


CRE-lox system 

Used to alter genome in specific cells/tissues 
 
Involves two factors: 
 

 1.  CRE recombinase from P1 bacteriophage 
 
 
 
 
 
 
 
 
 

 2.  loxP sites 
       -these have an 8 bp internal sequence 
         flanked by inverted repeats 

loxP sequence 



CRE-recombinase causes recombination between two loxP sites 

CRE is put under a  
specific promoter 

When CRE is 
expressed the gene in 
this case is deleted. 

Here, it causes a deletion event when the gene is floxed with loxP sites in the same orientation 



Here, a novel gene product is produced when a stop site is floxed with loxP sites in the same 
orientation 

CRE is put under a specific 
promoter 

The novel gene product is 
under a universal promoter, 
but is only expressed when 
the stop site is removed 



Here, a floxed gene is inverted 

Here, CRE recombinase causes translocation between loxP sites on two different DNA molecules 





Extract mRNAs 
From 1,000s of different 
genes 

Reverse transcribe to 
cDNA and label with a 
fluorophore 

DNA microarray 
on a glass slide 

Each spot contains 
DNA from an 
individual gene 

Hybridize 

Microarray experiment to determine 
transcriptome 

Transcriptome identification and analysis by microarray 



cDNAs corresponding to 
the gene at this spot 
hybridize  

No cDNAs corresponding 
to the gene at this spot are 
present to hybridize  

Glass slide 

Scan with a laser to determine 
fluorescence at each spot 



Transcriptome! 



Changes in Transcriptome: 

Normal cells Cancer cells 

Extract mRNAs 

Reverse transcribe to 
cDNA and label with a 

fluorophore 

Mix and hybridize 
to microarray  







makes only sperm 

makes only oocytes lacks a germline altogether 



fem-1
(make only 

oocytes)

fem-3(gf)
(make only

sperm)

= mRNA from somatic & intrinsic germ line genes 

= mRNA from oocyte-enriched genes

= mRNA from sperm-enriched genes

Strategy to identify sperm-enriched genes



fem-1 cDNA
fem-3 cDNA+

Spots of DNA 
arrayed on a slide

Mix, hybridize

Enriched in 
fem-3 RNA

Expressed 
equally in fem-1 

and fem-3

Enriched in 
fem-1 RNA

Expressed in 
neither fem-1 

nor fem-3

WASH and SCAN with LASER



C. elegans DNA microarray 11,917 genes (net)



Not the entire set of genes 



Figure 8 No sperm genes on the X chromosome??? 



Whole Genome Sequencing 

Transcriptome identification and analysis by next generation sequencing 





Open reading frames on a chromosome 

Illumina sequencing reads 

Gene with low expression Gene with high expression 



RNA-seq data 

Each horizontal 
track is from a 
different 
developmental 
stage 





Figure 1 junctions are splicing points between two exons 

the bigger the blue box, 
the more alternative 
splicing forms shared 
between tissues (see 
paper for abbreviation 
definitions 

do#ed	lines	are	possible	
alterna/ve	splices;	the	solid	
line	is	a	new	splice		

1.  New	splice	junc/ons	found	in	20%	of	
genes.	

2.  95%	of	genes	undergo	alterna/ve	
splicing	

3.  ~100,000	alterna/ve	splicing	events	
in	the	human	transcriptome	



Figure 2b 

The more highly expressed a gene is, the more likely it is to be alternatively spliced 

(this is the amount of expression) 





2-D Gel Electrophoresis 

First dimension: Isoelectric focusing: 
separates based on charge Transfer separated 

proteins to gel 

pH 
gradient 

Second 
dimension: 
Mass-based 
separation 



“single protein”
from gel

Run peptides
on a MS

Digest with
trypsin







“single protein”
from gel

Run peptides
on a MS

Digest with
trypsin

Obtain peptide masses

Search
database







From this, spots 
are cut out and 
analyzed on MS



Identification of Proteins from whole protein extracts:  MUDpit

SCX: strong cation exchange;  RP: reverse phase



LC-MS/MS analysis of complex protein samples

peaks selected for 
MS/MS



Peptide fragmentation 
in collision cell

Each peptide will have 
a characteristic set of 
fragments


