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WD 2004/ 051265 PCT/ GB2003/ 005239 * FI SH DI SEASE MODELS
AND USES THEREOF The present invention relates to
generation and use of disease npdels, for instance in
WO 394/85426% 0 i dentify and investigate 5 genes aP@I/GB2003/005239
substances involved in di sease and di sease treatnent,
identification_and e of u S n )
particuIaF?SFhggﬁFﬁgénVBPﬁg%ngﬁéﬁﬁgg%a?géRFeF
generation and use of disease nodels in fish such as

zebrafish. In sone preferred enbodi ments, gradable
The pyREfotly pewenolgeneslatess it Wererstic |awil ngsd ovf disease

moaeIE91ES: ofs SOLL St N OF, Al LAl Al g G, albg B LY

fec ne or
geneassay ethbd tarse ieslerd®dire ot RN tathd cdigeiddg
- stimuli, are  applied tofish in screens assaying for
treagiintn i dantdifie@tnn 3nd 449 P dar#ts ~ In
partildf3Tethe ISNE Mt ?Hxﬂgdﬂrbn R 2k £ En@MWion and
combi nat1 on of an addictive drug, a visual stinulus,
use o dusdidsee retcdeltd elrstfiimi usicha asemeenatiursh griodi sms

an el ectrig shack, an rsive c ound, a threaten'n.
precdied So il QPR SR BRI ¢ soie i
fish,algd 0N PEIISIbgrdd ke duefeitiesh FQditmMs & &F an’
di scl osed herein. 20 Drug discovery is currently

activity oad sfif adtte odbid itEp at@9how ISRFe toRe MY T N itoh BT
artd.cul ' ' . wa . . .
s e oo P iaavarar ooy sl bling fng stimuli are
appligesitcalflish éff ectremmsa qeavatyiiow dordiabddsia wttat efifect an
. _Vi,vo. The prese 25 invention provides strategies, to
At LT B o r Gl LRl ARG TR {8 de o
exampllBe aaRd cRIbiake idns &Fs & nmedrlist i vROWiQ Subsagient | y
. screen these nodels, then how to translate this into .
stimudysgen 2ihegpede efardyl e GiEmmilNg rt e LoPMSIFiaSe gradient,
[ rti.cul.ar ral-l, am | i
e B OoRY o e BT, RS e
(e.g.pactedubdr a pmdidaitdury] astiepd,) but sakdserk mdde may be used.

arti.cul ar, way these.  individual ste are conbi ned
Othery BrefferedrRubRAlNFEsr 2ug (aPgiosed hetein.

Drug discovery is currently limited by the ability to know
whether inhibition of a particular gene, biological pathway or
a combination of several: genes/paihways will have a desirable |
effect on a particular disé&se state in wvivo. The present
invention provides strategies to overcome these problens,

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

recogni tion of these WD 2004/ 051265 PCT/ GB2003/ 005239
WOZ20413836Fai nt s and the application of parti culP&T/GB2003/005239

strategies, both in that Barticul ar step, and in the

other steps, with the aim of overcq se
constgaipta Ao té*erﬁ@%qﬁow&lp%‘&%é#%r‘o Stipkagies, both
in tWa\ﬁopB&%‘iHuQ%IOfsﬂélﬁ #Rclies et dictelaas wiedss aifdhshhe aim
especial Iy a zebrafi'sh. The zebrafish is an or gani sm
of omerckmdogbities aramnfraimdsadvant ages of nmammal i an
and i nvertebrate nodel systens: It is a vertebrate
and thus nore rel evant to nodels of human di sease 10

The LpRAMBIOSRRI &@ceit Rr igheerirehriate prautidenldikehe
other vertebrate nodels it can readily be used to

enclpserofihsgdmstine ifcrredish TIRERERISriler ¢ ﬁeﬁbéaflsh The

LECat t d t
ZE]:’r%&ﬁ‘oﬁnat% (;%21 olflq%I nv:sq{ q{)r Z“?‘e@;"%%{m%e. ty an vert gbrvgtne ages
of mﬂlallluang acaip dhivdettietsratel heylede wglsdpmsapild yis with

asi c pl an al r.ead h vin en |.ai.d out
vertaPERLE BHchane ory HALavant Fin MR i i isease

: thane)BI%ts%[o@JJ. Qv @lrORB \Mﬂv@ﬂte%rattre%ﬂs PAIE Nin 1GARS Wither

allows”the easy in. vivo visualisation 6f 20 internal |
vertgbgate mededgh id diagsasadid ynmber gseshdo mapf s sgsetic
tes can be nodelled within the first week of |ife,
which time the enbryos are only a fewmllinetres
| ong and capable of living in 100 ul of fluid. This

permts an yS|s of ndi v al oS, i.n
The REVEPEORanReNer SEREECIRIEN H60 ARG B ThIOfTe T Shfaind ue

combiBb8ibp B tlh%‘ézjra:réﬂﬁsdt%efs@alfa%&lqr a3 SRt rate th
many chemicals being-arranged in 96 well plate format.

modeAllwgnatap\a@u)lltaq@opmf@tyi @iﬁaV@flop s};ﬁmﬁﬂa’rpéwﬁh dibeh bgsic
_ ul I on f f| b

bOdytPéggealg%%ngégher, ana “hé%eﬁ%cﬁééte§' oge H@@&s %f

fertyilazaddohi.oNo@lecanra, dheins @xerut@mmuwdpmerﬁf I-\tl.&:fhtln a

substances to_t he water.
transparent capsule allows the easy in vivo visualisation of

sCre %l%

internal organs th;ouqh 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 ‘
indiv_idual 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 'populatio-n of fish in-a petxi 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




" The zebrafish has a short maturation period of two to
three nonths and is highly fecund, with a single pair
of adults WO 2004/ 051265 PCT/ GB2003/ 005239 3 capabl e
WO ge04485360ci ng 100 to 200 of fspring per week. BOI/BB2003/005239
enbryos and adults are small, enbryos being a few mm
and adults 2-3 cm | ong. They are cheap and easy to:

capabif RGiRFoduingpl §9 t§o t?fp%érférsé’(%”‘r%r%%‘f Afder s Bcﬂ’t
| it t
embrid SRId : algkﬁ.al%f@ éril\als# e G R dLe 1l PUKNLR nQJL

arge sc her “advant age of zebrafl
adult$ A48 dnadtort@eyrlhewearm ch/ﬁ}:erandrméssymi«esnalntaln The

. dm ni strati on o candl dat e che S eas Mbr eov.
- abiliky'6y, Aenerats, R dp e

pla-c@'&e@@@ﬂ@'@@ééwﬁléﬂcpﬂ“@%!ﬂ;@ st@l%&ﬁﬂtlty-rh' s is

i mportant as " -many drugs are dissolved in DVSO The

i nventors 'have est abI i shed that zebrafish can
candi,dat ar.. ot:her .
A fu'{t’g{seteﬁrsu E%IE@ J"gsaisso \%éd t%% eflﬂ%(é%gc QLJR'% h
watemdmmjastrerm taxirﬁ:ﬁbur.ﬁnmd@y oaﬁd:angiﬂdattme:rfamrca/w @&msy.

15 to give a final concen ration O of at ast
- Moreqfipny, the mveﬂfﬁ%r% e R g F S e
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also Fect$ rl;xg)fo RISt aelf ttorl%n%rn%se"lthlé“ﬁ.%mﬂn@%rtant as

Zebr afl sh a ot her fish also readily absorb
many chawisc alre. dilssolz®d dftf d84S0ue Thendevwardidsn hefve

EStabﬁﬂew o cer?t"anrjﬂia\%a %r Co ﬁ’rcr’&leg%%eThust&dstcgr af stSﬁCt e
candlel’aa:b| elru@e oentdmzbltsﬁﬂglms tpaldawais yibea diwerdldatie

to be screened in . a hi t hr oughput fashl on. 25 1t is
DUSO 356 PO g BT & SRR AT APHE b iR fish water
to gl%%bﬁaffhﬁﬁlgmntfﬂtl@ha@%l %M‘Q’ot |3>ft he %%s%f fgﬁ%@-%!.:

mut agenesi s (Sol nica-Krezel et al., Genetics
This iscemployed (b 2@riTthe m;lelfemteldoﬁS@feqtme anebs @inbodafrents
fir I, Q. scal e nut agenesi s screens was jn
ot th%QgéeBE%E %ﬁ%g‘s?iel "i-Vol hard and Dri ever gr oups
[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, zZebrafish 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 NuseleinHVolhard-
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 nmutants affecting nearly
, every aspect of enbryogenesis during the first few
s of devel opnent. The original .1996 screens
WO& 053268 2746 strains WD 2004/ 051265 PCT/ GB2REI/GRBOHI5239
4 of enbryos. Only those wtth obvious nor phol ogi ca

nornalltles vi si'bl e und t he diss m.cr oscope
Of SRRLYOSKe HOLITHAS S iS5 R SR PG IRSHRY 5 ¢ hat

abno&ﬁ%ll@ﬂyg Have1 A MRl R Rl e ety oS Wdde were
alterations in eye shape, 5 size or pigmentation. 49

keptpuiTaiuss tver o disdo|satled bel pmva:}ne ms sdradertilrgy might have
eV|tabI |ntrodu t.o _nmut
2 vifploProk 1o VR Leab i G it liqve shave,

sizef b&Cbll@ﬂle@ftattﬁ%n t ateamutumiver u@‘rep@&ﬁdbi@dﬂﬂm SveJS Such
" identified, as nost of the loci isolated were only

sCrepgppgs BRIE®Isy imegiifgihd varindireduns prad i & mittegites
selel@yenbeen devised 69, Wt K Saerh%ﬁahlV'fﬁ’acPrflon of the

primary nutagenesi s Scréen In the original screens,
total cnmbeapiot @osmiidic mmtmsuma ddhgtieictied, as most of

egener.a n of particular anato ar eas, of
the JRAE g eP L pa) eB s S g R ARG HECh oh 4 ML Y Hlele-
the structure or altered  optical properties using

Nomar ski optics. Now, groups are creating transgeni c
Varippfestarpradsionyaerpbesdederieedona @nQﬁeaS@ dist er s,

I f
senségggégggE%S%%QmaQ %BE%Q%%F% C%Jf%éh i nt &&ﬁglnal

that previously use

5creehhermieranbm@hs eaamgna%ﬂaﬁ/k%&6ﬁbedwndnueﬁa$m tan
be screened . of fl.uorescence and thus

degeﬁﬁﬁ%FﬁBP 8$v8la6|5|1r€ a&r an&@@&‘ﬁé’@r}t Pofast U PariSEan rbY

obse€fihy Angexaenke is the s&&@n%@e%lhre 3018 AF LY M tered
GFP I'n rod photoreceptors, -by placing the rod opsin e

OPtlSﬁbnﬁtf@Peﬁﬁéﬁﬁeaml@H HorprEKanpedy.cat. 291cad,. g@tholare

creaE¥§g’§EQQéée%Z§ 7e%§9é§%1n§'d%?ﬂﬁﬁﬁé¥x§i é%ntrol of

ransgeni c car ogenous ‘genes

promﬂééraf|shuseéape&ssag anhQUBtgb@gow§IdﬁwﬂxsqﬂWﬂnﬂdrest to

ave been used to
speed up screens, similar 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 examplé is the
transgenic: line expressing GFP in rod photoreceptors, by
placing the rod opsin promoter upstream of eGFP (Kenhedy 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
angiogenesis 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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nDdeI haenatop0|e3|s and Iynphoprollferatlve dlsorders
(WO 01/40273) 30 W99/ 42606 concerns a net hod of
screening an agent for an angi ogenesis activity or
WO 20@4051268at h activity or toxic activity, comPCT&iBg03/005239
adninistering the agent t® a teleost (e.g. zebraflsh
aka, Gant rerio or puffer fish), and WO

detECEéBﬂ/ 65 F265°PET &B2568 66%9@9*- snaléﬁé&tlpﬁg aagﬁegsaﬁ%s
actlvlle%lt he el %%Kedt”%'nc@En@gdéﬁﬂho%‘ﬁg%%y BGL ¥k ¥ QEt%xty '
ect on cell death activity or toxic activity in at
in at| égsstomoet tdssmeorroprggnnob it tbet edesst.5 W01/ 12667
descri bes use of a transgene to drive narker.
expression in the eye. The organism may be fish. It
WO01/30998stesciabieBguaet bENSgEREEsdBhEBEO( WRE R hbhrRa¥S
may be.a fish) by a method conprising introducing a
exPre@%ﬁ@PléncGﬁ§tﬁE@t f heeRpEaBsFEN™aY Ren@iRBr It Suggests
maklnéungEEEQgehchbi Bhy(gﬁigﬁtlkhgag 0 g?rggr IElSh) by a
hot or eceptive cell's or organ an | ec |ng
methodr anmgeneshy hytvbdualihy degeoticng tbashnnkérfon a

hot oreceptive, cel | .organ. , W01/51604 el | Xj i's
expre Ry R R B FoTPEEAG S F Dl Torie 187 BRBECE ERG as
marke® {HNPho8BRECEHLARcOREDYENEri BrgalOAnAlUFBNecfMhB or

(for which zebrafish are nentioned as a passing,
transgemeshat PraripeasiBi AeEoytingcehpsnankes éRpression is
photoP@Seg&E%QaEelit %sogggﬁosed to detect changes and

ta or ot her treatnent The aimis .

|dent|f|cat|on of 20 "interactor genes" that, when
e ecifical kill or reduce the, size
woo1/ {58 Pl SRRt oL iTs clorbrnia wbFRl BrokdiRganeyot bizer
genesVQ@@@|é§ Qbﬁﬁﬁ&kn@eﬁ@eoﬁhQﬁQSHng@ﬂ@eﬁﬁaﬁcﬁenoﬁw$£@
tissue.-For this reason they choSe the drosophila
animalpntd@ ¥ dilaich azelsat hsfarhaiertisned aheaopassina

hypotrgéf_vfc%l ugggglﬁfmfp A7 9@%@%&?&%?&31 Y Wen

oscop
lethal. It is proposed to detect,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 zensitizer
gene), by visuelly 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.

WO98/56302 discloses use of transgenic fish, including
zebrafish, and methods of crossing fish strains, including.
stralns with mutations, the aim being to 1dent1fy 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,




W98/ 56902 di scl oses use of transgenic fish, including
zebrafish, and nethods of crossing fish strains, _
including strains with nutations, the aimbeing to -
identify genes that 30 affect. expression of fish

: . -Scott C. Baraban ter A Castro and Herw o
zebrfIgh 1258 gt Bk LR S le Cupiiiit G rEQontRE¥he agent
(pent@dienlaett zetyiad | STz )Mumntish &Sf Bsodete 0bb epi-Feasyo

For induction of seizures, 6_ zebrafish |arvae were

undegggodbdero B ddftn trckeeh il syt zagentike behavior, as
| . | b1, d
- descrBBRLY pERTLTHPAE Grerieh WAk WOl BAA

42 :3pehavi.or Twad vedesniilied priaat oustyi dBapathatm et a¢izure-
,2001; .Epilepsia 42:3.Q17). Twelve fanlies. that '

IESlggPPnggb’ﬁag:ﬁW.?&rfuﬁéi-e)l}tése/%aénce nut ati ons were
identified. In contrast to the above di scl osures,

1n odihsclased heggei e ,particular methods which enable
" ca ??SE, gﬁcﬁﬂgsgggé%ﬁ%iéﬁ%ﬂéhr%%i besﬁgg e@? ?Eﬁéﬂtﬁ§e
partipuaawi dethads etlyiaf esidhiat iorfsisthy sdichcav¥er zebrafish,

her apeutics. rel evant to _human di sease. Al so. .
to phGEBRCHEEESL LR QYA 4 i e 3% st e rb @R stand
discdieeaskerapeet 1d¢Ng-dRMIOAS tehihelhaar @iRehsen! ¥1so
underl ying di sease, but are

. ;egrssentative of the > ‘ ,
discaPetCpdrti tiitar i amerdBidicty Gdecarn waggtguept disease
mode $C§ 88 Mh&Ehodiwhidd QWe bt ¥l vt Qebhesehdepiidi SAL {00

of a human therapeutic. The diSclosed nethods are
undegvibhal 1iseaini daidl éreoadny eRraivalpely afendlbaster use
- r - r.an e
T TaI Ty o it ey SV Rcehr BPE 3 Fi s
identspbeat bn tdle d rerni cherbbeneéics Theoui detosedetdrotods

of screening f.or subst ance .or gene (ter . _herein
are g%??% £ It l%ﬂ%ﬁiea%Peépg 8gt9v§?§18£ye?£§§hs%ﬁs%ﬁ and
disosgéennd geney InRCLIfViekympl eef fieckpolifi &4 B N , 010F

activity or effect of a physiological function or
hereiihavi our, on a fish, the nethod conprising:

According to a first aspect of the invention, there is

provided a method of screening for a substance or gene (termed

herein “first gene”) that affects activity or effect of a
second gene, or activity or effect of a treatment, or activity -
or effect of a physiological function or behaviour, on a fish,
the method comprising: |

providing, as model fish for screening, (i} fish
transgehic for the second gene, wherein thersecond gené 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 éubject ﬁo
said treatment, wherein the treatment affects an aspéﬁt of

.behaviour'or physiology of the fish;




provi ding, as nodel fish for screening, (i) fish
transgenic for the second gene,. wherein the second
gene is under regulatory control of a specific
pronot er and expression of the second gene within the
fish affects an aspect of BehaV|our or physi ol ogy of
the fish, or (ii) fish subject to said treatnent,
wherein the treatnent affects an aspect of behavi our
ormphytﬁogogyidfmpﬁelﬂﬁﬂsh(in pmﬁvﬁdaupuﬁﬁtbdnﬁkﬁh or

' t rOVI tated.fish t,reati sai d nodel
ererb o, SR Ao RPEEL "ERBb S o Yty  SHP S KR oef i Sqvide
tregbepariByg;an aspect of behavi our or physiol ogy of -

mutated fish or treated fish with that aspect of
beREWPBHLNEr aNpATEEEL0GY @@hﬁﬁﬁﬂuﬁ|Qﬂ1HhYSﬁQkﬁgxcﬂf mutated

flshdSPtt%¥%§QM FULAL Gdi ] 410 LA ed: i 9% G - or

tere ehavi our or phyS|o conpare
Phy$lQhQGYhefem9deb fdshtmhyo&dkﬂsﬁxsum&mmmﬁytdﬁ# mutated fish

fect aclivi or _effec t.he second gene or
or §%“r‘%? y=or e‘r”rﬁ‘\ét @Fergaﬁ? awéfmor &hysgplogy compared
witﬁcmmméiyfﬁgha genetic difference between nodel fish
and mutated fish with such altered behaviour or
phylse Bty yt @ ol et £¥ yaat eists supswanceathaff edtfects

; _
wctSE1LY R ol SRR ICHE By Pl g oo

saldrmﬁﬁaxmémsh ofUKbYﬂﬁﬂénﬁLiblngaéeg%ﬁakﬁﬁtdh@f@@%nce
and the aspect o behavi our or

t i,
betsHh T R] ISl andat atefs Bhobr Vi bagaant pikered
behéﬂﬂ&&%ﬁof(bﬁﬁgié pﬁgsiagnﬁgkguk'f&%s%ogBﬂ%: ﬁgéi%ffects

aspect of i our or of “no
: actkﬂﬂﬂxxnrt&ffdmt Qﬁwtkmpwscngdsgennlbr Accavditggotro effect of
said conq; ect, there is provided a nethod of
Screen ?or an opti mum conbi nati on of two

Zg??%??gﬁaﬂmﬁwm%%téﬁﬁﬁﬁsﬁr ofr¥gehatgesshhahnafl fetlk1 flsh_
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
aspect of behaviour or physiology of model fish subject to the

two opposing stimuli.

According to a second aspect, there is provided a method
Cof screening for an optimum combination of two
substances, drugs, genes or drug fargets that affect activity
- or effect of a second‘gene; or activity or effect of a
treatment, or activity or effect of a physiological function
or behaviour, on a fish, the method comprising:

providing,.as model fish for screening, (i) fish

.transgenic for the second gene, wherein the second gene is




or effect of a second gene, or activity or effect of a
treatnent, or activity or effect of a physiol ogical
function or behaviour, on a fish, the nethod

conpri sing: providing, as del fish for screening,

(i) fish transgenic for t second gene, wherein the
second gene is 6b wunder regulatory control-of a
specific pronoter and expression of t he second gene

t t
undg$y3| %igb; €%§t%§gh§fa9 %§8§5% r§§? FogﬁdoexP59551on
of Hheatamwmd gdres erbthhe theafimhtaﬁféetBSaanaapaem of

behavi our hysi ol o of i sh; mut atln sa
behayiaur f%rpqnb?b%%xﬂegﬁupa?e Lhsnobi (hifwg s gns&& to
sai @Y tideal iigesaiq fREetcEhehentt Qfﬁe&€§t anS a@@b@@:%f
or two test substances to provide treated fish

behavi@yrardmhirs expegy of bedabishr or phyS|oIogy of .

At t fish w hat -
i n%&%vﬁguﬁ;ﬁgﬁ'phjéé% oggéh ? 5Yl |sﬁu€39§§de%SPoWlth two
mutauﬂaMHfandﬁnmrnﬁéﬁt§h¢|smldqmoaéﬁaffﬂhfw5hhmathest

b | tered behaV|our or hyS|oIog%%conpared wi t h node
SUbSHALTe OerdfRy $¥3GCT ondi EPT o7 oF Tedbed fish:

3@%&3@&%@@ rgré!%%c@%‘@%&{a'@f&@r t&F 9ot 951 Habaf Efcﬁlﬁtated .

activity or effect of the. second gene or activit
fishepfretregfteshifd shy esitttenthat oasgp@yt |@téri1>eahiwngua or

c ffe ng etween nut at e .
-phy<JBIRbY o BEE Tl D el oo ot TPRGS %) By pGfated rish
or tn:damauf Yiahf wl&-.th mr@ﬁm/whéwddteroﬁméimo@{;f 8&hpared
ctivity or effect of the second gene or activity or

Wlthe@P@@% &f-shsaid treatnent. 'According to a third

a%H@SEEzb REr § de$ tRIQY ag%nﬁaﬂ%% e GeS eéﬁ%é‘t%ﬁcd%s, |

whet her Yt wo or nore ‘subsi ances genes or
drugﬁargensstbatdah@emmngﬁtauﬂbatwaﬁféaﬂﬁ aftiwaisgcondeffect

: or activity or effect of { r eat ,. or
of tggt POFPPdogeae %t Cf%n‘ﬁ’r n-fpatment,

or, B?hﬂﬁéﬁﬁﬁfylng a genetlc dlfference 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.

"According to a third aspect, there is provided a method of
determining whether two or more substances,
_ drugs, genes or drug targets that affect act1v1ty or effect of
a second gene, or activity or effect of a treatment, or
activity or effect of a physiological function or behaviour,
- on a fish;, have an additive or synergistic éffect when present
simultaneously, the method comprising:

providing, as model fish for screening, (i) fish

transgenic for the second gene, wherein the second gene is




on a fish; have an additive or synergistic effect when

present sinultaneously, the nmethod conpri sing:

provi ding, as nodel fish for screening, (i) fish

transgenic for the second gene, wherei n the second

gene is 6¢c under regul atofy control of a specific

pronoter and expression of the second gene within the

fish affects an aspect of behaviour or physiol ogy of

the fish, or (ii) fish subject to said treatnent,
undame:re@iudatﬂﬂ:e:yt rcenttrreﬁt cﬁf faecst;seca]rfzacs pecdneter behdveopression

physi o] o of t tating said nodel fish to
o\ﬂe&é’%%@d i t?’r? d{% ftge?/(i)tsmﬁ%t?%%c%n‘aﬁ or
behalvieali B wyelm@ﬁjy fdsh e tf_’ls‘h Lest (SUPSEANCesH4MP o

test substances to provide treat'ed fish; conparlng an
saldggpeetnen thedsnaim d:heplw:e]adflmgw sfffatis eth 4$méchbrof
e [ that e behavi our or
behagﬁgg&o%ogy%&#qoﬁkﬂy1° %F %%F r to identify any
rmm@ednfgl sl i domddegatrad hf iteh pdvi i tarietk HEheViWUFith one

or p ¥S|ology conpared w.th nodel fish; wherein
or t¥enf P§6ﬁn|ssaﬁﬁlg O1h &RedH 1% Haiic AW JFLFhtvak o test

subs@ﬁgégr Eeﬁhos%g§ka@%%§ta§ b%'%%@gr vl ﬂféated fish;
nbi nation; thereb etermn et _
cgnmpaa&ngnaufa@pecaroﬁmbehawhsmancasphyampiogyﬂnﬁsmutated
" e drug. targets th act|V|t ffect of the
" £1sn RO EEROEH° 1B LALEE R Bt s e A S
phys2pubgy @Eemﬁﬂelmﬁlgﬁnﬁh'BrQEEf%bE&@%%ﬂﬁﬁyMﬁﬁy'Hﬂ%ated fish
fish and nutated fish with such altered behavi our or

or tﬁﬁ?§?@!§g§hhyét§naé&dedVQEbﬁvep@er@nnphyaﬁqugy compared
withA&SEEg'%?shQ %h Q) 5}@ §£55 there |%? &&%£ded a
|dent| ying a-“su %h es rug, gen

appldbaglbargétmhhatlbassemﬁﬁmr(ﬁdﬁﬁWMdb%Kkﬁdﬁsﬂiﬁw@v1dually
fect or.side effect of a second substance, drug,

and @Bn@oﬂplﬂﬁﬁéoparget the rmethod conprising:
PER¥LEHDIt 28 FRARA nE'%%e&%%rs%r%%mﬂﬁﬁaﬂfanfdfﬂbne or two

substances, drugs, genes or drug targets that affects activity

or effect of the second gene or activity or effect of said
‘treatmentf and/or one or two genetic differences between model
fish and mutated fish with such altered behaviour or

physiology has.an additive or synergistic effect.

According to a fourth aspect, there is provided 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




transgenic for the second gene, wherein the second
gene is wunder regulatory control of a specific
pronoter and expression of the second gene within the
fish affects an aspect of %d behavi our or physi ol ogy
of the. fish; or (ii) fish gubject to said treatnent
with said second substance, wherein the treatnent

af fects an aspect of behaviour or physiology of the

beHd | l.,fish to provjd tated fjsh
ﬁﬂbogggh?ghﬂ%%%é_gg1§gfo Hor A edttiIng 3t FHBtRFE to
saifd ilxewtmtemorlm srie stamrtdestubslteswcsﬁtéz%gﬁr ige
tretreat d f .. _conparing an aspect of behavi our or

SEnS: e&ﬁsnapapggecﬁ,gﬁ behevdanad o shyweidladiatof the

flsaspect of behavi our or physiol ogy of-nodel fish in-
order to identify any nutated fish or treated fish

: mrFﬁtaFﬁégeéaeéhm@ﬁ@&rfoﬁhphpspmbogﬁeommmam@@ A with one
I i,son i s optionally made
or B b Lo R O PR iR Ae L RPER L 48 With one or

bet ween app I'ca
morsubsbahess sndsvaduak! Yo pREvipeCepBhRali e9spt.her eby
to_deterpm ne whether a substance, drug,.gene or drug

t af g8y At RECRR %EP?GFt9fo?6B@?e@Pro©rtnéyeeeépdy of mutated
£1sBUBS BPE&E el Hfish URNEn OFnGE UQ%;%%EQ% BORLEDY,.2
?e% ol -

substance that |essens said erw se
p Y%%?%QQYo@fsm@ﬁﬁbffE@m is ord@nttélEden@uﬁgr&hyuhatbted fish

Ppar seI u targets or
or ¢ ‘afgé %%r po sr q%b T QT JRR¥SEphgIYheompared

conpoun
with jdeelgl mea«mr@tﬁ Qfd tdsn dise@@? e
3 t.ha us&ga assessnengm§$rMMet her %éﬁgify &QBQ 5etween
PPt HER RS mrd/an Gest \aubsibiecen bedabieually

and tiy @eMBidAt®4;ne potential therapeutic effect at.
the earliest opportunrty and rank this agai nst other

c dhgirgdve tz;mqmmtstmdmesurgm % AHtdese COPOUNESe or

effect to trans ate

th h
drugtart G re A tidaRy B Alfectapd o s EmGor o

nto-a
subsﬁamcéurﬁh®@ gene or drug target whereby a substance that

lessens said otherw1se deleterlous effect or 31de effect is

1dent1f1ed

.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 wmth
the degree of power which will subsequently be run can then

be selected for further development.




devel opnent. Equally, only those conpounds or. targets
wth a |arge enough effect to be detected in the
clinical trial with the degree of power which wll
subsequently be run can then be selected for further

Disc Hesred dprreritn dke Biesolsosegeherebnlayef fBANSuch as
use in

ecifigcally fi,sh_such zebrafish, for
zebrk %ﬂdégo IgcreehFﬁ ﬁpgp 2hd SFEERELPYI AYE a®%Ene whi ch,
ldenWWﬁWRmmtatgdneaWhecB,thbeaCMMtatydoraléﬂtecth@fa@tlvaty or
di sease gene_and thus_a.disease phenotype, A
eEfel Fhadr L GERES o<l ST ntRUE O IAFPECFSPRERPIIRS or A
secortddBftg@he af PRhIBKYnELSERSH HEMEckS hetiwdt@nor effect of
"interactor"” gene and if it reduces activity or

2 prigmgptidbieasproere yigebrrredt apmddngerastppr egepe and if
I S t C r

e =880 et iyl 0y 5progeti Y BLARGISCIRSL 2o PR o

“SupﬂﬁﬂﬂﬁanrgQMMJngfsﬂppiﬁsseasandaenmamterogeaﬁfect of a

. re resent tar ets r dr‘ s, to treat the eas
primagy (qeng it o (nttett’ Gehe. s IpEERaCteR

gened, h&.tndlhﬁ:hlr[ﬁ %f@éﬁ@ésé]ﬁf‘%ﬁ@k@l@an@éftg@ﬁeép ﬂ@ﬁf@@@h@d
pat hway, but will still be identified in such

targegc,sr dOF Jxdag itohdirept d@@r@g@e@@mhl @abth@l%@raﬁ@vantage
of J.n‘%'e&actg:% érDee'J ]{)@é}%ﬁ dﬁll{ughg\’hi epé?ggrt«geﬁgema bé
protein COd &: e |n erac gene, nay

part Mvana zmempew‘tedaqrm:fhvmw raf i exzil:bnsidilslea}se identified in
ot her fjsh such

p eno addltl n to zebrafish,
such o SERel o diipnaliduaias G gp SRmTRR G Biad €O and
antag@ﬁ&@;@blﬁletﬁc mRgAH At IO g tal 90 pballk SEYAYne aﬁf‘ot‘éfm

in aspects and embodi nents as di scl osed herein.

encodgis blvoduee Wid & dyrer dadt € rRofert oganes geat sharel & - s:.mllar
reenlng for a substance

I Eats Wt h nethod of
benergggggne Ct‘a fg (ﬂpQ?q HYi€effect of a second

gene (e.qg. expreSS|on or function of a gene or
encoded protein), or activity or effect of a

In adtj?-EéPﬁeﬁP Z@Hr@éﬁaﬁhuo@(ch@rr g AWy asoffugy s Fpldfhdsh,
medakABLHAAGQRRN L8R are” amenable to manipulation, mutation

and study, and use in aspects and embodiments as disclosed

herein.

The disclosure is cOncerned in various aspects and
embodiments with a method of screening for a substance 6r gene
that affects dctivity or effect of a seeond-gene (e.g.
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 prov1de

treated fish;




providing fish transgenic for the second gene or
subject to said treatnent, as nodel fish for
screening; nmutating said el fish to provide nutated
fish or treating said nodel fish with a-test

Suhsitcand bR Oviser bee hygisnég'y 5f RONRAEINFish or
behavi our or phyS|oIogy of mutated fish or treated
tregtath figh wideimedeh Fhshrderorgerdent FApNEAY ymarat aptated
o t i i r haVi.o .
rian o S el gl A1 BLBROBUOME Biysscncoy
- comgpagent iitia sieddl sfthsii ance that affects activity or

ef fect of thewfecon gene or activity or. effect of
sdifriateatfentde ity ?dE%?Ff?PH@F%né%nEPPE aifesience
.actilé)eltt‘ﬁﬁ%}: Jdwdlel e fd§_htl?é‘ds@&'éﬁ‘&e&eﬁésar%59i§ﬂtﬁﬁa§ﬂ %rf%ct of

ehavi our or physiology to identify a gene
saidaffrectignentt,i iz yoywriddtecfying shgenetonddgyéhiersnce between

Lvi ff . sai d. - _The | i
noadhy i 5ot afiralite s SToRuth ENTE prber aE b IPENRE o

physiedidgycald Arenaicydey ey Opaerhst 04 £ S&l6hs aaseihedy Bhusffect
for exanple in one aspect disclosed herein is a nethod

of the secedst FFTFoOLs ARt T gehkeet erfred her Erfatment -
"first gene") that affects activity or effect of a 7
second gene, or activity or effect of a treatnent, on

The anfveshkiont he wetthohs agpesin@ngrevbaiigents podetides
fish far. screening, (j).fish transgepic for_the
varighdoRed S iR Tt 3 S, Metmoa.
regul atory control of a specific pronoter and
“expression of the second gene within the fish affects
Thus gnf @B pegamife BeloRd awPest physilosegyhereihel §i ahmephpod
of s¢hidpiiS il doe 331 dotbeqtappby wherein the
treatnment affects an aspect of behavi our or
herephy8ifdlragy gehet’'lhe thiatha fidais ngeisiat ik yostel ef£febtt of a
rovide nutated fi sh or treating said nodel fish with,
SecogdtggPesu8§t3ﬁEéVF ybﬂﬁﬂqﬁ;ect of a treatment, on a fish,

the method comprising:

providing, as model fish for scfeening, (i) fish
transgenic for the second gene, wherein the second gene is
under regulatory control of a specific pfomoter and expressioﬁ
.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 ox
treating said model fish with a test substance to provide
treated fish; _

comparihg an aspect of behaviour or physioldgy of mutated
fish or treated fish with that of model fish in order to
identify any mutated fish ox treatéd fish with altered

behaviour or physiology compared with model fish;
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treated fish conmparing an aspect of behaV|our or

physi ol ogy of mutated fish or treated fish with that

of nodel fish in order to identify any nutated fish
WOgpo40pRe5 ed fish with altered behaviour or pREsiGE2OBY05239

conpared with nodel fish; 2D 2004/ 051265

PCT/ GB2003/ 005239 9 thereby to identify a test

sibetghde tPnateatidst & testi vhbytences toet off fekds

g t iyt r.eff i.d.treat t
e Sene y Pag L ogusterd gFfp Ph st M Rakl i Radere of
Saldftshaamdnnutatedbyl&ﬂewtuﬁysughaabéﬁéedc5dﬁ&&@%bﬂ@é or
SIO|0 9y to identify a first gene that affects

bEtwgg oFl§Pf8 5 ﬁ@dsg&@ﬁd“@EHeSHFhaéﬂﬁﬁFﬁﬁ or
beha@ﬁ%@%t O@f ph§8i8ibheatae @Heng‘?fyogakh¥sts Hehed tﬁ'é'i:hgféfects

further conprises. screening for and O preferably
activdmt PEyER§eeE @Etébﬁlﬁgcandhgﬁncabrthatlvmtgrawtsffect of

sald“kEQa?HSnPrOte'” encoded by the wild-type first gene,
e.g. tor "use as a therapeutic in the treatnent of

human di sease. A specific pronoter may be used, and a

.Optiéﬁgiific ﬁronnter #s 15 generally tissue- speC|f|c

Y i AUcRi 81 BebhodefupEReE| GPBOT ASCHr BFEPPBANG for and
EREOPDY el déht PrEihbeodi t .
pre recgg$tulatedf§ﬁhglg? §S§%§H?+§m§ngﬂeﬁfcgﬁbggaﬁeﬁ?teraCts
withsthpsprateimeencededi by pheceilldetype béicatrgedepue.g. for
I - £X ssion he di sease_in entirety under
nse egg%ﬁ P @% l?t%nngﬁﬁr%fe§%W?HBn%§e?um%E aéE%??%ed
Wi th previously disclosed prior art, nmay not permt

t hese subseq@ent steps to be perforned and, in those
A SPESt F.rOhi BB 29RY: &mwmﬁtﬁp$@¢fb¢nﬁ@om@h%y is

geneF@Y1y Nofs Afd ey é@fffguéH§Wﬁ€ 1§&Uéiﬁﬂét8 ﬁgﬁ3%£¥s§1ble A

t herapeutic relevant to the treatnent
prefwmwowtammw@ e pﬂmmim smytds)etas elsponsi ve to -

| £ that can be
reca@%@g&ess’e t‘ﬂ/néo LFpJo‘ﬁo"i”er% %%e‘_l‘r‘%‘b? eSEERS in
the ddn:eisﬁfliﬁag)rpﬁfdifd’&ﬁréswcﬁé Srdhed Rhesei1i Ve i Ofbression
of the disease in entirety under the control of its natural
promoter, as described with previously discloéed 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
relevaﬁt.to,the treatment of human disease. An inducible
promoter may be responsive to aﬂ applied stimulus, while a
promoter that éan 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 physioclogy 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. Inﬂvarioué preferred
embodiments of the invention, the specific promoter is

selected from the group consisting of nicotinic acetylcholine
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the specific.”'pronoter' may not be eye-specific in the
fish and/or the behaviour or physiology of the fish
that is 30 conmpared may not be vision, although in

WO 18pect s and enbodi nents eye- speci fic cBGREBUNYMS239
may be enpl oyed and/ or asbessnment and conpari son of
vision. In various preferred enbodlqgnts of the.

recePﬁ?énPPBﬁ3rtHGOQBQ§PPVCF5ﬂ6WD$§FaF§ eligdieda - Jmpend !

on hng [ olj
cytoRe2uR1 AR Q0 B ARIFR T8 sRe LIk HRO dcha . apjdic
rlbosemabtphobphasrothodoﬁﬁhnBeﬁblbctﬁanaﬁdxif|xﬂsu11n, alphal

t oker a creatlne Ki na h
MR Doy v L D L TR
alphagt bBysE’Ql'liLn' n% rbB4nal B ?ﬂ'rox qatélel,ndd;faam@cn n,

hosphodles er ase, rn3c, al phaB
decaébygvgmsian tyypssnasehy GA3RyRagad @é\aé%mln@romoters
ak ho e a a

risoEERLRONKL 852, DUERSIRSEn:CHER RpAEATAZL spcpyce, but
are ampressedichebude,: hetrocase sBabseést Kfchedirtors (including

neur ons, subsets of neur |nclud|n - not or
motopoliPORghsT coRPURERESLar OEnEnet Sastody SHaet. 6 - 910
photQPQEQﬁ€8§9t0i§n3|eaﬁnggﬁaﬂ|b@@l%?"&hscﬁ%50| onents of

conponent s of t he au itory system the skin, the sw m
the ppddtiery shetpanctéassklnhethaeﬁﬁnmp@étaﬁ@legystt@m pancreas,

L

the éégééﬁa ur an%yﬁk hzg 58@@% % e?é%é% PeR a%%@SEtlc
subtgpéeadytbeeﬁashowatt;@edlahac_thexnéas:sl.on to specific

cell types in zebrafish include: Neuronal cells:

nicotinic acetylcholine -receptor beta3 (nAChRbeta3)

Prom@f@f@tﬁﬁléﬁoﬁHQEaalEQQa BQeEhQBQQEC%Bt@ﬁ%ec%h%qgQ%bglon

promoter [ Perkins, vessel s:

to Sp?@hﬁl@rC?LhmsmnesZQGZFGbZEfSEhamnﬁ&adeepltheI|um
keratin8 pronoter [Gong, 2002]. Motor .neurons:
islet-i pronoter [Higashijim, 2000].

Neuronal cells: nicotinic acetylcholine receptor beta3

{(nAChRbeta3) promoter [Tokuoka, 2002}

Photoreceptors: rhodopsin promoter [Perkins, 2002].
Blood vessels: Flil promoter [Lawson, 2002].
Stﬁatified epithelium: keratin8 promoter [Gong, 2002].
Motor'neurons: islet-1 promoter [Higashijimg, 20007 .
Skin: Type II cytokeratin promoter [Ju, l§99].

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

actin promoter [Higashijima, 1997].

L
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Skin: Type Il cytokeratin pronoter [Ju, 1999]. 30
Muscl e: Muscl e creatine kinase pronoter [Ju, 1999];
Al pha actin pronoter [Higashijim, 1997]. WO
WO 3948719563265 PCT/ GB2003/ 005239 11 General exBEBGH2013/005239
aci di ¢ ribosonal phosphopﬂételn PO (arp) gene [Ju,

Beta.actin pronote Shljl , 1997].. :
cenehincFiREESBABR  n AR R LhoBrEas: Bre SioPERGRLn Pgodarp)
geneHpang, 1959?90életal\l%rc9_ﬁabrehe%@ t[@&%asﬂlehara t qf@@hljn

pr onot er [ Gol dman,- 20011; GATA-2 pronoter
1997]. 10 Haenat opoetic ceIIs GATA-1 pronnter [Long

oanciBEE; A, opdOO8h T LRED SRASLAT LSRR,

2001ibehaviiour or physiol ogy that Is to be deternrned for
nodel and nutated and/or treated fish is gradable,
i.e. can be quantitated. In sone preferred
eur@ﬂ@?dp98§&§lt5§¥elaQEh§K'EuBh Qﬁn%§BhQQ S G%Qdman 2001} ;
determned for fish, and can npareg as bet weeh.
GATAndderompter AMengut 408@1and/ or treated fi'sh. Zebrafish
adapt their skin colour to the anbient |ight
intensity by varying their concentrati-on and
Haemalt spsé bl | ©81 08 : MeEADANL pRoAcHaFK [1.6AYI, I 9B0RAt Meng,
| ani n granul es becone w dely distributed mﬁthin'%S
1999ﬂglanophores, st ar - shaped bl ack pignent cells, thus
causing the fish to | ook blacker. In contrast, in a
light environnment the nel anosones aggregate. The
Lens staiphai doystalsindbpoatéon 182pknds on a
retino-hypot hal am ¢ projection,.the hypothal anus then
i nducing pituitary secretion of either a hornone
In poatst el &ﬂomim@ﬁﬂsﬂg@neg@épja@et Oéfosehgayeﬁfgofrel anin.
disp ersal [ Gdent hal , . 1996] . creatin ysfuncti on.
Physléblézﬂ&fu T yignta b%o%%%mn%@ f%rsmegehmyd Butated

and/éﬁ”ﬂ%&ﬂhé&“&f@ﬂefé'&fﬁdable, i.e. can be guantitated.

In some preferred embodiments, level of skin.pigmentetion,is
determined for fisﬁ, 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 wvarying their
concentration and distribution of melanin. In a dark-
environment melanin granules become widely distributed within
melanophores, star-shaped black pigment cells, thus causiné
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




10

15

20

25

30

expression of a'disease-causing gene, it is possible

to get a very easy and rapid read-out of the |level of
wo ZﬁSf unctl on WD 2004/ 051265 PCTI GB2003/ 005239 12

t

M 485anal ysis of pignentation. For exanpl £CHGB2003/005239

expressing- the disease-calfsing gene in that subset of

gly I tt
e S B SR S e e e B (! Fosing
the pdsealleedamsindelgaraurionalhst: dagenear atff amaridl ide cells
Whid%Psenqe of any generalised neuronal dysfunctlon and

PROURE T d0d-th® TP itgiatus ith Bsdigdte the background.
adapﬁlattgb@latr'e\é%o\ﬁ'set h%ﬁ’@é“ﬂ%ﬁge W@Mlc%l%t%?al

confined to the épithell s, again wt
degenggdtden dh mhgwarhmm offl eyl gealetrhdugredbtrtmrronal

aysRGETR aR WitRor o I 6 EHeReRC A hageL

Alteah&mb@lyusme b&t&i&c@ﬂcﬁl@x@t“eﬁsé hatulextnte@ffined to
gnentation is used as the_ read-out, this may be

the &E&ﬁpﬁ@&@édCﬁ}l@onﬁﬂﬁﬂﬂgwﬂﬁé festedd st ©Ff Widmentation

leveM | d1kWRGH %lﬁhe@] 3" anyl gs 'aé r%egﬂqu Jd @4 ?eﬁfﬁnﬁa%sz.on of

mél ani n granul es or nel anésones, ed W
a floelrasophtr esrkalrserilhliinghtie Elpus:hkm)luam wealisd inEgy tdleso be
fish wwth [|ight of standard intensity and then - -
usedmeasuring the amount of light transmtted through to
the far, side of the fish 20 container, a difference
in Ilght absorption and therefore- plgnentatlon | evel

In thaychecumséenes Eéﬁﬁeéﬁtﬁ@§tOén@hﬁmﬂﬂhﬂtlQHsﬂﬁ yked as the

weadsebhsdckot o, WML b e LER IO <1

w;thabsambdﬁtgpeoflshnppégmentagwannabstr&npbammicdmmssﬂhh
1 utonatabi 5 throu%hput and gr.adabl e, thus
me 28 odF AGY ﬁﬁIPrdFF BRERORE Si n COPLGABREAIIEA o be

melaflepg6i-6d, ghbérbslhﬁﬁﬁrt§ﬁhsa§ytEQluﬁHBQE@%@'@%é”flsh with

enhancement of a di Sease may bé slight. The™ s
lighthef dsthedendelnhansésy aeddgh@ct@eaanQ1nnet@mmamaunt of

Light E-2ABHPELQh EhBuLRRED LRedgheCk LI 8¢ Lhe greqter
container, a difference in light absorption and therefore
pigmentation level may be detected between test and control
fish. A svitable 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 can be 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 énd_
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30 chance of identifying an interactor or chem ca
which is altering the baseline phenotype. |In other
referred enbodi nents, auditory function is
WO #8513 %ed, and can be conpared as between nBEBIGBRASN05239
and WD 2004/ 051265 PCT/ GB3#03/ 005239 13

or tr when conbi . ne

muea e G A LR || e e PE ] B et e B PR O e

othe £NargSs, | thiHasEl bWs FoHr aabi88:1 bk opghows 1 f ashhfges in
Fish exhibit an acoustic startle in which a sudden

basehirg tot y2 stighl mrrptsgl@wét Baskiony Biohienhibibnadry
acouflé SeLiere fh LHIGH 2L 0GLR afalL8gy Obe G ELITL
nerve. rel ated Vb atory reflex urtrng from a
detesm@ﬂdmyV¢t6Iﬂﬁwm@Jséﬁé@ﬂ&Uﬁa1tSa@Eﬂ$atfﬂ thhn oughdibe to
eral line. These stinmuli_then activate Maut hner

flrl%%l?@ Ththi 2HIhh BRFTR ack | VRl aEeRdt GHOFRLPBRsTE Fhex

resuii?ﬁvdy Leddin 10 SMSEdS @ﬂ?ﬁé@f&ﬁgf’sﬂ’ﬂm@f@&edeVmédlated
l'exive swm A sharp tap to the side of "a contarl ner

thrOLb;fh ttHee fisteral glize . PRiese d$‘simulmytlb@1 usedivatel Hantliner

h 1ot tie res onse, di S
cel Ly SRR S LGP R bl AR M R e TR ERe 4
muscXy ettefi e hst aékﬁﬁdémiédtw §Iﬂ@fpéxiﬁ€ swhht ai ner,
e.g. Petri dish, or other consistently repeatable
mechani cal stinulus. Sound npy be applied by neans of
A sh&) w%'%étém £ cgon@%iﬂ)éﬁg SPeAKEr£1 EQI o
exanple, speaker e attached to a
Petricohitsdi narayofbe hesdd stn elﬂg::lit othamtmtb@sneemosmle &
di.sh, .and .a noi se ed. t.hro t he

audi oy ftiabents aith & i SR FeEl sy b A abbe

we:.gntn TEBHE N i r el @ i et el ey hee Mhie® bt Pde | 6iF OEKler
quantitate changes in novenent anplitude the

cont%ld}%\mehgs 25 it h%l}pbeorpe?f%f&wn#w%%%aaﬁ%e%%we

‘mechAPREA! Ss & l@b%d‘fﬁdﬂrﬁ‘a&?]‘bé Z%ﬂféc?r}s | QS T 9P 4]

Di stance that a wel alner such as
acoustidPatiriimudish rm.yg.bea al et eshealtdih. arﬁ'cmbsexamdle, a loud.
spea%égwﬁgyﬂﬁ% attached to a container of the fish, 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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30 height for a response in acontrol situation
conpared wth that in a test situation. WO

. 051265 PCT/ GB2003/ 005239 14 2. Anplitude of a.

W"é@%ﬁp ayed through a | ougfpeaker may be gr¥dt4Braps3/005239

changed to determ ne a thréshold to observe-a
r ' t : I §uat i :

2 el B8 o B o AT ne ey may e
quaniduzdtled dyangedrut nik itdin1es ponsier ©sh el €O calves Bve a
and then neasuring the distance noved foll ow ng the
stEPRYSE Bt dthie ot and itsey shyuaeton-
accurately measured by 10 determ ning the degree of
fluorescence in enbryos which have been injected with

3 428wl idflude % Wecwlaiaemafi eisll wedkd r sawaminbt boul may be
Probes). .at_t to .4 cell ,stage (Nicolson). IS
ZaReT R Fead By ohirelig 1 S ARt Thart 111G rgamera and
Sitendine 20 Mg Y HEE REI MR d IR S FEYL R By bendiSei mulus .

. » A norphol ogi cal 15 assessnent of the integrity of the
hair cells is also possible wusing a ' :

: u s$eei - phal) Qidis N Mo eoil

B D Thr TR o aon Y KT BT ey MiStured by

determiensigt \heetdsepreec arft rfdlucared deaste fishembrwisrivlatch have

. assessnent aof .the ur sts is also, possible, should
been; 13 AL ERs A T bAS 0T 50 B B 6ot Gl IR} Xt ran
(Mo1BEUN AR SE BRAINGRATIHRN. 1. td) 4 e ICant gPARBR o BIGM NI Nbhis

(Mol ecul ar Probes) would be appropriate. Vision may be
actscafpar adanitd tedriien awirdie twictth newer ava roret Leide + | Dl Lar
actigrﬁgg%%is'i%i\e%r h%%%e%%P%%&igg%%%@%éﬁtﬁ ﬁ%ﬁ%ﬁ&oﬁcu |

ent. I nventi on as discC erein. ere

assebehantouf &hd/ dntelaydtel ofi ddle nesponseElls iseizle®@,possible

. especially if seizure i.nduce by pentyl enetetrazaqle,
usingrs. %éﬁar%_g&é&-a o Tetoh st _ Lagi e hFopes) ,
folleﬁéﬂpb?yﬁdcb&p%&ﬁ%@hs0%0éﬂ%%d%ﬁ%&“dﬁﬂ“fﬁdﬁrégﬁéncé
X present. invention in conbination wth -one or nore
intepgdtyi briweksacendsods agids Hegdefilmdrein. s lar assessment

of tﬁgoéé8§$%§§thIécggggséggg%%%e, should the disgase process

be -engineered to lead to neuromast degeneration. In this case

DAPSEI staining (Molecular Probes) would be appropriate.
Vislon 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/ox physioclogical 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 present invention in combination with -

one or more additional features as disclosed herein.
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15 Pil ocarpine, kainic acid or high dose penicillin
are exanples of proconvul sants that nay be used in
aspects and enbodi nents of the present invention. 5
WO IMEPH25 treat ment is applied to fish initialRGI/6B2003/005239
affect an aspect of beha¥® our or physiol ogy and o
. rovide del,fish, that = can then be supject to :
Pllo'ﬁﬁf%f?%n"?islw%ﬁ% M e FFQFR PenLThl bER 3% examples
of pib8ShIAUsIhED ehdeShapubstancs 19 pLovide ézs&aéﬁgo%ments
fish, in certain enbodinents the treatnment 1s not by

of the pEpseratimvespiety of pentylenetetrazol e, PTZ. The
present invention provides in various aspects and

enbodi nments for applying to or exposing fish such as -

Whergedriafé stinet® Isvampposd ngo Stidhll ini ThuBlL @lt OWSEFE: an
i ncreased 15 sensitivity and gradability of an assay

aspech L) PRRVIVHS | Hy Phappkalegy strd IPERTES amdsl jfilsh that
1S G I&Hﬂgﬁi tl d | ect.ed
can for g(%en% ro(r:n%any co %aﬁ?ﬁ%idﬂ%ﬁﬁ £ or
subj et g dt femt; ireptainot ar tstdimsubs tenperiad i videtihssated
. . With discrete changes .or t enper.at ure gradient, food,
£180 )0 R GG G (g SHATHC R W Bbdi ¢ ve

applichefiicial Sole B GRin AV it idi &8s wigct ri ¢ -shock
and a threatening shape. As a preferred enbodi nent,

zebrafish are habituated to an 25 additi ve subst ance,

The ﬁ%ﬁhﬂﬁm&% | GO RG qHY S "8 D& Qg S he g
addition of the substance to fish water, e.g. Tor a
embodiardrdcss fofr Jippdayisg lhef are e snateertiish tsheth reeplatechfish
ith fresh ter. . The_natural response i s one of
to tulf, GHRSTEY SEdr inor S0P AT VO S Rhce,
sensifigi thuEmMegRidestiiney Bre di sy lanoW13Q¢wiWiBasing .
preferentially towards a focal source of the addictive.
aparts offs saRde, Fre8cesppNi & SPPNGEg ¥ cadpingly -t Opmes ioed -
stimu@h WS bet 32K ORROS| fie! iet] 8% of

' e.g. %ésgége 5 gl%%% g%%@h%%qgﬁé rip s% n t%ggig eOf '
lightofsttimeleptiompt optoespors &t imaltie Mendieuse ugeadiv@Ric hetr -

, n _aversive stimulus, and stren%th ,
with discCréte changes or 2 temperatute gradient, food,
aversive chemicals or drugs, attractive or additive chemicals,
physical aversion such as electric shock and a threatening. -

shape.

As a préferred embodiment, zebrafish are habituated to an
additive substance, which ﬁay 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 fresﬁ water.
The natural response is one of desire to receive more of the -
additive substance, e.g. further nicotine. The fish will-nbw

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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WO 2004/ 051265 PCT/ GB2003/ 005239 16 of this opposing
stimulus may be altered. By adjusting the stinuli

i_ately, fish which are very addicted will still
woé%&%%s Rar ds” t he addi ctive substance such as B4TéeBIoH2005239
in the face of the opposnﬂsg stimulus. In contrast,
| hav ad their_ ad ctlv
of tfhlﬁ yﬁ AR “%“[elsusl O B° (BEer bsteé;g Aifysting the
stingdrietarpraigaaald1gn Widh nav die draweanaddionedtiell still

. addictive stinmuli. By adjusting the anplitude of this
SWlf%tti?é*}aréjﬁJf"F@’@r ﬂﬂw&cﬂt‘f%rﬁuwﬁ@e Iy AF trrﬂecqtlsme alimythe

o O Ea BE 10 7ol THb1 5" ST B dng 1mich have

had q:dmin:i Bawlwe:llyreammnby Iamealjfanfat‘d”eei a&ptecrrefswlt of a test
dlnent a sour e of the ad, |ct|ve subst ance such
sub%i@

oot BETFEY D& ahHR i QoY & Srar dRgnfron
the QBthleba%%lmﬂrﬂqlﬁyﬁéﬂjdé%fﬁﬁ”ﬂﬁé“ﬂﬂ%ﬁﬁﬂhdé“@ftiﬁﬁs

tenperature which they are prepared to swminto in
othegy gounterr-eddwacid on dandiand S o olnase ther didesaway from

the %giglli %E%egrgq.ﬂ@%%sas%%ssggqenog éqeﬂl{e tagﬁg.cec%.oq{ can be

ction Sé mean oget er-w

relisbiggeresies outched calarftinea vedenes sasstall UgSh rmyfd:zﬁ:her
nU%}D8 which alter the addiction response, highly

SPeciEils BBPEBENEne o FERREO o e G e s f e such

as nmb%ma &ngb&eeoa%aa@lﬁqqpll%ean%xd%%s %tolcmrydw the
[imt the scope of such a technique. The present

tanki.nférhi pheifarcért aivvids pedids aaad témtsodnheeruempqmaﬁumsvhlch

thes| S¢S ELERULIA Lar 200 RLSLOTabLY SO LU0 94 2%, corine

sourcenbinatﬂee amnhbc&&ﬁtﬁe@I&@b&ﬂ&ﬂ@%se@@mEQE.iﬁiaﬂﬁhﬂg
d for d greferablﬁ |dent|fy| ng- or obt ai ni ng two or
egrﬁﬁr@ ﬁﬁ tghees -t Rt *h6get Meanspr bpugehed additive or

muta§¥ReE9EShbiCcROAPERR! kRl | RictRls shan F'?S g}gi

erived fromsynergistic continations o
idenpifindi whithoasyerehen agdddotdanc e‘espbnlset,halgpﬂ@sent

deslkggfgtfgr QﬂlO%Beagmengeg%lgh%ghl%@u%fagglctlon. This is

given as an example and does not imply any limit the scope of

such a technigue.

The present iavention in certain aspecfs and embodiments
provides -for screening for and preferably identifying or
obtaining a substance fhat_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,




synergi stic conbi nati ons. WO 2004/ 051265
PCT/ GB2003/ 005239 17 Thus, in certain enbodi nents the
i nvention conprises generation of a nodel fish, as
WO H10487136%2d, treating nodel fish with two or REFEB2003/005239
subst ances, at |east one &f which is a test
supst ance,, and conparing the effect, of the two or nore

Thus, 5lIy (st e TP EORBR hat Tl 1A H® SFHPERREDus| y

geneﬁtl&?%@rg ildyn appli ed)g Oc‘i‘léélmﬁtﬁa’gﬂﬂévrh@&él Of ish
physiology wth the effect of either or both of th

with tiwo orr moree substamces, wienleppt it i odiwhilchal 1y @rtest

al one. Either all bot tances applied
subs §iPS, Anddartirtid g e P B i ag TR s EE
subs IS ANGE T diA et B teh & 4 ndladehoubEped ci al

effect in the disease that is the subject of the

seqwﬁiepeallsbramlwastorarﬁrefawct P RETHHPLF | @F . Phipelology
with| ; *31% LS éldeér f@&ﬁ%@%ﬂéﬂ%&ro@ bre

pre era tlfylng or obtal ning a substance

. subsﬂatm:eqonmrd@qa;anaﬂdmdi/mdmxmton aalaort@owﬁz'jirm@r @rli {or

10

15

20

25

30.

ffect t th k d I
both) ol s AR S 1 SRR tedh T Rtance

oxr orfd d&@tiﬂi@léﬂﬂas%a(‘rm@ ey Ak of dMRy MndVBf eo Sbsd ances.
that provide a synergistic effect, conpared with 20

bene ks edf feddecdf thhéihwlsﬁﬁﬁsﬁt%ﬁ'é@éi \Rh?erﬂ@”rrﬁ@b%?t of the

n i.dqual_|y..or qu;; pi re useful
mOOlfelkfecctgalyusacet ?t a)ét dit e t ﬁcolgc%%d&{cbt%{ 6lclf'leiﬁsll‘gal trials in
" which an eX|st|ng drug is withdrawn froma 25 patient

and repla d wwth a em/ rug. The,pati nt is deprive h
The (i ERR I R | s (S TSl oV A1 SSHaPLY

identa. mr SR IGARGEE o rbdﬂsﬁta'iid@‘t@lfafte@rcﬁfﬁéé &n additive
Additionally, the patient wll be vulnerable to their

effect; §oase KaOMPNG IS %@@yn@gwwﬁrdr&ﬁactofwnm the known
drug X LIRS vaﬁ%sbhﬁ49epl Andh e 455t I}%P pllHiahyf

npl é |n case the
:Ldenta.tfyrlm@k oaf obittad.ndurg g ddmkgzm&inomﬂoﬂm cad hﬁwh- the

., new
substances that provide a synergistic effect, compared with -

the effect of the two substances when employed -individually or

alone.

Add-on thetrapies are useful because it is difficult to conduct
clinical trials in which an existing drug is withdrawn from a
patient and replaged 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 wvulnerable 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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drug may be nore effective in nonotherapy than the
exi sting drug, nost clinicians and patients would not

to take the risk of switching therapy and havi ng
WOV\,&F?OISIM%th the social WD 2004/ 051265 PCT/GB2003/005239

PCT/ GB2003/ 005239 18 and Yedi cal inplications,

anct BREREER ST LETE 35050RY SbECTRSE, D, TRbgivg,

liced@d- 9R hﬁﬁ&aaﬁuanIE% present tha%eRbicdN meeViddeS rable to
strategles for the identification of conbination

triaghapapfdsonadiiegapiher api es and synergi stic
conmbi nations in vivo. Continuing with the exanple of
epi l epsy by way of ilifustration, in enbodi ments of
The bhESenasmﬁeén@ﬁohh@r@waﬁeatstmueaghes Eoknahe drug may
admnistered to the fish, for exanpl e sodi

ldenyaf-b%sf-en OEprr@bdpatd ophéheraRiesd PRYTRE ﬁh@ﬁaples and
syneé\g%uenébmbgﬁgtl%%stﬁﬁ%% Sé%ﬂtéﬁuciﬁ%d'w‘ﬁhe the example

em cals, or genetic nutation nmay then be applied to
of ephéepbyhbandaysedsdddufssrathenr ant embepilheptegedi this
If this effect reater th ny of .15 the.
aspeffiSELtht) prasErR usvestiol Saktorhontadedl o8 |

admusgwkedeﬁ&eﬁhehﬁslaeer.folrd@ﬁhmfm@dsoa@ahl 821pRoate.
augnent ati-on, . conbi nation or nerglstlc effect. The
EPllPBFYoMFnEheErB§§U§F€ l@x&ﬁﬁlgés haPdrAtdoRBiln&ESEns of -

‘subsE&HcQ%enQﬁShnﬁﬁ Eﬁﬁ%lﬁ%%% cﬁ¥ﬂﬁ£9l§t'8 a%%?%@lc mutation

t oget sodi um val proate OSUXIm

may phenybelapplaedanazepené;shaandragsﬂssegaﬁapthbﬁr,anti-

. - phenobar bi t gne, , di azepam m tia in
o011 BERTRRT Ot EREChny Leo B hatr oRChs Lbnaeaakas) Erft pay of
the Ghe@BcOIs/HLEEsFMAShANGAS ARYnES BheaYAdcIANng¥aNYy useful
possi bl e conbi nati on and tested for synergistic

effegtfhracheenpproptidieddoseshvasyapsapgprntalies  100mV
comb?ngtlgnlgﬁﬂé %?9&@%1@'E§féQQUN%HS'Eglﬁowﬁﬁasﬁgﬁg are

tarting COﬂ atiron to assess
exampba@fthaalleféembinamnbhsfof EManpkemodeamagaHBSHOWDmg
syne£%h%%ﬂfré%g%ﬁgfEgggth UDQS&ESﬁaElegogggM ethosuximide,
phenytoin, carbamazepine, lamotrigine; gabapentin, .
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 1nM to 100mM, e.g. 0.1luM to lO'mM, with 100uM being a
reasonable starting ccncegtration to assess. This will.pick up
benefiéial 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 the beneficial effects of an existing-theraby. {e.qg.

it is useful to know as early as possible that the new anti-
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30 Furthernore, the invention provides the ability to
avoid the devel opnent of a conpound or target that
uld otherwi se be toxic when co-admnistered with an
WO%"S?WQT'FF@ therapy, or would decrease the benRET/EB2103/005239

effects of an existing th&apy. (e.g. it is useful to

oo e BR3P B 0B YeB 1B csrcct o

sodldﬁV@thﬁbﬁEelSl&@bt&@bﬁﬁet8r|%%%%ﬁmbg%pgkge%heﬁfeventually
sodi um val proate, |anotrigine or carbamazepi ne when

presgyahedalpy ther eddpised gnﬁenhéh@rtu maoy gevérntawiddnpe
takiR8t LEAt aki ng mei;ni ng on one of these
ks ?uggg §§WPthR§eP§|Eh§ g% og gﬁ nbodi nent of
t he |nvent|on w | d- type fISh of tup background are
I g ﬁ g day seven. Seizures, are then induced in the
0 arfdefaifpGughomRdet PEnaBf cHPSEbRRNEf of the invention, wild-

-typep§ﬂ£M|SﬂetﬁbrﬁéeksréﬁthEQQ k? %ge50t8a9cgb$¥ﬁ aSe}Qures

concentrati on of wat er D aze am
are Eaa@dl@@uceﬁelﬁuthet61ahcbhcenghaaddmtmbnzaﬁwh etohgrof

n nt_with t adm ni tratlon of the
pent Pl By e brazpT 8o P ENbp "L pet e R BHRLRFSL 8 he
concemitat Sonadbtonoaft Lhethe PEDNSY| RAEELL I BIBEEpahNis added to

ition to the diazepam and 15 pentélenetetrazole an
the é&éﬁt?%n%lC?%%?“EH%E%%%C%fo?oﬁ%stelt abseanday, bare

concidiie L9; 88 NLRY Cadnl A0S - SOIV 5fa£¢g9nqgﬁg};#89§%u azole,

Control s include type fish wt
or 2 gefeees 29uRsegaeyt pbut’glﬂl@nﬂﬂmmxaizmmanideﬂ Bhe onty

az Ie nd di aze ad . only test

pent PRI ENE 4oL 3700 QAR Lo Top S e zsmin B ¢ ot
pentsldrss oncea asided, an %Jm&ﬁﬁrﬂeé?ﬁ SSHIUEESe | SrtHeh:
igggg%gd‘thrg%gh vi sual observation of the-presence or
subs e e 9 L ARTHETYE andiinak eneediormibiorash |

loowbeiddter A d e n & fpuSi 14 fr e 2ddi tianal

.only‘diiutant added _
. only pentylene tetrazole added
- only pentylene tetrazole and diazepam added

. only test substance added

U1 s L N s

. 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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substaBGEE e

test substance decreases the seizure activity in’

conparison to controls-2-5, then it can be concl uded

t hat the test substance 30 may be a useful add-on
WORAM/OS8365t 0 di azepam therapy in the. clini calPCE/GB2003/005239

situation. WO 2004/ 051265 %CT/GB2003/005239 20

various timngs of adm nistration and assessnent,

Varlpng Judingss et TRt ety S TS IRRRL / TrAzious

5
doscaD AR RIQUIAES | PP am%i i sl -
test substance, tt{ﬁgfas [ htﬁ%(ay euea T?rquét;%ed fé%ﬂmtfcg?%e]rwt
one txampdewi | d-type fish. It is then possible to assay
for interacting effects, either beneficial synergistic
-effects, or deleterious effects, of the nutation plus
In aldade ties! toSubHeanCembaAdrRidatine!ph st g @A V5 i tied
, . be of the known 10 t-herapeutic agent and the genetic
£ishmypghiesn tharorder dy tyies fady- ditt Hier thatewpairaidle to
t .of fit i onhj nat.i.on i th t.he known drug,, .
assa&?&g&g é%é:te:%%%%ﬁ'r ere_ﬂ‘:o C%é {%r?‘ tglreé:d;%c nlenfgl i anerglgs tic
ef fepati, eotrs delle terdbous kdlfedis befelide @artawiiorbesiald thhe test

ron1pre%ﬁription of the known druyg. 15 I n another
texnabiyedari dhSorPNFduSIS Aavaky ©f the known

therbpbLARPRLELY: ragaRl $ HeS g%?l?tﬁ'cshﬁl[t%%fo% g et AN

.. inflammtory di sease, h may be generated through
discaygirt dhhest aangwodrnil devgedr papemefid tive domitination

. ' : 20 [ f -inf]l .
wrentBAE" g EOU 20 T AL b LAY s ing

whichspessenhet hee mbetCoAlienNdt itdNblehe RS §caf et ibéaddia)

ei ther of the individual agents. For exanple, there
fromapregcyiptdpy 6f 5hei knerraf¥ifory agents, "~. either
in clinical trials or currently prescribed. For the 25

. sake of this exanple, assune there are 11 drugs to be
in apethed. embpdiwepbssibkembhatttibe vdr potendriads amdtti~at

inr SR LELED ABLRED 1 BOLARS A} 01200 ! HRALD RS 3N
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 antifinflammatory agenté,
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-

brescribing, an optimal combination may be found that is

better than any drug alone, whilst with no worse a side effect

profile. It would be veéry difficult to do clinical trials, or

indeed mammalian studies to determine the optimum combination.

The present invention allows this.
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prescribing, an optinmal conbination may be found that
is better than any drug al one, whilst with -no worse a
side effect 30 profile. It would be very difficult to
WO g4/85526f cal trials, or indeed manmmalian st UBCESBR@3/005239
determ ne the optinum conBination. The present
invention allows this. WO 2004/ 051265 :
For ecppreB2008/ 805289ay2¢fFyrlégangiesi A af addey &b every
I r 2.1 Swadde 0 er wel;l .in.both row 2 ;
weLLoBy Sorh ¥t 87 ol g8 Y, ary Sl 3§ PRty wert in
row §" C'E”angngobubtimgd, 3andng0s6nonRoRod (" A*A”andneokoimmn 1
1 are_control wells in which solvent only is added.
are gaRhroklYebls 48 vBAFRi AQlVEsk RPLK LAf RdRRELi Sach well
i d. T e £11 Rt i hsqt hep.a d
20 Qs e T ane] ErgheRnPTiR LARuped, " ERC RRETRE Lor
inflawaapient he théneatedstedh idewdly iAl ahgvedadmhiighom

enrolaGaT L ReK eho) TR ERRP PErmBaSahiora  hEheHass ol aBe"eLl

Al hdfe2a dhsLAREnSEYEELLY. sThUsidiugs B0and18® Bawera having a

. synergistic effect. This was tested experinentally:
diseTpRpdevier DLy 408 Shén exserb: foxl 6Re2BE EBnyhithi Ra¥g grade

: iV of mi, nf | i @n, sh 1 C ot
2 digfedl e PREELy D AL QL B end 8 Rdve R ensralstic
effettested al one at 40ng/m in an in vivo nodel of :

i nfl anmation, showed no detectable response. A mx of
the 2 enantioners was tested at 20 ng/m of each

This enadtt Ofesd (4APet heRYELBY L ObmeOARAUDH) 4941 REEAT £BEted
in full rescue of the inflammation phenotype.. 20 The-
alongraehing Aivknin o al Bovpyovingdslf of irfiemmagiper ahawed

no dé%éeﬁgﬁigyré%§§ﬁééyiQﬂm?ia?f&aiEé@?gég?ugﬁgéecewﬁgﬂttested :

amel 1 orates e of nore side e an acfive ‘
alonsubstéhoe/mP5ie. gn dnthevapeotetabfyiafl ameasibat anbewed

There e many drugs. which_have been djscontinued in
no deRSGHAAC (TTLSr AR 2 KEFEA bERoT hi PBGEENPRy tosted
at 20NRHAH1 kel e O LeeRuBEnéPEY48R§/MP overall of compound) -

resulting in full rescue of the inflammation phenotype.

The present invention also provides for screening for and
preferablyFidentifying or obtaining a substance that
ameliorates one or more side effects of an aétive substance,
€.g. a therapeutically active substance. There are many drugs
which haVe-beenidichntinued in clinical trials, or are
marketed but infrequently preécribed, 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 ?atient, such as weight gain -
{e.g carbamazepine), or of potentially fatal consequence, 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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therapeutically effective, but because their
side-effect profile is limting. The side-effects may
be relatively 30 benign, but significant to the

- WORRH4/5m265 such as weight gain (e.g car bamaze@CRGP20§3/005239
of potentially fatal conseguence, such as inducing a
cardi omyopathy (e, g. doxorubicin). It is desirable-to

addifiQhak RO FP SHRESBR Hie sttt RSt WEREI b ovAM

Benefdcial; ef L -adnd pighrati f st '
e s S5 e e T SR e B B St fdobl st
{e.qgeamniiol dimps bver t e sonleeelyf ecthiriofote. (Ang. ecmmeptazole)
f this is the co-adm nistration of H2 antagonj st
to Reiphsadhs drid) O BRELHIE U 07 (O PR BLgrEs who
requOMBPNEZOIRY) (4 Oy demseaserdde FdSkofn UBSIIEE or aspirin as
ulceration in patients who 5 require NSAIDS (e.g. :
an Fifyproiadinl gloragarecaediefagiitaspirin as  an
anti-platel et aggregatory agent. In accordance with
the present invention, such agents are screened for
In dgvdidenden wihile el ngae sérmatiorerafidhe swdh vegedfs are
subs ce jnduces a side-effect or other phenotype .. '
scr d;g]qwel’br#%ﬁﬂi%ﬁwlbfa‘gmﬂ%@?%‘l .0 ht't%‘%/ jgptive
subsERd MBRhR-Lf é'EidéJB$¥Edﬂ“br?HkHEE'ﬁﬁbﬁﬁﬁ?ﬁe'f&flectife
admnistered to fish and the side-effect of other
or igesetbipee iaf s sustett finctsucTis i wembodiutg s eaf tiche
. r nore test substances.. Thi,s .does. not 15 .requir
v O R e B ] B e Al e the

sideagdiflect R OtdiRIe it dBHes i A HeEs dBtf @ e . Fidte when
desired therapeutic effect with a reduction of

SUbJSCHE e NS CHn WF S S@TeftPSANA™ pritie? iffgs not
requ‘al_@%nta' T 8b 0 1QRSAl Rye RANSOTor a3RESH MM istered

i sease phenotype and si de-effect phenotype. As 20 -
agenf-t h Iot dheas podicsligmh b egierdst Shoft tdehiresdite desired

lavent.i on,.. this. I nvol ve .co-adm ni stration of a
e B s b G G C G G (eIt eyt Do
screeard daire apb$hrayRasblor ideegdifiernd Wi hyanided Yoy means of

i nduced genetic nutation. Wth the |atter approach,

ASSeESPeNi, O4t JgiF caffo EGIORYPS: @9l Fldlardddart ghenotype. As

with other aspects and embodiments of the present invention,
this may involve co-administration of a primary compound
together with either a battgry of candidate substances, or
together with randomly induced 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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25 identify the appropriate co-therapeutic foll ow ng
identification of fish with a nmutation that provides
an aneliorative effect. A diverse library of
WO 04B5126% e conpounds, such as the LOPAC 30 | PGF/&Bp003/005239
(Sigma) may be used, or tR& Chenbridge PHARMACOphore.
. Eiverse conbinatorial library. Qther targeted :
Stillj fpaEpes pxgaiAse Bur theuPaPseatgdnyestaosed smay medhod of

i den¥8€9i ngURK+a$ ; HAR Li br,gki o, . G. i.n
LdenkBE0ing AleaEibng, GeR0EPany EBRsTar0E IR bEg |
haplotiypher apdogedetibypthéipresastocihetrti aiths raspenlddeness
0 i dent i fying tations, genotypes, allelic
to ayLpPERROHELE . naBRBEGpkS S GEAEEBL gr BFF Fesowards
targéssachakedrWbiNgl eGREASHYERRESchb9cB bReEaReUbkGtic is
. There is an increasing nove towards 5 targeted -
infipeagedi Byngenahepédy the phbientof Pakésigpéati poilymorphisms
[ e by g [N e tient. Particular ..
have B F SR nto “RRRAL B RO ATRRE, BBk anr B Lo P PpRELveness
of atbenppent| carfif etsbvehessikel iRoeanpgusdsfandngl serthen
'd Ii%fligood of suffering.certain side effects. Such.
S rattonaf  sEdCPredEt PR hYSPE RESECELPERE| V8. CeBtrefapsbive.
It al®E8GakbENECRhiEL] L S1 8PS| 845107 HB, 85, | hKCl Ykely
responders can be targeted, thus necessitating a
respepdeTercanahpl basgeedo blohs enecssaitstival a smaller =
Lgnj ficanc . Vv . for he, noent,, _nost drugs
samp e O ¢ CBRCEent T e P ool S MR E D an B0y o HhgEer, for
the remwentan @EPE oPrigs £ besh . aldbadhieppessenbetingenifion
d rovi des for assessing the effectiveness of various
eve Tt ofS Rt AR AR | PP HPRRLEBAIBAT Benet i ¢
nmutations to identify-those nutations which either
enhance or decrease the therapeutic effectiveness N
The pRRFIt slreentien o idteeffectapsossing The seaftonsveness

dentifl ot ; | H .
of vatods A GFRHEE Bl Ty Po ERordtdom gpperie
mutatpamd ctd atdeespinsthdse andidigi s OEEh t& BE@BNdhhance or

decrease the therapeutic effectiveness and/or alter the side

effect profile. This allows for identification of genes, -
polymorphisms, mutatidns, alleles and haplotypes asstiated :
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
selzures 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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enabl i ng devel opnent of appropriate genetic assays in
humans to permt rationalised prescribing. 25 For
exanpl e, the effectiveness of diazepamin reducing
WO@@?%F@ is assayed in an array of fish with RCKGB288905239
of mutations. It is found?that diazepamat a
concentration of 30uM has an anti-seizure effect of
PolyporRhisn (paiitrkside 19 shutzolopwevir , the homoprasenceene,
; ' X, T ; | -sel e f ect.d venes
and e e DR Ao FEN [ 0T Rakiep o

I'nNCrease

' polymetrgpthicm ygouive lantt -txeimuit et e egtiwetiesshoBologous gene.

decreased bel ow grade 3. Thus di azepam shoul d be
preferentially prescribed to patients with a nutation

In OEMERA0EERHIGRRCT/GEAN03/{005239, Lk p&ié’g%@@éé%%ding of

equi valent to nutation x in the honologous g
a bepedfisviad: isaldnt ,avgi dewiovedtiera i inady aofnamta bready

I r phi equi val ent_.t.0 mutation i n.the .
Do O PGS g 1% TV SRy MY difbdlifrkc 7edes the. side
effechan ctfalgetagiche mhaser idiHwifse aniipiefded de a8 erMed

i mprove the efficacy of an already beneficial agent,

I rrp L) . . » 1
becapre Phvditi S IRky Vie Stskd HFaddRFOTIHE - sirie-hied faiguation
the 85180248 Walich catrerwi;se Juahte ot %rnesﬁ]‘iﬁr#%‘i@ement of
_ because of its negative side effect profile. 'S :
thissdedatieonols shdedelfdeart dusimng decaafifect ficsr adsayerh the ) f}
i.t h.an_i mpr.oyenent o t.his del eterious side effect s
resuf Be A APHOG POPL ARSI AnGT PoT RO M ene -
addi tional chem cal or interactor gene.  For exanpl e,
m toxantrone has useful clinical effects in the 15

For eramPhent MoFOKBPLEPRE S@Senssifyl] vdrindealywddfaats in the
eat s oPUL 1 EE ST USE L r curt ai a t

cren RB1L OBy BIUSEC SERNE SLLCM! BULEHOR ACHAY, oo

its whehigi shveaallpneoutatileds oar ackatied oifn thet @sirdiac side

cccefUBLARE S 216 EOEE by LOA e A ST oy
bathf?zg?hgﬁfeéﬁ éﬁBéQ&ﬁH@nbrbne&BB%EBQ@ofhﬁ%b&%ﬁ@ﬂdﬁ% and’
examined for a change in cardiac function compared to |
baseline. An improvement in function from baseline treatment
with,mitoxantrone,aloné,_leads to the identification of the

interactor gene, or chemical and subsequently therapeutic, to- ﬂj

- 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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with mtoxantrone alone, leads to the identification -

of the interactor gene, or chemical and subsequently

therapeutic, to be co-prescribed with mtoxantrone in
WO 0#/8313¢% sclerosis patients. 25 Enbodi ment SPOT/GBRen3/005239

present invention as di sckdsed herein may enpl oy
. expression of the shibire or tetanus toxin genes in-
idenpt HEing P ok e eI ¥re nehah 2Efpetatarkivbhyror| effect of
the g@@gﬁavg’gﬂé)n of a specific circuit of interest,

| st mai ntai ning neuronal 30 structure, or ceII

death of neurons of interest, respectively. A method
model | fish

h t t
A me o S8 RS Tt el G oA YR 1 pr AR e oAb ER a1 Rt
subs@ﬂﬁ:é"@n&f&ﬂ/ﬁwaﬁ:fgééﬁ?@%ﬁoé?@gse%ﬂ d&@ﬁéf %b NBr&vide

first ene that affects activity or effect 0Of
treatqe ohiFyenel idard oo g aﬁéestr]mhstmnmyth@trpafﬁects
riddBAtd,ng ance nodel fish transgenic
actl ﬁﬁ%e sfggé}d%g%ﬁ%{? ose;c?%é d& "t reated fish and
|dent|fy|ng a test substance that affects activity or-
A nethod of the invention

ct. of the secaond gene.
e hO G ARy TG SIOTRGHF S TO0 A, R MR GB L 561 ah
subjddtealdTeat 4t @_J:féfaQYdEQﬁ: Y %ﬁﬂrfdes%?c%cted dendy fyigg a

first gene that affects activity or effect o sa
identifydtwent fiAskegeoe dhathe finodmst |a@rtumytscarmremct of.
said ttrr%%tt!m fWMth a test 15 substance nodel fish subject
to sai treatrrent to provide treated fish and '
|dent|fy|ng a test substance that affects activity or
A et hod of the invention

A f ect L said treatnent.
mtﬁl& éng Ps&lVEBRECAY IRY SOFPrdEe IoegdAad heitth asswns
substaeleVinbde®r rekheshpgkthe osecqnd +980en n-Eh ﬁjvenu le -

gene may be a di seaSe gene. A net
treatﬁgyféghpangelﬁgghpfyypggaatEBmsSubstance that affects

activity or effect of said treatment.

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-é 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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- of diSReaone

25 gene that enhances or increases activity or effect
.of the second gene. A nethod of. the invention may
conprise identifying a test substance that |essens
WOR04031285 or effect of the second gene 30 or PCIT/GB2003/605239
said-treatnent. The second2fene may be a di sease gene.
V%%%%O4 051265. PCT/ GB2003/ 005239 26 A nethod of the
B MRt iPont Ryl R¥RPELSE PA¥NnFPRpEH§ealest i fyiimst andest
subgb@gc@meénﬁgﬁbagtxce&vﬁfc%est: 9k rkle -%g_c%% 4818%nd gene
or said treatnment. 5 I'n advant ageous enbodi ments ©
or sikd phesimennvention, a disease nodel is generated
by application of a chem cal or physical treatnent,
rat her than by genetic nutation, although use of
In geneitagaBintémbodsnbAVel ¥edehs SLBSEneNDAYENRALS ,Of
.. the present invention as disclosed herein. Chemcal or
diseqgppmdeialis merrerahedf by dbpbhcetipnt efabl ohemakhl or
' [ | at ] r t,. sanpl have.the
phy%ﬁ%%%é%“%ﬂ:uced'g%é€ﬁ%9 Eéﬁ% ??n@g?%tggc%ﬁ¥?gﬁPgd although
use fef hjeorgt iandut theeini de st e difiosl gedeih CothercBRBbaahents of
rescue. I.t can be used. to overcone difficulties _of

the Rreesdd RITISR FLPrEoEee dieFapid nbhepical or

phyJeRar anddtickp 4 Prefscsed erbodi ne0bss LR® rish in a
phenotype is gradable, which is advantageous In

PoPYleddps $ar defithgsaminke credidon die adfyseesicahliyced at the
samealtti"f’rreeqnl e d f&l'ﬁ?éé:of;el‘f’él]g}r&gr eaer@?g%ﬂélggg%%%gg: %9}: hgenetic

mutati on af fects Surviv
or ammiteiamescafe .t herigenati isallsedlt®redettb8e MY rPEculties
onprom.sed. Furthernore, if the nutation has early
Ligtre@nd 3hlopfifqrrapidimodel generation.

In pHe¥FRRTUC MBI nBffLClimhe t%%n%p%%{%é%i%éﬁhich is

appearance of the di sease

advapbagegesi A selsseuemrestrigeni ng for 25 rescue, as
only a proportion of any clutch derived from breeding

of the parent carriers will nmanifest the disease, it
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, if the mutation has early
developmental effects, in addition to its disease~causing
effects, this may compromise the appearance of the diseése
phenotype. Finally, when Considering.subSequent screening for
rescue, as only a proportion 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 i1f a fish appears normal, one would not

otherwise know whether this was because it was a wild-type, or -

'la mutant. fish which had been rescued from disease.
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IS necessary to either screen popul ations of fish
rather than individual fish, or invent additiona
screening steps to allow the identification of the

WO 29#/P31265 i sh (see el sewhere herein). 30 ThiRCHE€B2003/005239
because if a fish appears?hormal, one woul d not

Qt her wi,se know whet her- this was because it was
The gndyctyps, obr disgaggt Rt ChPBACHAi €F RRUSHEdA me%a@a can
be uSEBM.! 585EonI0R2A04LR51R03: PETLEE20080005239s 2/eTRRowm
I nducti on I sease by chem cal or physical net
to l@dncebélasadetmnomemmeme wahi henhESBlcseqasvalence to
m cal s aée known _to in uce'digease

huna GTEEE 58 e O LA Ra R Be RS L PR R R ik

streb@bb8pBELhONAAL WNLEECEhANcEE PaRbfERtPE0HEEANCEDNL Odeath
m ce i nduces pancreatic beta cell death after a

aftegeni parépd2ofiedkyepkiassbnssan01f90bhennhyprapigally
p e it c

;eseéﬁzgﬂgéegges%o@ﬁ%nggguégf%gE%gf|gﬁgmggc ﬁ£§?|s¥50 been
showpatd okuaesspeenfio ddféﬁéstlhh61ghnesipSLDfof a screen. to
., _deve] oprment [ Peterson, 2000]. by 10 c Lhing, :,
dissPh ot QP oBaRELE RAUCE: Qv el PHISHF | KPS pRBOLOEPL: 'BE is by
comb$8{ 8§NERYs NBE BRHSc aNFahe8EYE wifRl 801 esp{MNLEENIBYpic.

involve treatnment with a test substance and/or
screppiagvaihodat angenescueed ’evah@gms t kehiel coay of nhokan

S n_b e n -

treaghe e e 68 e e b E hb b e Sr S h  Cp B SR ERFE R G
reletlyt okd nehé Srkaows 69 Bmminhdpﬁ@i@éecs@tné fagetified.

towar ds cones and away fromrods [Kelley, 1995],

whil st rods do not contribute significantly to vision:

~In céﬁﬁéindéﬂbéglééngg [é@§§égs 3&991315@fﬁég3g9|@etermlned.

decr eases therX|ne evel s. [ Taur og, 76] and thus
when adn1n|stered to zebrafish enbryos, could-lead to

For ERMRRETCRTBsFTR Y obhell VR con el n B e fler  fae

towandsn dbisd & adm@Nawhy t Neorh ok b Ne T ags, 1 &PBWN Hl9il caUSSd s
retinal or optic nerve dysfunction as a sjde effect:

- do ot FRAoT P ERT | 3LIDDBRTANLY a7 BhEPR HitbboiAnel 0-14

[Saszik, 1989]. Carbimazole decreases thyroxine levels.
{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 nexve dysfunction as a side effect:

methanol [Eells, 2000]; quinine and choloroquine

fCalissendorff, 1976]; ethambutol [Heng, 1999]. The ensuing
visual disturbance is then amenable to a highly specific,
gradable aﬁd,high-throughput screening assay in accordance

with the present invention such as the use of the optomotox

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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[Calissendorff, 1976]; ethanbutol [Heng, 1999]. The
ensui ng visual disturbance is then anenable to a
hi ghly specific, 30 gradabl e and hi gh-throughput
WOL0P4M263g assay i n accordance with the presdr@1/GB2003/005239
i nvention such as the use ¥ the optonotor assay. The
adm ni stration of physical agents nay al so be used to
exXpoFitir @ i iswas el sghit 2, t o uthdase areelnabl degeneration
., degeneration in an anal ogous way to the addition of
Wl% CHen caq(?&]smh as the WO 2004/ 051265
PCT/ GB2003/ 005239 28 exposure to bright lights to
i nduce retinal degeneration [Vihtelic, 2000]. Visua

Visyahhdunsitiom oF isHsiersugh @3 ebrzghsaihel)y Pay sxanpremple

qﬁﬁy Qe ﬁg followng ways: (1) Zebrafish
'be'%ﬁgﬁﬁgﬁco oﬁgfto ﬁ%% |r%%§t %bkground. In a dark

environnment the fish turn blacker and in a bright

enviro t lighter. Blind fish rpeiv,ethemselves'as
(1) b ZSRF 200 Ath GG GO LHHF (DI BF sekth TRpGkaround. In a

| dariiit R e Bhe TARIH WS URla B £ 1hea DhASknET Sh

are blind. (2) Zebrafish or other fish optokinetic
enviroimeide ldamtsr . &slaybdigh pewiaigsttheeselves rantbeing
: fot S In_hu 5 bj ect the resultant .
0 t?‘éef Idegl%]s)eé%edy et%v gr‘rler ngjricaéznll(n‘otslqbﬂes ﬁﬁ)%‘%@%seoa. A3 rapid
visyeds sageedf -Stuhep@s ddk fiin =ofe fdlsinguch as zebrafi sh.

and the assessnent of the presence or absence -of

opt oki neti c response provi des anot her assay for visua

(2) TuRelign shAJrelrted Wislals Y d VOl V&S d can be
opt onot or 20 response. The "sophistication of stimul

assaygy by baislstingp sttoipsld ow £mpettaidedshgreadssl. As in human

fi,sh, e zebr afish

. f . ' | _f i on.
e FRITRE it St SO AL A e

supphrestsielly Thusapges aeTher 1ol gdshn Fshwt PRsh osheh as

. time. 25 A npbvin rating or a novie, e.
zebrgfish,pag ggeaa@gﬁﬁ%ﬁ%nt ofgthe-presence og absence of

optokinetic response provides another assay for visual
function. B 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 scﬁeen, 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 respohding 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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anlnated dlsplay on a screen, eIicits I nnat e opt onot or
behavior in zebrafish larvae; they swmin the
. direction of perceived notion (Orger et al. Nat
WO R#EM{058263 2000 Nov 30 3(11):1128-33). Zebr af i BET/IGR200a005239
innately begin responding2to noving stimuli shortly
after hatching. This is advantageous in a screen of
mutatfen, Pesanfrodmlemeterashdi sOkbsad Ehsheshov simédalt
respgg %s for rapid determnation of the effect of WO
8 051265 PCT/ GB2003/ 005239 29 nutation on a nodel
zebrafish. OQther fish show simlar responses. Visua
tion. of zebrafis d by considering,

. fun be determ ne
"lsueﬂ EBPF td8PoE &Pbﬁ'&l&gﬁoﬁiﬁa BegREReamieRd Bt EPEELERTING
thei®f cwhbah olrsbb&q&@%hh\ﬁep%mehtaemeﬁs QitgH:%‘EH%ﬁegf which

, Vi sual function may be déterm ned by neans
is 1G§SéﬁV3FBonfobln@§D@ﬁ§eaBodaSpaBBedn Uﬁseag fuﬁctlon may

a i.n fr of th
be o R e B o Rarhenet bPSex FEARNcRpoceRROP 6o BObP ] RACCOD
of eagd ofOskirgpter paeledr ed Etahteéﬁeﬁh@de eshayverrbsaakh.
funcilon are segregated on the basis of their colour,
In apprefersedderbPiiAgRton? é?ckh§1EEg?§Ee6Fe€xF@npeobllnd and

ligh¥b8uab1 bHPELi eRshY e @Eédpﬁoah¥b§“? ﬁ§§a¥ &élon are

Assaying for. visual function o such
segregbtadi sh bhg bespboypfobbeivatobounf prmhange |n
nt.ation vi sual .star

dere el %é??%g'EQEOHSQISﬁd?Bre%ﬁ?%ﬁnegrV%againéanc%ﬁan by

meanbaﬁfea tieuldt Askypi.cal |y invol ve passage of a
pattern, e.g. horizontal stripes, passed. In an
opt oki netic 20 assay, fish may be immobilized in 3% -

AssaPBhdyVESEl Lukose 999c£§8n98£t£rf1$ﬁ35§§% st£°£ébr££15h may -

he’eyes. Tn an opt onbtor assay, are T
emPl@mM@bﬁ¢gwah1@meoﬁranohengengn mmmkgmmumanpe@mentawmbnn of

rn | a lon the length,of t
visud{ S LT 8BRS R heli R esintar St oY ShcopEameror
respdwdé On THe t het 51 Peso BScRNEyp T TPl 196613 9408858 of 2

of t'he channel, -unl ess they are
pattern, e.g. horlzontal stripés, passed. In an optokinetic
assay, fish may be immobilized in 3% methylcellulose and the

pattern passed in front of the eyes. 1In 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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blind in which case they are distributed randomy. A
typi cal powerful stimulus is a 100% contrast square

wave filling the entire. visual field, and a stripe
WO 36 30 degrees nDV| ng at 4 Hz. Lini tRCTH6B2003/005239
vision are identified in ger et al., supra,.
for. art|aII blind fish the |imts are -
vis eéso?y%‘g 8 TR BT WEHARE Oh YR HRS HRecrrtael of

the bs’c]d_ﬁﬁ,‘éﬁaﬁﬁ r@tﬁé@ sHidAas! and/or stripe, width of a
pattern until the fish no | onger respond. O her

aspects of WD 2004/ 051265 PCT/ GB2003/ 005239 30 vi sua

The tq%e str ﬂ@or o%rlﬁ:@éa rggﬂna‘yyl'\ég{%a?t ctﬁrwhfrﬁ‘%oé%gésg the

fielst raﬁas&mrom\avwﬂhmmdmwmg::a@ﬁ ass ddond cﬁwéﬁ Simuli
i Sion. Clher non- Fourijer or second order stinmuli may

SRR, & @~ & Fasaithad iih QT et Al ., swpra-
Flsh may be treated with a substance in a nunber of
ways, either as treatnment to create a prinary.

Fls*pl#@lﬁ’ot}%ﬁpetﬁaﬁtﬂd otitho af |£8ﬂusa:m1cm‘ figctae chuintbean @l pects,
fish with

f h hysi ol , ., in treati
eiti¥le SNV R LRt o Brigiky Slindlnd 2l ridn
fishsalret aifdecalie i -3l bepet offf @Ehabficur BHYsiology, or
treatment_or nmutation on a rlnary phenot ype: “Fi sh

in treatdode dhedc tedhnd fregtt eybséapsicarice, the aryrase of a

screbUeBed Ok ol? HubRRdnRL LRSE! (BULNACS Uy IdNARledd I 0
them A test stance nay *be a in

Prlmﬁﬁﬁytaﬁetm@nt|@rtmatatasa oh a pmdmmny piveathisgsd | nFlSh

t di
nay PICERELVLR FRECSE e oL e PSPt 6L Codia o,

rubbddseas&hﬁmﬁehukﬁaﬁbsBrl§n3§@ﬁ@ﬂa&9@obth@§@nsAPEest
ression of a transgene that induces an. effect on

Subs&ﬂgcasﬁégt bgt agdraviceurakng/ ér phistoltdgy efreyher in the

,casefbﬁh §r8§@§ﬂragkgdagg P £f £f,abL ¥1§r§9%b|§P§%%§§5éNRf the .

The™ expressi on cons ruct nay “énco
apprqhusaae sedirg efghenes. of zebraflsh expr essi ng
vari ous anti sense RNAs

In further preferred embodimenﬁs, 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 gnd crossed to, or expressed in, the diseaée
situation. IF an élte;ed phenotype is seen, the rescuing gené
can be readily identified.by-PCR of the antisense sequence.
This may also be combined with the Gal4/UAS system with
bidrectional promoters in the cases of diseases modelled using

the gal4/UAS system.

R
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may be generated and crossed to, or expressed in, the
di sease situation. |IF an altered phenotype is. seen,

. the rescuing gene can be readily identified by PCR of
WO 2094/034363 sense sequence. 30 This may al so be BGHEBHWE005239
with the Gal 4/ UAS system wlth bidrectional pronoters
in the cases of diseases nodelled using the gal 4/ UAS
The pyereher. uped2004r051Peh RTrEB2D0B1006289 MY Mhetissue~

0 o] _expr [

spectt 0N a8 ok gl e Cin IBLEE S i ffy cEdghFLace
estahﬂa.j{sh‘uaentl haﬁﬁoresfcﬁ@émsm@e@f anﬂi@h stneeni ng of a

fish line. 5 Tissue-specific and/or inducible

expression can be used to overcone difficulties with
Tlssﬁ@lgﬁébiflcaﬁgd?$f0¥§dﬁé§bfﬁ°¥k€f@Q51gﬂ Galrdabley ro

phenot ype to screen . in prgmentation, auditory
Ovem@!s@orrhséflsw.mmqaltliOldzth@hlty;:ualaql abbods nbot sprérelsion

wh d di
of a G BLER O P A 00 P en L i e ek T SR i -

auditdey i pyepbhea, | swhhiasgp) aci ng the gene under the
control of a pronoter, rather than its .-own natural .

promoter, to avoid lethality, the pronoter for exanple =

i pR Rty PR AT R MRS R Vi TR

resultte oafmilmeatse |ptc&msxi~zpearm & dominssueSashiomi cdome
he pr is active. This sed to all ow

embo‘i“%‘?ﬁ’%iso ? a%lhe AR v‘r%‘ﬁ?lr‘fﬁ érﬁ‘:l’?%c‘i}h‘%uqve pYrder

the EXAHDE, ofSd NGrahibd UG s Priatad ere 2l dywsnd@i-20 the
di sease process to be switched off before the fish die

PTOMOGRF r e aN@+E hethonl it Ithenp et iR ¥ ofp® exaniss being
indudi®& (HIPHALUEL oy ecqu_rer’ed Tﬂkd%§éaesé3rO§TDJheJna SHiy o -

use i n enbodi nents o r esent |nvent|on
manifesdt Witk qorahidtiems sur:lwl*as:ﬂ—l&FPVé) Pootady, 200G]duddse -

r onot er. aII for ductjon of, a disease
e

f .
and/cf] TSRO Shhadn A I end S o R i o in can

be usefd tiﬁlmrla:tnurﬁshcltsﬁ ralzRrarENal} e 310 WHionged and -

expr essi on
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, 20001. Use of such a promoter allows for inducktion of a
disease state in a controlled fashioﬁ‘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 widé

variety of temperatures. Only minor changes in temperéture are

necessary to activate heat shock promoters [D'Avino, 1999].
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from a heat-shock pronDtér, whi ch may be necessary
before a phenotype is detectable, as tenperature of
mater MAthIn whi ch 30 fish reside can be easily

WOLPHET and nai nt ai ned. The inventors have PSHA@EB2HOFH005239
t hat. zebrafi sh can survivedat a wide variety of
giemeratures. only minor changes in tenperature are-

A dirsess 4P T ondtd IR et ok PFRAHEenE @3 Ahs@resent
invert®¥n é&é@e enﬁ&%@é RGT/ ogcl’,y Q%s%u%iﬁfgﬁt?mch

gene t In an e nt of the present
whenraxguaaaednnnkaaﬂﬂahgﬁuuhlas\mdhraﬁqﬁh(neanhuﬁnlﬁ(ahnormal

[ xpressed |n a fISh &uch zebrafi sh
AoV | RS MRS i i oo cell

funcdgggner ati on of tlssue or ceII 5 functlon In further
preferred enbodi nents of the present invention, a
Gal 4/ UAS systemis used.. GAL4 encodes-a yeast

In ﬂﬁ%&%@alph%%é:e&c% V'd%_'rr?e“?)ts'ig?q% ﬁ%{é gjd:e%%]ntamnvoentlon, a

enes galactose

Gal4lAUp$oes@/mmyLsd|ursedt | ﬁPIIIdI’](Hm:g)dem fa()lyreasltel (Haetthhtmyces
sites, ther defi an Upstream Activating :
Cere%&&u&%ﬂe? PG&%P &t ﬁ@ Hﬁﬁ51€§6§§ft h@ﬁﬂﬂ%ﬂdlﬂﬁ%ﬂzﬂenes
1ndu%@@aﬁ&oh%§a%%géﬁceﬁteb%@%n%o AL K316 NYN SR W £R Four
variety of organisns to activate franscription
relaﬁﬁdnﬂﬁb@ BASess ébgﬁ@h@r'ﬂﬂﬁgnp@@nﬁmsU@aﬁg@@@dﬂgén@atlng
res a tenporal and spati_al S VIVO
seafiRESAD)| RadatBTL i 87 o R a st Tl R rene
euka&&oﬁ@ﬁtéﬁhbﬁ&ehyemém&QmCeGmE4th%nuﬁﬁnceheﬁeﬁh aTﬁlde

activate their transcription, responder |ines ar
Varigkieq tBrBPﬁé§méx5Pe§§PH§EGKL$raﬁsérﬁgﬁﬂp8mﬂﬂmwﬁ%@h@As

elem@BtZOThQ%eb%%hatEeEQEGeE%% e x Q%s&%ﬁuéh'%gtgmporal

progeny thén express the réspon inthe desire

and ﬁpg§meloﬁashuenesn VAVWIsT@aBCBaeu@edhue,oteacsmalptlon of

the fbobbAHsk, GEnkuns Phizoarkn klsptseends aiqene UAS'

elembael | Tbahesiokeat theief thahatedphings hespoHEseqUeRes are
eneti ¢ rescue. The gal 4/ UAS system was _originally

matege§@|ébg@s expressing GAL4 in a partlcular issue of

interest, 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 gal4/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,

2002].

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

s
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as a nmeans of tissue specific gene expression in

Drosophila (Brand, 1993; Brand, 1994). Such a system

i.s now al so being used to assess devel opnental genes
WO 2004/06piSaf i sh [ Scheer, 30 2002]. . .In this REYER003(005239

driver line with a GAL4 c#di ng sequence is placed

under the control of a tissue specific pronoter, such

photaseepdors hofbobex yentl €& br ea% edt o 424G o he
. 2004 6 003L005 . phot e 3
destf Bl PE Sty PRV SE R0 pee i IE R FERRORREE Line 1o
thentqr;]m@.ueatsmcm h@iqhm;]mieaﬁmggmd@h?p@amris i oeuped
t hen enerate N |1 C t he I Ssease-J| naucl n ene S
to LROUIMSE: Wit VRS hrowoReher TH Sprtrbtel Falar i ek
when hEALG THHSs 2roneRod g LWy dEHSS, A & £68S8€Lon of the

together, a proportion of the  offspring wll carry
of £ty conist ramtsy Bath hesestiwtts { Y ttheastlshusiig

. ene_will be expres in a tissue-.specifij ashi :

aise it e FEr Dt r et bl thEoub e dfEie

fashfeti) ng disease gene is selected fromthe group ‘ .
consi sting of huntingtin, alpha- synuclein,
presenilin-1, presenilin-2, TNF, SWN, Tau and

In pEdRUORS NinBidiNGlal e dSideiPSs Ore M PR d M Bacting

Accessi on nunbers and references for these genes are

disease IFrfoliowsslaritedrireh | thaarpuy aasistog of

reference: . Huntingtjy n._ accession .for, wild-tvpe, h n
hunt e o BN GO AR gt Shn) e T Tobbr Al 76 TVE
sMN, Reseadith ‘BdidhsiGe) leifiZier HAl-R83-th893. oPubMeaht Xorms .

. 8458085, Marsh et al. Hum Mol Genet 20 2000;

Accesfiiogn TS s Gith-L8ARKIETE e Gt IUe i 3R tPe

'f:ol13%&!73%%%J%@sﬁ%%orﬁgféﬂ&fﬂﬂ&eiﬁ kﬂ} rdBd M LdO97;

388(6645): 839-40; 25 in-1: accession for

~ W |l d-type human gene AHO04968; Sherrington et al. SRR
guptaiure 375 %%534{,?, 754_'7]%8"&989 A esenwzimloo,‘

P AT T £y pE rPgZ?%E‘.‘ "NV Do 447 i
Huntington's Disease Collaborative Research Group, Cell 72:
973%-983, 1593. PubMed ID: 8458085, Marsh et al. Hum Mol Genet
2000;9(1) :13-25; . | |

seni

Alpha-synuclein: accession for_wild-—type human gene XM003484;

Spillantini-et al. Nature 1997;388(6645):839-40;

Presenilin-1: accession for wild-type human gene AHO04968;

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

Preseni_}.inf;Z: 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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Levy-Lahad et al. Science 269 (5226), 973-977 (1995),

Levy 30 Lahad et al. Science 269 (5226), 970-973

(1995), Rogaev et al. Nature 376 (6543), 775-778
W‘H’Qy@%l,%ievy- Lahad et al. Genonics 34 (2), 1PEHZB4003/005239

(1996); WD 2004/ 051265 PCTA€B2003/ 005239 34 TNF

accession for wild-type human gene XM 055614; Bitsch
TNFgiacgpssepn afoao%l#égms; bopay: gepe7BM_PHG6dd;aBitmgh et

w1 18sha 198640 J00 44 30y S0 o8 4y Lo OBallig 1090
Jan g Ceesl Br83 prewebert ype aAlimaPrgensa AY0A8Z87ScRogen Bt 1995

. ure. , 362(6415):59-62, Parkes et al. Nat
NOV%%’e%\?}#@gﬁ%%‘ﬁjgin-m 10 SMN. accession for
wi | d-type human. gene XM 041493; Pellizzoni et al.
Cell 1998, 95(5):615-24, Mguel -Aliaga et al. FEBS

50Dty ta s Ugs (29 r 99l 1d2t viRh doopai ngeae ck¥84 BAS T or Rosen et

;] .- ] 4944 ushal 5 et al
2L e P e Y eon "ok of af* Brbcoraet
1998Acial(23cil -9 ;A 1996; 93(24): 14176-81, Colley et at.
Proc Natl Acad Sci USA 1995;92(7):3070-4. Tau:
accession for wld-type humangene NM 173727, Heuti nk,
SMN 2Q Red ( s 33 &0 ;
o, S T L (Qfnar® (S D OpR 33 POREE L zzons
et 24054053 YO8 HS (5B lb <yl dlidy s R bradmt astanyl oi HEBS

- f.r e heta,.anyloid A4 precursor protein (OMM Py
Lett}&ﬁ%&%@@? ‘l?%r lg(‘\’xz(:m'pl e, by coupling the huntingtin : -
gene to a marker, or by assessnent of the di sease
h henot ype, such as gradable visual psychophysics, or
Rhodopsdfigh aG&RsSy Ao tildgowa diuman Jensdibd1hbsKaushal -
et afll shkiwaiLeh ;1$hoy) g yar he;1di1S8AS 6.4 in
tes?lyggs%?zélnce (g'r aﬁg%f/(l%rgd '?&?%%tﬁlel (%/%Zfﬂ Brol fat1 .
Acad §ganti 6nd 1996;93(24):14176-8}, Colley et al. Proc Natl

Acad Sci U 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 i
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 ge.notyping, it is possible to

assess. those fish which should e'xpress 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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di scl osed herein), it is possible to identify a
beneficial therapeutic substance. To identify a
genetic nmutation with a- beneficial effect, an
WO 20840312€nal step nay be perfornmed. WO 2004 1058266E82003/005239
PCT/ GB2003/ 005239 35 Thi 8 may i nvol ve exposi ng adul t
mal e heterozygous of honpbzygous driver lines to :
This nudpgemesl se émpoexagph&umttmaENUhetéhesggnﬁbesfaré
then crossed wth femal e responder |ines.

th
homoﬂﬁ%%‘&% %Y%”Eljohn?n%st% ‘BBF?"%%‘FSWI ef%t%?‘a‘éﬂ%c‘t’lt% BNU.

Thes@@ﬁéﬁ%éOﬁrér@ﬁéﬁh§r§§§§&tﬁgtﬁh§8ﬁ£Y@er@bbbn&€§Uliné@ If
hose fish harbouring both the driver and responder

the cmw@dmta%cen hayent dpsitanm ihteracatdeffect, a
SIS henot Lnteractor screen. 1 .
devi G Ao SR IR BE A (R BEAT B T ELE R B e b i hose
fish czaaffha@ﬁu@gr; woﬂentm@n@rﬂvéﬁa@@d CAYSHBPIGENECoLXPF ESSEd The
in a tissue specific_ fashion, nutagenesis of the adult

invenpes T OWRLE by €2 bbsThgilb1oeheses illesolyps interactor

Scre%@rrler femal es and screening of the FI progeny for
eviation fromthe expected phenotype, achieves 15 the
desired aimof the identification of an interactor

._.gene. - Ad |t|onaIIy r alternatiyv the co _
simi G50n BT o e of (2 SR RS TR v iR derrier, or
a doradhrii Qihaéeéﬁwﬁlﬁdﬂdg&p@té@regm eBsi &Nt Lo ObPecific

may be placed under the control of an 20 inducible

fashigpnotEragainhi soh thomAert Je3kes etk oed prggrossing.
of tr%g%ciinﬂégwl% A dLIEACYE dé &fsé‘loééwp? : n_o¢@'§1_-

system i nventi'on provi meni pu
progeanyc|fmic deiichtiion of den uhﬁr&xpéqmeﬂﬂphemﬁtYpah aeithe wss

: ebraf sh as sclosed.. 25 Nucleic_.acid, of a di sease
the OL& @ﬁ%%%f%% TP L FHaH e RO HEehe -
|nvent|on i's to be-integrated into the chronosone of. .

.cells. Integration nay be pronoted by inclusion of
Addl@éﬁlﬁéﬂd@@%ﬁlﬂ?lﬁrﬁﬁﬁﬁf@yec@m)lml% wqwﬁm% Cgﬁanfbrﬁener

e. cq g dy, t&@%&%ﬁﬁ% lab) .
( g'The |se se 30 genejhay be he é?%?%gougﬁf he fg %tlal
expregsgonrepriiedidt eragf dgoyslaced under the control of an

inducible promoter, such as a promoter selected from a heat -

shock promoter, or a tetracycline ox hormone inducible system.

The invention provides for manipulation -of nucleic acid iﬁ -
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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to zebrafish (e.g. mammalian, such as human), and may

be in wild-type formor in any allelic or nutant

form The disease gene may be a zebrafish or other
wWOoRpEKsSYshe, in wild-type or WO 2004/ 051265 PCT/GB2003/005239

PCT/ GB2003/ 005239 36 nuta¥ted form e.g. to provide,

an extracopy .of a zebrafish or other fish gene, such
mutaded fogmuteated W seseldoran Nuctatepncrd aserq%m&sh or
othdN UG LNE REph G681 PUVPANJ deSse D Olcl il

resen nvent on e rea i?y prep are
skllled per son u3|ng the i nformati on and references

contalned .herein and techni ques known in the art (for
Nuclgdgnsicd d %uesmﬁﬁam@ f}rs%mepweemlarp@mm@ldes

of ﬁ?iel- S%tncy Y MRMalon md géﬂ Il:éjc‘:{d dﬂﬁioprc%gcesﬁ’rﬁ ngthe

or Laboratory Press,” 2001, ube
skil@md g sRrotueiolss titre I\ibh’ia:mireancBl ad g yse Jofencdi Icecyntained

and So 9.92, or later, edition th eof
A Eechpi e S da) it Bebr LTSIV Byy7oe
Sam!d‘&idl@@sld R d1 1B M@0 Y Wb rbith ar];gl MJi§& Mdnual”,
(1998) The Zebrafish: GCenetics an ‘Genomi cs. Methods

Third, EGditiopi-olCody? Sesiimnee ol Labpradadny Riessof 2001, and
Ausubell @kl g '1T ug&%%;%gg%coeg}&cﬁ%eﬁ%'r?olééﬁ%.ﬁ%’féiégy,anﬁohn_ '

mappi ng. I g sequence

,Wilewnemﬂpﬁbaﬁedm9®2a con Stasct eduhﬂdu;thuraﬁfNunesee Detrich

ontr n oper b |nked taQ nucl ei c
et & &11%883 ?F#‘reo féﬁg’r PP IYmpp %dcfe “r"egcﬂﬁ’]a]t ory
Blol%%@'uelv@g%md &), UGinRO HRITARAE e tS@AUeNCErg it effd NARFafish:

fragnments, polyadenylatlon sequences, enhancer

Genesd ggennds Genpavisr. gm%m@lkm dplume 60 for

tech?ggﬁgerb§t§e%§%59 hﬁ@ﬂﬁé nce, ﬂﬁﬁbé&?:ﬁﬁ?p a&gi%ne31s

onot er ancer ctivity gene 4]
and Meppxpgessed in a deS|rabIe pattern such as only
under.certain conditions or in certain tissueh may be

i sol ated
The desired coding sequence may be 1ncorporated in a construct

having one or more control sequences operably linked to the

nucleic acid to control its expression. Appropriate

regulatory sequences, including promoter sequences, terminator

fragments, polyadenylation sequences, enhancer sequences,

marker genes and other seqguences as approprlate may be

included. .

L\

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.
Constracts with deletions in putative promoter and/or enhancer
regions are generated and thé constructs tested for tissue -
specific gene expression in transgenic fish,'e.g.'transgenic‘

zebrafish, fugu, goldfish, medaka and giant rerio.

o

ey
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by ligating stretches of sequence from upstream of the
30 translation start codon in the gene to-a reporter
gene. Constructs with deletions in putative pronoter
Wozﬂﬂﬁﬂii%benhancer regi ons are generated and tMel/GB2003/005239
constructs tested for tis3lie specific gene expression
in transgenic fish, e.g. transgenic, zebrafish, fugu
gol df i sh, nmedaka and giant rerio. W 2004/ 051265 .
A sefé%%£%¥8 06 9R2239 £o3 7 ctaf gpgcganbeeﬂeghg hy LO%1882EBkEn
ene encodi ng a uoresce rotein such~as een .
protElmosesheas Brotni F10CGEBscrry bBeotkhul {GE®)t may be
iljtate, selection_of ¢lones in which the . gene, 5
inc1pdf: bactShaltraber PRUSPRLEN b GLRORE. Lon8Rath the gene
cons%f@@f@ﬁ&gninsgﬁﬁgerlhﬁouﬁﬁg gBABMYOS WR¥rBeas¢nagpedcent
under a fluorescent dissecting mcroscope. Enbryos;
marker I shseaioemhiyhst mey graoﬁpreﬁaydb@ng\@meénééiup@ewh@t
nce. of a_def ect uIt|n fr nsge
atss B R R S0 S e R e BPEE Y hay She” Lo HECL BRSO Ry’ Brow,
may BXtsecéénad ofogenna pr@ﬁlénaadoanal yeifecof rtebalgengmfrom
DNA by PCR and/or restriction enzyne di gest. EOSItI
the prapegengmy bR @RpRAGEI2RRICAED el 8{5’8HYPﬁt{S‘aE5r gdPRg-©
prlo£'§3 egyfégtibﬁhof”BXnBﬁﬁe bRabLRd BHaPQQQHcgfftﬁB -genomic -
I ch-carry one copy of the gene constfuct in the
DNA @mrmsmlm@d/dhesesheietm@ygeusymesﬁlqayt15 Ehemtbeebﬁéqnes

- to produce fis arrying.the, ge
may b9, CHOTHSE et VP HREYY REEGRESRAENO) ReF s These fish
may Eidd askiChhgd taonp@bau@eaﬁnshcanst:nucarmpebﬁencapyodfnghe ‘
sequence of a - desired_disease gene is placed under

- gene cfé?ﬁ%fow%if n *falil%nafﬁém donent oTBASENPRYETEEYPOBF Aish may

then fb&br&i %o f hfl%gﬁi‘%‘gﬁ taé_egéﬁg Abh8siE¥ubiy.
vivo Into ce an earl rgo. Wih the
establ i shnment of enbryonlc stemcell culture, other

t hods generally.referred ho t t.ation. as
n rul el oAl | bre VLGS BeEhproyBRLCh o PP hERaRCant FSaucing
a nuSRtReteshd revhgbrasy ﬁﬁéh@ﬂnaé(atbath kBqliBAcar bf such -
as_usjng cal cium phosphate transfection,

de51qﬁg“gq§9§$%”ge%¢eégrgbggg@|@ﬁder control of a promoter :
into an embryo cell of a fish, e.g..zebraflsh- 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 trénsduction 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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| i posone-nedi ated transfection and transduction using
retrovirus. or other virus. Marker genes such as

' w@ibb%rpé‘l%é c resistance., or sensitivity genes.

nﬁy be
i denti fying 30 cl gpes containi ng nucPETEBaM3#05239
interest, as is well kn inthe art... In a

a 559%%9058‘3?9 Sl BE R LS Tl PR aReaep

SuchrECmeﬁﬁmduﬁﬁyl60M§k2§@4ﬁ95&2§§nﬁcgl§5ﬁ@036ﬁgﬁ%ﬁgt dferein

a_screen as disclosed herein and di scussed further
COd Ry, SeByRACY ﬁﬁtﬁo@lﬁﬁ?sﬁo%ﬁ‘?sbs pPB9rabhy digked to a

proﬁﬁ%@%r ?mﬂg 8e§9gégglﬁ8§858%2 ?; Qng(égaggsgsgd

I's opera to a “pronoteée has esir
spe¢1ﬁmmmﬁyjliw hhd/bxsh;SSmEr&dﬁ@Eﬁgfthetgenencbhetﬁush into

uci ng the ene construct into a fish enbryo,
a f%éhj ¥ﬁ’a??% 1Y the? g%ﬂ%l%%ng??u%?n?oCOPﬁFEQFStEO

intddiatd Nnfd SEheNBLYR SEPEPS, e @roaohaggksﬁlﬁbstahe fish
enbryo into a viable fish. A Vi abl e ah

emby¥prighirctd veldhbke, fesly. zebrafish, may nate with one
or nore other fish, establishing a line of fish, e.qg.
zebrafish, transgenic for the gene construct

A vxa}ﬂm Iasnde:é};hstlﬂtBE@éef:Dﬂn,e Oper abdyrdfnked woy a8fe with
under regulator control of, the pronoter. A line of .

one QLRGP Lhey. Thehr A7 3blishing Aekime il sE%%]énsea‘é
zebl@ﬁ@hosec%arlébé%{ij@rféﬁ ﬁHE r&@r?&gcr@}ﬁﬁt?@éec&ﬁﬁfléfﬁg fhe

fish enbryo e.g. a zebrafish
di seggies emst QPS‘-‘—IFﬁiitﬂeY Jigi el tm,hmrqijsmd@x/arda@lbl@tdmy control

h
of, BREREHH b VoG R o i ghet e B gel

use fulr. I:Lfnl et rdeors examles st ution in 1XxTE (pH8. 0) and
dilution to a working concentration of 50-100 ug/ m

KCl1 containing a marker dye such as

In d&@b&a%%t@Htﬂﬁ&ﬁk@“é“hfgagééi & 1209 -2 %%%% %@ﬁyyo, e.q.

nl of this solution e |nJected
a ze@méuehc@mm:dzoz,em afsinzh ce‘xmarlgmszt Sewv enaade t hostisagdtechniques

avalﬁggigo%on%%ose skilled in the art. The construct may be
released from a vector by restrictioﬂ digest, and gel
purified, for example by elution in 1XTE (pHB.0} and dilution.
to a working concentration of 50-100 ug/mi KC1l containing a
marker dye such as tetramethylfrhodaminé dextran (0.125%).
Typically, 1 to 3 nl of this solution may be injecfed.inﬁo’
single celled zebrafish embryos. Several thoﬁsand 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 typlcally
analysed to establish whether the founder fish carriers the

transgene.
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be injected. Injected enbryos are grown up and then
mated with each other or to a non-transgenic
wild-type fish. Transm ssion of the 30 transgene to
WO 20p05d2d5sequent generation i s usual |y nosai c,PIAGRI003/005239
from2 to 90% At |least 180 offspring are typically
anal ysed to establish whether the founder fish :
The tajeceted thprybsansgebe. rr20041Q54268ssed for visual
PCT/ GB20031005239 39 The injected enbryos_may  be,
funci$00 oot anCRECaLS el rBr 31 SBUT) FUrRERDE OF PHASFhERs

optok€n8tid HAYSOpPYnPEERSaSEapRdi Ligd a9phokinstbe afdther
opt onot or assays, e.g. as discussed further below 5

belofi sh denmonstrating a desired phenotype-and/ or genotype
may be. grown up and may be mated - with wld-type fish
The parents and offspring may be nmatched and the

Fishoféaphisbgat $hai hadtyiassessedotoe phanotypenavdpermay be
genotype. Those offspring wth a 10 partjcul ar

gTowB aRoR YR emanbe Hepked | YkeR ywHkAnTYRe f8RsntR8i BareEs. and

offsﬁf%ﬁ&t§9§?ﬁ@d%gkﬁﬁé%eaﬁﬁnﬁhgﬁ@ffégfimgc§ﬂm9§arly assessed

sel ectively red. Sone of the offspring may be

for ghendtypedahdlonvgendeyps | ethasal gEfspreng. withcanfirm

the. nature of the _blindness.. This anal ysi _ C s
Party Gl GH PRRNSHYES hyBR REACT ohi KT TnitRhEsPhgnamhggion
of a@NfhedytateNSeLPEadesyéfe thonévitotdlcesngesestbechiekly

for expression of the construct in cells of the fish,
bred 3@ @bl LAl seEERALNG BRY ke Wi A pf hsef cEeEChPBRs to

| deta%];‘@&kaﬁé)%yéfs,efé[e t en ééé%fﬁgggxfieﬁé@mréngft%@ nal

oxyurl dl ne nucl eotide en ng (TUNEL) to Qheck
blindwes20 Bpbptotatysks ImdeathclindeeihssiFanhybesdisapion

which fish with th i at - i sti
StudiEs s 0A; REAT R etRE hf BUbR SRS cRERRES cBRer it HRETOEed

‘gene MBb NEIRAARACEOE Nefp b & O¥6n t Oif StREVE SRt Bt cBt LRI BelDsbef the

ent er ed - .
fish, anatomical assessment such as with plastic sections to

check for an effect on tissue or cells, and terminal
deoxyuridine nucleotide end labelling (TUNEL)'EO 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 secbﬁdary screen in accordance with further aspects of

the invention.

Another aspect of the present invention provides cells of
transgenic: £ish, such as zebrafish, fugu;‘goldfish, medaka and
giant rerio as disclosed, whether isolated cellslor cell lines
dérived from the fish and optionally immortalised using

standard techniques.:
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25 into a secondary screen in accordance mnth further
aspects of the invention. Another aspect of the
resent invention provides cells of transgenic fish,
wos%%’ﬁ“’é%"zebraflsh fugu, gol dfish, medaka andPCBGB2003/005239
glant rerio as dlsclosed #het her isolated cells or
cell lines deriyed frontthe fish and optionally

| A g??ﬁnﬁ?%ﬁl§%dau§tﬁﬁasgtﬂﬁﬂﬁrﬁeﬁeéﬁﬁﬁqdésg MEEteIOlOQOUS to

flsli,ooétﬁ&l’éla?%hggf@g%éé0952§§br§91§ LhyeRs guch gi Bed in
di sease gene sequence ( eterologous to —Ttsh

aspegieh %%dh%mb¢@im@@us ¥a) ﬁbbrptesbwttmnbenEMphomeg efiploy. a
i nvention may

nbodi f the
w1505 B8, SIOPYTERL of, LU Br SoeL ADIEILLONIRY
be agriojsdd Ve TESUSHGE Y Iﬁaﬁedfﬁﬁeﬁyfgommﬂée%‘ﬁé‘cﬁ

may differ fromwld-type change which IS one” or
Chaﬁﬁ%&? Chidkf 197, OF rigeFe | of, a@@ibt©@n ingadtion, deletion

Rt R R T -

sequence
shownes y|Ghangem tard moucalod ok ioda negeaé n ¢ & emapy Oi"@iu[ﬂli: evel an
enetic code. It is

det d 40 by b
am ol 3 ST T pHOT RN T Ha LS ebar ch ac 7 Qe e sined

by th@e@@daﬂxuldyuéﬁ a nemrdrug nay I nvol ve the screening
of very large nunbers of candi date substances, both

bef ore and even 15 after a | ead conpound has been

1t ibowrds Thicsid Trte G ce Vﬁ}.cngt ":%eg%samgq arme Ctacl) the

research very expe S|ve an

ldenf:@rflaest;usm g ian niche c&wge&m}ﬂ@rﬁfdlﬁﬁﬁstlfear‘scf@&ﬁng hof very

1arsfSURhIRERLE SomELeLal e tance and WILILY Sueh
afte”?éi?’ﬁ‘:?e%';’m@?.”?ﬁ e o o aaCord: B T
Whlcgr@%ﬁe Ph@éﬁtﬁp@ﬁtlcw&dmseﬁrg:@nwrﬁtmdpeamlermmrtme- |
consBAuYTET A3AE 950Rast AEONL S50 R TR LIVEIUON, o
have sopps edenabgenesmelaceaenﬁ.mgarﬁﬁ‘z‘@éc &nidh uttllqlty. Such
means for screening for substances potentially useful in
treating or preventing a disorder or disease is provided by
fish such as zebrafish accordlng to the present invention.
Modlfler genes, such as enhancer or suppressor genes
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 expre581on of

a disease gene ln 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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25 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
WO wid/eeésof a treatment, and substances that rfT/©@B1003/005239
activity or effect of exp#kession of a disease gene in
a fish.. 30 In various further aspects the present
The phesantohnvehbtrs havesceabinsad tnat afssly sethods and

Zebrngang, and sgﬁﬁiances idenéified theéeq%. WO ha
20037 081265° GB20%37 858238 Y 1R P e et Snhancer
screbfVent 868chay ey r €abphsedsbhatciesh shedl vss zebrafihéing one

are useful in a secondary suppressor or enhancer .
or mggecButaplees ohrib? yt e ppreeBer ardr sRFFEMAY @B selecting:
for h@é&@ggﬁ'gg Q@g?r@%sfgﬁeo?“éﬁﬁéﬁ@%méﬁ%oofh@h@egfﬁgcéngf a
screeni ng or. ecting 5 Tof negation or suppréssion
primary emvamceornt of the effect of a primary nutation.
The principle can be illustrated by way of exanple,
with reference to a hypothetical gene B of.which
The PRIABIpI&NGdh Ofk | 5110 Lo EQMYObad ich Si®1df FIES
gene is nutated so that it Is underactive (a

refepgperotph diyReEirYicahuéne Bich which ermvoerl Nowtion is
: r othetji,cal gene S wh nor mal, .function_
to Rl L S ENER MR BE R il D

. undesarciitdata tygpongarchis mbistnhtndesmclliare, fitdte Jish andide.

be bigger. Thus if a 15 mutation is introduced into, .
Now tajee sag*g%%e# WAL e HR0C HarBRRS P Wt e pn 1s
to mﬁ@ﬁﬁiém%ﬁm%! lrcancel Rach Of hartatQl, andi Revdd sthe .

/ be normal .sized. The Tutated S gene suppresses
gene e PpHenhdsmngrrasitive mhatEsB wdie b2 bigwseverThutherke a
IS r ol Hﬂgr gene i S. a dom.nant di sease ne,
mutaﬁsllonrgel@i ?l q{'ﬁ{Bs rra%gsl qiwoe r&fesﬁs rﬁ)er{f%iléblae,ﬂ@zhsaésr?%&n '
harbdurindie gquitciied @& gfelaie}, ti?lef ﬁp,{]md&éqa, danadll led! ddther
bl , ot . At .
out %Eflo 3:'1‘%: efits% ‘v{i%llsiea nliljrmall Ssizeadr. QI‘%rel ?n%t%trreud aS Igoer}lelo "o

suppresses the phenotype of the 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'ét 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 viable, can be .
raised to adulthood'and bred, and are thus amenable to use in

a secondary suppressor screen.
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25 The, present'’ i nvent i on provides a solution to this .

problem by restricting expression of the disease gene

toone or nore tissues or particular conditions, by
wopbaasmgsit under the control of a suitabl e POIMEBEO3/005239

e.g. tissue specific and/ o inducible, or by

phenocopyi ng the effect of the nutation at a 30

defi ned tine point. As a result of this spatially

SN S MR T R XL T

modéﬁ‘iﬁﬂ&ﬁ%f%n‘¥¥7d&heréﬁ%@egytéhéﬁ&&éDOQQ BRdshbeed, manfls, in
are thus anenabl™e to use.in a secondary suppressor

many craAEs WD 120 04y 0 HAeSi RaT/ Iepxbo bbb hig 01 Al pRBEGAULArlY

nh t f
che  Ghel TR L or S 2B T 6 BRYE A manY

casd@Bals gerdtidENY cASESen ! @ﬁtmttfﬁmsmsbkbttofdbhéhgenetlc
This is particularly 5 the case for exa ? for
defﬁ@hrﬂcﬁ Gbﬁ%ertﬁtsléﬁs@fm}ﬁ%ﬂl?]ﬁvq’%ysy% s\¥s9
Al 468 I Atineeth O U dhaudgall oled be, ggew Body
" defect Jhgeneratlon of the nervous system (e.
DemeA] tzihei nﬁ}hes;e Ray kifiisom' 3, Ldbtof MNeeneiy @eﬁ@élatew

o PR B TS, 18060 80 A POk ©

sopAVd ilcaltidd tan 19fi caSopE Sdy s at el olmat opdt besay s iﬁrcan be
human- patients, it can be verg hard to nmeasure th

verphiaaift t6f mpaselse thimeaient 0F ghissgare p%ﬁr@%EFBﬁtwns in
prog?@s%lk&%co'ﬁ?.se%%dﬂﬁe eg‘}%t'rﬁ'éﬁlé MAR LM VIiN¥PLh in vivo

screeni ng an ani ma 15 One solution to this
screaesuitry exprags antiver ldirssdske. gene in a specific.tissue,

mal function of which gives a nore easily screenable,

guanti fi abl e and gradabl e phenotype.” The present

One IOIGRLIAN HoN tHald GUS 1BS PeGH Se S L leNhOk ¢8$é Sgene in a
ca italises on 20 unique features of fish, esp emallXy

Sp it Uean dhad G Cleh@impP B SVink @ HEVEe g Y gpore easi

screenable, quantifiable and gradable phenotype. The present -
invention in various aspects and embodiments capitalises on-
unique features of fish, especially zebrafish, and sonme

examples are here given:
a. eye specific expression.

Use of an eye-specific promoter to generate fish with affected
vision and subseguent 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 injconjunction_
with add-on or combinatorial chemistry screens, -or its use in

pharmacogenomic screens.

R
FAE
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a.- eye specific expression. 25 Use of an eye-specific
pronoter to generate fish with affected vision and
subsequent assessnent and conpari son of vision of

WO 204131268y be excl uded from certain aspects. ®00/GB2003/005239
enbodi nents of the presef#t invention but is useful in
ot hers., such as the use in conjunction with the

When gﬂﬁp@lm,spst eye-osparck Bas e mmpriessifon: 3%« ot ridie ,present

use wi.,th nu atlon of male tero otes
Iqo.llsease gene

invedtian T atiidhar i | e i Genés

in a CUNpOENORr Witdhaddson iy éymtm;ailafécalnpf@fe Sd:f Mnore

screens, or its use in phar macogenom C SCreens.

of: GRHATSEES HCH GERUDS] oroﬁsmhmmm«ghe@mm aﬁhe

conve%:ys%. %{J%CE 'h%t%rnoneq{ er.[(ﬁj & 'bq.ot 19!ae.LSe§]'Ltgenal, and the
i nvent | on~provi 'des 1 expre33|on 0 . g.

tranghﬁﬂmsﬂlgﬁn&husw51gmmmonemhenvﬂmﬁﬂu&aﬁtﬁdm:ﬁ&&he
involved in one or nore of: the passage of a photon

braing |Thgyr GhPFEIPEHe G, Uhd s W PSS o iiitigh may
be f&f&%&%aﬂntﬁ drfdl YOGS S WRl o ARG %lltcfvﬁr}ﬁj“ﬁ%s‘ﬁ%s

his signal to the visual centres of the brain.

‘and cml;f@ a cEnOmpICE ieor amsmdan tﬂwem@séhmqumemmtmeqmy

functlon [, i_n aon ;¢ Jore of an the f Iomn 9
humo%lséﬁgg' 31%a| mqﬁ{tlva C%F%é aéﬁ%qu &d
photduermeutoryi bbﬁ@u%‘)hlﬁ:dilﬂﬂﬁjj’t.oﬂ e@&ngﬂ_&blma;elqnt iqLindr vell,’

any retinal ceI ,. rod photoreceptor cone
horizgptedr &6dpr oPLrgdRdl i lcémnd agEcA nei9e 1) -hor i zont al
cell, bipolar cell and amacrine cell. A gene to-be.

enployed in an enbodi ment of the present 15 invention
A gengh&reby eipiloyed! ifi sin iesnbaidfieendd ofay hise pa:r%segmwe' in
, .1 d-type or nutant f mh ch, en,express i_n
inverflioh” WHRZLBY WHEAMn L PO TE 2 AERsR S Ror ahvarens
in widyistypet b@nmutahtdmﬁemmcm ohed bixpsuesed gel la afish
out al ready above), this

t he eﬁe' e.g. as set
such aF sEPFAGLONs P SEdASt PEROSHaTn8e26 1 PPERN d@&ﬁ?émctwn
or de%@ﬁ@gbgﬁghsoftHetgég5%§§hp%e?ﬁ bre +fdlSe3e QeNe AN SRt
onponent of ‘the eye causes ['ure of veIo nent or
out already above), this affecting visual function of the
fish. In 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, ana thus
visual function of-the fish adverséiy affected. Fish with
alpha-synuclein expressed in their retinal ganglion cells

perform more poorly than normal on visual testing.
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degeneration of a part of the visual system In other

enbodi nents; the expression of the disease gene in a

conmponent of the eye causes a conponent of the visua
WO 29041081263 0 25 mal function: Al pha-synucl ei n ( e PET/GRROGIHNN05239

carrying AS3T nutati on may4be expressed in fish

retinal ganglion cells, leading to a degeneration of
Rhodope igarigl-igon hewlang. c‘ﬁmyélﬁgsﬁ'wﬁ%ﬁmﬁaduain 3thy be

oron L 9ETI 9150 R AL CO1RMEN e L A or

the bhsliowetRptalPhr-19¥UCIRING RRNEISLd gHbidi laretidalonger
lion cells performnore poorly than normal on -

dete@ltggam& E8Ei agtinge 2004/ B2 6HePCHSERIVCT (UB23isy4s
opsikn . r%h NG R mut ati on may be
meaggggéségddg%e%mgﬁggﬁg%b%ggep 0%58%ﬁ1§%lng to a
degeneration of the photoreceptor cells.
Conseg%ently, H@ﬁpns are no |l onger detected by the -
In opg: PRACAAY I ERUSTORE ESton 20f % SSHUR B Hpd (HFease

geneasolBkel AtReduRR Y ii$ta) th%s¥h%9 bngon%d%¥§fféﬂfﬂis placed
enbodi ment, a codi ng sequence of i sease gene to be

undernfegaéeéarwnp@nfctar@lf iogh the. gthie@mmosk:ier i AtfiSaded the

cobr208h EORLAMRLKIOMEBE,Bh, Lo, BIDMAINAE IS i

loopE)heSDﬁhti:anbaSilpthehl ¥ackeepahehbl bhansel igXprsed
factor_ Atonal and is expressed speC|f|caIIy in
SP@C%E%%HYgéﬁgir%ﬁnéé B§neka9net:eéﬂ—s NEarort ‘adooNeygeon-

20013@ﬁ§ g@@B¥6h25L§6§n°&HeénggH@§'gﬁBBdlhE%rper%ﬁ?'ddy%er

the di sease gene iS .replaced wth the opsin pro
of the dkemmedygeneals, rep0etpdIwiBhokheChgimin pflitlter

(kenddd S € 542 BYTN T, PPBR oPRhe oRBBALAY Tof 443 o

rhodapslit opyorsyséem af fords a quantifiable screening.
system Zebrafish display an acoustic startle, in

mhlch a sudden sound stinmulus results in a refl ex
b. ear apec1f1c expression.

Degeneration of a component of the auditory éystem 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 tésted 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 corbining
this with avrescﬁerstrategy, 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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novenent [ Nicol son, 1998]. The intensity of a sound
stimulus can be controlled in a graded fashion and
the threshold for 25 novenment neasured. Hundreds of
WO f00st51eén be tested at the sane tinme. The i nEmGBI03/005239
additionally provides ford4fronitoring the novenent
using a canera, e.g. a digital canera or video canera
ear- spenéfiedptmmatem_ﬁpmhen.udéothecebgbpogiahéopﬁqmbtéj:shLong,
Oog gogt- timulus. This facilitates automation
20 fa{lﬂetﬂ%a W'ﬁé 961 pr BEeWStaRd [ A8rBEKRNG28P O ar ge
c: pg BES+9bnf kpRteBy cOmbining this with arescue
rategy, it is possible to screen for the fish mhlch
retaln t he response, rather than losing it through

f.th d 002].,
i S e
J.nteﬁ@;[tﬁplﬁﬁlfrhﬁyﬂﬁgnﬁh@i@ bﬁﬁb@ﬂﬁréhﬁoﬁcﬁﬁa 8€BCr PHEFDELIof

[Long, 2000] and the NKXS-I ﬂfene pronot er [ Adanska, .
melappppiinca QrgkenhEironneystm a%lIZeﬁranuéﬁSaaaﬁ@m@ heldely

dlstff$@t§@lﬁf£h18 ﬁ@faﬁggggPésl'?E r— éHég?ﬁ'Ei? %fﬁ%éﬁ@

hei r concentration di stribution
CellﬁarthwmvmammnegtthelﬁnSh go ahoblesbbackeae. mﬁdetgntrast, in

istributed with n nel hores, star-shape
a 1igh? APt Sondht " T RRRTRAST 1SS ResR el T ng | SEfmutus
for ﬂkﬁ@ﬂap&@tﬁ@ﬂttﬂ@ﬁémdé Norl Oa ard i OG-~ BPNGERAEBRL c t he

nelanosones aggregate. The stinul us or this
Projefaling | dlém*afsabmas rigtehol et hal @m@itary secretlon

of e 'I%]rm(% %‘% 01 02l AUS, {0 J‘%(gf%&%?% Eéu’}ﬁ WA Yausing

secretion er a hornone
me ] argigy rdsigeie 0sR DI (@aimt:musmstg alnel and 96 di spies spd gmentation

(Qdent hal. et al ., 1996 The ntatlon 15 IeveI IS
Levell A B2 b kb d AR dHee o e

quanmﬂarﬁéd atehi T Bpdii vh vmatgé NBOE ek y%&é@fé V& &h SHChiTH-
as NIH inmage. Thus, in the présent invention

imageys Jdusvenkn dHte ROTRRIM SOWeItt iginyrasees sreent evied may
e r p cr eenl n
compagct%réza{)?legy aq rE{?q%rcq{r g%cug' gl#ag"h hfg Lgyﬁ%]é’c ene a]iovd‘%lng

| a hlginy-témm@'@mg sciganeirgy Gtrditsepse ek for rescué of a

defect generated by expressing a gene e.g. disease gene -
specifically in a component of the pathway controlling the
pigmentation response. As part of this pathway involves
neurons,: néurological 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'idéntifying 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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specifically in a conponent of the pathway controlling

the pignentation response. As part of this pathway

i nvol ves neurons, neurol ogical disease may be
WOrRBHISI2zsd specifically in a subset of - neur onPARIGRENR005239

a graded, easily screenabl#® 25 phenotype which avoids

del eterious effects. Furthernore, the invention :

provides for an accurate, gradable and rapid
resence of disease activit

. S nin net or. the
The JFiFTo dor crostabit EGUIa5H Bh s PErspbapevent Yon

are LAt 'M%@r&é@@'eﬁof SRt 5 ct?'&f" e L§. %@pﬁf@gsoﬂ'h'gsenes
is highly' desirable for |dent|fy|ng a therapeutic

thaly o ifesel ideliebly i er | ef@mltaaf] DeSeopnd agewe W tbhe fish,
enqt ypi ¢ assays whi ure an not hi n :
sucPISN% B S Aseays, o ol qestte @n - ALl e noling. oo ene
preﬁiﬂdﬁﬁﬁanﬂ@ﬁ%&%ﬂéﬁﬁ%ﬂﬁﬂd@io@%w&@w 46ri&e, e.q.
fish, (ﬁkgzebraflsh provi ded by the present

zebrafigitti U G N Aredalee id o7 i amE e¥%t’é3e‘brlne3l§0h a

screlfppressor, genes that affect activity or effect of a
second gene in the fish, 5 such as a di sease gene.
- According to. a. further aspect of the present

i t t.h ded th f fish
el e T S e hanral g a%*iesfwe%logaw/ ox

physiil:t@ll heayd e wihch\Scdit &the MGRInEi &b 486 B®rovides for
generated using chem cal. and' /or physical neans, in

| screpmiay dete A ENMVdTRY drsalado qHIRGTHedn fidhe @tﬁ%.%

ponal o, SE SIS, WA IS N Sspetle et ox

PhysahedlameaMmenphyS|cal treatnment. 15 Thus, the aspects
of the invention involve genetic rescue of an I nduced

phenotype Zebr.afish are particularly anenable to
Thusgeﬁﬁbl%s@@ﬁﬁﬁﬁcﬁ?Qﬂﬁ%@ﬂHéﬁ%ﬂGﬁ involve genetlc rescue of

an induced phenotype.

Zebrafish -are particularly amenable to genetic rescue

experiments.

Mutagens such as ethylnitrosoprea ({ENU) may be used‘to
generate mutated lines for rescue screening, in either the Fl-
3 (for dbminaﬂt) 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 efﬁieiency, 80 any phenotype is most likely to be
recessive. Retroviral vectdrs 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. Galling et al. (2002) Nat Genet 31, 135-
40. Mariner/Tc family trénsposable 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

.
&
e
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Mut agens such as ethyl nitrosourea (ENU) may be used to
generate nutated |lines for rescue screening-, in
either the FI- 3 (for domnant) or F3 (for recessive)
WO menestaéi ons. (It is 25 only by the third gensrptBams/oos2zse
that recessive nutations ¢an be bred to
honozygosity.) ENU i ntroduces point nutations with
remahhghteéfmcseneyfisbennyaphenatypretBotdnatalikiely &b bee
recessiive. Retroviral vectors may be used for -

‘mome%'t aQRNeSPstS BRALarT#dutPTtAeY-are an order of

magni tude | ess effective 30 than ENU they offer the
advantage of rapid cloning of a nutated gene (see
Rescye gstralns ngret thagn (QooR)edlaandetlee BddeBBindOgenes
rimer fam |y transposabl e el enents_have been
mapp iy ASCTTr Mhotet HEFIOE ST e Ha e . W
drivdie disesks@sofud agemi i mgeddd{feansl steps 1998)p M drably
Bi ol 8, 82-8. ENU WO 2004/ 051265 PCT/ GB2003/ 005239 47
PerfQrmad iR tHCHHIINGR it RsReRt @ aafyd nelpedinsal § aof ethe
preséﬁttfﬁgeﬁggggu,aéuggfﬁbiﬁ_preferred for now. Rescue
strains are then created and the underlying genes 5
mapped. However, in the case of a dom nant transgenic,
sease .or. a HSP |Jjne, addition

14 i, di t
re e bbadl e b U B el O RS G YaS i Srhe

offspafitheenthamhi nenirof dMe RRASeNrd A &N wiasl il 1o the

10 I'f the nodel is a dom nant transgenic, then only
MULanys FS ¢ AR LSS FIh@H CoRes cragss Wil R nejulknow whether
rescud MSIYHGS- M | QU nﬂﬁ e. 4N 25%

) uqf cases, one wﬁ]{q%{}h%t er]1{)vl?\/leov\/ne ag-gf lzi’geesclflea ﬁeen .
inhergdegr-r & lechihvt thereend ngutsanta tgeyie hasrdbaderefore needed

L rited. Selective' breeding strategjes are

to ool fe UGG O (5 2g8Aate 14 ron gy soag yaous
carriktranagenigedvwnep Heldenazyeeded .CadnecE AR ¥ PMbgdhy

{11 ﬁnd i ncrossed. Sone of these progeny wll be - :
will RenBoRGayyoss: Geard ervhefhean dsa beeridentdfiss swctsuch -
throubAr e¥gR s oS NG LBHAERORGGL o | ' AR

_ ‘gapable ofgsgrivﬁn Oegp?eggﬁgﬁ'o?%%ﬁéIagépgﬁﬂgPpﬁgﬁg of
drivipg aRpreaséQninthhehresponder 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 ocutcross 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 qescribed above occurs. The solution in this case is to
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20 the response elenment is inherited. The next step is
then to nmutate this line at random such as with ENU
and to screen the offspring for deviation fromthe
- WOR3ppHeiteed phenotype. All - of the offspring of BET/GB2003/005239
outcross should be carrier48 Any possible rescued
fish are grown up then retested. 25 Alternatively, an
gengrpte MererygoesteAlh4 duivesdlinesantobebadthéhe at random,

f ' e | _of rin or those in
crofy | ERELY S PEh CONE tuad L TR O EBRE Rlbedh E0Pedanlnant
res@agf i@ | gesestied, in afletgenokypedefrom a sanpl e of

cells or tissue taken fromthe fish, e.g. via fin
clipping or equivalent nethod. If the fish 30 is a

. The GppBlg dPSRuEdnd Sg&{é’gmié'pcéfﬂgafg@i\pg le%%%g nTa%%e%c_ansity

generated. The underlyrng rescue géne
of ngrkemrs mulethe stistdeyeidiel WAGPrbevi bready rebes bderably
obl.em t t.hat scri bed above gccurs. The sol utijon
gredVSP R Jndt B¢ i 0699 BB PERT K0S DOLRE LY
receif: geiaiiain NipIBX o0 Ay .%M@ﬂ&lﬂ?@miﬂ»&%& #&5Sfre on
at_random cross these with the UAS |ines, then
zebraddstly igmdpitinaming e vaklakbe efediowsist aiding

“ternBAM AR ry 5 e A'mpmfﬁ%exgdrc!m} a&&r%nrkﬁls% ik@rSS November 2002)

conparati vely easy. ensity
founid @ genetic map is already considerably greater than

h of t us p, despite the relatively recent
‘httﬁp@dgfﬁ%&ﬁ%él&?ﬁ?@&-%%ﬁr G e R A Pl Rugliid e html) |
The Gangzebiafptsh hasndalkhe, usi %@f%&vadﬂ@@e%f%,sﬁ genome

browser using 10 terns "zebrafish” AND "harv

Withe GRAYROCE X8 ROFrbdR B200RemfeouRP®) published at
; . iwh/ fish. n % . eduy/ mappi ng/ ssr. P ..

R eR R SR RS sanar Cant e WA GBBuRY SCLERuAET any
web bhewsebr abisly gemmse “daintilo seGUTCanRUMSeReY- 2% :

“w b 2002). hl.i shed 15 . ..
mns e retg) aﬁ@ﬂszggﬁ?%.vw#@% deleasi fieck amed are

bein?Shagpégyon“@?rQHQ&@Q@nuﬁb%&iE3ﬁ%§ "dani o rerio" and
Sanger" or ENSEMBL". Around 70,000 ESTs have been
identified and are being mapped on a radiation-hybrid
AnotHEP- strategy for introducing effects, which may be random,
on an aspect of behaviour or physiclogy 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.
Thesg 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,-chemicais,
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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20 Amother strategy for introducing effects, which nay
be random on an aspect of behaviour or phyS|oIogy in
accordance with the present invention, is to

wo hownsizegul ate the function or activity of. ap@EgB2008065239
i nstance enpl oyi ng a gene4sil encing or, antisense :
techni que, such as RNA interference or norpholinos. -25

zebrafgsh. cdombedisadhent tgegeheehagni fsspsandeHal BcUBAESthe a
y of genes as part of a

. O enerated agaj nst an arra
prlo§§s?§ﬁ§t£ kQEVegh JENESSPENARTGel (NRaBGedotPnivtiect the
chemBMAL D ehenisal s, emHPﬂ}Qholng&thélf{ RIESGERL effects

markers into fish ‘enbryos, Ing ze
and Eheryesativekn shert dxration déved:tammnmddsm@nauy,

led o onucle e_containin
they2P£§§Q“ 9@“|.ﬁié§9?%t%9ﬂn? | $ies Tl?@ﬁmﬁ?%ﬁ ? ot t%ffer
the smadnsépeiogt veladf oal BEOTe e@i‘@é‘ﬁ@@léﬁ@@é | $3 n A B£OSEns .
mor phol inos bind to and inactivate RNAs and seemto -

work particularly mell in WD 2004/ 051265

A fufﬁﬂ%£}g¥¥g¥ gg%% I nc f%ﬁ g‘f&%g%i&ﬂ%%gé%ﬂ%%%gs

with this appr e a priori
protele aprnmseqirare,in helme@bxte)anmc&nipltéte tehaiy cof the
toxic side effects

0 he ear | r tenti al
variof Qo SRR L i PN i aitheey dreclosed
here:[kd,dljts m'd%e&ﬂd‘% it flipatdon f e geng,

and thus do not offer e sane repertoire of  allele

- aptamansy 45656 s Heisw wratmwsﬂlsaasmhms stamtieglucing

disedsd B} (RHINI ol UnGld on f; 8’161%635%3:0 aélny g:reerltenncga ease

part of an in VIVO SCreen,
statesgBrsdsiot Iaertawrxponpem&def atos hear eeniveg faid abegy

cocclelly JTElas dert Dk Sl SPiriase g SREde WIAN  ho

effeodu&ea&esluﬁe$uv@f1hn@@%c&@an@bs%§%% B¥e0 séﬂ%ﬂfﬁventlon-
then assaying for an altered disease state. Protel

markegly, HRCECBE4R0dENGASt Ree fudnes st Beydndg 115 Vciltscwowe:lryeanlng

metholG0l as, 19961 but the ability to assay their
effectiveness in vivo in accordance with the pr esent

i nvent.i on
In a further aspect, the present invention provides a method

of screenlng for a suppressor gene that lessens activity or ~

effect of a dlsease 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'orhphysiology of the fish,
as model. fish for screening;

subjecting said model fish to mutation to provide mutated

"Eish;

_ comparing behaviour or phySlology of mutated fish w1th
behaviour or. physiology of model fish in order to 1dent1fy any
mutated fish with altered behaviour or phy31ology compared
with model Eish;




10

15

20

25

30

- markedly increasing their useful ness beyond in vitro
screening nethods. 20 In a further aspect, the

r i nvention provides a nmethod of screenin
WOE’“E@‘%E S%8ssor gene t hat | esgens activity or 8?208?""“5239

a di sease gene, the nethod conpr|3|ng prOV|d|ng fish,
e.g, zebrafish trans enl a di ene under
R S GRSt S TSRS e ane
any ¥ asst o it démsflﬂ@f@d Vﬁél{'ﬁﬂ&ﬁ | Sr Obh{é S66gy,
of the fish affects, an aspect of behavi our or
thegsiysitol dglerdfi fohe fyugpressonurrsie fikgt fipssensenthiyity or
j ect ald nodel fish to nutation to provide
effé; é¥iﬁﬂéﬂ SRS ébﬁbaTlng behavi our or physi ol ogy of

nutated fish with behaviour or physiol ogy of nodel

fish in order to identify any nutated fish with
As nyted e PUSdianssue I@OWW@ EERARED i iV eRiden in

f 05239 50 identif |n
ts FattiondD 20 t%%@ﬁcgﬁ' yrng
1 ? a geﬁgil é%% ?4eren e between nodel fish and any
mut-ated fish Mﬁth such altered behavi our or :
SIO|0 0 a suppressor_gene
A eV HROYE o LIS A LT e A A, or
phed@b@?en@ﬂQ@r1ﬁ@eﬁﬁﬂﬁﬁﬂidﬂﬂﬁﬁﬂﬁﬁﬁﬁﬂédﬁbjrﬁiﬂgﬁﬁﬁ”ﬁehav1our or

invention in its various aspects enploy zebrafish. A
physiodieayudis as raspdbr &ffi sroradsden of &hd sHiaca s agny may

be .‘.L n:l:Qfglé(an ahy Eﬁeaga%r 'J‘ Q:HH{I T‘t‘ %erga@fgte%ﬁ%g)lb%/y the

behavi our or physiology as a res
beha@xpmessmophgﬁlbheg@|seaskmgem@ﬂn@isgmay(ﬂﬂnhdluhﬁcﬂame

t he, basi s that d ot |spI t.he _behavi our
deorsRERTRUES OF iBEs AR S fy THCAS Whd o dd it Gener
thisbeeausedobetbadetbae! sefppdBstialy @hel Bcd 1SRN H8N

15 this nutated second gene suppreSS|ng the activity
dlseéﬁetﬁgne

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 through several generations. ThlS

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.

-,-'.-_
L
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di sease gene. Thus, in enbodi nents of the invention
fish such as zebrafish transgenic for a di sease gene
expressed in the fish under 20 control of a specific
WO B04RH2ET (e.g. tissue-specific and/or induci BCE)GRIeNR005239

be naintained t hrough sevétal generations. This

mai nt enance allows this strain to be entered into a-

secondary 'suppreSsor screen, through which a

n ti b T {

A mRRRNIRCh OMCA LN o ot GBS Bl RN AL 441 5
dlsela@h?a\‘meour um:ieprhycs:mjumgy offf & ipslrtriawl alvandoad trey: kotch

t he .di seasetcgus ng{ tation and the potentially
contaiBhfdsgi RYtekiomy &t PURPTEY 508 SE0&s Sdptpytessens

actifBaRscef e@rsukt 3 eRSsA%eaFeShenl WA G rAIR@NE
aspect of behaviour or physiology is better than the

behayappiaprspbysépd oely 3¢ ttil?@ fdsdt Lon 1ase ldandiefatles.of ar
£urchBL0OULL)0e8, 830%%%% SeAllcarball ke HRRNGSS) N et
efrect e |

primary sease causing it

prefeeabhg putahtdageneraﬂﬁcmbssﬁrQhEIBupp&@mﬁﬁxﬁf%ffect of
therageutic targets  for treg%nent of the .disease :

the SUBREGSHYTt BERCpri e ilr afPénSalD 2094651 IRsTe a
mutaPEdh GBR0935008232 13tnfifkanthhiSBnaUGReRS 3 q%%%%%ses

zebrafish fransgenic for a disease gene under control
actigity péraieetandpgemster and containing a nmutation

within a suppressor gene that |essens 5 activity or.

effect of the disease gene on an aspect of behaviour

Of cou:.ﬁ)éiystkﬂé ogyrebnt beifiish ia theehttusefial demian™ any -
urther assay for a test substance able to nodul ate or

aPPr‘aIPHe%ie C%E%iasﬁyeﬁéw@ﬁttﬁa%tsrwhheheggecpﬁ@are results

obtaSheRrassto effegl,sof the suppressor gene. Cearly,
the sane applies where a 10 nutation in a gene is

identified that enhances or increases. activity of a :
 nuBE0 U0 Chs COULEE. o R RIS P bk B0k Bt s Biea
persoi fdr timicoripas Enesubsé8ondary mutation into a’ primary.
nutant strain. These strategieé may be applied in wvarious
situations in different embodiments of the present invention ,
e.g. in mutation of gald 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 0.9-3.3x10"° per loci. A starting
number of 100 healthy fertile.malés 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




N

15

20

25

30

15 obtained in test assays. A nunber of strategles are

avail able to the ordinary skilled person for

|ntrodu0|ng a secondary nutation into a prinmary
WOAHI2G rai n. These strategies may be appl i eBCT/GB2003/005239

various 20 situations in dPfferent embodi ments of the

€resent inpvention e.g. in nutation of gal4 driver
fer +%Je%e%r°%€epmn~a| arenplaredyfouBNBasplutdpn The 1 hour

R R i T T e e

aquaniws wﬁt@m9f6r3X1ﬂeﬁrpeachotimeP\§tﬁbtiﬁg ZetnwAbed the

of.lootﬂﬁalth% fertile mal es are considered necessary
ARy 41 B ZBUSBIFRPFLF ORAFELLAS 1 b7 BEPPRAEHONDS ti BT imes

at ﬁg@&ﬁ?&int$@§§g§ne3|s may be perforned as follows: 30
Et hyl nitrosourea (ENU). is dissolved in acéetic acid to

a final concentratioen of 10mM as determ ned by the

' Ety 238 t :
The MG oL Malhs i8R, T dhePehin PEPUFERORELato the
exaioImiintge 1£ GFE e £ &G 00s D Br &M red $8&hEN. The number.-
pH 6.6. Males which reliably produce

hosphat e buffer,
of N 051265 PEIT (R 0037 To%5 Rpending on| faggnunber of |

mutéﬁﬁﬁﬂgldgkfgéa[&égmﬁgﬂ&n NU sol ution for 1 hour.
After the procedure the fish are washed in 2 changes

of aquariun1nater for 1 hour each time, prior to - 2

N 9 the uarium The nutagenesis procedure.is

Theléﬁﬁﬁ% aq%?%f T EsPCH G e 'rﬁ%ﬁﬁéﬁ .Oheln the

dar¥ rtequﬁmyam‘e iatdonssd ndycad i g4 oportional to the
exact nunmber of nutagenesis procedures perfornmed. The

nunber- of procedures can thus be varied depending on

_— f . Th .
L tt%q% ggfm]"pm% e |sc{)e§1 carrle O%J(J.Iﬁrhe

act ual enesl s proce
mutwmzedarﬂmﬁ)o arenithemfdee statess 3 «ivhes fatsshwedbly
. i.al n f.romt.he nuta enlsed fish are nosai c.
intepat st reliciRy e {SETE T RF SRR afrogeny
obtaWﬁedlﬁfter this will be non-mosaic, since any mutations

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 tetracyciine 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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intervals follow ng the final nutagenesis procedure.
Progeny obtained after this will be non-nosaic, since
any nmutations wll have arisen in spermtogonial stem
WO 2{0812620 Ot her useful nutagenesis agents i nBCUEEB2003/005239
ganma- or X-ray- mnedi at ed3&ut agenesi s, and :
retrovirus-nedi ated insertional nutagenesis: 25 An -
mutaefe FRAT TP IRSERGd PEO e c e tRhe corptiesimtcofthe VP16
: gl d tch al | om, Ly i_n hsease
O o gt oy el e 5 ALLe gy Aaery Sabhrodtsy TETA
protsinebnnisyvabvesdphatingteshehsutated cgend nendespohee
1 cogtrgé gf an_inducible pronoter, such as a heat
eleneRhc K IBFonBREE, ofhEhEeEraeYEl PhaSTAGyciThEe 236 18pSE6mTRE

acts( Fient esk) car @im@hﬂvaébmbegyckeler@5g”e&§&esgﬁ%n of the
bl a ) fwo

tetracgcllne i nduci bl e system ('Cl ont ech elies on
genedpff énearesbnslhacksy Thethet spatpiragsi dhexpriassesThhe

cline.controlled tr activator, rtTA )
tranb g R ok "G S L Ty Bin0 5080 T ReT F EBBHISF0BaSHE 54N The
presentatefl tetraepegsaer (proiesNansTeyRe aoupboeitfethern the

b VP16 _actjvation domain of the herpes sinplex virus:
absepge) of ThetFa¢XC-HRBt ePHnBI PAsAPBS aRBtakrkPaPéadcehethe

respbRbEaLYEhEAE §ESPQREL aﬁﬁggggﬁ%&gnggggggiBB Egemieﬁwal,

second plasm d. The activ cts wth the

- suchsihahtepeonbeeict prdtéies expn elssi efifettifelygendtohed on

and off TR Br a1 obh ToRY n T TheSTRET  LEBoRbemD) BB 1908
95:11371h&) . presence of tetracycline (or its anal ogue S

doxycycline). In the absence of tetracycline, binding .
does not take place, the 10 response elenent is "off"

The Bd¥-REAL LK CXPIESS) PO %fs{gﬁnﬂ%@)beé#cﬁségalneﬁgﬁma%? to
- _tOXIC protelns can e e ectlveysvvl cne on an O‘ )
provideriggniated Gedted968s Q00 7EE Shnteéekeakinl 1 PN 4888

lung%éoén%lrrg:gcéeaw%a}ﬁé%;? - J{%&H %cyﬂjj_r?ee ir?xgufbgl e2§¥f£$m ‘{‘]I?gre_
was no apparent toxicity 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 féll'by_>80%
within 24h. Alterations to the response element are'ﬁossible;

giving even tighter control.

A further modification involves the coupling of the TRE
response element to a bi-directional promoter. This allows
eGEP to bg 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.ke.g.“tetracycline
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provi de regul ated overexpression of interleukin 11 in

the 1lungs of mce (Ray et al 1997 J dine Inv 100:

2501-)  There was no apparent toxicity to enbryos
WORPHASEWSW t h doxycycline in utero, or to pufCHEB2003/005239

adults. In the absence of #®oxycycline 20 | evels of

IL-11 were | ess than 50pg/ m . Doxycycline induction-
1ndW%&%%@)Le@bﬁsg@@egléaﬁﬂltchad ©n3hg/aﬁdlcmonenﬁvaheoﬁnducer

0 h i nki ter IL-11 vels fell
(e GO YR IFTINEARE SholrLPPotot fheehata iR ene
selﬁiﬂt&ﬁoarﬁumﬁér bbaadygl Yh8ggemneniki gheRr sGRBERRH. 028,

A further npdification involves the coupling of-the
alloming (dag ohseh ef@nkpit rearad brbapraht FRaeIpeBingeRerations

and WHiss %i%lnfcffdf@1&gafﬁﬁ§§§fgn%98e¥§r:Lﬁggoﬁﬁgzgﬁt as
gene is al SO -~ expresse rovi dés an eas

rartmerker s)éccgeﬂmrﬁOswrea:g@raﬂdraemvatl on. Thus in the
scenari o of a secondary suppressor.screen, a mutated

gene is introduced into the fish, e.g. zebrafish,

Accdﬁﬁkﬁgl§1 iﬁ”ﬁrﬁﬁrﬂﬁeﬁﬂhé§6%@|bfﬁeS¥§§§ﬂ%lon provides a
tetracycline - ----------- ------

. methm‘bﬂ%ﬁ%m@g dB20 03/ DOFPRSS S 61 g@@l@cth&’e)leﬂ'ﬁ%ngene

ac,tl'v?L thbeﬂfcfé]c Q%fﬁ%té é‘s f érbé?, |&géjcer%%&g g%mprlslng

tetracycline ose xpre33|ng
s @lrectieth foprf falr tsherh sxsmbyebfritelgems isoddEns syh t £hed
off,, all.ow.n sh to be reared {hrough

f
S CI g S dtit: Cd};rgﬁfé%fgﬂa 5 apRy Em&sww%@raﬁdﬁ%nal
cons'flﬂu@ttl Wl P 'd’HcleQ'}J‘-?éi]@eizc@aétf&f & @&Q@d@éﬂe that is

suppressor screen. Accordingly, in‘a furt aspect,
" Lethade ipnVdm Gﬁ'mﬁaﬂaﬁﬁsﬁﬂShnndnxﬁxﬁbkﬁxqmwmwgriapr@ductlve
effect . of

cis pHURAL ssens .10 act|V|t or
s P e e Ao TS RS gt rhe
modedudh shs azebr@iiedtatasi mdelrdd 8y flides chﬁﬁﬁ’@jganéi\lhixﬁ} hwhich
no%gl EJSh are transgenic for_ a gene
the 1nducible promoter is not 1nduced and/or is repressed;
subjecting the model fish to mutatlon to provide mutated
fish and inducing and/or de-repressing the inducible promoter

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

.determining‘viability_and/or reproductivity of mutated fish in

which the disease gene is expressed in comparison with model fi}
fish in which the disease gene is expressed; -
%dentifying a genetic difference bétween medel fish and any

mutated fish with altered viability and/or reproductivity,

thereby to identify a suppressor gene that lessens activity br_

" effect of the disease gene.

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

disclosed herein.
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construct wherein a coding sequence a for di sease gene-
that is “lethal in fish or renders fish non-viable or
. hon-reproductive 15 is provided under control of an
Woi"“ﬁﬂ(ﬁ@izgﬁ e promoter and the nodel fish are gRAEFERWH005239
and reared under conditiofs in which the inducible
pronoter is not induced and/or is repressed; :
The syppEecsRy ehéakBdef £ish vélkubhaveronatt depsévitde
utafibated +hHbshj Lodygis al Lhag :
1 "oy ararar o 28 or 3 Re IR aREy Bpe L ENERThaTpk Pt son
resudtdngsérgmnéntnothetodebff tbh; didetsenienag whdbkhety
dise%gngr gegﬁodugtivité of mutated fish.in mgi h the
P§c4BECYRhEPPSSBRBFESSERY| AT cHRBLFPESRIWIEha b aBY
fish in which the. disease gene is expressed;
identifying a genetic difference between nodel fish .
It shawldnpe potpdtaled thah wnrthlateepBdideabificgtann/ of a
uct L yi e to Ldentify, a. of._gene
suppfEBLER kLAt idn AbIPESRY, | O LERRLEY: T AVBRLERRCIRTRRY or
its asSechsaandt &oldodhyebes empl oyedusad coobifaht OAywatiutation

' for e le . 30 the gal 4/ UAS system for added spatia
and ggie o L or ¢ 3

of 2 HRERER OEpLREFPRSRHNBIPaIF BRTBFY KABWARGT

primdPy NONEn 6HePR cal Bri AScadli 561 @584 A8 fhdnt Y& additional
- 2004/ 051265 PCT/ GB2003/ 005239 55 The suppressed
genegtpyeleved finmh vibart hewkbarntdl seste tpathway at | Bhe: teime
w3 j - A -1 nduci mut ation_, resultin
intgtSCBSE. AU I PNEN YRS 1 LB T e E SRtk O8s

actiditsease-4 phemotypes ppliessi qgh®r repressing nmutation.
- 51t should be noted also that in place of o
identification of a suppressor nmutation and gene, the °

Simi BHESENtEHOUSH IO | ThAWYe ™n hd P BSREE S @0k dentify a

' embodi ments may be used to identify a nutation an _ _
test quistanae diffdncebients motdasidy towe offiert tyf of gdree 1n a
Fish RS MRIY,.JU) ype This.can be used tq.identify. .~ .

S adlldl ti orna| S{etneogf |an\r}éojlsvhe’d S 2 P giheargeﬁi‘?%ela%ea |
trangpptitenekprEmsd®erim a tissue 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 ;essening or decreasing, or enhancing

or increasing such activity or effect.’




"interactor gene" may be used to denote a gene that
affects activity or, effect of a primary gene. 15

b ? the present invention may be used to
% a test substance éhat af fects acti vPE/GHR003/005239

effect of a gene in a fish®or a treatment of a fish,

Gonf, SaHOBERCDEACREY 5o s HTRARES, BPISITE LhuBacace of

| Ssue or
thet basyrafsgeassplahbenlr eal MBNErBaS oal &fifsClen®d 20 tan

Ekgect of behavi our or physiology of the fish.
anokgreent ng- o?e%§§5yshetEéﬁeacébﬁdﬁﬁgUﬁ@r@nd8§ﬁé@9m@mt By

lab@ﬂpﬂ | gBRG - Ok f D€, PEESEDL oL, an%k ?nH%%t&B ac Vpgfscent

dentifying a suppressor g 6SSén

marbﬁer effeeitind eadlpeasiery@s genes Poselibeei B9 QraasSdkhe fate -

of d accor ng to an aspect or . enbodi nent. of the
%‘?ees PROF nvR Nty BIUpPEsBSEHehPi LERGLEY YBREher a

 gend rw@wrmar@e@epx é@@éﬁéﬁ@u@%&ﬂhéi‘ eb gEf sggqeef Por
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second 30 gene, or a test substance that affects
exampptenity %ﬂnuﬁﬁﬁ%c¢eb¥ n@thS@enn@egenerambetWhen

surd S90RIL 1, S S g 0 . EELEVELISBL LRE'SEEL s 1o

a ncﬁCIdé?BZ(ﬁ)ﬁid}Qﬁﬂﬁﬂs mEn(Eene dgenthils cabiy0BolBY £B8 a secreted

qghlltégﬁ t aki ng advantage of the easy of
°F % GHEPT/TD f PG $¥amP beror §Bet Budapst hens
trarﬁ;;ﬂarﬁ;@rnﬁfy% L%é/&n:é N St %ﬂ@%ﬁé?pg‘e&éfe& is

| abel i ng donor-cells, for exanple by 1njecting
lntﬁﬂﬂﬁ#%éééﬁﬂESHﬁﬂﬂaﬁ antp th&ak&n$y andr yo, d1$ensangle

lend l.g t ce the fate ells. This

en %%'glagsegginoi S’e%tplﬁlc%ﬁ?e?%e@mé%( 2@55& sin a
ceII-autononDus manner to be asked. For exanple, if a
mut.ant .cel |l no | onger degenerates when surrounded by

Follgigs ;}ﬁ@%ﬁlscattws %g?gézﬁrse t%@én@fﬁ%@‘@ iactbvity or
effeR@NvEell sAWLAROTRLS @ﬂg;:ﬂ%% &ﬁ@e ﬁg é%ne
Fot &itn. - 1 one npl

secreted or ceII urfa exa
(incdyding BethOﬂp@m@pumnBQanﬁﬂxspﬁuxbsp @sgermnm&n) or

encowgﬁtggﬁe p%%%%%% may be cloned or otherwise 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 is 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,mﬁtated form, but may be lost
when . injected in the wild—type form, depending'on the

mechanism of action of the mutated gene.

ey
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A test substance that affects activity of a gene, e.g. a

intrinsic to the retina or to the lens, and to
di sentangle |ens-retinal signaling processes [Link,
2001]1. 15 Followi ng identification of a gene which
WO MRS activity or effect of a second gendCTEGBR003005239
suppr essor gene, the gene® (including a honol ogue in
anot her species, e.g..human) or encoded gene product
Wherﬁagrls@sCﬁﬁﬁealéeathbnwsetpr@vtd@@amS‘én%Z%) rastatey gene

~or ig%n%HEE%ESdpLSEQ1 athQE% Pgnp%gvggfg%%gdadir?ctly. As

osrtron conpr?éing at I'east oné additiona

thischapeaent to Gbtleachnheseoi the ahteailyubes emmmyigheered into

confidence in simlarjties in biological atgga s to
the F¥IECRY gt SEbORBHRRCEP I ANOEAEF 25 WahhlFs m%fe/e*ff}an |
embafRIEG! BriShAPSxPRYrHEL Bn YPefge{ D8 Bvh BeRcdUb ALISL- DSNECaT

[ eading to rescue, the human hofol ogue of that gene _
pathwaysbe i ntroduced into the rescue line in both

wild-type and nutated .form |If the human gene has 30

equi valent action in its nutated form then rescue
Wher@ bhlbeposeeplah@pugs hsei peshcthabh dde sadbied foraed

but may be lost when injected in the wild-type form
ProteEpanbP nghent e RBUI RS CPRRPIRS BTAERIon Bhen i eik oty a1l
be 9PDEno0 2001 050205 PLTLICPRO0 0ORR0 o At Mot o 5

are already known to act agal nst the rescuing gene or
above tsakasoteils pa otesnrefheseivarwie scrieemeekdi rectly.

As this is easy to do because of the attributes _

engi neered into the system as disclosed herein, this

Wheré StEd £K€Eui By d9rdbain Sp £Pas ki ® & Na afo@X Pt Hf gt o of

t he equi val ence of biol ogical _pathways. Were only .
whe o sTHs euiRgRr @ el k nbema that e et 1 vyai FR1C rdtdtRertelin

e DR R A e e R G i
usedsyst ededesty i bedenabal et amkatss t e se comprefflees | van '
gene%%y%Fﬁ%géofgf%%t?@%rg éQ& é§§§%%£¥bﬁgf&§igg 12X work
to identify real lead candidates. However, -using the present
invention, éhe 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
enhcoded by the gene, e.g. suppressor gene, may be used in a
screening'éystem'for assaying ability of a test substance to
affect activity of the gene or the gene product encoded by the

gene.

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 a rescui ng protein remins elusive, gene and
protein 15 mi croarrays and gene and protein profiling
s may be used to identify potential targets.
Wdl'ﬁ)églgglggsgroaches can generate many false | e aBST/&ni3003/005239
conventionally require mich®work to identify rea

| ead candi dates. However, using the present
i nvention, the effort required to screen candi date

‘Foldiowdnigori d2d taifeatalos agianSupfezantoolgdindeds isease

possihle targets is |ess than that requrred to
geng, pihdnteaeStat €1t RESET FeNE dhalt affiegdiss agid wdnedr
£rehe gene s@cBngs eSSk '
ool ogue in gr?o#e% sgglm %‘ﬁ?}%re{s %%J o )r&él?eli Gete and/or
an ﬁﬂ@@deﬂ geneopeddb;ztt tmaygbi&eerr@i@yesumsr esserg@N&or
screenigg system for assayin '

ldeﬁ%ﬁ?ﬁ?ﬁ%éPn OEeQPt§BB§F&n eF6P%%q¥%ﬁC%b@ﬁv@t&hﬂrﬁﬂﬁytic
in gegeoqn thghaeneapseducheenceded RY Eﬁ% sﬁ g%eéglﬁg‘%r

test substance that affects activity of
othgfppiéessr mgEnke énvﬁﬁélgéhedpfodMBBrencoded by

the: gene may be provided in a conposition conprising
at | east one additional conponent. WD 2004/:051265

The. 9@1)@2@63/ 60528Rer 58ehal tAwtngricdenti hoeavioy o @ffect
of uggres ene for a disease gene of interest, or
Bt ReFOREnEeERPa R PRcE saFRi vERPeOPT BRVebE 8f kaown gene

not SEEENLoGSDE; kﬁ@ﬁnsﬂgpﬁ§§é0£ 9ﬁngtbsg gﬁnsfeagéﬁpg o3 -
encoded gene product may be enployed as a targe
SUpPpHenti Ry cattbnl by potehféeat ohethpentilesant disaase gene.

t | own r ht Al so, the nature_ of the
The FEIBEY Lo oo o erly (b heg bR PROGL R ghPebeve
funétu¢me1n éfﬁé&taﬁ@pﬂfe§§p¢r@£sﬁﬁ@eécﬂﬁﬁﬁtghainaﬁﬁgéhscase

th actiy% g effect , of a second gene ma e a novel
e RIS (EEPm L e Kibih wEvRY M P SghbULPy tRAOANALbab]e

evi &éﬁ-fIH“ﬁéf%héﬁlégfeﬁﬂénﬂa@E that the suppression or
other effect occurs im 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 availablé

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

The responsible mutation, e.q. suppressive mutation, may be

identified by using mapping technigues 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,relevaﬁt-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

(o
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suppressing activity or effect of the relévani di sease
gene. The gene nmay be one al ready known or suspected

~to have 15 function in affecting or suppressing
WO HOHPH26S,, in which case the results from t RCHEB203/005239

assay add weight to the avdilable evidence. In
particular, the fact that the suppression or other
mutagfipgst dbeursricAndi besitnoeshods inhecboafigbndavbdres

. i gen r d.gene or fragment
i R g e e e e RN B P e BT by 26 “REYI BAVSF the
entitrke ggapmeottgRNgh Headd¢l, d% asdeHgrédbget pokGfible to map

tggther investigation and use, a honol ogue from
to wikBinel - Sp¥ei E5OMayhBENUSddheRhar ehaGEPPaBRE Walk mayabe
init4seeal ¢lephng ﬁépﬁﬁﬁ@eﬁhQQbEeEHBQkEQKenZESIHQ single
responsi bl e nmutation, “e. g. suppressive nutation, ngy
strapd cpdénrinttednby peilpmommppieng,t echnandédateagkabke
[ he.art (e.g. see Detrich HW, Zon L.I. &
SEleﬁgggeg%FgFEiKh (1998) The Zebrafish: Genetics and
Genom cs. Methods in Cell Biology. Volune 60, pg
182-192). 30 Thus, to identify the position of the.
Mappiageydhpdnfhlion, e.g. a suppressive nmutation, the
~mutant locus is mapped relative to the position of a
mar ker, the position of which is known. DNA narkers
Thes¢nohudershoots sequenc2sppin®NA, fthnking genésnocledtede
(CA)WP 2004/ 051265 PCT/ GB2003/ 005239, 53 nutaiions. The
cUTPERt - bEsts Fet hod T ht SRR &f VSRt Pindol 1 sLRghp) &

polyseapleNeend BRgM HobyIPI Phi $8Ba{SSLPele a_§smeﬂ(a§§1/ﬁg
high density. It is therefore

, the entire genone at
1nvoLyesi pre f%lf@»mnq&w?mn 0.5cM from which either a
chronosonal wal k may be 5 initiated, further mapping
~ may be undertaken using single strand conformationa
Raisjpoy yarongahi ensss oridandi fat eg gewesnt sedect s di £eeihy.

muta%@pflg%bfgﬂél §§%£;y]égparately
Isolating genomic DNA from both mutants & siblings

Genome scanning using 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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These markers consist of 2 prinmers flanking a
di nucl eotide (CA) repeat. These are extrenely
variable in length & polynorphic between zebrafish
WQ0LPHES The SSLP mapping invol ves the. fol | PRE/GB2003/005239
steps: 15 Raising a map cré%s, identifying nutant
carriers, fixing nmutant & sibling progeny separately
to F§8| dt FhgtgerpREe DRl EBhT oS hrele dnt Sogeskll. | Rybryd8 are

Ny ShHLRQY l ed_ DNA fromboth nutants &
P e e T B & B PR Bk by oot VBPh Py P eV pRx well.
A pppebheibé thakagesdwbbhrembgb caeriye RMGARE] as possible

Sear chi for closely |inked narkers Positioning t

from drouns otf tFRPG¥NEt | Ehfrapemyl it @ rie hhagol hes hbeber
evapbr 0Ol Nald oRSpERt B[\)ﬁg@lﬁ,n@éikeét &7%%?2% gﬁ([)l:hré?iées . 25ul

I so] ation of genomc 0 extract
of amdbyost ZHfrlyasréixbtesa ROMMEmgithandréke PORIBSML 1xTE,

v o etri,. dis hr e hanol is added WD .
+8 éz‘%%%‘? gﬁf@f*‘péﬁ@m%&? o%@% S 1 KR dF_e¥e¥ed with:
Hybaid Ufidrt e lendtedsi i erBbeR Gouariah &OIYes @i urddef ssoc,
£ lﬁ%f%}isd into a 96 vveIIo late: a single enbryo per
OLL§ bya Bpilfemiyte (i dsumhhad icendve imaolitate the
rotEtanRolk a 0SS ar. d _the yos...The _
e i rI1{g %%h%%o#%s ({Eﬁgn@% ]%g%pgrtat @%f%‘ﬁ% Rggled.
bl ock set at 70C for 15 minutes. 25ul of a mx of o

0 rotei nase K (17mg/ m, Merck) & 2.25mL 1xTE, is
G &% - ‘ :
eng del%:a 6'88ch wel . The PCR plate is then covered with

Hybaid film & heated in a PCR nachine for 240 m nutes
p lat ggc,‘ followed by a 10 minute 75C incubation to’
colied, ONRy Af Pt RBaTG T didkdag KOuThérpraseshcart M ledpigle

samp@%s}ZQﬁdUBEéh 08898%d 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 g 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..

AT
f\g"l. N 4 :,"

PCR;;eactions are then set up in-96 well format. Each well
contains 14.28ul PCR mix, 0.16ul each of 20uM forward g
reverse primer, 0.4ul of 5U0/ul Tag polymerase & 5.0ﬁl of
template DNA. PCR is performed with initial’dénaturihg at 394°¢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
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Genone scanning Pool ed DNA is prepared by taking | Qul
fromeach of 48 single 15 sanples, and then dil uted
to a final concentration of 50ng/ul. Priners for
WO 24454365 are arranged on a master priner 96 RITGBP35239
in such a way that the muflant & sibling sanple
anal ysed wth the sanme marker will subsequently run
O-Qmﬂuﬂ cent to each other on an agarose gel. The markers

'O'Zm@q:{ﬁcg ed for the PCR 20 plates are those known to show

useful pol ynorphisns & which evenly span the entire
.genone. PCR reactions are then set up in 96 well

. or, Each well contains 14.28ul PCR m x, 0.16u

1n PC&% maftdfl’erZOquorward & 25 reverse primer, 0.4ul of
5U ul Taq polynerase & 5.Qul of- tenplate DNA. PCR is
performed with initial denaturing at 94C for. 3

PCR hyffigres(1G:00 | owed by 35 cycles of denaturing at 94C
3anneal ing at 60C for 30 seconds &

. 30,.secq
100%%%%%%)& éﬂgisgo‘n at 72C for 1 minute. The reaction is

500mMc @Al eted by a 30 final 5 mnute extension at 72C

L5 g@c%e Mx 0.2mM dATP 0. 2nM dCTP WO 2004/ 051265
mM MEeELeR2003/ 005239 61 0.2mM dGTP. 0. 2nM dTTP in PCR

0.1% qw@ﬁz{ e2atiRCR buffer (1ox) 100nM Tris-HCL, pH 8.3
500 KRG 15mM MgC12 10 0.1% (W v) gel atin
Si ngl e-enbryo PCR

Single-embryo PCR

PCR reactions are set up and performed as above, ekcept that

single embryo DNA is used as the template.

The PCR products are assessed for pdlymorphisms by running out

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

This uses single strand DNA. Bach strand assumes its
thermodynamically pféferred conformation. Single nucleotide
Substitution; may alter the conformation sufficiently for 'a -~
difference in migration pattern to be detected on a non-:
denaturing gel. This allows non-SSLP markeﬁs tightly linked t

the mutation to be analysed.

The protocol:used to amplify a markér‘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 & qentrifuged in a cooled centrifuge at 13000 rpm for 25

minutes. The supernatant is discarded, the DNA pellet air-
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PCR reactions are set up and perfofned as above,
except that 15 single enbryo DNA is used as the

: ] . The PCR products are assessed for

wdpﬁ(;) y!ﬁsg%{;shi sms_by running oyt on a 2% agar 0s P {fé-B2)03/005239
200V for 80 mnutes in | x " TBE. 20 Mappi ng usi ng SSCP

. _Thi,s_uses single.strand .,.EAch_strand. assu its \
drleghérﬁnayﬁgﬁﬁggﬁlﬁnpﬁgﬁePEEQd@gﬁfo?ﬂa%i%“% %ﬁné&% product,
0.6uluelfedtnd®urswos o uiiions smay 4aht ex tBassanl euFeLiolre

sufficiently for a 25 difference in mgration pattern
addegly§pprietdyt Bdx6h aPFSRT Fenangrbaglgal atTERE Cafpsng 0
: - ' S st y L A tation_ tg be
minufel; The THbTes i dhen gt TS GRinae8 BH Shel ot Bugcor
eachf samSSePisaphiengloadedTonpbeai phtave plhecRER peeduahsde

1 z Xolunei of _pre-cooled 100% ethanol and 0.1 vol une
gel F1SRIRE acECar e Pdle Ta8HEHOPROF RESPERCBAEYUEL Tun at 200V
& 15v0r kexedwisl! chbnrdhakgdhioE-ak LRastuéPighautes at -

20C & centrifuged in a cooled centrituge at 13000 rpm
for 25 mnutes. The supernatant is discarded, the DNA
. i 004/ 051265 PCT/ GB2003/ 005239 62 dried
Deﬂae‘iﬁ%-‘ééés%gﬁa‘é%ﬁn 8ul of ddH2O To 5.4ul of PCR
10mMpEDTRNCt, 0. 6ul of denaturing solution & 2.4ul of
loading buffer are added & briefly m xed, prior to
S00mi Naition at 85C. for 10 minutes. The sanple is then
quickly chilled on ice. 6-8ul of 5 each sanple is then
| oaded onto a native precast acrylam de gel (deanCel

S

- Loadgmrrbuffere ekt rophorese- Techni k) & run at 200V & 15C

s i ng, t nuf acturer's instructions. Denaturing
AR T e 500mM NaOH Loadi ng buffer 2%
2% xyramophenoel blue 15 2% xyl enecyanol

in formamide

oe

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

instructions.

By these methods the mutation is mapped close enough to select ,qj
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 bé.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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in formam de The gels are then stained using a silver
staining kit (PlusOne DNA Silver Staining Kit, -

, Pharmaci a), as per the manufacturer's 20

WO 2004931362 i ons. By these methods the nutation REUVGEBYI&E05239

cl ose enough to select a®tandidate gene. This gene is
mutant wld-type fish to '

h d_in both
Wherg o P FSe Mt At Pbrat NOL] {6 Fie QRppP RS SBFORRCE he berie

inveshipfatéd eLhBrREE | Vb tamPT oy AT £ 9F g4ﬁgfﬁggsgfgf
, encodes a protein, it may be that t% t protein
identhfingt Suvilber osuls trisce healsbe ona @Bhect etlye ldiséhse or

inte 9608 o0 9§ oduct . Thus, for exanple, a novel
tREe oot eclng’ 3 J|tolt‘r‘3‘='(1) et n Hﬁrr%'??k}be%a??e A bRttt £ gy art, for
instammedi etlel yapsesientd nging hes PRSSidiAd4 ys 8, nawlul ating
. or affBCqu%%$UCh binding as a target for identifying
LN ORI St B3 e Tap et i sl L M o g omaigesty assay, ELISA
methoﬂg@ﬁ/@%@g%@qgg;gd Qj.?ssvgsigsre | Nt eraction bi ndi

bet ween gene products i to(éf)éeg %'?RS’es reg]g({sedanf%r%%leq’
1989 o adiysteoyidd) i 1R 46 )netiod si fsrandedantify itig: fiwd einding

. t es | e,to-affect .the binding or _interaction,
doma OO IHE Sras S Briah 47 & Qhahg dervass
systemnst ance techni ques i nvol ving radi oi munoassay, CcO-

I munopreci pitation, scintillation proximty assay,

ELI SA nethods, and-two-hybrid assays (see e.g. Fields
Furth@?d md®Rg; onl989 + : - .. for instance -

. using théofﬁogbiRg?%gbgg%§%ﬁgzé %%%LéAﬁfne may be use

to idepjader vpriiemthastioh enhbheecdexd WRGHR rwiG esystrefied

Ed e tion in the suppressor or other gene may
Supprbegbgeguggggpgéntify variants with enhanced or -
ot herw se altered suppressor function. 15 Thus, the.

Th sgggressor gene or other gene, or encoded gene'
us, Suppressor gene or other gene, or encoded gene

product, in wild-type or a mutaﬁed 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 compositioﬁ, medicament, drué-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 matérial in a method of medical treatment,5é
method comprising'administration of such a material to a

patient, €.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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product, in wild-type or a nutated form (which may be
a nutated formas identified in the original screen
r further nutated form may be used in a
"Wogﬂ%'ﬁ’glféati c conposition. 20 In various furthdCT/GB2003/005239
aspects, the present invention thus provides a
\ har naceuti cal, conposition, nedi canent, drug or other
WLtﬂg

SPOSTIG T U tdSRiri % iafF e Blpy esswinigide orelvtdier or
carrd®S a9 P8 PRAAYChide,S WIRLANRG fiound to affect the

di sease gene 25 of “interest suppreéssi on of the

di sease gene of interest, the use of such a materi al

[ net hod . of dical treatnent,a nethod conprising
one ¢ m%r?rrg’t PRE dn MGl eSlidig = ek &6 Rrefsryed fheksmeuta.ap
idenftafitHeatrmeptbWhkeh R WG Wde tﬂ%ex.a%@%%ﬂtv‘:i vention.

treatnment) of a nedicCal condition, dse o such a
Howeggtrer thP LAVSDtiRe maYubsctsed ¢b ddengidsi Eppropriate

[ ug f.or doini stration for such a

targgﬁ?pgggfgétggoagrg??%ﬁ?ﬁghghgfagy’pF FrPEYafiergated
throdpbogere, tandeaingt badpebreaki RErgetRAa;, MeeWNCRF
varicgnpo%rtion g@ggrising adm xi ng such a material WO

208470591288 eR2063F805239ueE4 wnehuding RNAL,
antipbRsaBsLYt hE&AbhY1 AREEPt abl e excipient, vehicle or -

carrier, and optionally other ingredients. One or nore

. small nolecules may be preferred therapeutics 5

A tuqf obi ai. ned by neans, of the present
What?ﬁ%@nﬁ%ﬁ‘gﬂ%ﬁlv&e‘%?e héxi 'ﬁv’&ﬂ?lﬂ%ﬂ ﬂgymgglﬁéédt%atment of
the puesent yimppropst atedmisigetscion 88t hbedy mBdi,afgd,

“ t.herapy, therapy nedjated through gene targeting .or
proph %§%&Q%i%%n?%%ﬁc%&v%n®mgﬁnﬁf ari etyhetagentically

effed N Emshdtechid 4 i i ' nti sense.and

‘ nﬁ?pholinos. atg§é$ %ﬂ%éﬁg%g??%?w%%%%g$ﬁhapﬁgpﬁgaaﬁfs

may hfedicoeiidenas téveraghy) £ hiehips dseinig | sWEALE DML to show
b 111 at.i on i.s, prefergbly in "prophylactically
ene STl TS SRR B, O i i e R Gt nberoted,

and rateuand (Eme-tRwase Jmyadein @l dRAUsh PropY! 88nd on the

nature and severity of_what is being treated. Prescription of

treatment, €.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,
stab}liser or other materials well known to those skilled in
the art. Such materials should be non-toxic and shoula 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.

L
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may be considered therapy), this being sufficient to
show benefit to the individual. The actual anount

WOgﬁmnlstered and rate and ti me-course of, )
#PHPS ration, will depend on the nature aR@I/GB2003/005239

severlty of mhat IS beingﬁ§reated Prescription of 20
"treatnent, e.g. decisions on dosage etc, is within-
PharprgeutdsgenSPBPLSLY ion sydear siragr émlﬂléﬁéraé‘-lm mehée in

tabl@%d'EgksuggCt?E%de%h%&nagﬁ%ébp%B O”p%$' g%% nmgéénc%ude

according tb resent |nve i on, for
a soégdocdanmerwsuhhthe prasedh omnm@nbdguvamay | ndloude,
|t|gn to activye ingredient, a Pharmaceutically

pharle B b e B AR ki Snendeneral iy pel tos e iiasy arrier
suchOkBepatBter pat oM, kﬁ%@ﬁaioth9§?e§EbhEe@1H% #g%eral

art. Such materials Shouid be non-toxic¢ and shdu
oil gp probhebie @ilh t Reyefibilogdyadf satheeasbilueion, dextrose

| edl | Lse natu e of the carrier,or
ox oL PeaEPhar I8 B EELRE A H e RL ey SeE 5P SbnTiene
glycallm prspyathenglypbbthomapolecehglener ghycollnfagt ben,
. e. g, cutaneous, subcutaneous or intravenous.
lnd%%ﬁ/ 051265 PCT/ GB2003/ 005239 65 Phar maceut i cal
conpositions for oral admnistration may be in

tabl et, capsule, powder or liquid form A tablet may
For i%%¢@m&m0@550¢mdanaouseprsauhcatageba5|mn@ecamon, or

L|qu1 phar u cal ¢ ositions, eneral
ind e SELARE oo Gtk e CaF TBF T Y5t Efn “BRBVA I P21 GRS Ten
will pe riol ette . BdMiTBd £ OF y@g@ﬁa@}:mpwéac@%ﬂ@b@é agutaoﬁé

%¥nthetjc oj | . Physi ol ogi cal saline solution extrose
solufsfon, iy Cly g3 HaF F OREROF Hef oﬁn@rhﬁ yeol sabliehpHs

1sotéﬁiﬁdﬁ¥mhnﬁlggéﬁll d?pylfﬂg % YEOLe PL OOLVEL DY) epg the art
may be i nclud i ntravenous, cutane
are wﬁ«llsueﬁrq;lﬁ mcmsepm@mm:ohabm smhgu’emmmnuainghefert e
f aff]l tlon the ct ive_ .in %%L
exam cﬁ?n%)o O SR G TS STy %b % e orffe' B InjeCtlon’
Ringexr's Injectlon, Lactated Ringer's Injection. S
Preservatives, stabilisers, buffers, antloXLdants and/or other

additives may be included, as required.

Examples of techniques and protocols mentioned above can be
found in Remington’s Pharmaceutical .Sciences, 16th 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
propoytion of the cells to provide a useful therapeutic or
prophylactic effect from the expression of theidesired,
peﬁtide. -The transfected nucleic acid may be permanently

incorporated into the genome of .each of the targeted cells,
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solution which is pyrogen-free and has suitable pH 15
isotonicity and stability. Those of relevant skill in

t.he are well able to prepare suitable' solutions
wouzgl&r%!ﬁ?sor exanpl e; isot o?& c vehicles such RCEGHPRPO5239

Chloride Injection, Ringef s Injection, Lactated

' ' j£ction. eservatives, stabilisers, '
proidiiid sfmﬁtf%%%t MR L ST neyepkment
may imcteldes, basrdpdit s @ oo EXGAPLLE1 I techni ques and .

protocol s nenti oned above can be found in Renmington's

Phar maceuti cal - Sci ences, 16th edition, Osol, A (ed),
A vak98Q \eet S viral vectors_ have. beep, used

M thye%gfri or %Itss’ tbccngyfl??‘flo%gu@ev%%%?%si AR Fppd gvectors,

are \ingenvdm dthe ofridi ffer ant Pdrgetnsel s s25Typigabhy dde

tors _are exposed to the target cells so that
93/0028%51 ol MRt Gt FEERGE £ FETeFenthase been used
as geneparddreredf “ha el ! sido Ry Hf. . suct
t herapeutic or prophyl ac%dgrlg}éf'g%tﬁ?romt oS, such as

SV40ex yRssdindgr of iitse desiprestyimems, dendhelinqrdeciet EBV,
rated into the

: lLej id ma per manent | i_ncar po
e B e A G GeRRTRY e R 20041 S aRr o
art REVECB2ed3HA6aR32d afrimeVirditiedidkdasti ng ef fect,
or alternatively the treatnent nmay have to be
repeated periodically. A variety of vectors, .both
As aMi bakeygEE9LE @BdrRkagid 1S I own in.the
art, see U% %a?gnfﬂﬁoag%,fggﬁﬁgéﬁaﬁgéﬁ%r 9??bf§§f.%ﬁ$rapy
othepakpprnl apthadaumfed nsfroducises niave ikear idsdhtAsells

e 8808 A5 BRE) Chal nFRCDRs g3 BpB R Regs o indericny Hov

tranafidr BiYdiated bet LOPLEURES. aP{anxea%@%o&h%@méteéi DNA
otocols.in the prior 10 art have used disable

Lrangieyned 80 a0Rintakranionnos| nakast DVa v RN, udy Bﬁmpie-'

admiyi&@taVe6hOrs . &N NERaP L;known met hods _of
i nt roduci ng nu%le?@ﬁgg?ggﬁhtéfCQFEEElc 280d"suh 3%
plasmid, for instance to muscle. .

The following sets out in detail certain embodiments of e

aspects of the present invention.
A disease model may be induced by genetic means.

In preferred embodiments the diséase gene is placed under the

control of a UAS promoter.

1. Clone the desired prdmoter {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.

;:-' * ."ﬂi
R
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i ncl udes nmechani cal techni ques such as mcroinjection,
15 transfer nediated by |iposones and

. b -nedi ated DNA transfer, also admnistration
wooﬁtﬁﬁﬁiﬁg l e admini strati 8RT/GB2Y03/005239

aked DNA or RNA, by si
of nucleic acid 'such as a plasmd,. for

instance to nuscle. 20 The follow ng sets out in
-detail certain enbodiments of aspects of the present
¢ 1 emnitipe. ohliseAsauioda, MR REARAWC S Y GRAEUC pun
trn%%ns.fzs I'n preferred enmbodi nents the di sease gene i's
SAIGCEEN TaRTer tHE cddm cdl JovvemilAS Zekomctiah, Lsi@OReimers
whichhemdesist,ed ( +wrhQdapsin), upstream of a
galggcod?ng gg@%@%@étt§ng8§u& Jfﬁtgbpfgg§¢6HCt'
Rltegpasivady or 30 bddnsdens. fAunbRireCtahh®eCoRShYE o
throhﬁéoc%%gg;t pe iebrafish_enbryos. 3. Gowup injected
“enbr yos. 26864FB851 285 vpEl/ epP8S3resperdersliae and
asseEshalyperggentNgx8raE%9s fiQr a i ng PCR on DNA
' extracted‘?ron1a ?in clig o? Fgéeggkgeggbrafish, usi ng
primers which anplify a conponent of the injected
5. CARSIEULL145 natjyelysor in ag ition, founders
can beu§dent?$#g§£ ?%#%u%%lg?ogﬁ?n g%?f@ﬁ??ﬁ@dePh a
mutagas:sbsponder witike BRU. assessing for:-gene expressing
in the progeny. 5. Adult gal4 driver line nales are
then exposed to 10 nutagenesis,e.g. with ENO 6. The
6. CIh ngpSagp e e G S£as i I s cloned
downst ream of = UAS pronotef$&€%é7§§%$§ﬁ genic *° Cloned

downsidigam jafh % fressiamptdi s construct are then
generated. 8. The nutageni sed gal4 driver nales are

then crossed with responder. females. 25% of the
7. Gifesmdend oniddbrexfiras eAhe 20 dBItants el @bt WS chen -
genefﬁ%@ﬁ d express the nutant phenotype. _ -

I njection,

8. _Thg mutagenised galﬁ driver males are then crossed with-
resppnder,females. 25% of the offspring will express the
mutant gene and thus should express the mutant bhenotype;

They are screened both for the expression of the.mutant“gene'
{e.g. through detect;on of GFP tagging, tﬁfough genotyping or
through partial disease expression), as well as for phenotypic
expression. If the phenotype is less than expected, the

mutation in the gald 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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In anothér embo

They are screened both for the expression of the

mut ant gene (e.g. through detection of GFP tagging,

thr genotyping or through partial disease
WO&Q@ﬁ?@ggﬁson), as wel |l as for phenotypic exprd&dst/gR200p/p05239

the phenotype is |ess thana%xpected, the 25 nutation

inwthe gal4 driver_line may be rescuing the :
10. unnr eersr%/%rfge phi%‘%%%‘?dg%s THeOVS et edrSf FuRSpaugnbhM
crosfed xAdl¢imed: e 0 L1 s Lyp Ln

12.5% of the off%%?i%gyifﬁ1Sﬁ%%wgﬁggh%% g%%%t§5§%é?#yto the

origfingdaderdesh stoxaiphenot ypical |y rescued. WD

2004/ 051265 PCT/ GB2003/ 005239 68 10. These are
identified as above and are subsequently crossed to a

11. witltes treeyesidaide el ymsmil@ervu' tded &SPeLin 1 Pt 88 rted into
5 11. The progency of the ,

rigingl founder strain. !
_‘Jenogﬁy@g&&ﬁdm Yerrarend ohishs anst tesnetitplcaplvtybldatyye fish
and ¥iseRyed i ' Wd d-2ype fish nd

used for map ilﬁ%docgfﬁé/dmr{l%%%lngg rrees%g"ée gEHes gﬁ’ry
convepiveneilomsithwetshods. 10 12. The protein encoded by

t he human honol ogue of this gene is used as a target

for drug discovery - chemicals which bind. "--,) to
12. thrhe babgetnaesdoaldy ¥y B WG HRIAGAD §4NGH Phene
as the nutation, will be expected to have a simlar

is uggfefPcRakargptedOTonpigesdEporerys 4 whemmtdedrs which bind
to t8mhod] t resent. . tion, | sease- .

° caus?ﬁgsggn§BPSR%F§b§§ % é§%§%8t05ﬁ¥$%#%(ﬂnzﬁingtlon as .
the ppHatidhe wpidrbberxpsutkdasoahbeat askaek 1HOMEEE AQ 1

C one the codi ng sequence of the disease gene, e.g.
effe En??n%ﬁ?ﬂ?E38ﬁnstrean1of heat shock pronoter. 2.
I nject construct into enbryos. 25 3. Identify founder

enpryos, e g: t hrough PCR on DNA
1ment'o the present invention, a disease-

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 geﬁe.

4, Out-cross adult mosaic founders to geheréte transgenic

lines.

5. Mutagenise adult male carriers of subsequent_generation;
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.In another embodiment, a disease phenotype is introduced into

-8teps may be performed:

extracted fromfin clips or through detection of a
mar ker gene expressed along with the disease-causing
‘ ene. 4. Qut-cross adult nosaic founders to generate
WO 4P EEHic 30 lines. 5. Mitagenise adult nePEI/GB2003/005239
carriers of subsequent geftration. WO 2004/ 051265
PCT/ GB2003/ 005239 69 6. Induce the expression of the
6. dileduse Ehesenyrgsivs onn ofhsheotfispeisey cefustimeseiene in the

inde r.Qug he el eyation. of .the. tenperat of
M 7o Mot i g e A P L e
temptheserti sfi whkechadlernot have the expected di sease
phenot ype severity may have been rescued. 10 9. G ow
these fish up and out -cross. 25% of the offspring
7. wWakkzal gg+b =T es| 10. These are
subse%ugﬁflShgsgggggﬁénéggﬁﬁgggﬁ'the underlying gene.
.. I'n anot her enbodi nent, a di sease phenotype is

15 ;

[ uced, i nto . fi,sh through random nut agenesis. The : |
R s I IR L S e O ‘
phenthp@eﬂéﬁéﬁiﬁygma%dhﬁvgkﬁbéﬁ adybticarl e W | d-types. 2.

Screening of Fl, F2 or ideally F3 progeny for :

"phenotype’ of interest. 25 3. Characterisation of

t 0 f) LS e evapge, -4,.. ldeally. .

O et Unge U e o e bt " BRE g e S RrsEring
will nat agdresissedsadnésisphet het erozygotes. 6. Crossing

of these nutageni sed heterozygotes with fenal e

het erozygotes. . WD 2004/ 051265 PCT/ GB2003/ 005239 70

10. These are subsequently used for mapping of the underlying

gene.

fish through random mutagenesis. The following sequential

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 heteroiygotes with female

heterozygotes,
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7. Screening of the progeny fromthis cross for the

initial phenotype. 8. |If the phenotype is deviates

fr that in the original 5 nodel fish, then sone
worzgg%éy‘%as taken place. 9. _Gven that if therRCY/&B2003/005239

conpl ete rescue, one woul d”hot identify it, an

al ternative nethod invol ves genotyping of each :
7. progEfgnieggofyitiearargsny éﬁoﬁi§éﬁﬁl@I@@ﬁaﬁ@@dtﬁﬁoﬁmétial
phegggg 40 such as through fin clippings. If a fishis

gen ?ypically nmut ant, but phenotypically wld-type,

it has been rescued. 10. The rescued aninmal is then

gr and Qutcrossed to enerate new lines. These
5. OB THER BBCaCHuBhnys: HevaRREE FERE EBabore tha original
mod€lBVEl SR, achBar aBRMt Lescae HascrhiRed adave. In a

further enbodi nent, the present I nvention provides a
vari ation of this methodol ogy wherein the
[ Lfi o] 1Je) di seased.strain is perforned,as
9 orfbtR: B8Rt e RinSe, hit AUEHLEIE FBaEHchs CRbt HOBKR not
idetifxtiact annadte i vemntbRob! iptregeasy eﬁét?p;nﬁ of each
th a

Hi gh-t hroughput genotyping to identify a fish. w )
' pro?ﬁﬁ&ﬂi%nginvhad%§?¥ﬁﬂl§eﬂg.a4$aW§éﬁa9%§ﬁlBﬁdaf§PﬁaﬁnflSh

suc } \j LS~ fiSh: 5+ Phepdtype.a 1,S4

R A e N L0 R e

mutattaibpi sphémot yigbdahby abble-tWoe 2004/ 084268en rescued.
PCT/'GB20031005239 71 In a_still further enbodi nent,
the invention provides another variation of this

 10. maEtoded f9ye i €Ind DVDS vESe £ §8bI@Nupl aAd dh88888Fed to

strain through an anti sense or other gene silencin

genqreditintfite, L e ol Thoie &ra. themdesedutageaestie opnderlying
geneMdrl LRSI 0fF 9t L ENY ¢, as described above.

In a further embodiment, the present invention provides a

variation of this methodology wherein the identification of a

Adiseased strain is performed as follows:

1. Random ﬁutagenesis, such as with ENU.
2. Extraction of DNA from the Fl1 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.

N’
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3. Inject FIl enmbryos with a gene.silencing agent, e.g.
nor phol i no, known to induce a desired phenotype, or
%&? or_ 10 antisense RNA. 4. Screen for deviation
WO 2051263 ti al phenotype. 5. If phenotype deviREHEB20§3HU5239
up enbryo and generate lifAk. 15 6. Rescreen next
eneration and sort into nutant and sibs, map and use
In za$tifdvdurithea smbodifentherheniodiention B2ovh dES another
ryo cted and. rescu assesse .based
B L A P
dlsea@@w1atmaﬁneEhQ©h§h Zheantaseakaver bﬁh&%rbeﬁé a30efking
of, the present invention, enbodinents enplo
techpiguenatiSyvéOkePHEds of generating the blologlca
state, 25 for exanple including any of the foll owi ng
non-genetic nodels: 1. WIld-type fish are.nutagenised,
1. eRgndoy ENUagendsssi bablvéld-pypgenyesoreaned ERU.
devi ation of the expected phenotype. This wl|l
typically be F3 progeny. The biological state may be
3. 3@nb@dUCEQ BMbQ?SsO@lEHeaf?Eh@“&ﬂgeﬂgiﬁﬁdﬁgent e.g.

[[ication of a chemcal fo induce a disease
morpbﬂzhat?yplsnovm PeOINdBEI265 PETLICB200BE005289, F2 RBAL or
antiSXA8R! gypday 5 wild-type zebrafi'sh enbryos are exposed
to streptozotocin to induce necrosis of the
pancreatic beta cells, in order to induce a state
senbl i di abetes. 5 Appllcatlon of a

1. LFoeren pdPide foreeon thubihh pherctvme: - For
exanpl e, zebrafish, e.g. at day 21 are exposed to
white light to i nduce degeneration of photoreceptors

5. ahfl Rherefyre rdeaimieng 76w nad aeyenerand oyerfdbhtel Line.
& Hyde, J Neurobiol, 2000, PMD: 10942883). 10 . L
El uci dati on of a behavioural response. For exanpl e,

6.  fRedcween rendergshadd tdehid $o:5uhistien a0 U 51bs,

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.q. 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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exposure to that substance for several days. For
exanple, nicotine is added to the fish water from
WO 4®“§k5' The water 15 is then replaced with fresh
P26 day 7 the enbryos display addicti RET/GB2003/005239
behavi our through the prefE%ential swiming towards a
source of nicotine. The extent of their addiction

For expnpd &ys ks & Wiyl dxipg ngele heef bt r§fRrY oS aasecenposed to
' t.end] h LS [ t he
strlificoaiit ¥ Whadd RUGILE b e Bl hete
cellapayirf rcomichecs durdieceofa gt 0iod | Nes el Sn@VIOYES aNndiabetes.
opt onot or response, with the fish swinmng with the
stripes. It may involve a food source or a
1R A Ye LradieMz i hddie: Wal efnadhere S
A ot Tt i ng Dl Ts o (heift 8 pad T S g?égge?ég\ﬁotype,
For sxgimptled, z2®nafiwh,l esw maio ddpe 3 cotd rexpCder b sehite

N N tomator  stinulus is . .sufficiently strong, it
Light o dndlcE dedenstanian b DARFRsREIRF S 130§ State

- resembllidghectsadl Heowe draaii i ohideviid & fHye | e Neurobiol,

expected_or initial 30 phenotype may have been
2000, o EMIDS. 1PR42688ent s of the progeny may be outcrossed

to a wld-type strain of the same background, and the’

subsequent generation retested, to ensure the rescue
Eludideédont pfea Woh20040%126% PO @82003/ 005239 73 The

ror BSASR 8, TRLoAL 10,02 SLECOSELL0 8 Wl 4 RS e ot

expothes be shatedubbtantes@ued seve il ARkE. and: Sidlipand
used for pi ng the underlying gene "through

e for _nap )
R1COEYRGehf| BAEPINEPhEHS. TTRE yakeImiyorheaysséd ¥ orThe water

i s tHERI ' f h ut i as ~descri bed,abave.
Ls CAPh FobACef wBch EERRE haferds AR, Bt o
dispieycaddlotitie phkavippe through the preéfeticorticfl swimming

conaBBREL SoHLELTS, ol Rguso ey B el LT bl s o
can bbegssatsed! Byt Bkposhhgath@NemBllos 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 invélve‘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 nicotine. 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.




10

15

20

25

30

of the above methods' will not require the nutation
step for rescue (but wll still require the nutation
f this is 15 part of the procedure for induction
_Wog‘iﬁ@ﬁ]léﬁsdl seasestate). The__procedure may thefCHEB3Y3/005239
follows, in accordance with enbodinents of the.
present invention; 1. A test substance is added to the
The Pa§ﬁnEPtW@V BLE6r Peo OtkEToggedpbRar aliéé dofcvpke Poilymasphic
straghate, at the tine of induction: of the disease
state, or after the induction of the disease state.
The first two situations are nore likely to identify a
the latter a drug which reverts

hyl h
The f% ghe étf?ég éhifi?g G5RRSt B2KoF heh beTﬁegF@Qt 18tpstrgmcred

“NUtﬁﬁisbeaﬁd251§BeHh@ahs@HdfHEYm§§pﬁnéaﬁﬁ@”hﬁﬁ@ﬁl% gene
adm nistered in a high- throughput fashion to
throyghygpnvephiengdr rathods - aThSeg%@@eldaEhéhﬁUaused for
st er.ed h of fi Petri dish. 30
deri BB B bbbl Y Be e8P -t R F BBk r rom the
initial di sease state. WD 2004/051265
03/ 005239, 74 The foll ow ng additional steps
Altefiite y He3FPa ot o 38 weht i FmdeERemPtuke Fescue
the PRONGERSe byhtHEgRI €8ENE nhAVEI A O ééh@fﬁ%eﬁﬁgg lons,
enbodi nents: 5 ther than add a single chem ca
resc%%ﬂ%@hd@@omph#e%ﬁ@nthapsgh|%PR&knntl¢mr0fnstbasé a

wups 0900, OS5 S0SHL1 S SRl 290 BPLGL g Blly,

of threudlobwd ithd tHsdstetr BTl egot /%écﬁfmﬂtﬂ{@rﬂl&aétlblh bsbsy F&r
and an incremental effect 10

th dded to fj
rescu%iﬂ%&e"gl JO?StJJT gF SRR e MU S ctEeR tkabpie is
parte@ﬂﬁl@)bf&yeck@ré nﬂ&ﬁeﬁldd&fdrf'rbﬁ GHk Jlgé‘gsé’lgéate . The -

usi ng pentyl ene tetrazole, f.or - exanple at
proce@ice mMavatian die 15$M03A1¢4mmrarﬂqscepiareqasywi’6h drug,

_ embo&rgenésoddfj@hvealtpfeosaér?t olrmgén%z%%a:m may be _added to all

1. A test substance is added to the fish either prior to the
appearance of the disease state, at the time of induction: of

the dlsease 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 édministered te a clutch of fish in a Petri

" disgh.

2. The fish is then screened for deviation from the initial

disease state.
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fish. Test substances, for instance froma random or
conbinatorial chemical library, may be added to
wo bidlo¥i wel | s- The screen is then for de
0? } zﬁe expected phenotyge (a certain degr?&%‘#ﬁﬁommﬂm
anelloratlon of the seizure 20 synptons) obtained by

jAlst kno nti convul sa atter 16. hours.
The | AR BN AL e e Ly PeeStrati et
Scr&mmmtﬁn®md|ﬂﬁ%ixkhﬁﬁﬁléﬂﬁﬂoéﬂdéﬁwb*ntNéVﬁr@&éHtalnventlon
known anti convul sant 25 potentially synergistic
in ppstenredieghadiRantisil e, given that clinical trials
i nvol vi ng add-on drugs are nuch easier to conduct. In"
a further enbodi nent of the invention, a panel of test
Ratheg dhbst adces, &e.r@lénﬂmmmalpotaerttcbrmlﬂiﬁ[@pe@fI@hemlcals

% - are creened i.n variqQus conbi hations. This
15 40500 FoTed DETENGRIMA SN TS TR B RGAIRE JFED RS

admi@n steRedMid eanbimal o of Jdaunger, of i éfﬁgﬁﬂg
t her apeutics WO 2004/ 051265 PCT/GBZOOS/OOS C3

benefd cialapfifesity dovdest $)tildy beddiate ot y Ppmcmfe chemical

Lm0, S SRR S I T

-screasednfbklustrative exanple, a 5 typical protocol may

be as follows: 1. Induce epilepsy with pentyl ene

tetrazole at a- concentraion of 15nMin 7 day old
To gﬁvéhanlgvgn AdFENBEER _dL(:U% dmp3 0%

2, etc. 3. Ad n1n|§? rug i tg col u%#lé¥%¥33%§(%é“%%duced
in féghufm-Q2- e?cdaY4Ol@mnpanegtpenagﬂenepMenﬂaszﬁfeﬁnr(ﬁ

xangl g A8 o P PREP S haBarRohp B Phanaii éroi i gy

drugdeeegn@moﬁm adQpRohaki on af agdcpand, | @c&ﬂyalbedrzaléﬁied to all

thr@u articular nutation, as follows:
fish a5t su stances, for instance from a random or

combinatorial chemical 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 thé 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 desiﬁable, 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 therapeutié 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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1. I'nduce genetic nutation through any of the above.
2. I nduce di sease state through any of the above. 25
. Adm nister test chemcal. 4. Assess whether the
WO%OB‘?{%?IF@H on of the nutation plus chemical iRCTHEBAOFPO5239
than either alone. .- 30 % The nutated gene is then
used as a beneficial target, as described above. A"
(e.g¢f UPRREFOBTHSERRERD  obYt A&dingeaveoy abbsdble combination

f f wh
of t%gegﬁbgkgﬁ%ﬁgnlg anggggégﬁe% g$£8t9[#§603yﬁgiagﬁc fish.

et erm ne ropria
PCT/GBZOOS/005239 76 particul ar therapeutic agent for
Cont & given gatlen I'f the npnutation augnents the effect
ont{RUIRG WiGH, SPhAEPRYit BETSHY| 85 aBaithedtrative exammle, a

typ1@9ﬂD¢Q8H§éolPﬁgyegésaynfgliﬁgg mutation should be

preferentially prescribed t drug. If the nmutation 5
| eads to a deleterious effect or |lack of effect, then

nts ould avoid this drug. A furfher enbodlnent
1 BRGEE CopEIRbER b inertliene tefreActR Saehel ¢ or
concafieratah dACIONS Whi Thidel prdprevent. the side 10
effects of an otherw se toxic drug. The following is

an illustrative enbodinent with reference to multiple

2. SWBHPNSer Bl TRY%PEAPP] G id ) belpont exds Tor -

ot her di seases: fone has a benef
effect on nultiple 15 sclerosis (MS) patients, but

es, cardiotoxicity. 2. M5 nodel of zebrafish is
3 ??gn TP ST ¢ ‘}%dei%éx’t%d‘m”( reatheft Zitth column 2 etc.
m t oxantrone, but with the added conpllcatlon of
cardi ac pathol ogy. 20 3. The treated fish are
4. LoMPRgs é@%%ﬂﬁl&r%@l@tﬁc edtfisdtc aifs allowells with that

£ thal bekrati gqF% nised as a route to a .drug
° .@ﬁ?ﬂl hos %h [

t ar get whi ch no | onger show the
cardi ac effects, but

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 d%seas; state through ény of the above.

3. Administé%-tesﬁ 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

descrlbed above.

A further embodiment of the invention allows identification of

genétic factors which help determine the appropriateness of a
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but gy e o3Pp

still show the beneficial effects are selected. The
chemcal 1is then used as a co-agent in patients to
all ow the safer admnistration of the mtoxantrone,
WO29P4/931268r nat i vel y the mnut ageni sed gene i s mapp&GB2098/005239
used to devel op the co-ageft). 30 A further
enbodi nent of the present invention involves
pParigqudmst ithenapavddid wgeams: ifiud ialgiphengiampiedty ough the
.Qt ei t.amer, r er_t t hrough a _genetic . ,
muta%’?) at icorn o t@hng:l%eca?l%tg\%ﬁfz 4%@12@@%6@@2@6@%@5

searthetedioy. 1M0huasanBlomo 1IN0 py: he P&/ M8 d hutation
with the foll'owing: 1. A construct coding

uﬁpc rdance )
shoud gl %ﬂw@r&éﬁrﬁ@&laétlanwe(s@ri;b@mm@.@lmstnmmrse frortation

lead%?%@og'ﬁ%&%@%&i%ﬁgsek%kg%t%%'&%E%T%%£%X$%ﬁ%§ leﬁg%Eients‘

| i nes expressing the aptaner.
shouddosyeddt ahtilse ddiugease- expressing |ines, or
alternatively the disease state is induced in these
10 lines. 3. The lines are then tested for deviation
A fuﬁtﬁﬁktBﬁb@&@ﬁ@h@dofOEhbnEhQEnEE%HOEXE%wsl§d%nt“%i ation of
devi ation occurs, the aptamer has in vivo proo# ot
geneleri 85 ghamisadséactordewhichahthpr ppewtint apentside
[ Ldentifi fish with a nutatiaon.that confers
offelBy B8 °BLhakiEst otk fyRe The FOLLGRRRG Spepd
illushyabbvpeehbodbdent 20ith Thechunen BeMpLOgyp1al skh@rosis,
zebrafish ies&ue gene is cloned. 2. The sane type of
180t +Bdekher ReBteRbshbrtnotRerndiBEsges : 3.
The wild-type and nutated constructs are injectedinto
the enbryos. . 30 4. The disease state is induced and
1. Mihexaptrone has a beneficial effect on multiple

sqlerosis (MS} patients, but causes cardiotoxicity.

2.  An MS model of zebrafish is created which responds to

'tre;tment 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' &

drug target).

4. Those fish which no longer show the cardiac effects, but
still show t@e beneficial effects are selected. The chemical
is then used as a co-agent in patients to allow the safer
administrétiqn 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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5. If the wld-type gene prevents the rescue, but the
mut ant gene retains it, this provides further
evi dence that the WD 2004/ 051265 PCT/ GB2003/ 005239 78
WO #8326, i s beneficial. However, a negative TEEGB2003/005239

. does not necessarily rulé’out benefit. 6. The

rotein. encoded by the human honol ogue is used for 5
mean% et AR Sor ce e i d inah by Reinfesmed iim \dagerdance
with ag{eeqrglrygjwi,ée_bra fish are DVSO tol erant The inventors
have di scovered that zebrafish are DMSO 10 tol erant.

. This is inportant as many drugs are dissolved in DVMSO
ventors have established

di net hyl sul phaxi de). The i
Lo i RN irerdte ERe Srigier G
cons tafudg sOIF o rOrRed o Sp tSHRSIANGR TRY, L i 3@l ethy r&o@ﬁg
i'S

and adm ni stered to zebrafish by adding to the

- generglee b NG syiey@ra shiingl the eoteswtrati on of DVBO of at

| east upto 1% This is enployed in various preferred
: aspects and enbodi nents of the present invention.
2. Zébﬁafﬂiheefamepthg@kg&@@@%dMﬁbethesﬂ@@e?@ebakgaggfggﬁ
. 10, 20, was  a to fish water on day 3 and fis
llneséxgﬁiD%EgeaﬁF‘fcfrvﬁﬂjyt gged%}sg.%ﬂt stareNVBd EROUCER o hbese
linesabnormality was detected, as assessed by detailed
exam nation under a dissecting mcroscope to 5x
magni fi cation. Motoric behavi our was al so normal . 25

R i T Y —

pronot er descri
or inpE@FPeHef&tpptech vector accession nunber U55761) at
EcoRl /'Bal | (rhodopsi n accessi on nunber: AF331797). The
Crx 30 pronoter (accession nunber: AF301006) was '
4.  BAPREvEL:byn R u 2 .
. pronoter was %?%%E%@a%ﬁg-é#ﬁgle gﬁ%? l%iggsoiégEOf ot
action gRd nit i o ednse rdetiveonsthtsapadt txongdnii t h 21.
(21Q and 72 CAG repeats (74Q, cloned into pEGFP-C
_at Bgll I/ EcoR sites, as described by [Wttenbach,
Ravin@QOfntihieed 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 eﬁidence that the
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WD 2004/ 051265 PCT/ GB2003/ 005239 - 79 EGFP and
huntingtin constructs were excised from pEG-P-C
and Mel, then cloned downstream of the

usi Agel
wQWB‘@%d%‘%h pronbter at sane sites (i.e. GFP fHh{>B2003/005239
pEGFPl renoved). Xhol and™Bfrl were then used to

fra nt .for ection.. 5 This was gel ‘
m“taee&% it of*‘oa*éf@%g/aume&@ﬁééfm TSt does not

ur| |ed a
necasmaedu@dxmﬂ@oohﬂm%é%éygﬂ stage enbryos. Eye specific
expressi on was assessed through m croscopy of Ms222

anaest heti sed enbryos. 10 The Gal4 and UAS constructs
e constructs,

6. Wehg 33 4esqri B%gd%ﬁ bgr%gch 1993%PEP3§8H§ 15 used for

were Subcloned 1HLO
diregsBl desgr pr:lelenKS)lnatv_lazﬁal ogl aibepdkdl ins Ivtlem%&teenmg

Pstl/C al site. The Crx pronoter, cut out of th

original vector with Smal, was ligated in at a S|ngle
Zebrsﬁaghlgrgib@sot@gqe§gg%enced-to determ ne direction.

Additionally the rhodopsin pronoter was cut out of

original Vector wiwth Saci/Sacil, then ligated in at

e LDESFEIE Sigs, oHeSuensal plod cLaLe B uCE b 2

'toleoaﬁtofT@fﬁFE%Cﬂmpbthaﬁﬁoéglﬂ&nﬁbaﬂﬁgi apd 393§@h5ed in

n cloned into pBS-UAS at EcoRV (blunt) and Sal
DMSO ué‘g YAy e PP AP ¥ e I aBihe ntnwrpié@rﬁehme | §s tabllshed

that ! 2OPRL AL I ecHR a@bf@.{' S1 &1 d fnd.certain
run: A water tenpera?%?elgrﬁﬁﬁgnt Was’ g%ne?%?%éat?térUQ or
othegiglze Yhsuthathnedanay i s thﬁblm@mifmlmw£msa@@ &8ministered

eratures rrin enperatures | ess
ko z‘%éﬁfé{ g J‘gélsfb%c“r?. ‘51%4%) i bty 9Vt af inal
concergsmittian P OMId d@%@'ﬁ&é@ﬁﬁfﬁ/&dl% natydd ol Or 8h$loyed
better iltum nated areas and SMAn1amayt¥rom

in vaEoNS ARG ST SEISE FCRIGEA008/U08I00 B0 the present

invention.

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.

Gene;ation of a disease model

The 1.2KB rhodop51n promoter descrlbed by [Kennedy, 2001] was
cloned into pBGFP-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 51ngle Smal
site. The huntlngtln constructs consisted of exon 1 with 21
(21Q) and 72 cac repeats (74Q), cloned into pEGFP-C1l at
BglII/EcoR1 sites,.as described by [Wyttenbach, 2000]. The

G
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I't was al so observed that fish will swimwth nnvfng
stripes. W observed that when fish were exposed to
both a tenperature .gradient (from24 to 40C and

WO Z9049dR65 variation in 5 illunination of noviBG/GB2003/005239
stripes, that the latter ®inuli could overcome the
former stimuli, with the result that the fish noved

EGFP @ad é\%\strlartqrrlé% W%W%Qcﬂxm@eﬂd@m @EGFP -C1

oeind B TR e, ELAR NSRS G iRl

promod:@a:ceani rzmneomt(esn (tthe fICSIP w&toabe@fE‘Plo remoded) OXhol
d B%g‘ 50 ug/m (5 fish per test group). The nlcotlne
an di dhTaditaRe v Seshdve #2844 e epltacsmeRitt i oE3imiersips -
This %@s”?@ﬂuﬁhrﬁkléﬁ Brls IIB%X Ve ﬁ%%%&?ﬁ%lb%QQQQt§gt§on
.5 ug/m nicotine in
1n3ec@@m|um¢9el Contr oled 1 a$awe|bmb&ybhos@yenbpwa&flc
ous bat hed ,in,0.5 5 /n1 sh

eXpregegégngéPpﬁgfgﬁgﬁgetP5°HgEoWFﬁ§°S§6 ?o?ﬁcﬂ%m%%as seen

anaesaheddses efbz2yoand 50 ug/ m . Those preV|oust bat hed
at 5 ug/m responded as shown in the figure. .2 fish

were attracted to. the nicotine inpregnated nethyl

The GE@M'Hh@SQAQVCéngEEﬁctE LbsA Q aegkginadlé Pﬁgré§

rains, 25 preferentially p03| i ONi NQ enid |

. 199311 n €bet cassLrhish wexposeﬂclonadninﬂpregnated nethyl

vi-ousl y, expose

R T T R S R S pe T PRt el Tt

site oel hul psel/dLd1INglcpOSTHEOBrkNERBRLYES, cut out of the
30 Details of the tOXICIty

f tiall
orig l‘g% e%gg%%ﬁ‘éég}éxﬁféﬂ mefds al 9@t e@ninbet o Sboghket Sival
site, d@ﬁénaﬁeéugn@e& tylhgggfﬁgéé2&§m£gg1§§2Ogé%glégggalfy the

al1ve, escape responseée
rhodopSLn promoter was cut out of original vector w1th

Sacl/SaclI, then ligated in at the same sites. UAS was cloned
into pBlﬁescript at a single Pstl site. The huntingtin
constructs were cut out of pEGFP-Cl with Eco47IIT (blunt) and
Sall, then cloned into PBS-UAS at EcoRV (blunt) and Sall.

Use 'of a Temperature Gradient

Experimentally, a temperature gradient was created and certain

tests run:

A water temperature gradient was generated. It was observed

7 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 Ffish prefer-ﬁetter illuminated areas

and swim away from dark areas.




10

15

20

25

30

0.5 - all alive, escape response as above 2.5 - all
alive, escape response as above 5.0 - all alive,

esponse as above 5 25 - all alive at
W"?@W’?ﬁ“@m no escape respgpse when prodded gé%_(}lgpqsmoszw
alive at 3d, twitch but no escape response when

o dded 10 Doselt ta at 4.d.p.f. 0~ all alive, .
Tt O ARE0: BORO B A e 110, B i i oy Lngs ekpapes.

response as above 2.5 - all alive, escape response as
above 15 5.0 - all alive; escape response as above -25
We obsgryeddthatawhea, fiwht viersuexposesic &peboédpensempkenture

rgﬁ 24akb 46%69 az ALl . docunents nenti gQne

d . d
'gFadgﬁgghz?e In“thi-S specif it ¢ FoHPgFe VAESA5EPR: &8 by

illuméhetenneof2hoRERGRENCEScAJanBka, tak ahtte2000imiBEhcould
Dev 97, 161-5. Bang et al. (2002) J Neurosci Methods
overgeme Eb?-ﬁ??mesrﬁﬁam€%1a|Wl%@ggh? KEEHe8s that| tBeofish
moved4to688mBérat3Pebr Begogedfa;’e?“ mon (1993) Devel oprent
118, 401-15. Cali sséndor 1976) Acta Opht hal nol
(Copenh) 54, 109-17. Colas et al. (1996) Nature 380,

. -5 vi no_and_Thumel (1999) Methods Enzynol
Nicoggg? %QQE%§¥OHDFﬁ8$5FMSFtaI. (1996) Devel opnent 123, -
37-46. WO 2004/ 051265 PCT/ GB2003/ 005239 82 Duffy
, ,(2002) Genesis 34, 1-15. Eells (2000) Neurotoxicol ogy
Fishojergoneaped Py pkatbiee &rom(20dpf jimeedbstelpoafter

hatcﬂﬁﬁ@T7to 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 waé 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—'
impregpated 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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Ghalie et al. (2002) Neurol ogy 59, 909-13. 5 Gol dnan
et al. (2001) Transgenic Res 10, 21-33. Gong et al.
(2.002) Dev Dyn 223, 204-15. Haffter et al. (1996)
WO 198¢/@51 nt 123, 1-36. Hassan and Janjua (2003%/GB2085/0#5239
Med Col | Abbottabad 13, 28130. Heng et al. (1999)
I nvest, Opht hal nol Vis Sci 40, 190-6. 10 Hi gashijim ‘et
- ?%&ﬁ%% IS R 05RFPPWS e X gorodiiefshijim et al .
{ 1.997), Dey., Bi , - t al. (2001) M
Gal Byt el o0 "SR 258 E (1009 Dbv
S Canelt 25 ve 58 $TapKetdayorete ads {HO95) Devel opnent
1 1q_37Z7-85. 15 Kennedy et al. (2001) J Biol -Chem.
276l FAIFE 4 FSCARR/STHEUHE NFH ARG R (2002) Dev Bi ol
25 - 248 A0k el&t dd kit b JedMBi s 3-
Long et al. (1997) Devel oprr%%g;le24, 46?018‘%31‘515.“513"%8%
proddgd “(2000) Mech Dev 97, 183-6. 20 Meng et al. (1997)

- Rgc Ci S,A . 6267-72.  Meng et al..

>0 (a%ggg)%é%eoé&aggﬁ Stdglté:h ﬁ%%em%%ieseqapa% .re(sfgﬁ?)e when
proddeadocri nol ogy 139, 1440-9. Nicolson.et al. (1998)

Neuron 20, 271-83. COdenthal et al. (1996) Devel opnent
] 123, 391-8. 25 Perkins et al. (2002) Vis Neurosci 19,
Dose /224 @étantterz;sqp_Sqtf_al. (2000) Proc Natl Acad Sci U S

A 97, 12965-9. osner et al. (1999) Bi ochim

Bi ophys. Acta 1447, 271-7. Saszik at al. (1999) Vis

- u i. 16, -8. Scheer et al. 02) Mech Dev 112,
agl?tl%fﬁgﬁsglsr% %{Jﬂe %reés%éjlnsgt ng n Pf@%i%% netics 136,
-1401- 20iveTaesagpel ¥E6ponrdoak RGloagy 98, 1031-46..
_»Toﬁ okil,et al . (2002) J Neurosci 22, 10324-32. van.de
W E BriVer &FCAPSOFESPRREE REUPHPYBel g 101, 210-6.

Vet ebigvand cbidga( 2090k il Naur ghigle 44, 289-307. VO
2004/ 051265 PCT/-G20037 005239
25 - 4 dead, 1 alive, twitch but no escape response when

n

0

0.
2.
5.

o

0.
0.
2.
5.

o B

prodded

.50 ~ all dead

All documents mentioned anywhere in this specification are

incorporated by reference.

REFERENCES

Adamska, et al. (2000) M@ch Dev 97, 161-5.

Bang et al. (2002) J Neurosci Methods 118, 1?7—87.

Brand et al. {1994} Methods Cell Biol 44, 635~54.

Brand and Perrimon (1933) Development 118, 401-15.
Calissendorff (1976) Acta Ophthalmol (Copenh) 54, 109-17..
Colas et al. (1996) Nature 380, 548-50. |

D'Avino and Thummel (1999) Methods Enzymol 306, 129-42.
Drievgr.etral. {199€) Development 123, 37-46.




83 Wttenbach et al. (2000) Proc Natl Acad Sci US A

97, 2898- 903. Yeh and Hsu (2000) (Danio rerio).
Bi ochem 64, 592-5. 5 WD 2004/ 051265

j 0sci. Bi ot echnol
Wog@i'?"éjéégw 005239 84 CLAINS: 1.. A nethod ofCT/GB2003/005239
screening for a subst ance Br gene (termed herein

"fi ene") that affects activity or effect of a 5
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Furub@@@.@tngl a$2fbadel Jf Nehrbecisgeeehbng-7(i) fish
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bet ween nodel fish and nutated fish wth such altered
behaviour or physiology to identify a first gene that
fects activity or effect of the second gene or
wo 23@1’?%‘?‘?% or effect of said treatnent; 30 WRGHGR2G0pE05239
mutated fish or treated f#&h, and.rmodel fish, are
subj ect to t Wo posi ng stlnull and the aspect of - -
Wyttendmeh it @k Wg}fbx obmoofNebk Aeadtedi fUsh Aro7, 2898-
003 . treated- fISh subject to the two opposing stimuli is
conpared with the WD 2004/ 051265 PCT/ GB2003/ 005239 . 85
Yeh aaspetdu of2 (Eavimuii ®©fr S Ol ogys @f m:@écﬁﬁéﬁ Biochem
64 i? ject to the two opposing stimuli. 2. A nmethod
’ ding to claim1l wherein either or both of 5 the
two opposing stinmuli are selected fromany conbi nation
of the nenbers of the group consisting of: a visua
stimulus, [light stinulation, optonotor stimuli, an
audi bl e startle stimulus, dlscrete changes in
tenperature, a tenperature gradient, food, one or
nore aversive substances, one or nore . 10 attractive
or addictive substances, physical aversion such as
el ectric shock, and a threatening shape. 3. A nethod
according-to cIa|n11 or claim2 wherein fish are
habi tuated to an addictive substance, and one of the
two 15 opposing stinmuli is provided by a source. of
the addictive substance accessible to the fish. 4. A
nmet hod according to claim3 wherein the addictive
substance is nicotine. 20 5. A nmethod according to any
one of clainms 1 to 4 wherein one of the two opposing
stimuli is provided by a tenperature gradient in-
wat er inhabited by the fish. 25 6. A nethod according
to claim5 wherein the tenperature gradient is from
24C to 40C SR
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7. A nethod according to any one of clains 1 to 6

wherein one of the two opposing stinmuli is provided
response.

, . jnducer of 30 the optonotor
wokn%{)%dh%g % ﬁbvvher ein the i nduc’gqm égzoos/ 005239

cording to claim
noving stripes. WO 2004/ 051265 PCT/ GB2003/ 005239 86

cnafyg A nethod. according to any one of clainms 1 to 8
——conprising treating fish with two or nore substances,
at | east one of which is a test substance, and
the effect of the two 5 or nore substances

cqQmpar,i.ng )
1. i%\%%t‘?%rﬁcwm £ema toweotahye obr gene (termed
e ony JofPR] (et YA R ey LR P 2

physi ol ogy “ of treated A
Secongr geofe,t e tamdiori tyrwe sffsdaneesa hess apht £dor activity -
al.one. 10 10. A nethod according to

indi vi dyal | . \
or e'f%%":# &Lﬁk?eryp&(yrﬁlqlrogdt‘?ol R oF Hrhpr@uandwra £ish,

crai
the métdoed corprikling® method according to any one of

claims 1 to 10 conprising providing fish transgenic

f BFOVREisGeond Fodel fishwfereistrdesnigaronil Jgefiest s
tranYBERE o I Iy 4 rol._of an inducible and/ or ,
randfeftc! 208 FHEEsERNst Sert s, Mgl dhtceich g 1o
under| aegulatuirgr eontirb@ PEOBDEREidile PhromH@ SReR fd®ression
of t xpre33|8n. 20 13, A nethod according to claim11l

ePEPRREhECPEoBEBANd L REC £4 sShapfdestist B @spestsiodn.

behavfouA 8Bt BRYsA6¢8LTI BY - a ne _of ,glai to,13 25

conprising ggtern?%iﬁg gﬁﬁi?%?&'f&%cﬁﬁéﬁ gﬁs g”PP?ﬁ. to

said jreaimemthovharebndthg toeahyenneadffeckai gm hspectdor
unction of the fish. 30

LS term ni ng vijsual

bEhaﬁ : /\i%t oggﬁg%%?%iﬂg % eaﬁ%?%he of claims 1 to 15
qoripE i i gs slbd erddant £08h of o PhEEBILA! ARAREG! BE sk ?2
17. A nethod according to any one of clains 1 to. 16 -

treatdng sgid model fish with a fest 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 Ffish;

therebyrto identify a test substance that affects

activity or effect of the second gene or activity or effect éf

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
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conprising fornulating a substance that affects

activity or WD 2004/ 051265 PCT/ GB2003/ 005239 87

ef fect of said second gene, or activity or effect of
WO 2804/051265r eat ment, into a conposition conpri siBgf/GB2003/005239

| east one additional conffonent. 5 18. A nethod

according to any one of clains 1 to 17 conprising - .
aspeqiyenf iFSHatgi el F ipkysigboey 49, nederet Aibsh asebjechgto the

rwo d Al riher conprising screening for a test
Mo c@n%ou%#&éﬁajﬁects activity of the 10 first gene.
20. A nethod according to claim18 further conprising

creening for a test compound that interacts with a
2- 316?9&”}?09&%%%@ theekaimtl garere i ithey net Heetth of
the tAREWHIA AP 5G] im r ' QUL SLAG: a5

for mﬁ;bati r?tégoas t est C(])%pe.(;usn%%%%t(& gﬁoer@ts acc?cji)r{l/kl%tlﬁla%%on of
the megdefis if dengronp hains itteirartef wid hvissyprbteinulus,

r1sing

stimAumt hiadcaeeer dhtided anY 1@< dataldl M kdpdhture
.conprising treating fish with a substance di'ssolved in

gradigntyofpefly, OfifeC8i MOtife AFEIBAME iSSdbASIIRA, Sl lvoximere .

attracVB® or 2ag7ethanol,. er ol . . thad . _
aaqcord?ﬁg to c|g?%:5£$3§%%%%¥3iﬁﬁggﬁp Q?Eﬁ“?ﬁ@gn such as

electgisshnck, dassioky &t rien tBMEOG ehagteer i nhabited by the
fish. 24. A nethod according to claim23, wherein the
substance dissolved in DVMSO i s added to water '

Liane R Y e Sl 0SS NG & SOMSSLLn

3. AnhabhbadabyokBenki $B t0aigi Ve 3 Hinak ©ONEeHH iR are

.. of DVSO of 1% 6 WD 2004/051265 PCT/ GB2003/005239 88
habituated to an addictive substance, and one of the two -

-oppoging stimuli is provided by a source of the addictive

substance 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. p:\ 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

ﬁhe optomotor response.

8. A method according to claim 7 wherein the inducer is

moving stripes.
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~directs ear-specific expression. | w}
§7

25. A nethod of screening for an optinmum conbi nation

of two substances, drugs, genes or drug targets that

affect activity or effect of a second gene, or
WO2804/851269 or effect of a treatnent, or activi tBCHEB2003/005239

effect of a physiological Bunction 5 or behaviour, on

a fish, the nethod conpri'sing: providing, as node

fish for screening, (i) fish transgenic for the

secan ene, wherein the second ne,is under . .
9 e AR Tt RPEcPT coprohbier hnko 8 comprising
tre AU ESSI g windh theo S@J@Qﬁgrge&%%éﬁ%@s; het f _‘Légsgf Bﬁ&t 8f
i sh,

. an aspect of 10 behaviour or physiology of the
whigly i(5i3 Hasth siitjtericeo andi dompamimenthe wafech ofiethe two

t t ct. of ehavi our, or
ot I‘EJCL]%; o} ogy oc;ee{hj:;i1 ?(lp%rﬁ?frr%i%%?tilhg&%@loeﬁo%fm”%ﬂe?‘ésj‘y or
sequuroMiadd ymapadieiced | sdh Wiid 4 ¥yPectnb Bty 20EE 0br physiology
fish with a test 15 substance or

treati ,Sai d mdel
of ttqﬁjﬁteég% Sttt d' £ e dRf 19 MeBH; of the two or
more cgum&h%@%@ﬁ%@ﬂd?%i%ﬁﬁﬁ{%@f'é’i&%{. of

mutated fish or treated f t aspect of .
behavi our or physiol ogy, of nodel fish in order to

n 1denti any mutated fish or treated fish wt .

10. | APREERSL R 05 vhaith ] b d T oA o hish are

tranmoeel of ashy oirhefiely dd, i dentify a conbinati on of two ' i
L)

substances, drugs, genes or drug targets that affects
activity or effect of the. second gene or activity or

11. -ehf getneh adid i t ! I ¥ -
genetic differenéggég?ﬂégﬁrg%ﬁ%ﬁ@iéggﬁﬁéybggﬁﬁygted

compfritshngi phovddhngl tférsdd thettagenirc domphysi damgynd agene,
Ldentify a first gene and/or further gene that affects

whergdfithe) sBeohr efehi 4 i dRg dae T Cathang v bran

induefibget anfi/osakd skheatpriti £ 130 p3émoA et hod accordi ng
to claim25. wherein a first substance or drug is

adm ni stered at an equal concentration in multiple

| d h i ndi i . ; bst
12. R GEthaRabEafRaNg K Vi th il vheRedtl KR s

' rug is a gach su
diredtageyve-vpecblisc expression. -

13. A method according to claim 11 .wherein the promoter
1l4. 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 fundtion of the fish.

16. 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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conbi nati on. WD 2004/ 051265 PCT/ GB2003/ 005239 89 27.

A net hod according to claim26 wherein the effect of
WO 0849512651 t her substance or drug in various FPCT/GB2063/005239
~ conbinations is conpared 3fo determ ne del eterious

conbi nations. 5 28. A method according to claim25
effeghnpf i 32 hg secendi abng. t be aepivibm eonsififactow fofsatiwo

ti rug . by ti.ng_the effect of

treaﬁ@%%?idﬁét%rgg%ég#ggigﬁPgrg?ﬁgggg%ﬁg 9§rﬁ Gst one

additcboid hatdrapened . 29. A met hod according to any one of
claims 25 to 28 conprising testing conbinations of 3,
4, 5 or any higher nunber of substances, drugs, genes

18. Of AHUbd A88Es4idg 88 a@”@h@ogf E1deher 71 Rng 7

0
whet her two or noré substances, drugs, géenes or drug
compy i ipg siddniti ffiegt satdi fitytogerefect of a second
gene, or activity or effect of a treatnent, or
activity or effect of a physiological function or

19. lehaiimd acedrdindSbe bpyemang agdith¥e ebmpyRerapstic
ef fect when present 20 sinultaneously, the nethod

SCre|iyisr ilamg Wi ermgound wedlel affentsopciévibii Ag, the

first igerdd Sh transgenic for the second gene, wherein the
second gene is wunder regulatory control of a specific
pronoter and expression of the second gene within the

: fjsh,affects an aspect of 25 havi our or physi ol ogy

20. & WIS QLI Aa R PE R e ShalpY 2t hany

screamigieimt ke ddfatd@mdoaid el st athBsPeEEs ofithelaBledEin
or phyS|oI%gy of the fish; mutating said nodel fish to

encoqndoRvdéhfutfdtiesd- fgte with one or two nutations and/or
treating said nodel fish with a test 30 substance or
two test substances to provide treated fish; conparing

21. @nrespect agfcchetiag duws. draiphylsd ad @0 ofupthat edomprising

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 (DMSQ),

methancl or ethanol.

23. A method according to claim 22, comprising applying the’
substance dissolved in DMSO to water inhabited by the fish.

24. A method according to claim 23, wherein the substance

' dissolved in DMSO is added to water inhabited by the fish to

.give a final concentration of DMSQO of 1%.
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fish or treated fish with that aspect of behavi our or
physi ol ogy of nodel fish in order to identify any
fish or treated fish with altered behaviour _
‘Woorgrdﬁ D ssis%lsol' ogy conpared WD 2004/ 051265 PCTIGB2003/005239
PCT/ GB2003/ 005239 90 with nodel fish; wherein
CO{mAl |s made between application of putations
25'and/pﬁhﬁggtoéu%%¥%%%%§giﬁﬁfV?EQ%P?&mu%nﬁomhlnatlon of two
substentiast idiNigd heyenys t Or detes %@%%@t@ﬁét @affect activity
conbi nation of one or two 5 substances, drugs, genes
or FuPh & gaeonhaengd i et sacict vty yor cef 86€ECoT 0f
tredthifeneC B r effect of said .
TeAT eat ne%lt]:,d ang%ﬁ%ﬂ% o‘?f%‘%//\%gg%ﬁe% i%ch%ﬁjf‘?i‘?%ﬁ%%% function
or Hedawdemmodel a ffiisth anthensicatles fdsipmidinguch altered
behavi.our oréﬁgh siolggy has an additjve or. .
SYREr &%ﬁ‘. % &% d]de B nsmmeHaDs di by £bskl ai m
trand3@e@0@Proy RhAHEINRS §FdH G drugs’.
separately and in conbﬁ%atVonﬁg%fﬁﬂrﬂﬁgnéﬁyéﬁ% %%%dﬁ
undero repail ALYrvwsendinelt ief ef fapetcs fofe tprmmdltte 1s whsd angRession
: b S rately a in _c ination are
of t8E delRaBEeSTAREALEIN A b b A0, She el
behavitepecbivphgeieloeyPoFs e heuryeh , Waen Gi{YeFidh subject to
'di olation, 33. A nethod according-to claim31 or ¢lalm
Sald3bIrGREmenh. t KBere1ar fbet tarakrgnienfifectorsimaspert ©f
beha¢PoRar 68 HRVSEST t Rer ¢ LS.Qreater than the :
sunnatjonbo the ?fett g%-€%§hfmo subst ances or -
drieRt brg t heidamedednédnhr abi progidenmusapadatalsh. wd%h two

) 4 di t | ai m 30 [
matatfond dRNGE | RESLARP PR IcROLThof PG R tBi Posessr o

ermning t

substane®rer potentéet dabStahdegets. pPYvERAPR-LAY b€ sh;
effect of nutations or geneti-c alterations in various

CEMRIERSRD 28Pest af neehaviowr opdi pyysdodngyoné piitated
Fish GalFecied Ol GPPR'ERLEOaLSSLL N9 SBIRLOTLLE"S, O *
physiology, of model fish in order to identify any mutated fish
or treated fish with altered behavioﬁr or ﬁhysiology 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

combipatiOns is compared to determine the optimum combination.
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nunber of substances, drugs, genes or drug targets. WO
2004/ 051265 PCT/ GB2003/ 005239 91 36. A nethod of

ylng a substances, drug, gene or dru
wo’tﬂﬂé&a ¥ssens an ot herwi se, del et eri ous effectq’cgltéé;f%gigoo”z” '
effect of a second substd%%e drug, gene or drug
. target, the nethod conprising: 5 providing; as node
fish for screening, (i) fish transgenic for the
27. ZeGRIhAENRCOMBRR] Rot R 2380 (BRN& i ttHé"@fect of each

regul atory control” of a specific pronoter and
furthééeprségtﬁ@nca)fon hielxgewnd*agemlaquﬁmrtatedn$hmfm$red

ct Vi gur hysi ol ogy of the-fish; or
to Ge % % déi%§e 35y Pocf@bsgl Y5t nent with said

second substance mhereln the treatnent affects an

aspect of behavi our. EhyS|oIogy of the fish;
28.  Rufstiheg S&Gcendiad) tP. ghaig &So\ﬁoa@nﬁaﬁlfmediefﬁesﬁllt;tt#w the

opt im@fie coth 1R JRIL3! kABSpBRANR: I fEliNe S Iodel fish
th one or 15 nore tao test subst nces o 6ro de
Comparﬂeate@efBiﬁﬁceonﬁamungtapnasp&c@eubtbeha&m@mﬁtapns in
y ogy.of nutated fish or treated fish with that
varlogg égﬁblg%ﬁéﬁg§iour or. physiology of nodel fish in
order to identify any nutated fish. or treated fish
with al tered behavi our or physiol ogy compared 20 with
29. ﬁn@%FhPﬁsﬁccﬂﬁéiégnt@oﬁ%ﬁrP§@n0ﬁscgpﬂm§naﬁlFonﬂﬁe
e i gns sand/ t
comp e o Bln Pl oY B 3 4foonak: BT bihape
numberooﬁesebﬂtaecabet@emga,sg@séanoe,dﬂnggtaggeeSor’.drug
target affects activity or effect of the second 25
substance, drug, gene or -drug target, whereby a
30. Etﬁﬁtﬂﬁaeofhééterﬁiﬁiﬁ§ @@é@h@ih%ﬁﬁﬂéﬁ ﬂ@k@tgﬁbgﬂ§nces,
effect or side effect identified. 37
drugs ocgdReF NGt Brey at?ﬁ%%@@tnagﬁﬁgtsecbmleQ or effect of

@ secSiPSLANEE of Mohi SR & SEHIOLALECH PR3 alBDST LI

activity or effect of a physiological functlon or behawvioux,

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 en 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 of7muteted
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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but al so a negative effect in isolation, whereas in
conbi nation with the test conpound, the negative
effect is l|essened. . WD 2004/051265
WORHHSERS03/ 005239 92 38. A net hod accor di ng RGI/GB208M005239
36 or claim 37 wherein the% effect is assayed in
multiwell format with a range of possible
Wltkarrmdédr afisty cdrpoimsconpgehedh ci suhadé dnstwbeR9. A

d ace r di,n to an ne of the precedi ng ¢l aing
PP RO & et e gy Letbraihrcapees Lndhriewally

and faPWat gk tMugh is nore likely to respond to a
particul ar substance or drug, or which is less likely

t Fhesivhda dletepuims d@ﬂ%ﬁh@wb%tmrd@lmtmmgof opne or two

| y 1 atlv de .ef f
sub L JTBYy gl[arntl S arc?rlﬁi %Ef%%ts activity

mnistere
or aﬁsﬁ'tetm:d caicdﬂfedlsnag:drm ajerian 39 amttelrmﬁytdsne @ff@@t &f Said
artlcular tation or pol ynorphismon the efficacy or

trealignt | Snk/O% O0g G5 |DfInete c@eﬁﬁﬁﬁﬁm:%? 1@%@@% model
al m

£ishlan@y ahitQt dBS FIGHMRAREH M rﬂﬂe% r4l. A

nmet hod according to claim39 or ereln t he

PhYSlOépﬂébﬁaﬁsa@s@d@@&nw&zpnnﬁynﬁngmsﬂnqﬂeﬁﬂamMghput
fashion in 20 zebrafish to identify such possible
pol ynor phi snms or genetic factors resulting in

31. Varm&th@ﬂSab@odﬂd@gfQinﬂ&hMﬁGﬂﬁ%xm&%&s&dﬂﬁéﬂﬁﬁnlsterlng

%ordln to any one of clainms 39 to 40 wherein one
two bR ABCRENEET EEPEEt GRPT RGN Aol ibh ST o o
used 2.5 to identify correspondlng human geneti c-
-~ factors.
32. A method accodrding to claim 31 wherein the- effects of two

substances or drugs both separately and in combination are

assayed at a range of possible combinations from their

respective dose-response curves when given in isolation.

33. A method according to claim 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 syneigisticleffect 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 substanées, drugs, .genes or drug targets.

R
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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) Ffish _subject to

‘said treatment with said second substance, whereln the

treatment affects an aspect of behaviour or phys;ology of the

flsh _
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 substances to provide treated fish;

‘comparing an aspect of behaviour or physioclogy 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 of 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-effeet is

lessened.
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38. A method according to c¢laim 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 druyg, 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 factors identified in zebrafish are used .

to identify corresponding human genetic factors.




