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Sydney Brenner 
1927-2019 

Premio Nobel 2002 

•  Casi todos los problemas de la biologia molecular ya estan resueltos o 
se resolveran en los proximos 10 años. El futuro está en la extension de 
la investigacion a otras áreas 

•  Preguntas mas importantes para Brenner: mecanismos desarrollo de 
un organismo multicelular y el sistema nervioso 

•  Utilizar las ventajas de un organismo simple multicelular y aplicar el 
enfoque de la genética microbiana 

C.elegans como organismo modelo (1963) 



Pequeño nematodo de vida libre 
 
Largo: ~1 mm adulto 
 
Habitat natural: materia en 
descomposición, suelo.  
 
Alimentacion: bacterívoro 
 
 
 

 
Caenorhabditis elegans en la naturaleza  



 
 
Alimentación:  E. coli.
 
Ciclo de vida: ~3 días.  Incluye 4 
estadios larvarios con mudas. 
 
Reproducción: Hermafrodita (XX)/
machos (X0) 
 
Progenie: >300 embriones de una 
hermafrodita 
 
Genoma: ~19,000 genes, 100Mb. 
5 autosomas, 1 sexual 
 
 
 
 
 
Anatomía: 959 células hermafrodita adulto. 
 

Mantenimiento a largo 
plazo:  cepas se congelan 
en viales.  

Caenorhabditis elegans en el laboratorio 



3 days at 22C

Egg 

Embryonic		
Development	
(11.5	hours)	

Larval	stage		
L1	Larval	stage		

L2	

Larval	stage		
L3	

Larval	stage		
L4	

Dauer		
	

up	to	4	
	months	

http://www.wormatlas.org

Adulto 
  
 

Ciclo	reproductivo	
Condiciones	favorables	

3.5	días	a	20C	

Adulto  
2-3 semanas 

Eclosión	
	

Eclosión	en	medio	sin	comida	
Diapausa	L1	

Ciclo de vida 



Egg 

Desarrollo	embrionario	
(11.5	hs)	

Eclosión	
	

Larval	stage		
L1	Larval	stage		

L2	

Larval	stage		
L3	

Larval	stage		
L4	

Dauer		
	

~	4	meses	

http://www.wormatlas.org

Ciclo de vida 
Adulto  

2-3 semanas 

Condiciones ambientales 
desfavorables

-falta de nutrientes,
-superpoblación,
-alta temperatura



ANATOMIA: 
hermafrodita 959 células 
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C. elegans “lo tiene todo” 

Órganos y tejidos 
Epidermis 
Sistema Digestivo 
Sistema Reproductor 
Sistema Muscular 
Sistema Excretor 
Sistema Nervioso 
 

http://www.wormatlas.org

Muscles 



Microscopía Nomarski para identificar tipos celulares 



John White 

Rol de las células en el desarrollo (interacciones celulares),   
en comportamiento  (neuronas)… 

Ablación de celulas con láser 



Spermatheca 

embryo 

mature oocyte 
spermatozoa 

http://www.wormatlas.org

Hermafroditas suficientes 



Desarrollo de la línea germinal 

http://www.wormbook.org/ 



Célula de la punta distal (DTC) mantiene núcleos mitóticos 



Célula de la punta distal (DTC) mantiene núcleos mitóticos a 
través de la vía de Notch 

lag-2::GFP



Desarrollo de la línea germinal (II) 





Población 
 CLONAL 

cross 
progeny 

Hermafroditas suficientes 

hermafrodita 
X macho	hermafrodita	



C. elegans machos (<0.1%) 

http://www.wormatlas.org

Hermaphrodite: XX 
I I II II III III IV IV V V X X 

Chromosomes	

Male: XØ 
I I II II III III IV IV V V X 

Chromosomes	

1033 células 
 



Población 
 CLONAL 

Progenie 
cruzada 

Hermafroditas suficientes y machos: lo 
mejor de los dos mundos para genética 

hermafrodita 
X macho hermafrodita 

progenie clonal 



LINAJE celular invariante  
Historia completa durante el desarrollo de cada célula desde la 

primera división celular
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Cómo John Sulston pasaba sus días: 

cigoto	

AB	 P1	

ABa	 ABp	 EMS	 P2	



Brenner & Horvitz- Linaje post-embrionario (1976) 

eclosion	

neurons	

Robert Horvitz Premio Nobel 2002, 
 muerte celular programada 
(apoptosis) 

Linaje celular invariante 



Linaje celular invariante 



Precursores del endodermo, celulas musculares, germinales y neuronas 
deben  ingresar al interior del embrión 

Gastrulación 

66 células se internalizan durante la gastrulación (150min) 



Gastrulación   

E founder cell 



Gastrulación   



Gastrulación   
¿Como identificar hacia dentro o hacia afuera en el embrión? 

Screen genéticos: PAC-1 

Anderson et al., 2008 Science 



Gastrulación   

Constricción apical empuja  a precursores Ea y Ep hacia adentro 

Nance and Golstein, 2020 Wormbook. 



Secuencias	regulatorias	

gfp	

Reporteros 
fluorescentes 

 
 

 
Martin Chalfie  
Premio Nobel Quimica 2008  
 

gfp	TGP	

Visita a FQ 2017: https://bit.ly/2qDSC4y  



Proteinas Fluorescentes 



Female gonad 

spermatheca 

Transgénesis utilizando microinyección 



Conectoma 
completo 

Julio 2019 

The Mind of a Worm 
White, Southgate, Thomson &  

Brenner (1986)  

339 páginas! 



Cook et al. 2019 



ventral	nerve	cord	

retrovesicular		
ganglion	

pre-anal	ganglia	

Dorsorectal	ganglia	

mid-body	neurons	

Lumbar	ganglia	

anterior	ganglion	

dorsal	ganglion	

Sistema Nervioso 
rab-3p::NLS-YFP -302 neuronas 

-118 clases anatómicas 

-7000 sinapsis químicas, 900 uniones gap y 1500 
uniones neuromusculares  
-cientos de neuropéptidos y neurotransmisores 
clásicos 
 
 



Serrano-Saiz, Pereira, Gendrel et al. Genetics Vol 206, 1251 

C. elegans presenta sistemas de transmisión 
por neurotransmisores clásicos 



-  100 Mb, ~19 000 genes,  

- 70-80% genes humanos tiene 

ortólogo en C. elegans

 

- 40% de genes asociados con 

enfermedades humanas tienen 

ortólogo en el genoma de 

C.elegans

Otras ventajas de C. elegans : 
Conocemos la secuencia completa del genoma

Kaletta and Hengartner, 2006	
Culetto and Sattelle, 2000  



Genotipo 

Fenotipo 

Genética 
Directa 

Genética 
Reversa 

Random chemical 
mutagenesis 
(manual or worm 
sorter) 
 
 WGS mapping 
 
Transposon 
mutagenesis (Mos1) 
 
 
RNAi 
 

 
RNAi (Fire & Mello 
1998) 
 
Chemical deletion 
libraries 
 
Genome editing 
-CRISPR 

Caja de herramientas genéticas 



Genética directa: 

 

 mutagénesis 
Identificar todos los genes 
que producen un fenotipo 

que queremos estudiar 



Screens genéticos para la locomoción 
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Fig. 7). Two other DA terminal differentiation markers, the ion
channels asic-1 (ref. 6) and trp-4 (ref. 7), also failed to be expressed
in the DA neurons of ast-1 mutants (Supplementary Fig. 8). Both genes
contain phylogenetically conserved DA motifs in their regulatory
regions. ast-1 therefore appears to affect DA fate broadly, which is
further corroborated by the axon pathfinding defects of DA neurons
we observed in ast-1 mutants (Supplementary Fig. 9). Loss of DA
marker gene expression is not a reflection of early lineage specification
defects and/or absence of the neurons, as assessed by analysis of addi-
tional fate markers (Supplementary Fig. 8).

ast-1 is expressed in several neurons4, including all DA neurons
(Fig. 2d), and acts cell-autonomously in DA neurons, as the ast-1
mutant phenotype can be rescued by expression of ast-1 specifically
in the DA neurons (Fig. 2e). ast-1 expression persists in DA neurons
throughout postembryonic stages, indicating that ast-1 is required not
only to initiate DA terminal cell fate but also to maintain DA neuron
identity, a notion we confirmed through temporally controlled addition
and removal of ast-1 gene activity (Fig. 2f and Supplementary Fig. 10).

To address whether ast-1 function is not only necessary for proper
DA neuron differentiation but also sufficient, we ectopically induced
ast-1 expression throughout all cell and tissue types at different stages
of development (Fig. 3). Ectopic induction during embryogenesis led
to a substantial ectopic expression of both dat-1::gfp (Fig. 3a–d) and
cat-2::gfp (data not shown). The morphology, location and pan-
neuronal fate marker expression of these cells indicates that the effects
of ast-1 are confined to the nervous system, in which some (20 cells;
,10% of the embryonic nervous system) but clearly not all cells can be
induced to ectopically express both dat-1/DAT and cat-2/TH. Ectopic
ast-1 was maximally effective when expressed around the time of
neuronal differentiation (Supplementary Fig. 11). Moreover, ectopic
ast-1 expression under control of the DA- and 5-HT-specific bas-1
promoter induced dat-1/DAT expression in 5-HT neurons (Fig. 3e)
demonstrating that ast-1 acts autonomously to control DA neuron
specification and that 5-HT neurons provide the appropriate cellular
context to allow ast-1 to induce DA neuron specification. The related
ETS domain transcription factor LIN-1 was not able to induce ectopic
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Figure 1 | Characterization of the DA motif in C. elegans. a, Schematic
representation of a DA neuron synapse. AAAD, aromatic L-amino acid
decarboxylase; DOPA, 3,4-dihydroxy-L-phenylalanine; Tyr, tyrosine.
b , Schematic representation of two different models for DA terminal
differentiation. See text for explanations. Capital letters represent
hypothetical trans-acting factors. c, Picture of an adult worm expressing
GFP under the control of the full-length dat-1 promoter, labelling all C.
elegans DA neurons. Similarly, cat-2 is also exclusively expressed in DA
neurons (data not shown), as C. elegans contains no adrenergic or
noradrenergic neurons. d , dat-1 promoter analysis. Schematic
representation of the dat-1 locus with its upstream region. Exons are
represented as red blocks; the upstream gene is shown in grey. At the bottom
is a representation of cloned and injected constructs, and the expression
pattern in the DA and 5-HT neurons of transgenic worms. Thick black lines

symbolize the promoter piece placed in front of GFP (green box). Red cross
represents a mutated EBS. ‘1’ indicates .10% penetrant expression in more
than half of the transgenic lines examined; ‘1/2’ also means .10%
penetrant expression, but the penetrance is lower than in the corresponding
full-length construct; ‘2’ indicates ,10% penetrant expression in more than
half of the transgenic lines examined; n.d., not determined. e–h, Analysis of
the regulatory regions of all other dopamine pathway genes. 1* means
dimmer GFP expression than the corresponding wild-type construct. See
Supplementary Figs 1 and 3 for all primary data and the nature of the
mutations. i, The sequence alignment of all functional EBSs defines a
position weight matrix (PWM) that is represented by a sequence logo. The
conserved core in all sequences constitutes the DA motif. See Supplementary
Fig. 5 for sequences used to define the DA motif.

LETTERS NATURE | Vol 458 | 16 April 2009

886
 Macmillan Publishers Limited. All rights reserved©2009

Fig. 7). Two other DA terminal differentiation markers, the ion
channels asic-1 (ref. 6) and trp-4 (ref. 7), also failed to be expressed
in the DA neurons of ast-1 mutants (Supplementary Fig. 8). Both genes
contain phylogenetically conserved DA motifs in their regulatory
regions. ast-1 therefore appears to affect DA fate broadly, which is
further corroborated by the axon pathfinding defects of DA neurons
we observed in ast-1 mutants (Supplementary Fig. 9). Loss of DA
marker gene expression is not a reflection of early lineage specification
defects and/or absence of the neurons, as assessed by analysis of addi-
tional fate markers (Supplementary Fig. 8).

ast-1 is expressed in several neurons4, including all DA neurons
(Fig. 2d), and acts cell-autonomously in DA neurons, as the ast-1
mutant phenotype can be rescued by expression of ast-1 specifically
in the DA neurons (Fig. 2e). ast-1 expression persists in DA neurons
throughout postembryonic stages, indicating that ast-1 is required not
only to initiate DA terminal cell fate but also to maintain DA neuron
identity, a notion we confirmed through temporally controlled addition
and removal of ast-1 gene activity (Fig. 2f and Supplementary Fig. 10).

To address whether ast-1 function is not only necessary for proper
DA neuron differentiation but also sufficient, we ectopically induced
ast-1 expression throughout all cell and tissue types at different stages
of development (Fig. 3). Ectopic induction during embryogenesis led
to a substantial ectopic expression of both dat-1::gfp (Fig. 3a–d) and
cat-2::gfp (data not shown). The morphology, location and pan-
neuronal fate marker expression of these cells indicates that the effects
of ast-1 are confined to the nervous system, in which some (20 cells;
,10% of the embryonic nervous system) but clearly not all cells can be
induced to ectopically express both dat-1/DAT and cat-2/TH. Ectopic
ast-1 was maximally effective when expressed around the time of
neuronal differentiation (Supplementary Fig. 11). Moreover, ectopic
ast-1 expression under control of the DA- and 5-HT-specific bas-1
promoter induced dat-1/DAT expression in 5-HT neurons (Fig. 3e)
demonstrating that ast-1 acts autonomously to control DA neuron
specification and that 5-HT neurons provide the appropriate cellular
context to allow ast-1 to induce DA neuron specification. The related
ETS domain transcription factor LIN-1 was not able to induce ectopic
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Figure 1 | Characterization of the DA motif in C. elegans. a, Schematic
representation of a DA neuron synapse. AAAD, aromatic L-amino acid
decarboxylase; DOPA, 3,4-dihydroxy-L-phenylalanine; Tyr, tyrosine.
b , Schematic representation of two different models for DA terminal
differentiation. See text for explanations. Capital letters represent
hypothetical trans-acting factors. c, Picture of an adult worm expressing
GFP under the control of the full-length dat-1 promoter, labelling all C.
elegans DA neurons. Similarly, cat-2 is also exclusively expressed in DA
neurons (data not shown), as C. elegans contains no adrenergic or
noradrenergic neurons. d , dat-1 promoter analysis. Schematic
representation of the dat-1 locus with its upstream region. Exons are
represented as red blocks; the upstream gene is shown in grey. At the bottom
is a representation of cloned and injected constructs, and the expression
pattern in the DA and 5-HT neurons of transgenic worms. Thick black lines

symbolize the promoter piece placed in front of GFP (green box). Red cross
represents a mutated EBS. ‘1’ indicates .10% penetrant expression in more
than half of the transgenic lines examined; ‘1/2’ also means .10%
penetrant expression, but the penetrance is lower than in the corresponding
full-length construct; ‘2’ indicates ,10% penetrant expression in more than
half of the transgenic lines examined; n.d., not determined. e–h, Analysis of
the regulatory regions of all other dopamine pathway genes. 1* means
dimmer GFP expression than the corresponding wild-type construct. See
Supplementary Figs 1 and 3 for all primary data and the nature of the
mutations. i, The sequence alignment of all functional EBSs defines a
position weight matrix (PWM) that is represented by a sequence logo. The
conserved core in all sequences constitutes the DA motif. See Supplementary
Fig. 5 for sequences used to define the DA motif.
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Approaches Promoter bashing 

Batería de genes DA 

(Flames and Hobert Nature 2009) 

Screens basados en reporteros fluorescentes 



Gusanos mutagenizados�adentro�

Mutante deseado �afuera�

The COPAS Biosort system  
 (Union Biometrica) 

Screens genéticos con reporteros flurorescentes 

Lasers Detectors

Air Diverter

discard



Factores que especifican y mantienen neuronas dopaminérgicas 

DOPY-3 = Trp-4 (Transient Receptor Potential (TRP) mechanosensory channel) 



Como identifico el gen mutado? 
 
 

 

-Whole Genome Sequencing  
 (secuenciación del genoma completo) 

 
Basado en SNPs 



Mapeo de mutaciones por WGS 



Genética 
Reversa: 

 

 RNAi 

CRISPR 



gusanos 
alimentados 
con 
bacterias 
que tienen 
solo vector 

T7 promoter T7 promoter 

1kb of target gene 

Expression 
 plasmid 
   L4440 

ARN de interferencia (ARNi) 

gusanos 
alimentados con 
bacterias que 
expresan RNA 
doble hebra de 
GFP 

Beta 
galactosidase 

promoter 

T7 polymerase 

Premio Nobel en Fisiologia o 
Medicina 2006 

A. Fire-C.Mello 



RNAi screen para buscar potenciadores o 
supresores de la agregración 

van Ham TJ, PLoS Genet. 2008 



Dickinson et al. 2013, Nat Met 

his72::gfp 

his-72 marcada endógenamente por CRISPR 



Ideas para llevarse…. 
 
 
-C.elegans es un excelente organismo modelo: facilidades de trabajar con 
organismos unicelulares pero en uno multicelular. 

-Ha contribuido al desarrollo de nuevas técnicas que han sido 
aplicadas a otros organismos (RNAi, GFP) 

-Excelente modelo génetico para screens y descubrir genes involucrados 
en procesos básicos de biologia celular y desarrollo o en modelos de 
enfermedades (~ 70% de genes humanos tienen un homólogo claro en el 
gusano) 
 
- Vías  y moléculas conservadas en el desarrollo de C.elegans como en el 
de otros animales (por ej. Notch). Tambien otras no tan 
conservadas….queda para la próxima.. 

-Un poco mas de 50 años de su introducción 3 premios Nobel (2002, 2006, 2008) 
(Brenner, Sulston, Horvitz, Fire, Mello, Chalfie).  



Referencias 

WORMBASE 
http://www.wormbase.org/ 
 
WORMATLAS 
http://www.wormatlas.org/ 
 
WORMBOOK 
http://www.wormbook.org/ 
	

Openworm.org 

Comentarios, consultas, quejas………
inescarrera@fq.edu.uy


