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Human Disease to
Drosophila Gene Database

http://superfly.ucsd.edu/homophila

Nature Genetics Reviews, 6 (2005)

Table 1 | Categories of human disease genes well suited to analysis in Drosophila melanogaster*

Disease

Dysmorphology
Syrpclydactyly

Single bone inzeugopod
Hand-foot-genital syndrome
Aniridia

Townes-Brocks syndrome
Saethre-Chotzen syndrome
Fieffer syndrome

Apert syndrome

Crouzon syndrome
Saethre-Chotzen syndrome-lke
Alagile syndrome
Spondylocostal dysostosis
Frimary congenital glaucoma
Cardiac disease
Congenital heart dissase

Holt—Cram syndrome
DiGecrge syndrome
‘Wenous malformations
Neurological
Spinocerabelar ataxia

Huntingten diseese
Spinal and bulbar muscular atrophy 3
Farkinson diseass

Alzheimer dissase

Fragile X syndrome
Angaman syndrome
Cancer

Tubercus sclercsis
Endometrial carcinoma

Mo known dissase
rmutations in homologue

Rend cancer nes
Mo krown dissase mutations in hemclogue
Bladder and colorectal cancer

Mo known dissase mutations
inhormologues

E-call leukasmia
Melanoma
Fetinoblastoma
Hepatocelllar carcinoma
Ectodemmal dysplasia

Human gene symbol

HOXD1.5

HOXD3-HOXD13 (heterczygous deletion)
HCMATS or hetercgygous HOXA 171-13 deletion
PAXE

SALLT

TWIST1

FGFRI, FGFRZ

FGFRZ

FGFRZ

FGFAR3, gain-c-uncticn?

JAGT

DLL3

CYP181

NKX2-5
GATA4
TBXS
TBX1
TEK

SCAT [dso known as ATXNT)
SCAZ [dso known as ATXNZ)
SCAE (dso known as CACNATA)
SCAT4 (also known as PRKCG)
SCATY (ako known 25 TEP)

HD

AR

PARKZ

PARKE (also lnown as WCHLT)
7

PSENT, PSENZ
APP

FART
UBESA

TSCT, T78C2
PTEN
LATST

S4AWT

METT, METZ (ako known as STHS)
RAS famiy geres

SCAIB, LLGLT, DLGT

CCND1
COk4
RBT
TF53
TPF3L

Fly gene symbol

Abd-Hs
Abd-ge
Abd-5s
8y, toys
Salms, sairs
LG

hifs

hifs

hifs

htr

Sers, [fs
o
Cypl8ats

tins

oot
Doci-Docs®
ong-14, bis

hitls

CG4547
CGa166

cacs, Ca-uiDs
inaCs, FRoS3E
Thps

EAR, sup®
park

Lich

diHfi CGEB46
Hr358

tau®

CG45235s
MNone known

Psns
Appl
Fmris
clbe3d4s

tsc?s, tse24

Ptens

wis® (ako known
as lats)

SaVh

hpos

Rass50s

soit?, (Z)gr, aigis

CycDs
Clkd ®

Rbfs, Rbr2
hith (<101
hitfi (e<10)

Gene product References
Transcription factor 140142
Transcription factor 145144
Transcription factor 145148
Transcription factor 180153
Transcription factor 154156
Transcription factor 133
RTK 167
RTK 157
RTK 167
RTK 133
Motch ligand 158
Match ligand 159
Cytochrome P450 108,109
Transcription factor 160163
Transcription factor 165165
Transcription factor 166-168
Transcription factar 168
AT 170
Transcrption cofactor? 2730171
Urknown

Cer* ion channel

Car-dependent PKC

TATA binding protein

Axcnd transport? 30,172-174
Ancrogen receptor 27171
E3-ukiquitin ligese: 49-51
Ubicuitin pathway 28-30
Androgen-R regulator?

Muclear hommone receptor

Iicrotubule binding 30,175
FTEM-induced kinass 176
Dopamine transmission? 25-30
+Secretase 27-30,66
Signalling, sxoral transport?

Transkational regulator 72,177,178
ES-ubiquitin ligeee 179,180

GAP for RHEE in TOR pathway 86,181-184

Megative regulator PI3K 86,092
Cyyclin regulation? 94,95
Cyclin regulation? g6
Cyclin regulation? a7
RTHK sigraling 185
Cell polarity, metastasis in the

presence of RASWAZ2

Cell cycle 93
Cell cycle

Call cycle

Cell cycle

Cell cycle

“An extended version of this table with additiond dizaase categonies can be found onine, A
GA ing protein; P2, phosphonositice S-kinase; PKC, prokn kinasa C

LE! T Pasa-act

a-vaues <10- urless athersisaindicated
EN, phosphatass and tensin ho

clogLe

terceygotes and strong rul phenctypes,
2, aconstiively actie fom of RAS; FHER

FAZ homdogue erriched in braire RTI, receptor tyrosine kinase; TOR, taroet of rmpamyein, 50 malmogasher genes forwhich mutant as wel s wid - type aleks have beenisclated.
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Un Sistema Nervioso relativamente complejo

b Phenotypic characterisation of model

Unlike most other larval organs, the CNS persists into the adult stage. Recent evidence {for review,
see Truman 19%0; Truman et al., this volume) suggests that most motor nearons and large inter-
neurons of the insect adult nervous system are of embryonic origin. To this set of embryonically
born neuroms, a large number of neurons al'e added during larval and early pupal stages. The
neurcblasts that generate these p seem to be the same as those that had pro-
dunedthehmlCNSml:hecnlbmyu lcopade@nauI?Bl).inlheﬁmlarvalmmr.Hnae
nmrnblaaureappcaratthzmbersnrhneofl}mtﬂﬁ{suL‘:lnnﬁlnngpage] 'lnsnmeparlsufli'le
CNS (e.g., thoracic segments), Ihe_vr_lusel;r the of neurob P

{Truman and Bate 1988). In other 1}
pnsaemhljrom:neurublaslsls\rﬂysmalLEm:hnunuH its proli ory activi

fore in the embryo, neuroblasts divide in a stem cell mode with a perpendicularly oriented spindle.
Their progeny, the presumptive adult neurons, remain

tic lobe (ol), which started out as a small wvesicle

brain, proliferates and gives rise to the outer and inmer optic

drawing of pupa). These structures are

brain

gross anatom
npmmt(l—[erlwed:lgﬁ‘l] The larval b the optic

es are added, become the h i (seg) of the adult
brain. Another pa:t -nl the adult brain is the subesup}ag:al pnglu:n (slnb] This structure
from the neuromeres of the three gnathal segments that, in the larva, had formed part of the
wventral ganglion {vg). The three thoracic of the larval ventral nerve cord, which had

Browm asivelybypostembrymmmm!ﬂastplohfmtmyfnmﬂ-emqarpanoffheadm
thoracico-abdominal ganglion (fha). The fused ab they form an

unpaired "cone” attached to the third thoracic neuromere. (cr) Cervical i

Volker Hartenstein. Cold Spring Harbor Laboratory Press (1993)




Modelos de enfermedades neurodegenerativas
en Drosophila

Enfermedad de Alzheimer
Enfermedad de Parkinson

Enfermedades poli-Q
« Enfermedad de Huntington

 Ataxia espinocerebelosa (SCA): SCA 1, 2, 3,
6, 7,17

* Atrofia muscular espinobulbar (SBMA)

« Atrofia palidolusiana dentatorubral (DRPLA)
Enfermedades trinucleotidos tipoll

» Sindrome del X fragil

» Ataxia de Friedreich

e Distrofia miotonica




Funciones autébnomas

, . . _‘ Interacciones entre células,
de la célula eucariota ; s

funcionamiento de 6rganos
y sistemas




* Complexity

* Cost

* Relevance
to humans

ACS Chemical Biology 3 (2007)

In vitro biochemical assays
Bacteriallyeast assays
Cell line assays

Invertebrate models

Mammalian animal models

Humans (clinical frials)

* Simplicity

* Ease of
manipulation

* Cheapness

* Rapidity

Limit

. of HTS

feasibility




Testar nuevas hipotesis
sobre la patologia

|dentificar los genes
Involucrados en un mismo
proceso celular

|dentificar nuevos
farmacos



Obtencion del modelo

Identify disease-causing gene in humans

g

Identify Drosophila Ortholog

Generate a fly model of disease
(create transgenic fly that expresses mutant disease gene)

e

2nd site modifier screens Drug testing

Phenotypic analysis of model
{mechanisms underlying neurodegeneration)

Clin Genet, 67 2005)




Mutagenesis




Mutagenesis insercional con elementos P




w30 YW AR S i et RO by g g VD D e
' cromosoma X (8C/D) ., _ 3 I %) |

2 3 4 5 [i] 7 ] 11 12 13

] ‘|_:|:.

hae 4
18 (19 |20

14 |15 | 16 17

alpha-adaptina
[

LD 14360
/—/%

CG12664

CG7055

0
fh  CG11042

ANVAN b

CG7065 CG8971
g g
tej2.1  1d03794
BAP111

CG9034
lCGQOGO

‘d

CG15367







Resultados movilizacion de P en 8CD
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X Table 2. Examples of well-characterised neurod.egeﬂeranve mutants isolated using forward genetics in Drasopﬁ;fa

P element insertion mutagenesis for
life-span-reducing mutants

bubblegum mutant mapped to the

WVLCFA acyl-coenzyme A synthetase-
like gene

Adult ncu:odegmerwon, elevated levels of
VLCFAs as seen in the human disease
adrenoleukodystrophy

EMS-induced mutagenesis for
life-span-reducing mutants; isolated
mutants were then examined for
histological neuropathology

spongecake mutant; gene not mapped

eggroll mutant; gene not mapped

Brain degeneration characterised by regionally
specific, membrane-bound vacuoles, similar to
those seen in iforim degenerations

(e.g. Creutzfeldt-Jakob disease)

Brain degeneration characterised by dense,
multilamellated structures resembling those
found in lipid storage diseases (e.g. Tay-Sachs
disease)

EMS-induced mutagenesis followed by
eye-specific expression of Flp recombi-
nase to generate patches of homozygous
mutant tissue; mutants isolated on
whether the eyes develop substantial
black degenerate tissue

burned mutant mapped te the cpb
locus encoding the B-subunit of the
F actin capping protein; scorched
mutant mapped to the cpa locus
encoding the oa-subunit of the F actin
capping protein

Mutant neuronal tissues characterised by
accumulation of F actin consistent with the
known function of the isolated genes in capping
actin filaments and arresting their growth

P element insertion mutagenesis
for abnormal development of the
peripheral nervous system

bernchwarmer mutant mapped to the
spinster gene which is predicted to
encode a lysosomal sugar carrier

Abnormal lysosomal carbohydrate storage,
synaptic defects, subsequent progressive
neuronal degeneration and enhanced
tau-mediated toxicity suggesting aberrant
lysosomal function and defects in endocytic
membrane rafficking

EMS-induced mutagenesis for tempera-
ture-sensitive paralyvtic mutants

vacuous mutant; gene not mapped

Two mutants mapped to the same gene,
ATPa, which encodes the w-subunit
(catalytic) of the Na*/K*-ATPase

Locomotor defects in both larvae and adults,
neuronal hyperactivity and extensive
age-dependent neurodegeneration throughout
the CNS

Behavioural abnormalities, reduced life-span,
severe neuronal hyperexcitability and extensive,
age-dependent neurodegeneration suggesting
that maintenance of neuronal viability is
dependent on normal sodium pump activity

P element insertion mu is for
mutants with histological adult brain
abnormalities

sniffer mutant mapped to the srniffer
gene encoding a short-chain dehydro-
genasefreductase enzyme

Reduced life-span, a progressive sluggish
walking phenotype and age-related neuro-
degeneration, possibly the result of oxidative
stress

EMS-induced mutagenesis for mutants
exhibiting adult brain defects as deter-
mined by histology

swiss cheese mutant mapped to the swiss
cheese gene encoding a protein sharing
homology with vertebrate neuropathy
target esterase

Progressive neurodegeneration, glial
hyperwrapping, neuronal apoptosis and reduced
life-span

EMS- and P-element-insertion-induced
mutagenesis for mutants exhibiting
adult structural brain defects as deter-
mined by histology

vacuolar peduncle mutant mapped to
the RasGAP gene which encodes Ras
GTPase-activating protein

Age-related brain degeneration, possibly
the result of deregulation of the EGFR/Ras
signalling pathway

Mutagenesis via P element enhancer
insertions for gene products exhibiting
a gain-of-function by causing neural
cell loss

Sfor neuronal death and degen-
erafion 2 mutant mapped to the Sec6ia
gene which encodes for an endo-
plasmic-reticulum-associated protein
translocon

MNeuronal cell death anied by the
accumulation of ubiquitinated proteins

VLCFA =

Very-long-chain fatty acid; EMS = ethyl methane sulphonate; EGFR = epidermal growth factor receptor.

The Fly as a Model for Neurodegenerative

Diseases

MNeurodegenerative Dis 2006;3:338-356




Sistema UAS-GALA4:
* Sobre-expresion del alelo normal
* Expresion alelos mutados
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Enfermedad de - peptidos AB,,y AB,,.
Alzheimer - gen APP
- genes APP y [3-secretasa

- Gen dPS portador de
mutaciones patoldgicas

Enfermedad de - fragmento aminoterminal de

Huntington Htt con Q75, Q93, Q120 o
Q128.

Ataxia de Friedreich - Disminucion de la expresion

del gen enddgeno (fh)




ENFERMEDAD DE ALZHEIMER
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Figure 1. Proteolytic processing of APP.,
(A) Schematic structure of APP is
shown with AB domain shaded in red
and enlarged. The sites of cleavage by
a-, B-, and y-secretases are indicated
along with AB numbering from the
N-terminus of Ap (Aspl). (B) Nonamy-
loidogenic processing of APP refers to
sequential processing of APP by
membrane-bound «- and y-secretases.
a-Secretase cleaves within the Ap do-
main, thus precluding generation of
intact AP peplide, The fates of
N-terminally truncated AB (p3) and
APP intracellular domain (AICD) is
not fully resolved. (C) Amyloidogenic
processing of APP is carried out by se-
quential action of membrane-bound 3-
and y-secretases.



Expresion de las secuencias
humanas

Enfermedad de
Alzheimer

- péptidos AB,,y AB,,
- gen APP
- genes APP y [3-secretasa

- gen dPS portador de
mutaciones patoldgicas

Enfermedad de
Huntington

- fragmento aminoterminal de
Htt con Q75, Q93, Q120 o
Q128.

Ataxia de Friedreich

- Disminucion de la expresion
del gen enddgeno (fh)




Modelo de E. Alzheimer en Drosophila
- expresion del peptido AR

UAS-AB42

3

Flies surviving (%)

10 20 30 40 50 60
days

Climbing ability (%
Flies surviving (%) _ )
o538 888

10 20 30 40 50 60
days

UAS-AR40

Climbing abilty () Tl
58288

Flies surviving (%) T
- 35838388

kd
[=]

0 10 20 30 40 50 &0
days
—e control genotype male
. ~a- control genotype female
Proc Natl Acad Sci USA, 101 (2004) & experimental genotype male
—&— experimental genctype female
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Dependiente de la longitud
poli-Q

Inicio tardio

Progresiva

Pérdida de neuronas
Causa la muerte

Hum Mol Genet., 12 (2003

Human brain

rhabdomeres

normal

elav>Htt exon1Q93

wt | 115 7 |12 |
Days post eclosion

HD

polyQ108

NN

L VR

o N B~ O

AW

1 5 1" 15 18 days



Cepas con la construccion P-Gal4 insertada en

diferentes localizaciones cromosomicas

Cepa Gal4

elemento P-GAL4
activador

Expresion
proteina Gal4

Cepa UAS gen

promotor

o o |
I | |

UAS

gen X

Expresion
gen X
(fh-hf)

Hibrido GAL4-UAS

proteina
GAL4 O

== | | |

:::_ﬁ:f_: GFP
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Actin-Gal4 \ UAS-fhIR

g o

MRNA fh: 30%

* supervivencia reducida
* disminucion escalada

» sensibilidad frente al estrés oxidativo
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* Reduccion del 45% en la
capacidad de escalada
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» Mayor inactivacion de aconitasa
en hyperoxia

* Reduccion del 60% vida media
*Reduccion del 32% vida maxima

Survival (%)
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—=— interference .“'. -=— interference
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0 . 25 50 75 100 0 2 4 6 8 10
Normoxia days Hyperoxia  days
Reduccioén del 75% de la vida media
Reduccioén del 45% de la vida maxima
pyr+mal pyr+fmal+ADP
125

nmol/min/mg prot

100

|

Reduccion respiracion:

» Controles: reduccion del 37%
» Mutantes: reduccion del 73%







Explotacion del modelo




Rastreo de genes modificadores




Rastreo de genes modificadores




Ojo de Drosophila: la estructura preferida en
los rastreos geneticos

a Second-site mﬂdtrﬂr sereens Fhenutgpe Supspressar
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ey-AB,, X EP (2000)

UAS- AB,, ; ey-GAL4
EP E
(3) EP(3)3549
EP(3)3549
ta— neprilisina

Mol.Cell.Neurosci., 26 (2004)




Genetics, 165 (2003)
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Light micrascopy
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* Transduccion de senales D Modiier (NS)

* Transmision sinaptica
* Proteolisis
» Regulacion transcripcion y traduccion




Rastreos farmacoldgicos

RNAI
(gene-specific

Y degradation
' A/ mRNA)

e

(expression of ' Exposure to
pathogenic version 7 dlSBﬂSG-If‘Iidu;:Ing
of a specific gene) Srdinale chemica

display a
phenotype

HTS screen

Ségalat, ACS Chemical Biology 3 (2007)

< Pharmacological rescue

fmprovement of pathological features
Neurodegeneratlve Dis, 3 (2006) :




Table 2. Concordance of drug efficacy in fies and mammals

Rescueinfly Rescueinmouse/man References

Disease(s) Drug Targel(s)

HD SAHA, bulyrate HDAG inhiitor Y Y (44.657)
HD-polyQ  Cystaming’ Transglutaminase Y Y 616384)
HDpoyQ  Congo red Aggregates Y Y in brain ¢lices and mice 562
Parkinson's  Geldanamycin™ Hspd(iHsp70 y ¥ mammalan cell e
Parkinson's  L-DOPA, and dopamine agonists Dopammergic function Y Y ™)
ALD Lorenzo's ol Restore VLCFA levels to normal Y Y 9

YWhile frsttested as apotental therapeutic for HD due o itsfunction asa ransglutaminase infibior, celllarprocesses targetedby cystaming incluce inhibiion

of caspase actiy and increased guahione oroduction
*Geldanamycin has been shown to mount a iress fesponse and mprove s-synuclei ke
expressing mutant Hit ™ ALD, adrenoleukodystophy VLCFA, very long chein fatty acids,

yin Drosophia’™ andorecce aggregaton  mammela cell

BioEssays, 26 (2004)




Papel de los modelos invertebrados en los
tratamientos farmacologicos

ACS Chemical Biology 3 (2007)







