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Landmark Discoveries in Biology

Made Using Drosophila

Â Sex-linked traits (T.H. Morgan, 1910)

Â Independent segregation of traits on separate chromosomes and linkage 

of traits on the same chromosome (T.H. Morgan, 1911)

Â Linear arrangements of factors (genes) on chromsomes (A. H. 

Sturtevant, 1913)

Â X-ray induced mutagenesis (H.J. Muller, 1930)

Â Developmental genes act in spatially localized fashion (E. Lewis, 1978)

Â Saturation screen for developmental patterning genes 

(E. Wieschaus, G. Jürgens, C. Nüsslein-Volhard, 1980)

Bold = Nobel Laureates
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Synpolydactyly HOXD13 Abd-B

Single bone in zeugopod DHOXD9-13 Abd-B

Hand-foot-genital syndrome HOXA11-13 Abd-B

Radioulnar synostosis HOXA11 Abd-B

Bosley-Salih-Alorainy Syndrome HOXA1 lab

Charcot-Marie-Toothe disease HOXD10 Abd-B

Leukemia HOXD4 Dfd

Disease Fly GeneHuman Gene
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Shared Mechanisms for Human 

Developmental Disorders

In humans: Saethre-Chotzen syndrome



Hox genes
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Problems in Human Genetics

Â Fortuitous Matings

Â å 1/3 of Disease Associated Genes Remain to be Identified

Â Many Disease Associated Genes have Unknown Function



Model Genetic Organisms

* E-value Ò 0.001,  IHGSC, Nature 409, 

p903.

25,000-30,000



http://superfly.ucsd.edu/homophila/



Human disease genes in flies

Â 4,000-5000 Human disease genes

Â å 3000 Disease genes identified

Â Homophila*: Many disease genes have fly counterparts
Â 75% Matches @ e Ò 10-10

Â 29% Matches @ e Ò 10-100

Â Disease genes with matches to fly fall into all major 
categories of disorders



Disease Genes Well Suited for Study 

in Drosophila 

Â Human disease gene function poorly understood

Â Diseases affecting organ systems or development

Â Fly counterpart highly related to human gene

Â Facility of genetic analysis in Drosophila

Â Identified Loci Subject to Explicit Test in Humans: 

ñClosing-the-Loopò



Diseases Well Studied in Drosophila

Â Triplet repeat neurological diseases

Â Tumor metastasis

Â Regulation of cell growth



Diseases Studied Using Drosophila

Â Triplet repeat neurological diseases

EyeG4>HSP70 (= wt) EyeG4>Q78+HSP70EyeG4>MJDTr-Q78

Warrick et al., (1999) Nat. Genet. 23, 425.



Diseases Studied Using Drosophila

Â Tumor metastasis

EyeG4>RAS*+GFP

EyeG4>RAS*+GFP; scrib-

Pagliarini & Xu (2003) Science 302,1227.



Diseases Studied Using Drosophila

Â Regulation of cell growth

e.g., studies from the Pan, Xu, and Hariharan Labs



The fly wing as genetic assay system

BMP Pathway Mutant

L4L4

L5

L2

L3

Hh Pathway Mutant

L2

L3

L4

L5

L3

Normal Wing

L2

L4

L5

BMP

BMP

Hh

M Notch & Wg

Notch Pathway Mutant

L2

L3

L4

L5



Closing -the -Loop in Humans

Â Identify New Candidate Disease Genes

Â Alzheimer Disease (FAD)

Â Place Disease Gene in a Pathway

Â Dyggve-Melchoir-Clausen syndrome (DMC)

Â Identify Human Modifier Loci

Â Primary Congenital Glaucoma (PCG)

Â Identify Candidate Protein Targets

Â Angelman Syndrome  (AS)

Â Dissect Complex Polygenic Trait

Â Cardiac Defects in Down Syndrome (DS)

Â Study Host-Pathogen Interactions

Â Bacterial Toxin Function



Â Human AS Phenotype

Â Severe learning disability (hippocampus)

Â Motor defects, ataxia (cerebellum)

Â Epilepsy

Â Sleep disorder

Â Inappropriate laughter (happy puppet syndrome)

Angelman syndrome

Â Mouse Ube3a- model for AS: Similar to human phenotype 
Â Motor dysfunction, seizures, and learning defects

Â Problematic for finding UBE3A targets

Â Caused by mutations in UBE3A Ubiquitin Ligase



Cross -genomic analysis of UBE3A in flies

Â Identify protein targets of dUbe3a

Â Mis-express dube3a or UBE3A

Â Identify proteins down-regulated by UBE3A

Â Show UBE3A acts on candidate target proteins

Â Determine if candidate target proteins are 

overabundant in the mouse model of AS.
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Pbl is a candidate target of UBE3A

wt HS-GAL4>UAS-hUBE3A



WT GMR>Pbl GMR>Pbl+UBE3A

UBE3A reduces Pbl activity



GMR>Pbl

(at 22°C)

GMR>Faf

Faf and Pbl exert opposing activities
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UBE3A limits Pbl levels in S2 cells
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UBE3A binds to Pbl/Ect2
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Pbl/Ect2 is mis -regulated in the 

cerebellum of Ube3a - mice.



Pbl/Ect2 is mis -regulated in the 

hippocampus of Ube3a - mice.



Â Duplication of 15q results in some forms of autism.

Â Cook et al. 1997. Am J Hum Genet. 60(4):928-34.

Â Human Pbl/Ect-2 maps within an interval linked to autism 
(3q26 ) in Finnish families.

Â Auranen et al. 2002. Am J Hum Genet. 1(4):777-90.

Dosage sensitivity of 

UBE3A/Pbl in humans?

Is the UBE3A/Pbl pathway dosage sensitive  in 

humans? 



Anthrax: A Severe Disease 

Caused by Bacillus anthracis



Anthrax: A Severe Disease 

Caused by Bacillus anthracis

ÅPrimarily affects cattle

ÅStill prominent in underdeveloped countries

ÅForms extremely resistant spores

ÅPresents three clinical forms

Gastrointestinal anthrax

Cutaneous anthrax

Inhalation anthrax



Early phase: Spores are captured in the lungs by pulmonary 
phagocytes, which act as silent ñtrojan horsesò to carry anthrax 
spores to the lymph nodes.

Proliferation phase: Spores germinate and bacilli escape from 
the phagosome and proliferate in the lymph nodes. Secreted 
toxins inhibit T- and B-cell as well as phagocyte functions.

Terminal phase: bacilli proliferate in the blood producing large 
amounts of toxins, causing apoptosis and leakage of the 
vascular endothelium.

Three Phases of Anthrax Infection



Anthrax Toxins: Lethal Factor (LF) 

and Edema Factor (EF)



Anthrax Toxins: Lethal Factor (LF) 

and Edema Factor (EF)



- Do LF and EF act on cognate targets in flies?

- Are there other activities of LF or EF?

- Is there evidence for synergy between LF and EF?

Anthrax Toxins: Lethal Factor (LF) 

and Edema Factor (EF)
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LF:

...PAVSSMQGKRKALKLNFANPPF hMKK4 (Lys 45- Leu 46)

...KLNFANPPF KSTARFTLNPNPT hMKK4 (Arg 58- Phe59)

...NLDISPQ RPRPTLQLPLANDGG hMKK7b (Gln 44- Leu 45)

...QHPTPPA RPRHMLGLPSTLFTP hMKK7b (Gly 76- Leu 77) 

...PGGGLN RTRPVI LPLPTPPHPP Hep

MPKKKPTPI QLNPAPD hMEK1 (Pro 8- Ile 9)

MLARRKPVLPALTINPTI hMEK2 (Pro 10- Ala 11)

MSKNKLNLVLPPVNTE Dsor1

...QS KGKSKRKKDLRI SCMSKPP hMKK3b (Arg 26- Ile 27)

MSQSKGKKRNPGLKI PKEAFEQ hMKK6b (Lys 14- Ile 15)

MSKRHRLTPFTI AKEPEAA Lic

?
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LF Cleaves Drosophila MKKs



LF -Toxin blocks dorsal closure

WT Mat-GAL4> LF JNK Pathway mutants



LF disrupts actin in leading edge cells

wt

MatGAL4>LF



LF blocks dpp activation

MatGAL4>LF

wt
dpp = Probe



hep1/Y
Tateno et al. Science 2000

wt pnr-GAL4 pnr-GAL4>LF

LF causes a hep -like phenotype


