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TransgeneOme

DB

Gene of interest Tag

Genome-wide collection of tagged gDNA transgenes

Stable integration into the genome

Tagged proten expression under endogeneous in vivo regulatory control

Digital protein localization patterns at cell/tissue and molecular level

Gene of interest

Search

ChIP-Seq of DNA binding sitesAutomated 4D imaging

The one page summary



Part 1

Engineering the TransgeneOme



10 kbp

tag

gDNA fosmids as transgenes



Recombineering

High fidelity: requires perfect match

High efficiency: requires short homologies (>30bp)

Homologous recombination mediated gene engineering in E. coli

+
No size limitations

Not dependent on the presence of specific sequence

γ
β

α

λ Red operon

Zhang et al. A new logic for DNA engineering using recombination in Escherichia coli. Nat Genet (1998)

Francis Stewart



OFF OFF
FlpRed

1. Make recombineering proficient

Sarov et al. A recombineering pipeline for functional genomics applied to Caenorhabditis elegans. Nat Methods (2006)

http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html
http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html


OFF OFFON OFF

Tag FRT KmR FRT

2. Insert tagging cassette

Sarov et al. A recombineering pipeline for functional genomics applied to Caenorhabditis elegans. Nat Methods (2006)

http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html
http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html


3. Flp out the selection marker

OFF OFFOFF ON

Flp

Sarov et al. A recombineering pipeline for functional genomics applied to Caenorhabditis elegans. Nat Methods (2006)

http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html
http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html


4. Retrofit the fosmid vector

ON OFF

Unc Nat

Sarov et al. A recombineering pipeline for functional genomics applied to Caenorhabditis elegans. Nat Methods (2006)

http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html
http://www.nature.com/nmeth/journal/v3/n10/full/nmeth933.html
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Tagging a genome

Sarov et al. A Genome-Scale Resource for In Vivo Tag-Based Protein Function Exploration in C. elegans Cell (2012)

Tony Hyman

http://www.cell.com/abstract/S0092-8674(12)00946-4
http://www.cell.com/abstract/S0092-8674(12)00946-4
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Tagging a genome

Sarov et al. A Genome-Scale Resource for In Vivo Tag-Based Protein Function Exploration in C. elegans Cell (2012)

http://www.cell.com/abstract/S0092-8674(12)00946-4
http://www.cell.com/abstract/S0092-8674(12)00946-4


Part II

Strategies for transgenesis



Strategies for making lines

‣Microinjection

‣Bombardment

‣MosSci (subclone into pCFJ vectors first)

‣Mos based transposition (add the MiniMos)

‣Targeting (MosTic, Zn Fingers, Talens, CRIPRs)



Stable fosmid transformation by bombardment
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FAQs and detailed protocols at http://transgeneome.mpi-cbg.de 

http://transgeneome.mpi-cbg.de/
http://transgeneome.mpi-cbg.de/
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http://transgeneome.mpi-cbg.de


Most constructs integrate at a low copy
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Correct regulation is maintained at protein level



Faithful localization patterns*

*Including germline and early embryonic expression



unknown
membrane/cortex

cytoplasm
cytoplasmic organelles

cytoskeleton
spindle

centrosome
kinetochore

nucleus
nuclear envelope

chromatin
nuclear foci

condensed chromosomes
nucleolus

known predicted new no matchpattern:

Faithful localization patterns



Potential pitfalls and possible solutions

‣Endogenous expression levels might be loo low for detection 
- use high magnification scope for screening
- use an ex array for overexpression

‣The tag may affect function 
- try N terminal tagging or tag another isoform

‣No rescue or no expression 
- validate the transgene by sequencing
- avoid fosmid fragmentation
- consider possible toxicity

FAQs and detailed protocols at http://transgeneome.mpi-cbg.de 

http://transgeneome.mpi-cbg.de/
http://transgeneome.mpi-cbg.de/
http://transgeneome.mpi-cbg.de
http://transgeneome.mpi-cbg.de


Part III

Application Examples



In vivo localization at cellular level (live fluorescence)

In vivo localization at molecular level (ChIP Seq)

Transcription factor function discovery

www.modENCODE.org (Sarov, Hyman,Waterston, Kim, Reinke, Gerstein, Snyder)

http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org
http://www.modENCODE.org


ChIP/Seq mapping of DNA binding sites

GATACA

Cross-link

Shear

Tag-based IP

Sequence

Map

αGFP

αPol II

αGFP

αPol II

αGFP

αPol II

Zhong et al. Genome-wide identification of binding sites defines distinct functions for Caenorhabditis elegans PHA-4/FOXA in 
development and environmental response. PLoS Genet (2010)

http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://livepage.apple.com/
http://livepage.apple.com/


ChIP/Seq mapping of DNA binding sites

0.1

1

10

100

0.1 1 10 100

Zhong et al. Genome-wide identification of binding sites defines distinct functions for Caenorhabditis elegans PHA-4/FOXA in 
development and environmental response. PLoS Genet (2010)

http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://www.plosgenetics.org/article/info%253Adoi%252F10.1371%252Fjournal.pgen.1000848
http://livepage.apple.com/
http://livepage.apple.com/
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4D localization during embryonic development

Murray, JI et al. Multidimensional regulation of gene expression in the C. elegans embryo. Genome Research 2012.

http://genome.cshlp.org/content/22/7/1282.full?sid=fc1f4361-22cd-4b68-be31-9d774d07bfe2
http://genome.cshlp.org/content/22/7/1282.full?sid=fc1f4361-22cd-4b68-be31-9d774d07bfe2


High resolution maps of TF function (ModENCODE)

Digital TF expression patternsDigital TF binding patterns
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http://www.modmine.org
http://www.modmine.org
http://www.modmine.org
http://www.modmine.org
http://epic.gs.washington.edu/
http://epic.gs.washington.edu/
http://epic.gs.washington.edu
http://epic.gs.washington.edu


FKH-4 NHR-2

Rapid expression dynamics



Promoter::GFP reporter misses the dynamics

protein promoter

DIC

GFP

nhr-2



Dynamic expression patterns

histone merge
in vivo relocalization of LIN-12 (Notch)

LIN-12 nuclear localization known signaling event new signaling event
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New patterns

SIR-2.2



Further applications

‣Protein-protein, Protein-RNA interactions

‣Fine tuned reporters in genetic/drug screens

‣Structure function studies (mutations, indels)*

*poster 901C Madhu Sengupta, Peter Boag
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More localization and purification tags

Affinity epitopes: GLN, GLC, TY1, SBP, 13Myc, HA, Sp, 3xFlag

Fluorescent tags: Cherry, eGFP, eYFP, eCFP



Last bit

Tag your proteins and contribute to 
localizing the proteome



X Z
SPIM

Deconvolution

Segmentation

What’s next?

from worm lines

to a high resolution protein localization atlas

Stephan Preibisch, Gene Myers



Join us and contribute



The TransgeneOme web app

‣http://transgeneome.mpi-cbg.deClick here
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