004P 005230 67 4. Genot ype g owi ng
enbryos, for exanple using PCR on DNA extracted from

a hn cli i,p of juvenile zebrafish, using prinmers which
n% Pf §°2 B8nPBABRECE OFhe ﬁﬁf%@ﬁ%dC%eﬁéﬂgua?nesls cloned

dowﬁktgéﬂﬁtbye£YURS bpoRddition, founders can be -
identified through crossing offspring with a UAS

responder |ine and assessing for gene expressing in

th | gal4 driver line males arge then
exgggé%9§£¥c1%ebrg§gé%e8|%re%sb M#?hsEﬁﬁps ru§% are then
geneodtag. sequence of a di sease causi ng gene is cloned

downst ream of a UAS pronoter.

8. The mutagenised ga14 driver males are then crossed with
requnder females. 25% of the offspring will express the
mutant gene and thus should express the mutant ﬁhenotype.
They are screened both for the expression of the'mutant gene
(e.g. through detection of GFP tagging, through genotyping or
through partial diseaée expression), as well as for phenotypic
expression. If the phenotype is less than expected, the
mutation in the gal4 driver line may be rescuing the

underlying phenotype.

9. The “rescued” fish is grown up to adulthood and

outcrossed to a wild-type strain. 12.5% of the offspring will

also be genotypically diseased fish, but phenotypically

rescued.
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15 7. Transgeni c zebrafish expressing this construct
are then generated. 8. The nutageni sed gal 4 driver
wordoemsase t hen crossed with responder fenal eBCT/282%00/005239
the of fspring will expressé8he 20 nutant gene and thus
shoul d express the nutant phenotype. They are
10 scﬂeeﬁedab@thxﬂwmtﬂﬂnedemmrebshenamﬁ the muba@hu@emey

t hrou tection of GEP.ta rou
oxd5ERE: B g Mo ERPRUGH Sparr | B0 4T SeRed Co X GaSPoRFC ato the
orﬂgydala$oﬁgaeghgquﬁ@yc expression. |f the phenotype

is less than expected, the 25 nmutation in the gal4

driver line nmay be rescuing the underlying phenotype.

9. e." d" p Ithood and
110 e RzeRAs T o 1T RNt b RE BBeea inco
gen@t&@mcbmgywdhbea&@daﬁi@hbengegehymypabbleI&eaﬂedype fish

fish, enotyplcally rescyed. WO 2004/ 051265
andpé?ﬁéa?@és RGBE338 Ofs CI6. UTREELVAE FASRUFS DeACasDY
con¥Ra¥eoand akensdRsequently crossed to a wild-type

strain, polynorphic with respect to the origina

founder strain. 5 11. The progency of the subsequent

ge a 0 e eased, fish

12, JORRESRER0CHE, BACLAS 0 chaeROKR. kG o282 gyt fene
is uﬁedhasuadEEtgemgfbesdueggemecobyrgonveHEeraus which bind
thods. 10 12. The protei n encoded hy the human
to "gﬁslsaaeesfapﬂleaaenén FEUh¥aeRE efﬁspaeenfépnaFaan as
thedn8€Q¥ERY, - wQﬁ@”b%aE§ whikeh BbnHavkOa tQhﬁl&QEgBEn§@9c1al
have an equi val ent efFect on functlon as
effpgtapnonhenpklypBe expected to have a S|n1lar
beneficial effect on phenotype. 15 In another
enbodi nent of the present invention, a disease-
In eaushag gﬁnedmeptacedtuedpr:etslaetc@ﬁtréﬁtleﬁ ap disease-

i nduci bl e
causing gene is placed under the control of an inducible

promoter, such as a heat shock promoter.

1. Clone the coding sequence of the disease gene, e.g.

huntingtin, downstream of heat shock promoter.

2. Inject construct into embryos.

3. Identify founder embryos, e.g. through PCR on DNA
extracted from fin clips or through detection of a marker gene

expressed along with the disease-causing gehe.

4. Out-cross adult mosaic founders to geherate transgenic

lines.

5. Mutagenise adult male carriers of subsequent generation.
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pronoter, such as a heat shock pronoter. 20 1. C one
the codi ng sequence of the disease gene, e.g.

whewviosgzss n, downstream of heat shock pronot er PCRGB2003/005239
I nject construct into enbryps. 25 3. Identify founder
enbryos, e.g. through PCR on DNA extracted fromfin

6. cl ipsiue tdHeOUHp e gicir W athed diRYdeRie GRNS1ieXRIc@RSEG the
al ong with the di sease-causing . 4. Qut-cross

oL IFRA Irsaith s suiRrss s gté\w%gntteheaﬁé@éfﬁtéors@f the

terddi®ture Jtagense.adult male carriers of subsequent
generation. WO 2004/051265 PCT/ GB2003/ 005239 69 6.

I nduce the expression of the disease causing gene in
7 th of f spr.i of ..t hese f und%rs t hrough the el evation
* of AWEY t'éipert (He GG RESRREPS 5 7. Assay for the
di sease phenotype. 8. Those fish which do not have the
expect ed di sease phenotype severity may have been

8. reddipe® T Whg@divdhesd hagle (i eaREreRtesr 68 eap5y,
h N gfxgﬁ{d i e disease resistant. 10.

P #{?es)}g)%are su ls qlﬂneam Iﬂya‘%lsz)%e?lorr%nappi%ﬁg of the.
underlying - gene. 15 In another enbodi nent, a di sease
phenot I s introduced jnt fish.thrqu rando .

9. PHPBRAS® FHST G GViche Ge G -l s Lhpd Ty &P ing

wilperfigiored L2GchsdMiagenesits e.g. with ENU of adult
male wild-types.. 2. ' Screening of F1, F2 or ideally

F3 progeny for phenotype of interest. 25 3.

Ch erj.satJj C i1 [ - ;
10T Y AL AN LR KBRS Sncerying
gene. '

In another embodiment, a disease phenotype is introduced into
fish through random mutagenesis. The following seqguential
steps may be performed:

1. Mutagenesis e.g. with ENU of adult male wild-types.

2. ' Screening of Fl, F2 or ideally F3 progeny for phenotype

of interest.

3. Characterisation of phenotype to confirm disease

relevance.
4. Ideally mapping of underlying gene.
5. Secondary mutagenesis of adult male heterozygotes.

6. Crossing of these mutagenised heterozygotes with female

heterozygotes.
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30 5. Secondary nutagenesis of adult male
het erozygotes. 6. Crossing of these nutageni sed
whedoeosrzyyotes with fermal e heterozygotes. WO PCT/GB2003/005239
2004/ 051265 PCT/ GB2003/ 005289 70 7. Screening of the
progeny fromthis cross for the initial phenotype. 8.
7.1 f 3heqhenptympetis gewat estdamwrorimtcdas s ferorhg dalitial
5 nmodel fish, then sone rescue has taken place. 9.
PheyQigiPqhat if there is conplete rescue, one woul d not
identify it, an alternative nethod invol ves genotyping
of each progeny, e.g. via analysis of a sanple
8. obtTdi nedk fetemat fdeshi sl Glestictitess fitomoddietf iim dhigppinigs.nal

f fish s enot pi cal | ta but. phenotypically
mo{%/ﬁll ?Jt%e t}}et %éiﬁ?crueey&?esd q<f’6‘ eCDr ‘escued
animal is then grown up and outcrossed to generate

new | ines. These are then used to map the underlyin
9. 15 Gjerr diith tdeddel Gip%e tiHerepEiete rﬁ%cﬂfﬁedﬂ%ﬁ%@ t

ldéﬁ{f%JLH€i1 &l emodi BNk, Ll ne?ﬁﬂﬁgfﬂ%?@gn@Qyplng of each

des a . varlatlon of t ogy Wwherein the
pro@hm,t,l fe .cga.t ivaire cﬁnaalysjusseﬂ‘sead sstmipelien dbg- perefdorfneeh & £ish

foIIo 20 .1. m_nut a IS ch as vvlthEU
203" 45,14 T DA TG e 1 frodry 96 pToaLly
mu G- Ao YeHEHE £ et ViRl REL L0-d @t iifty h@s‘ lbé‘elérﬂ\llrtel%o@ed

nutation in a desired gene. 4. lsolation of a strain

derived fromthis fish. 30 5. Phenotype analysis to

10 Seerhv@e}}ék%%éc{1%m t '1%“ ’dfrcen %8% %gg)]?géoél-E@r%sEed to

strain’is then used as above.
gerREH (E@B2008/1005239 ThElsd mme dthdd Jfaed her mepbddieremderlying

he inv i.on pravi h
geée ean cFex;eloop 2 Qchedreaspea},l Oltc,e as described above.

In a further embodiment, the present invention provides a
variation of this methodology wherein the identification of a
diseased strain is performed as follows:

1. Random mutagenesis, such as with ENU.

2. Extraction of DNA from the Fl progency.

3. High-throughput genotyping to identify a fish with a

mutation in a desired gene.

4. Isolation of a strain derived from this fish.
5. Phenotype analysis to see whether the mutation is
pathogenic.

6. This strain is then used as above.
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variation of this nmethodol ogy which involves creation

of a diseased strain through an antisense or other
w@eome/0sizbe&nci ng technique, as follows: 5 1. RaemGBR003/005239

nmut agenesi s of wild-types, 7¢.g. with ENU. 3. Inject F1

enbryos with a gene silencing agent, e.g. norpholino,

In kNOWE 110 #EICe: aengsd imech Dhent ipfserdi JANAr i dekd another
antisense RNA. 4. Screen for deviation frominitial
vapihigypel \Biig ﬂn%ﬂﬂw eVl Gt VYRR FF SeSridrgro of a

I S

o1 SAFEA e e TR SO SR AN ¥ Mibing

tedtnddud urdshefo ldrdycdi nent, F2 or F3 enbryos may be 20
i njected and rescue assSessed based on partia
deviation from initial phenotype, or population

1. ef flegidom Thethgde AROVEE dﬂdwery;;ass aspects tof He
pr esent |nvent|on enbodi ments ~"enpl oy alternative
met hods of generating the biological state, 25 for

exanp] e J nel udj qfy, the fal
3'nn?gﬁﬁcgﬂ¥%$$%ﬂg§%£%Fﬁf aﬁgﬂﬁﬂég%éﬁ%ﬁ¥$ gﬁﬁﬁ;
mo M4 1 jand, stHdwablie nﬂwmﬁmyasnﬂﬁﬁnﬁﬂghyndhypan|dn1RNA1 or
t he expected phenotype. This wll typically be F3
antyh SRRy RM¥he bi ol ogical state may be 30 induced by.one
of the follow ng methods: Application of a chenical to
i nduce a di sease phenotype. WO 2004/ 051265
4. PCH@GRXI0 3700539 a tZAp rFdrr aax aimsl te, 2 ld h B akivieg--t ype
zebrafish enbryos are exposed to streptozotocin to
i nduce necrosis of the pancreatic beta cells, in

5. or deff dherictduee dewbilaaies r epevblup@gnibrpe hndi @@eie&ates line.
Application of a physical agent to induce a disease

phenotype. For exanple, zebrafish, e.g. at day 21 are
6. eXpasRd -4 WL odr O tdh 'a%#“s%r%eg.% QA tOfang 51bs,

phot oreceptors and a state
map and use as above.

In a still further embodiment, F2 or F3 embryos may be
injected and rescue assessed based on partial deviation from

initial phenotype, or population effects. Then, as above.

In various aspects of the present invention, embodiments
employ alternative methods of generating the biological state,

for example including any of the following non-genetic models:

1. Wild-type fish are mutagenised, e.g. by ENU, and suitable
progeny screened for deviation of the expected phenotype. This
will typically be F3 progeny. The biological state may be
induced by one of the following methods:

Application of a chemical to induce a disease phenotype.
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resenbling retinal degeneration (Vihtelic & Hyde, J
Neur obi ol , 2000, PMD. 10942883). 10 Elucidation of a
whedawsnes al response. For exanple, fish are reareBe@3/005239
addi cted to a substance thr7dugh exposure to that
substance for several days. For exanple, nicotine is
Fora@deehplle ,t ke yf i5s v ivet-arydd arpdays si- embEye swatrer ekpolsed to
t hen replaced with fresh water. On day 7 the enbr
S LIGRHOZ8F o5dd &0 VEWERaViesFHO SEiSr Gdgl heh@apraratast iéﬁta
cel\@'n?n %gd%%wﬁrd%n@u%%urc%t%Een& %%hﬁ@lng Kgétgnhlggetes.
éi r-addiction ~ can be assesse by expos t he
enbryos to a second signhal, tending to nove the fish
urce. This | d .20, i nvo

t
AR et tr A LRy H0R5th e 10GFBe S0l SiAst: PREROLYPe-

ForlRixan@vekes eat a@RANDEAl .l egPeRSe 2 1WakB ER@ike®N to white
swnmmng with the stripes. It may involve a food

ligdduitee ipduge ﬁ@ﬂﬁ@ﬁéta@rl@ngpédp@@ﬁ:omcmé%ﬁt and fhétate
ont.| [ II r e fly I f

reS%%%ﬁﬁggsggﬁQng d?g %%I%%l%# m?}%?g&}%} & ?Ee, J N%%roblol
200mi, c FMIe. l@BhéB@BSe if the optonotor stimulus is

sufficiently strong, it will swmwth the stripes.

Any opposing stimuli coul d be used. Those fish which
E1ReHaalieof baMat B pexpested Hesidinisikal 30 phenotype may

have been rescued. The parents of the progen may be
Forpg@rgd sed fiigha awel depyigaest padiddcspdt ke gagbstance through

rQun n S e e 0

exp%%%%% ) Qha% gubg%gﬁ%% g%?rgévggﬁﬁ 352%05§§%5§&%Eplg

e the rescue breed

' nlceeihéBZGOEHGGBZEB tha Thehpaaeatsfmam dbge Be5. The water

The
is DREBRsIRcen Bihh Srorl Hay e nenbbESYort KA RERETOS
d15b§§9ugédlét Pdt aBhs i ang %hggu@ﬂdtH@egrEQErgﬁE@$mgs%mﬁmlng

underlying gene through conventional nethods
towgasde Amyovkies gfedifeitlne. The extent of their- addiction’
can be assessed by exposing the embryos to a second signal,
tending to move the fish away from the source. This could
involve the passage of stripes away from the source of
nicotine. This evokes an optomotor response, with the fish
swimming with the stripes. It may invblve a food source or a
temperature gradient in the water. There are thus two
conflicting pulls for the fish. If the fish is very addicted,
it will swim to the nicotiné. Otherwise, if the optomotor

stimulus is sufficiently strong, it will swim with the

stripes. Any opposing stimuli could be used.

Those fish which deviate from the expected or initial
phenotype may have been rescued. The parents of the progeny
may be outcrossed to a wild-type strain of the same
background, and the subsequent generation retested, to ensure

the rescue breeds true.
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derivation of a therapeutic, as described above.
Alternatively, instead of or as well as an attenpt to
wo e®a 0812610 t he phenotype through the inducti oPCDGB2003/005239
genetic nutations, rescue My be achi eved through
application of a test substance, e.g. one or nore
TheC RRifchilss malyn alifsics & touAtdrenseal o af wtiiel-aly@ee polymorphic
met hods will not require the nutation step for rescue
Stragdt- will still require the mutation step if this is
15 part of the procedure for induction of the disease
state). The procedure nmay then be as follows, in
Theaguogearyc @ fnitti s @mtt@xiiqmnmyofchtenebﬁr esarited nvdet irescued
test substance |s ed to the fi h ei ther. prior

mltaring 206" AaRear AL oL LS (PEEA0 S ST UAT g gene

thdd @fonkﬂé%lt@dn@fl efetHidie .dirseagenst akg, toenafised tthe

i nduction of the disease state. The first two
de@wéﬁno% ar Ehegreautiialry aso degesiiPPy @P9ophyl acti ¢

chem cal, the latter a drug which reverts the disease

state back to normal. The test substance may be a 25
Aludnmmbdablandimaweb@.@frand@mlwhé&i@alaadwtmkgpéré@ rescue

a hi gh- thr h|on t fish.in 96 well
tb%é?ﬁ%PFYQF itﬁ éPna8§|ﬁﬁ&%§%h uga%lons'
resud ghyobel |a$:|h1|eﬁfe<'zli E@ltﬂdughdla§>|ib-ll@@t3;onﬂ@& fal &@slts

then screened for deviation fromthe initial disease
subgitanse WO - 2008165 PX6 FOPET COBPG03L605239 this pHduation, all

offéﬁl(yg&%% ﬁ%@g 4 n%llﬁt%%% ol %u@'%e ﬁed%%% QQB% %er for

SCreeni ng, eir use is provi by the present
resaneenbiudn wiild ﬁt&ﬂérm@@uambodheemh$at50Raﬁhep tifarhaddis
Si e cheni cal conblna on of
oard, B U BTt lre T FOMRERA AR, B SRE G sRe e 2 ape) -
prdﬂ@@u&bsﬁﬁpe@h%% A ofd shhiabowd , dase adlcoMiaglitea whittht her
beneficial effect could still be detected. A random

embediieddls offi Bhar pres sffed ng¢@Edons fish and an

i ncremental effect

1. A test substance i1s added to the fish either prior to the
appearance of the disease state, at the time of induction of
the disease state, or after the induction of the disease
state. The first two situations are more likely to identify a
prophylactic chemical, the latter a drug which reverts the
disease state back to normal. The test substance may be a
chemical and may be a random chemical administered in a high-
throughput fashion to fish in 96 well plate format, or a
selected chemical administered to a clutch of fish in a Petri

dish.

2. The fish is then screened for deviation from the initial

disease state.
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'scre

10 'screened for. To give an even nore specific

exanpl e, epilepsy may be induced in fish (e.g. 7 day
wobk@y/oseshg pentyl ene tetrazole, for exanpl e BCT/&B2003/005239

concentration of 15mM A kriéwn anti-epil epsy 15 drug,

e.g. sodiumval proate or diazepam may be added to al
Thd isillohdsty sudesit@Enees, émﬂmiﬁﬁkamﬁ@hﬂwoma&ﬂwmmﬂynﬂw

conblnatorlal chem cal library, be added to
SCHSRRHVIuand Wi U’F‘]’?‘eJs,scrpet@%('%dsedt &n WG FeFeatt grvention
in f@mdhe expedathe jAenot ype (a certain degree of

anelioration of the seizure 20 synptons) obtai ned by

just adding the known anticonvul sant after 16 hours.

u tlon IS se knows t hat th

Rat sttglr?glg%%was an egzLe ?‘eg}lcgct'l &n 54 ki VS lWInt t?%s chemicals
is l@tmw AMdrCAMatsd, a Imdet ehldralply tiyne@nst rey be

This |s h|gaﬁy deS|rabI given that clinical trials
2 ARGt aér@ RSk @&sielcfoa doFdher. In

bed%ﬂﬂéiaﬁerf%@QQdkﬁﬁﬂki%& lquen@%Q%bQ%d aﬁp%%%ho%fc%%ﬁﬁcal

30 substances, e.g. known or potenti al erapeutic
ka@ewtss ahen scideehdo ifi sharindusncomgineateingad. cFfiest
d_efused for exanple to determ ne an advant ageous
opt| ffUm conbi nati on of a nunber of different
therapeutlcs WD 2004/ 051265 PCT/ GB2003/ 005239 75

(e.g. anticonvul sants), by addlna every possible
TO(%%ﬂﬁl%ﬂl@ﬁ?“ 80 e S PSP Liien eEaTP ean SRAF-&P SFadRioRet dnduced

in tﬂl%heR' | et e Jfhishyy g)Contl n@“?@%t‘ﬂ‘ﬁlgﬁee@ 't?‘c%%l%“f ey

an il Tustrative exa typical protocdl may
edeplasatoblawgcebtrbmdwmeoépﬁﬁmﬂsyAwknbwpeamyheﬁellepsy
tetrazol e ncentrai on of

xR 820 S8 A RIEE P Gy 60 P8 POty 1o b 2965 5, 211
fish,. etrest3sub@iiaficelser fdrudnktbaceokudm i, rdhdgm? ot0 '
colum 2 etc. 4. Conpare the anti-epileptic effect of
comgqnqk@pp§lwppﬁmgﬁgﬂ library, may be added to individual
wells. The screen is then for deviation from the expected
phenotype (a certain degree of amelioration of the seizure
symptoms) obtained by just adding the known anticonvulsant

after 16 hours.

When augmentation is seen, one knows that the test substance
has a beneficial action in vivo with a known anticonvulsant,

potentially synergistic. This is highly desirable, given that

clinical trials involving add-on drugs are much easier to

conduct.

In a further embodiment of the invention, a panel of test
substances, e.g. known or potential therapeutic agents, are

screened in various combinations.

This may be used for example to determine an advantageous or

optimum combination of a number of different therapeutics
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15 of the drugs when given alone.. A further
enbodi nent of the above allows for detection of
wa@ogaeses i on of a particular drug through a peeT/iGeedoanos239
mutation, as follows: 20 1751 nduce genetic nutation
t hrough any of the above. 2. Induce disease state
(e .thr eugh canyruafs e ) gb e .addd nd: e%@rﬁynip&tsesrlbtl@stcomblnatlon
chem cal. 4. Assess whether the conbination of th
of ﬁ@@aﬁq&ﬁﬁﬂqﬂﬁs e fifc & 5oy §@§§ﬂ€P ﬁﬁaﬁhélﬁﬁéQGQFéﬁeflSh
30 5. The nutated gene is then used as a benefici al
target, as described above. A further enbodi nent of
Comﬂmawimwewﬂwane@ﬂhamﬁj dereillyi eat iaon 1dflusgenetive example, a

ors whic det er t he appropri ateness of a
typﬁﬁaéo@fpﬁ§ff F@Bf@o%%gg§y§9 76 particul ar
t herapeutic agent for a given patient. If the
mut at i on augnments the effect of the drug, that
L. nutdadues ieplleesycWédhy gentylrurah chsasiodguas. a
con@% %%%E%n o%hl%3W§1%Ubabﬁ noﬁgo% @ be preferentially
prescribed the I'f the nutatlon 5 leads to a
del eterious effect or Iack of effect, then patients
sh d avo idthis g Her e di nent _of the
2. § nodrird R s BRsG dend: £Puati o Ebgﬁetrw g etes
chem cal factors which help prevent the side 10
effects of an otherwi se toxic drug. The following is
3. anhAdmipdstedt drededbsei mertwi €h Faber énte colpuht 2pkéc.
sclerosis, but may be applied in, other contexts-for
ot her diseases: 1. Mtoxantrone has a benefici al
4. ef Cembaor ihkt bplte-ephlepkerosiffetMSpipatients]lsbuith that
of ggusgs CardbOtOXICIty 2. An M5 nodel of zebrafish is
afEdIRh "R 84¥6RAE1PBS treat ment with
m toxantrone, but with the added conplication of
cardi ac pat hol ogy.
A further embodiment of the above allows for detection of
augmentation of a particular drug through a particular
mutation, as follows:
1. Induce genetic mutation through any of the above.
2. Induce disease state through any of the above.
3. Administer test chemical.
4. Assess whether the combination of the mutation plus
chemical is greater than either alone.
5. The mutated gene is then used as a beneficial target, as

described above.

A further embodiment of the invention allows identification of

genetic factors which help determine the appropriateness of a
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20 3. The treated fish are co-treated with a panel of
chemcals, (or alternatively are nutageni sed as a

WO ou®5265 a drug target). 25 4. Those fish whPChGB003/005239
| onger show the cardi ac efflects, but still show the
beneficial effects are selected. The chemical is then

partisedlas shepapgebliciagpati eotsatgiabhopathensaferf the
adm nistration of the_mtoxantrone, (or alternatively,

mutehion ErGHeRF S el §eRBIFST nRbpEle afauds el HabaFbpn 15
seatbbBe§0rageNt) humah ﬁbﬁ@ﬁé@@ésenbpgtfgﬂﬁs0%1ﬁﬂetﬂi§sﬁﬁﬁatlon

i nvention involves attenpting to nodify the initial
shophénoe ypéefﬁmughahlpmr@as pribpd abee , drag heff tthiag mutation

etic nutation of che 2004/.051265, .
LeabfilPUSh B.95neL1 5. IULALED of Ehe cel M0 2004 1200 onte
shobed pevddd medi s naaggor dance with the following: 1. A
construct coding for the desired aptamer (or random 5

constructs for random aptanmers) is injected into

A f@ﬂ@ﬁaﬁseﬁ@odﬂﬁgﬁfa$§ %ﬁ@e§n§%ﬁ%f§ﬁ'ﬁﬂ dhe ARLABEic ion of

These lines are then crossed to t sease-expre33|ng
gen¢¢h@sOro¢h©ml@aha£aw©¢@stWhﬂ@hs@@S@ steven i sthedsiods

h t est d f
Gt A o 11 B (RSB pEt o 05 1 R o pREHAY e b

1ll@stiitﬁ®ylﬁﬁb@@1@§@ﬂr@1tﬂi he= Bt anes msfnmntlva@ smmfosw,
action and is used to derive a therapeutic. agent.

but %ﬁ( MF | At 199 et FO e i SN EE LR aEPBrotRE TotRates:

rescue on a disease phenotype, the foll ow ng steps
may be perforned.: 20 1.- The human honol ogue of the
1. zabrwdszmtreseumgendersefictionedkffect on multiple

sclerosis (MS) patients, but causes cardiotoxicity. °
2. An MS model of zebrafish is created which responds to
treatment with mitoxantrone, but with the added complication

of cardiac pathology.

3. The treated fish are co-treated with a panel of
chemicals, (or alternatively are mutagenised as a route to a

drug target).

4. Those fish which no longer show the cardiac effects, but
still show the beneficial effects are selected. The chemical
is then used'as aAco—agent in patients to allow the safer
administratiqn of the mitoxantrone, (or alternatively the

mutagenised gene is mapped and used to develop the co-agent).

A further embodiment of the present invention involves
attempting to modify the initial phenotype through a protein

aptamer, rather than through a genetic mutation of chemical
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2. The sane type of nutation is introduced into the
human 25 honol ogue 3. The wi |l d-type and nut at ed
w@oemgszeis are injected into the enbryos. 30rPdI/GBR@®3/005239
di sease state is induced arffd assessed. 5. If the
wi | d-type gene prevents the rescue, but the nutant
meagenefFoetakasple, 4 hhstippoviaesod usdhesred demcectdedance

itth%%MD %g 4/ 051265 PCT/ GB2003/ 005239 78 nmutation is
With T i TP Ht O H%ever, a negative result does not

necessarily rule out benefit. 6. The protein, encoded

by the human honol ogue is used for 5 direct drug
1. scheetss sl teedong divectle’] desiiad amtasean ntpr Zebien

i r T i nvent.ors have di scovered
con%%%?ct}égfr%ﬁc%rg %I?}tsag%gs)t o Serlanrﬁgcﬁ%ac?/sln:i&so ien%]?ﬁfoasntto

genesa e niyi roks 21 oSt ees h 1866 O tvee ch p e d VSO (di et hy |
sul phoxi de). The inventors have established that
zebrafish can tolerate 1% DMSO. Thus, a candi date

2. drogedy 10idieratesinsihst e By g dissolved in ONEQ
~and adm nistered to zebrafish by adding to the fish
Lingwat 9T taol g wn tal e ol thies diorrmet reftdtom iof iDMBOesf dat these
1ind£ast upto 1% This is enployed in various preferred
aspects and enbodi nents of the present invention.
Zebrafish of tup background were tested in batches of

10 stg] 20 was added to fish water on day 3 and fish
3. exdifi Ned'sfidsF Ui teRhPd. Tk dRwimVEeN 10 mhe sipected
or BhNIMYHdbMWAE detected, as assessed by detail ed
" exam nation under a dissecting mcroscope to 5x
magni fi cation. Motoric behavi our was al so normal . 25
The

Ganerati:qn of di sease . nodel ..2KB rhodopsin
4 pr ormcﬁeé}rl% escr ?qtﬁzecdl By [ eenr?éj&ﬁm%%f]s wid's Vlc"idgr?&quntodf
actigfGhERdl i(Cloriedd vratiohe acaesdaprutiibegcd?5761) at

. EcoRI/ Sal | (rhodopsi n accessi on nunber: AF331797). The

Cr x
Having identified fish with a mutation that confers rescue on

a disease phenotype, the following steps may be performed:

1. The human homologue of the zebrafish rescue gene is

cloned.

2. The same type of mutation is introduced into the human

homologue

3. The wild-type and mutated constructs are injected into -

the embryos.
4, The disease state is induced and assessed.

5. If the wild-type gene prevents the rescue, but the mutant

gene retains it, this provides further e?idence that the
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30 pronoter (accession nunber: AF301006) was supplied
by Furukawa [ Furukawa, 2002]. The 2kB pronoter was
w@eb@nmsi2zes a single Smal site. The hunti ngti nPCT/GB2003/005239

constructs consisted of exgh 1 wth 21. (21Q and 72

CAG repeats (74Q, cloned into pEG-P-Cl at
mutggion / EoRnefiesal astdescef ber byod e erbach; Q089]not

004/ 051265 PCTLGB2003/ 005239 79 EGFP and

nec%%%?%/@gfi%ﬂ:%n%% %?%eé\?ecfé exci sed from pEGFP-Cl

usi ng-Agel and Mel, then cloned downstream of the

rhodopsin pronoter at same sites (i.e. GFP from
6. pEGFPRIMDVERNICoHtRA LunehBirumag ronHegiss s twsed for
dir&X¢igtud JLAUMNL; §Op; i phectif Hi &ereent
lrpuri fi e(% and 1-3nll ofla 1068%9%%@2%%&;(9%”& |(%nécreenmg'
injected into 1 to 8 cell stage enbryos. Eye specific

Fession assessed. t hrough m croscopy of Ms222
Zejoé%gle% Het§ s%%ss%rf%?%o‘rsa.nﬁo The Gal4 and UAS constructs
were as described in [Brand, 1993]. The constructs

wer e subcloned into pBluescript(Stratagene
The ERIYGE Htha vk it o e zghdihe tHi FRi 1AL 1s3) taer o rDMER0
coldBtld Orals Sife 4 , - -
° ori gi ng?{ lVSchtsg rlmﬁ%t%htgéfr%%somﬁn%lf idg%%d %litne g{l Sta%gvnegq e
DMS B L i It esu ek iseque rithed itroredettoarsmibaerediarsactld Iarshed

ddi.tiaonally th r hodopsi.n gnot er was cut qut of
thaty ek bt S 59" e 1 Gavet Gateardrug or
othdhe s WdtehicdA Mase died vddtiey PRIUESGd Riddhidtered
single P.stl site. The huntingtin constructs were cut

to zRRrodt SFEGYPACH Widt K cECSWT LLEN blakst) tangiz® Salfiinal
‘ l.oped, A S.at. Ec (klount nd .Sal | .
cond PR RS AR U2 R e M ) 15 ooy
in veerpersatored egradi espawds aneatetboanthet@rst @ifn thab preskst
inveili A water tenperature gradi ent was generated. It
Was Oserved that fish di spl ayed an aversion to
hotter tenperatures, preferring tenperatures |ess

t han 29.5C and specifically
Zebrafish of tup background were tested in batches of 10. DMSO

was added to fish water on day 3 and fish examined daily up to
day 9. At 1% DMSO (10ul/ml), no abnormality was detected, as
assessed by detailed examination under a dissecting microécope

to 5x magnification. Motoric behaviour was also normal.
Generation of a disease model

The 1.2KB rhodopsin promoter described by [Kennedy, 2001] was
cloned into pEGFP-1 (Clontech vector‘accession number U55761)
at EcoRl/Sall (rhodopsin accession number: AF331797). The Crx
promoter (accession number: AF301006) was supplied by Furukawa
[Furukawa, 2002]. The 2kB promoter was cloned at a single Smal
site. The huntingtin constructs consisted of exon 1 with 21
(21Q) and 72 CAG repeats (74Q), cloned into pEGFP-Cl at
BglII/EcoRl sites, as described by [Wyttenbach, 2000]. The
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30 avoiding tenperatures |less than 32C. It was al so

observed that fish prefer better illum nated areas
war@4mi265 away from dark areas. WO 2004/ 051265PCT/GB2003/005239

PCT/ GB2003/ 005239 80 It wda% al so observed that fish

will swwmwth noving stripes. W observed that when
EGFPi ghd wenet exposedcons botbta venpesat Lsed fgcbzadp'amrp -C1

C(f deit arlatlonln
us i) BT P et SiTEr L ot lohedd oAt Ton T5 ke rhodopsin
profbt &l it coathd sPW@éC@ﬂEeth@Fﬁofﬁgﬁ 5@@F@d'reﬂ%$$ﬁ}rm¥hol
result that the fish noved to tenperatures beyond
and3RErI Nvewt | HeeAdased | b Expeee nenfradieerFy snfpnvexrejectlon

Thl%1at cﬁd% j; é‘%&fﬁdgg %ﬂ&mf %gj;lcéefnt t a ri}"{ ?Ihcerfif%%tlon
injeated)imfo D.&; 2. 6@15 sﬂégeSﬁMM@ydé (E&él§ﬁbéﬁilé93t
rou %‘é The nicotine nmedium was then renoved and
exp?%ﬁg d'3F 135 EBVF b YRS T QRGORYE . ¥5422 They
ana¥gfiget hery chiad benged at 8 d.p.f. with 2.5 ug/m
nicotine in 3% nmethyl cellulose. Controls, as well as
t hose enbryos previously bathed in 0.5 and 2.5 ug/m

he SOPVELAP ASROMALAISIETIINE d0 MMSaliiey A0 (Y

was seen at doses
l99$)}9V|TiL5Ic}OrbﬂimﬁﬂcsatwérelgquﬂcIcﬁ&pﬂmdﬁﬁb as shovvn in the

' ure. fish were attracted to the nicotine
pBlQ%% Q

AT REAATSR T A5 RS B Fingl oyt d 11T
Slténdlesa@%t‘h/fdlsdl by; 46, Mns.c25 Jrgiarant @ﬂ Yout of the

positioning thensel ves there. In contrast,
T giols 6tf At how-impireghatvedd dstdatdedeln wtose smsg]wslﬂmal

reyious osed..to |ct|ncgf
Sltégx %Hseég Stegﬁltnelrgo &llne- c|L°‘?/1tpr e“gr{laet &4 TFt %T genadily the
rhodtqis ipogiddnen dhenselaes oy effersantgialadly ve3d Jetaidns
Io; f&e toxi city dose/response experinment are given
Sacl/Sac then Yigated in at the same sites. UAS was cloned
into pBluescrlpt at a single Pstl site. The huntingtin
constructs were cut out of PEGFP-Cl1 with Eco47III (blunt) and

SalI, then cloned into pBS-UAS at EcoRV (blunt) and SalI.
Use of a Temperature Gradient

Experimentally, a temperature gradient was created and certain

tests run:

A water temperature gradient wés generated. It was observed
that fish displayed an aversion to hotter temperatures,
preferring temperatures less than 29.5°C and specifically

avoiding temperatures less than 32°C.

It was also observed that fish prefer.better illuminated areas

and swim away from dark areas.
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bel ow. Dose/tox data at 3 d.p.f. WO 2004/ 051265
PCT/ GB2003/ 005239 81 0 - all alive, escape response
woben/opretided 0.5 - all alive, escape responsECHEB2003/005239
above 2.5 - all alive, es®fpe response as above 5.0
- all alive, escape response as above 5.25 - all alive
It abs3dlsbwbbshrbatl hhaescapk wespomsemwheth pooddedsbOipes.
- all alive at 3d, twitch but no escape response when
prodded 10 Dose/tox data at 4 d.p.f. 0 - all alive,

We @§§§E$e6e§9995@h§he@1QEOQgﬁg efp8sadath BbiNes B8MBRRature
response as above 2.5 all alive, escape response as

-gradbgvé 16rgmQp24 épl4QFCWeanéseap@erespmﬂseaasoabone 25

ive tch ut escap on
L AR 00e A gl t 0o AT | BBt unGRt C REREI BhGEL L coutd
oveanymbetnelﬂotmes spenuiicakion Bhe résadtporatedndyrish
reference 25 REFERENCES Adanska et al. (2000) Mech
moved, L7t eRReratupafgPeyYoRA. 3¢5602) J Neurosci Met hods

118, 177-87. Brand et al. (1994) Methods Cell Bi ol

44, 635-54. 30 Brand and Perrinon (1993) Devel opnent
Nicetgne4dddistioCaFkpsendentf (1976) Acta Opht hal nol

(Copenh) 54, 109-17. Colas et al. (1996) Nature 380,

548-50. D Avino and Thunmel (1999) Methods Enzynol
FisBO0®erd 2PedPed Dhipvesteheatroh 1996y £ Devehopi®nél 123t ter
hatggiég) to 7 d[p.f. at concentrations (in the fish water) of
0.5, 2.5, 5, 25, 50 ug/ml (5 fish per test group). The
nicotine medium was then removed and replaced with E3M (embryo
medium) at 7d.p.f. They were then challenged at 8 d.p.f. with

2.5 ug/ml nicotine in 3% methyl cellulose.

Controls, as well as those embryos previously bathed in 0.5
and 2.5 ug/ml showed no response/preference to nicotine.
Toxicity was seen at doses of 25 and 50 ug/ml. Those

previously bathed at 5 ug/ml responded as shown in the figure.

2 fish were attracted to the nicotine impregnated methyl

cellulose by 4 mins, 3 fish by 5 mins and 4 fish by 15 mins,

preferentially positioning themselves there. In contrast, fish

exposed to non-impregnated methyl cellulose, as well as fish
not previously exposed to nicotine but exposed to nicotine-
impregnated methyl cellulose, did not position themselves

preferentially.

Details of the toxicity dose/response experiment are given

below:

Dose/tox data at 3 d.p.f.
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WD 2004/ 051265 PCT/ GB2003/ 005239 82 Duffy (2002)
Cenesis 34, 1-15. Eells (2000) Neurotoxicol ogy 21,

WQ2d4881265 Fur ukawa et al . (2002) J Neurosci 22PC/E68603/005239

Ghalie et al. (2002) NeuroBdgy 59, 909-13. 5 Gol dnan
et al. (2001) Transgenic Res 10, 21-33. Gong et al.
—(2®©2§1D96,Dyac223 ré@pemSe whaéht proatiedl . (1996)

nf . Hassan and Janjua (2001) J Ayub

T AEBor FaFaAC 155598158, 251ghgvet al . (1999)
.5|nvg51 Sphtbal BBEaMes rS6hodfe 490260vd0 Hi gashijina et
aI 2000) J Neurosci 20, 206-18. Higashijim et a
0(199%} DEYVSHi oFSTOREe 2BOPOBSE Fpangoee al . (2001) Nbt

25 Sobly g g0 5377, A Elele LEBRLEtren

prod@dd 3777-85. 15 Kennedy et aI (2001) J Biol Chem
50 276111 37-43, hamso and Wi nstein (2002) Dev Bi ol
243! ot} at 3dk BYLEFD P9BHOAY TRGABF oFSORERSAEISR.
prot88g et al ." (1997) Devel opnent 124, 4105-11. Long et
al. (2000) Mech Dev 97, 183-6. 20 ang et al. (1997)
Proc Natl Acad Sci US A 94, 6267-72. Meng et al.
) od. 9 500-8. MIlewski et al. (1998)
Dosé}%%%r?%% 055 %33 81540 9. Nicolson et al. (1998)
hburon 20, 271-83. (Qdenthal et al. (1996) Devel opnent
0 391 8. 25 Perkins et al. (2002) Vis Neurosci 19,
—2% 64t L Bt P SOPRE FETPORRD 0 PrRECIBRT Acad Sci U S
0.5A 911 12065: 9. o s FRSHEF e [ﬁor@ée {49999 Bi ochi m Bi ophys
Acta 1447, 271-7. Saszik et al. (1999) Vis Neurosci
2.516,288R B vecheerare B¢SOER0Rs Miwdvdey 112, 9-14. 30
5

.0 SO LK 0201 o SLaBl - {499 bl s, 136, 1401-20.
25 - 4 dead, 1 alive, twitch but no escape response when
prodded '
50 - all dead

O N O O

All documents mentioned anywhere in this specification are

incorporated by reference.
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or treated fish with altered behavi our or physi ol ogy
conpared wth nodel fish; thereby to identify a test
wammgsnee that affects activity or effect ofPeheB2003/005239
second gene or activity or 8ffect of 25 said
treatnment, or, by identifying a genetic difference
wythehween aedel .figshoandravtanedif hghgwsth sushaabteregos-
behavi our or physiology to identify a first gene that
Saffects activity or effect of the second gene or _
aghhlVv e < reat - Npt:
T R R R R S R
64,stBRebt to two opposing stimuli, and the aspect of
behavi our or physiology of the nutated fish or treated
fish subject to the two opposing stinuli is conpared
with the WO 2004/ 051265 PCT/ GB2003/ 005239 85 aspect
of behavi our or physiol ogy of nodel fish subject to
the two opposing stinmuli. 2. A nmethod according to
claiml wherein either or both of 5 the two opposing
stimuli are selected fromany conbination of the
menbers of the group consisting of: a visual stimulus,
l'ight stinulation, optonotor stinmuli, an audible
startle stinulus, discrete changes in tenperature, a
tenperature gradient, food, one or nore aversive
subst ances, one or nore 10 attractive or addictive.
subst ances, physical aversion such as electric shock,
and a threatening shape. 3. A nethod according to
claim1 or claim2 wherein fish are habituated to an
addi cti ve substance, and one of the two 15 opposi ng
stimuli is provided by a source of the addictive
subst ance accessible to the fish. 4. A nethod _
-according to claim 3 wherein the addictive .substance
is nicotine. 20



10

15

20

25

30

5. A nethod according to any one of clains 1 to 4

wherein one of the two opposing stinmuli is provided
woyostaosesperature gradient in water inhabitedP@yGBR@®3/005239

fish. 25 6. A nmethod accor@i#ng to claim5 wherein the

tenperature gradient is from24C to 40C 7. A method
CLA3¥Eording to any one of clainms 1 to 6 wherein one of

the two opposing stimuli is provided by an inducer of

30 the optonotor response. 8. A method according to
1. clai methwheeel BokBenk AGUEBE LSsufBYLALeSLE BESe Pormed

2004/ 051265 PCT/ GB20037/005239 86 9. A nethod
hergdpordingtt enny) ohbadf aéfarchs ict®v8tyoupré§ffgt of a

aL| fish . with.two or re,.substapces, at | east .y

secgﬁg %%Hgthgha¥%lgl &sPrsfb5PERc8T an r%%ﬁﬁ%?anOFh%Cthlty
or effect of thphywboboglicHDr EusUESbANEESHENa¢OBRENALHOR, £ish,

mhegger si nul taneously or sequentially applied, on
the; BETHOHeCPMBF L1 p&RGvi our or physiol ogy of treated fish

Wi gkfe e :

SUbos ah s AP CEP b A Pe (Car Ty hhdh She. F16% 10,
tramﬁﬁ@ﬂh@dfaﬁcbh@iﬁgcomdcgahﬁ)9WMheeémntM$eaéegpdlg@narfs

a L cand/ or tated. 11. A pethod according to ,
e P PR o f oS n " Sonit FEF g BTt WY pReession
of thansgetnd §ene thetisesonte geNeh aﬂ@e@@@?@hna$ -sespnd
ene is under regulatory control of an inducible

PENGRUPOF BT SRUBSSPERIY i oF prlapmtesl, 12r A hetfbeh subject to
sai@CERlatignt 0 ohald 1 el el A A0 PLOADLEL ol RS, of

eye-specific expression. accor din
behayapwry 1dr sy &i mledie @f ontet efistdi rects ear-specific

) ' : f
N ESPLAT oA At e B B I e S £y o

tredtivg i o Ofmddiel fiSdh with a test substance to provide

" treated fish;

comparing an aspect of behaviour or physiology of mutated

fish or treated fish with that aspect of behaviour or

physiology of model fish in order to identify any mutated fish
or treated fish with altered behaviour or physiology compared
with model fish;

thereby to identify a test substance that affects
activity or effect of the second gene or activity or effect of
said treatment, or, by identifying a genetic difference
between model fish and mutated fish with such altered
behaviour or physiology to identify a first gene that affects
activity or effect of the second gene or activity or effect of
said treatment; ’

wherein the mutated fish or treated fish, and model fish,
are subject to two opposing stimuli, and the aspect of
behaviour or physiology of the mutated fish or treated fish

subject to the two opposing stimuli is compared with the



10

15

20

25

30

15. A nmethod according to any one of clains 1 to 14
conprising determ ning visual function of the fish. 30
wago4hs51ret hod according to any one of clai ns 1P€DGB2003/005239
conprising determ nation o85pi gnmentati on of the fish.
17. A nmethod according to any one of clains 1 to 16 :
aSpE@Ktbérbeb@nppnsing poymilabigygod swhsflafideht Babject to the
affects activity.,or WD 2004/ 051265 PCT/ GB2003/ 005239
tucg g PPEPFett Sklggﬁé‘second gene, or activity or effect
of said treatnment, into a conposition conprising at
| east one additional conponent. 5 18. A method
2. acBorgirhgdt 8capydeng &p ellaiims 11whereyn @éﬁbemsngboth of

the! @%Btbgébg a%@l&hﬁﬁtaggngel%gteé @EEHOQH§C8$mg 1on of

her conprising ~screening for
thecorpbend bﬁathaf@eohg aohsustyngfofhea ¥sthiskrgrneus,

d r to cla 18 further_ conprising

11088, sEiRL PP Re PRE PR ARo S A EhAr At BHAEPLOVBERLELS

stiRGQuUSl Nndigpeeded-hyntbe EhrﬁEmﬁgﬂgtu%§ 23. rBppethedre
accordlng to. claim19 or 20 further conprisihg

graféehtil af PR aOﬂ@sPrcmﬁﬁéuﬁHerhaVeaﬁﬁb@ténaeﬁ»vpny of more
att&ggtgb% %y ?ﬁgf??rs%hghbsgggc?gtsp glpggégsgon such as

encode gene 1nto’a o 03|t
eleconmcishngkataheastthmeaaédhhgoﬁahpao conmponent. 22. A
met hod according to any one of clainms 1 to 21
conprising treating fi'sh with a substance di ssol ved in

3. @ ASREVRBY., a¥B8EELAGt b8 §95Yﬁni b§ 91§§ﬁhylwﬁQLQb9ng§h are
(DMSO), 25 nethanol or ethanol. 23.
habgsuatpfintagaef aedicbiva substanQQ,omn@ @nghqf the two

P ey T B b BECT ENED) ¥ 0% vt &F Cf it t8av By Chbve

subftshce accessible to the fish.

4. A method according to claim 3 wherein the addictive

substance is nicotine.

5. A method according to any one of claims 1 to 4 wherein
one of the two opposing stimuli is provided by a temperature

gradient in water inhabited by the fish.

6. A method according to claim 5 wherein the temperature

gradient is from 24°C to 40°C

7. A method according to any one of claims 1 to 6 wherein
one of the two opposing stimuli is provided by an inducer of

the optomotor response.

8. A method according to claim 7 wherein the inducer is

moving stripes.
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30 24. A nethod according to claim?22 or claim23

wherein the substance dissolved in DMSO i s added to
wowdoeisizehabi ted by the fish to give a final PCT/GB2003/005239

concentration of DVSO of 1®or |ess. WD 2004/ 051265

PCT/ GB2003/ 005239 88 25. A nethod of screening for an

opti mum conbi nati on of two substances, drugs, genes

or dru% ta gets that affect activity. or effect of a
9+ sefollGtg8He C6PTELIBVICPy 28Y EPfelf BfaaMer dafRefit copprising
tre@¢ihyl kY sar wetheglio0branBhyssaboghtaksf uUnet Qs +5.QE of

behavi our, on a fish, the nmethod conpri sing:
WhlGhOVSdﬁngesésSﬁbé@ﬁﬂﬁﬁshaﬁdrCsmpeemnggthelﬁffesh of the two

rans [ the sec n the cond
or bR IEBLERNEPs, 2. PETERY LSRR, o NS FRR s pogrRFERttus1y or
seqpeaﬁmhenyaaﬁpexsaesahonheoﬁspe@tseﬁoaénaem@uwﬂbBIphybeology
fish affects an aspect of 10 behavi our. or physi ol
of srephgds féAh BFtP|F?ef?§ﬁe§EbPéan?oors@PGetPéa?ﬁ@ngwo or

mor@hgﬁsbeahésst%EQEWEEE%QEE69kal@Ed§§Ef topf 5 égﬁQaV|our

or physi ol ogy of I sh; nmutating said no fish to
prOV|de nmutated fish with two nutations and/or

tr at i ald no test 15 substance,o
Wb bebiodintedRdtuo: b prlbtaed vESEalry FERatE i8R are
traﬁ@gﬁﬁitn@naﬂoasﬁﬁﬁbtéﬁ behavi our or physiol ogy of
mutated fish or treated-fish with that aspect of

behavi our or physiology of nodel fish in order to

11. ldﬁnﬁééﬂo&nycgy£éiﬁg £%SQn °6néf8§t89a{%§h%“%5h1%
al tered behaviour o yS| | ogy conpare
comppieingishovifiengbyisb tdensgéylia Lonbihat senoond gmme,

subst nces drugs, genes r dru ets that cts

whelgt |V|?y rCette ?heofstﬂ %ECB% %%E CHrCAREFQ t9 of

indetieté ofdpat dciseabnepbeirok, phombeeptifying a
genetic difference between nodel fish and 25 nutated

fish with such altered behavi our or physiology to

12. 'dﬁnﬁééﬂb@'iéééfdgﬁget§n9i§imfiqt&ﬁ%r&fyetﬁgaérgﬁ SE S

directs eye-specific expression.

13. A method according to claim 11 wherein the promoter

directs ear-specific expression.

14. A method according to any one of claims 1 to 13

comprising determining auditory function of the fish.

15. A method according to any one of claims 1 to 14

comprising determining visual function of the fish.

l6. A method according to any one of claims 1 to 15

comprising determination of pigmentation of the fish.

17. A . method according to any one of claims 1 to 16 further

comprising formulating a substance that affects activity or
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activity or effect of the second gene or activity or
effect of said treatnent. 30 26. A nethod according
W 000gl05i26% 25 wherein a first substance or drupCT/€B2003/005239
adm ni stered at an equal c@éhcentration in multiple
well's, and to each individual well a further substance
efferctdodg sailsl addehd amrde herebbedvrial, eachFebst afceaon
dru%Gin various conbinations is conpared_to determ ne

EreAhESGb i AitrCc SrisioRROIS L ORO2BBAL §5RF65 T Least one

add&@{@g@goggh?g%%%%_ 89 27. A nethod according to claim
26 wherein the effect of each further substance or

drug in various conbinations is conpared to determ ne.
del,et eri ous conbinations. 5 28. A_.nethod according to
18'cla|n?iéogoﬁﬁFpgﬁﬁEgdePeFﬁVnPﬁa PﬁeCESbPFnEngo 1
conpeiBingt taenef fimagpekendt ifakbsdr ygnkar gets, by
conparing the effect of mutations or genetic
alterations in various conbinations. 10 29. A nethod

19.acgordiAgqt 9-aBY QA8 @b %hQHHB%§5fEQtﬂ§  EBHBLL SR
testing conbi nations of 3, 4, or any ﬁlg e nunber
scregkengnbstancesfedtugsmpgends tbatdaietasgetsiviBby30f Ahe
firw%thogeof determ ni ng whether two or nore substances,
gruag, genes or drug targets that affect activity or
effect of a second gene, or activity or effect of a
treatnment, or activity or effect of a physiol ogical
20.f uRcPBA°Br 26ERAGIBEr FO 6h2amf L8hfurhberaronagifive or

scr%%ﬁ?ﬁg'§Bkca¢EE§EtcﬂQ§BugBe§ﬁQE'ggtgkggkgaﬂ??ﬂsgyﬁrgggin
nmet hod conprising: providing, as nodel fis or
encededehiynghe( E)rbtsbenkeransgeni c for the second gene,
wherein the second gene is under regulatory contro
of a specific pronoter and expression of the second

21.genemdthblinathertiisl abfechsmanoaspegd ehir2hepPebaMppYsing
or phyS|oIogy of the fish, or (ii) fish subject to
formulating a test compound that affects activity of the first
gene or that interacts with a protein encoded by the first
gene into a composition comprising at least one additional

component.

22. A method according to any one of claims 1 to 21
comprising treating fish with a substance dissolved in a
solvent, wherein the solvent is dimethyl sulphoxide (DMSO),

methanol or ethanol.

23. A method for determining effect of a substance on a fish,
the method comprising applying the substance dissolved in

dimethyl sulphoxide (DMSO) to water inhabited by the fish.

24. A method according to claim 22 or claim 23 wherein the
substance dissolved in DMSO is added to water inhabited by the

fish to give a final concentration of DMSO of 1% or less.
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said treatnent, wherein the treatnent affects an

aspect of behavi our or physiol ogy of the fish;
wonioansne sai d nodel fish to provide nutated fPEIYGBRG0B/005239

one or two nutations and/ @88 treating said nodel fish

with a test 30 substance or two test substances to

25 .pr av ingé hiode atfe & ciriesini ngofpar iang oah iaspe comdinbehavi edr two
hysi ol ogy of nutated fish or treated fish with

Sub%%&@¢§§peéﬁ £ rhIRAFS0GE GFUIphesIstsgfhet mddectt pshivity

or eFretdenrt @ isdenbid yeary oyt ated hish, roéftégﬁt%% fish
with altered behavi our or physiol ogy conpared WO

tre004n051265 aRCIVEBI003/ 05288 oF0awphlysiodebitashfunction

Ln _compari.s S de b en li,cation of
or %gggglgH% gﬁ&/or%ﬁgéf suﬁspﬁﬁémg Cﬁ&?§?8a89|y and in
copbbratiiag, tlkemebylt gidat gpri BervBather ai) fish

conmbi nati on of one or two 5 substances, drugs genes
tragsdgrig £8rgeNS EREONSF PEBEs WBEFGinyther SeEPBEL Jene is

undEQer%%EQQQOQ9n%09Er%§tbY'Eysﬁécgkagcbagﬁgﬁgtdand expression

treatnent, and/or one or two genetic erences
of béﬁmeenonddebnefWshhandthﬂtéued fifshcwist Ansaesheakt efed

behavi our. g as_.an. additiy
bengS IRME BE: BhupRetpot 8% 5 hea R pnod ad ol aEhghe 598 gFn 0
saidOteenphkestNgwAeFeAhStBEI Rgeat WBNSURSEAREESAr aHhHES of
separately and in conbi nation. 32. A nmethod according
behaglepsi RF3RNNEEPEPAYt RE Ehfeét8hof two 15 substances

ormQEHQ§n?OEQl§eB@B@?eEXsﬁngPeBrBQ enﬁEEQEe?rﬁls with two

assayed at a range of possi I'natrons rom
mutaespestané/doséreetpogseatdrmedemhénsglwEhhla test
ati on d,_accordj to cl ai aj m

' t 31 or cl
T AR R R T TR U AR AL Y
coopabedihg §ﬁeaﬂb@bﬁebf|behhﬁlgﬁﬁaéﬁrgﬁ?§90186y of mutated
summation of the effect of the two ances” or

flSGr95stﬁ?aFﬁ€ 54fB vbohkehbaht popeghveh bekputansl gr
physiology of model fish in order to 1dent1fy any mutated fish

or treated fish with altered behav1our or physiology compared
with model fish;

thereby to identify a combination of two substances,
drugs, genes or drug targets that affects activity or effect
of the second gene or activity or effect of said treatment,
or, by identifying a genetic difference between model fish and
mutated fish with such altered behaviour or physiology to
identify a first gene and/or further gene that affects

activity or effect of the second gene or activity or effect of

said treatment.

26. A method according to claim 25 wherein a first substance
or drug is administered at an equal concentration in multiple
wells, and to each individual well a further substance or drug
is added, and the effect of each substance or drug in various

combinations is compared to determine the optimum combination.
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25 34. A nethod according to claim30 conprising
determning the additive or synergistic effect of two
worombseepot enti al drug targets, by conpari ngP€T&B2003/005239
effect of nutations or gendic alterations in various
conbi nations. 30 35. A nethod according to any one of
clains 30 to 34 conprising testing conbinations of 3,
r  nunber of sgbstances, drugs, ge

4, 5 hi gher nes
27'orAd?‘%Bh$§¥@8}F TP 2bBAF 6BIB 630 PETF EBP00NB0BE500 T 07 each

furSﬁerAsﬁBEBQQCQfokdéﬂﬁPfYﬁn9a§i§ﬁgsééﬁﬁfﬁat95H§’igeggmpared
or drug target that l'essens an otherw se del eterious

to defernine dpdeteripvet cofbanaktond. subst ance, drug,

-gene or drug target, the nethod conprising: 5

provi ding, as nodel fish for screening, (i) fish
28.transgenod. Aocotbengecondl gene2s WengrNsi e 88EOARining the

ene is under regulatory control of a specific
Optg?Bﬂn?%thﬁ@téQﬁr%gsF%ﬂ Poterhbakednrnd BereeWft PY the

comﬁé§hn@ff§§t§f§@??3§?gﬁu9£tigﬁga¥£oﬁéngfighgf{Q£99¥oﬁ% in

the-fish, or (i subject to 10 said treatnent
varppyph ceallizecoodssubst ance, wherein the treatnent

affects an aspect of behavi our or physiol ogy of the

‘fish; mutating said nodel fish to provide nutated fish

29. W A hnetieod oscOBF @1 Myt 8d | oy amnel/ ©F ¢T£ahé NYs Sgb d grodel
fish with one or 15 nore two test substances to

COmRF ¥ e tehtRY FPENINRERYRT i 9 Bn hspec@T oANbhehbhdur
19 Sd my I or..t ' W th
S h%ﬁs%ﬁ%?gézhaéﬁﬁg' o(%éﬁ%%y(gji’ o(?%eg?iér%%%l fish

in order to identify any nutated fish or treated fish

wi.th altered.behaviour. or physi ol o conpared 20 with
30 i T Y b TR 75 "G (a3 ks Eances,

drui&ﬂvgﬁﬁbsa@p|dﬁﬁgiﬁﬁk?éténﬁﬁﬁﬂ(Hﬁféﬁﬁﬂéﬂtiﬁﬁﬂy or effect of
substances individually and in conbination; thereby

2 SEPUEIEH NP R heF L & stbsfiret of wy, Crpatanant, or

activity or effect of a physiological function or behaviour,
on a fish, have an additive or synergistic effect when present
simultaneously, the method comprising:

providing, as model fish for screening, (i) fish
transgenic for the second gene, wherein the second gene is
under regulatory control of a specific promoter and expression
of the second gene within the fish affects an aspect of
behaviour or physiology of the fish, or (ii) fish subject to
said treatment, wherein the treatment affects an aspect of
behaviour or physiology of the fish;

mutating said model fish to provide mutated fish with one
or two mutations and/or treating said model fish with a test
substance or two test substances to provide treated fish;'

comparing an aspect of behaviour or physiology of mutated
fish or treated fish with that aspect of behaviour or
physiology of model fish in order to identify any mutated fish

or treated fish with altered behaviour or physiology compared
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drug target affects activity or effect of the second
25 substance, drug, gene or drug target, whereby a
wadenanee that |essens said ot herw se del et eP€DGB2003/005239
effect or side effect is ©entified. 37. A nethod
according to claim36 wherein said second 30
witsubslidenceisir;ughegena eomgbudsbar get mhde achesehi ci al
effect, but also. a negatlve effect in isolation
aPRIAEAEAST RT BBNBIASNS0ATRY PR FﬁéttégPSEBHﬁ8§n&ndﬂﬁéduallY
ananQaEb%%l%fE%%h is |essened. WO 2004/051265
/GBZOOS/005239 92 38. A nethod according to claim
6tbereba|ﬁp3¢emhemenn whethefcf ectombiassapadoifnone or two

format with a f_po e

sungh el Sra: g condsaRds Obr CgoRer PEORTEat Mos 2 TEo555 ACELVILY
or reEithed agcendi Bgcbadapggnenerobctheipyeeedefigeekabissaid

wherein a %ene or mutation is identified for a patient

WRICCRDES OFp 80| BRBEYIE0IEESBERACES - Qetween model

£ishak Eﬁcﬁb% te@u?§gﬁn%§t9rSQEHga%QEréﬁ'thh§159§sok'kely

to respond to a particular substance or drug,
physhicdlegyayadeannstidcateva ©0® mggatrpvetscdeféeféct when

adm ni stered a particul ar substance or drug: 40. A

nmet hod according to claim39 wherein the effect of, a
31.pant methat BUEL3EHOAgOEopelYARr Bbi 8BhpRikhegehtineaEYteking

side 15 effect profile of a test conpound or genetic
Ewoaples&EN6RSI 8T E&Hpar EaPareRew| antype FeBpdr3eioni. A

met hod according to claim39 or claim40 wherein the

effect is assayed in a nediumor high throughput
32.f adhimehhiod azaézdbngftshctaimdémtWhyrsﬂnhthessfbbets of two

| hi t ltingin -
subB e HERRoRs FRude §EPEs poRar sEnokcahoinahiliphBation are
ass@?@@ratnﬁ £angBy 08nNgoskiphai BBnBAnkeidAsWAeERi Bhe@he

nor e genetlc factors identified in zebrafish are

0
respgegivesdpgergeappPRyecorEBSpolPAgIhUARNIBehapilation.

factors.

33. A method according to ciaim 31 or claim 32 wherein the
effect when given in combination is compared to see whether it
is greater than the summation of the effect of the two
substances or drugs at the same concentration given

separately.

34. A method according to claim 30 comprising determining the

 additive or synergistic effect of two or more potential drug

targets, by comparing the effect of mutations or genetic

alterations in various combinations.

35. A method according to any one of claims 30 to 34
comprising testing combinations of 3, 4, 5 or any higher

number of substances, drugs, genes or drug targets.
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36. A method of identifying a substances, drug, gene or drug
target that lessens an otherwise deleterious effect or side
effect of a second substance, drug, gene or drug target, the
method comprising:

providing, as model fish for screening, (i) fish
transgenic for the second gene, wherein the second gene is
under regulatory control of a specific promoter and expression
of the second gene within the fish affects an aspect of
behaviour or physiology of the. fish, or (ii) fish_subject to
said treatment with said second substance, wherein the
treatment affects an aspect of behaviour or bhysiology of the
fish; |

mutating said model fish to provide mutated fish with one
or more mutations and/or treating said model fish with one or
more two test supstances to provide treated fish;

comparing an aspect of behaviour or physiology of mutated
fish or treated fish with that aspect of behaviour or
physiology of model fish in order to identify any mutated fish
or treated fish with altered behaviour or physiology compared
with model fish; wherein comparison is optionally made between
application of mutations and/or test substances individually
and in combination;

thereby to determine whether a substance, drug, gene or
drug target affects activity or effect df the second
substance, drug, gene or drug target, whereby a substance that
lessens said otherwise deleterious effect or side effect is

identified.

37. A method according to claim 36 wherein said second
substance, drug, gene or drug target has a beneficial effect,
but also a negative effect in isolation, whereas in
combination with the test compound, the negative effect is

lessened.
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38. A method according to claim 36 or claim 37 wherein the

effect is assayed in multiwell format with a range of possible

ameliorating compounds or genetic mutations.

39. A method according to any one of the preceding claims
wherein a gene or mutation is identified for a patient
population which is more likely to respond ﬁo a particular
substance or drug, or which is less likely to respond to a
particular substance or drug, or which may demonstrate a
negative side effect when administered a particular substance

or drug.

40. A method according to claim 39 wherein the effect of a
particular mutation or polymorphism on the efficacy or side
effect profile of a test compound or genetic alteration is

compared with wild type response.

41. A method according to claim 39 or claim 40 wherein the
effect is assayed in a medium or high throughput fashion in
zebrafish to identify such possible polymorphisms or genetic

factors resulting in variations in drug responsiveness.

42. A method according to any one of claims 39 to 40 wherein
one of more genetic factors4identified in zebrafish are used

to identify corresponding human genetic factors.



