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                                    Mouse Transgenic and Gene Targeting Facility provides services including generation of genetically modified mouse and cell models through embryonic delivery of CRISPR/Cas reagents, transgenic constructs,  or injection of gene targeted embryonic stem cells into blastocysts; cryopreservation and rederivation of mouse lines; molecular design and genotyping.
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        The primary role of the mouse transgenic and gene targeting facility (MTGTF) is to support the investigators in using genetically modified mouse models at the Brown University, affiliated hospitals, and academic institutions in Rhode Island and other states. The MTGTF provides services of molecular design and generation of transgenic and knock-out mouse models as well as general advice on the use and management of such models.  The cutting-edge technologies of the CRISPR/Cas platform are mainly employed at the MTGTF to accomplish vast majority of the projects in a way of cost friendly, fast, and high quality. The conventional ES cell gene-targeting system is employed to serve as an alternative or to fill the limitations of the CRISPR/Cas system. Routine services include genotype analysis, sperm or embryo cryopreservation and storage, mouse line rederivation, in vitro fertilization (IVF). Other services, such as mouse vasectomy, embryo transfer, colony scale-up, intracytoplasmic sperm injection (ICSI) are also available. New services requiring MTGTF resources can be created after consulting with us. 
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        Transgenic Facility, Brown University


70 Ship Street, Room 205


Providence, RI 02903
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  Director, Transgenic Facility; BioMed/MCB Department, Brown University
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                                    (401) 863-9544

                                
                              
                            

                          

                                                                                                                                                                                                                  
                                               
 

                                                                                                                                                                                          
                    
                        Dr. Luo joined Brown University as the Director of the Mouse Transgenic and Gene Targeting Facility in 2019. Before coming to Brown University, Dr. Luo had worked at the Applied StemCell, Inc., in California, where he was the Director and Principal Scientist of the Animal Model Department responsible for the generation of gene knockin/knockout mouse and rat models. Prior to that, he held positions working on mouse transgenesis in the transgenic facility at the University of Utah and in a research lab at the Salk Institute for Biological Studies. Dr. Luo earned a PhD in Histology and Embryology at Fudan University in Shanghai. He was a postdoctoral fellow at the University of Pennsylvania and the University of Kansas Medical Center.


At Brown, Dr. Luo is responsible for production of user-defined transgenic mice and the overall management of the Mouse Transgenic and Gene Targeting Facility. He supervises the overall operation of the facility including cryopreservation and rederivation services, ensures facility compliance with IACUC regulations, and provides consultation to investigators.
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        For further information or if you require services that are not listed here, please contact Jinping Luo, the facility director.
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        FY24 Rates


	Service	Units	Internal Academic Rates*	External Academic

			Not Rhode Island
	CRISPR/Cas9
	Guide RNA validation	Target site	$710	$1,132
	Donor construction/preparation - Knock-In (KI, >80bp)	Project	$1,767	$2,819
	Donor construction/preparation - Conditional Knock-Out (cKO - two steps)	Project	$632	$1,008
	Donor construction/preparation - Point Mutation (PM)	Project	$166	$266
	Founder Genotyping	Sample	$14	$22
	Germline Transmission	Founder	$731	$1,166
	Embryo Microinjection/Electroporation 
	Embryo Microinjection/Electroporation (B6)	Project	$4,056	$6,470
	Embryo Microinjection/Electroporation (FVB)	Project	$3,187	$5,084
	Embryo Microinjection/Electroporation (CD-1)	Project	$2,155	$3,374
	Cryopreservation 
	Embryo Cryo (Homozygotes)	Line	$566	$903
	Embryo Cryo (Heterozygotes)	Line	$611	$1,453
	Sperm Cryo	Line	$679	$1,083
	Mouse line Cryo Recovery
	From Embryo	Line	$1,166	$1,859
	From Sperm	Line	$1,359	$2,168
	In Vitro Fertilization (IVF)
	Fresh sperm	Line	$1,521	$2,427
	Frozen sperm	Line	$1,446	$2,307
	IVF plus Sperm Cryo	Line	$2,082	$3,321
	IVF plus Embryo Cryo	Line	$1,821	$2,788
	Rederivation	Line	$1,484	$2,368
	Colony scale-up	Line	$2,082	$3,321
	Individual Services
	Germline Transmission	Mouse	$683	$1,089
	Annual Cryo Storage Fee	Year	$110	$176
	Hourly Rate for custom projects not listed	Hour	$73	$117

*Rates for Brown and Rhode Island Academic and Hospital Affiliates. For External Academic or Commercial Rates, contact Jinping Luo.


Rates Effective 1/1/2024
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  CRISPR/Cas System
  
    The Brown Mouse Transgenic and Gene Targeting Facility is providing full services of de novo generating genetically modified mouse models using cutting edge technologies of CRISPR/Cas9 system. These mouse models can be made of a gene knockout, in-frame deletion, conditional knockout, gene point mutation, gene tagging, as well as gene replacement. The full services include molecular design, guide RNA validation, donor construction, HDR template preparation, embryo microinjection or electroporation, embryo transfer, founder mouse identification, and delivery of heterozygous F1 after founder mouse germline transmission.


Although wild type C57bl/6J or C57bl/6N inbreed mice will be routinely used for the model production, other strain of wild type mice, either inbreed or hybrid such as CD1, CF1, or FVB/N can be applied too. In addition, further modification on a particular transgenic mouse line with a known transgenic sequence as the targeting site can be made in the Facility. Normally, the whole process with CRISPR/Cas9 system from guide RNA validation to F1 delivery takes 6 to 8 months.  A minimum of two F1 heterozygous mice (either males or females) will be delivered to the investigator.


 


Flow Charts & Timelines


CRISPR Work Flow

  





  

  ES Cell Gene Targeting System
  
    Despite vast majority of the projects can be done with zygotic delivery of CRISPR/Cas system, projects requiring site-specific knock-in of a relatively large DNA sequence (eg, >3 kb) into the mouse genome will be done through conventional ES cell gene targeting system or ES cells combination with CRISPR/Cas approaches.  This process compared to the zygotic delivery of CRISPR/Cas9 procedure will take extra time (normally 3 to 6 months) at the steps of gene-targeting vector construction and establishment of the gene-targeted ES cell clones that will be used for ES cell injection into wild type morula or blastocysts to make chimeric mice (as the F0 founders).  These steps can be done in the investigator’s lab or in the facility. If ES cells are targeted by the facility, the investigator will provide the purified construct (~2 μg/μl, >100 μg in 10mM Tris-HCl, 1.0mM EDTA, pH7.5) for electroporation. The investigator will be charged for electroporation, selection, and archiving ES cell clones, in addition to the injection of ES cells into embryos.  We will inject and implant a minimum of 60 ES cell-injected blastocysts.  If the gene-targeted ES cell clones were generated in the investigator’s lab or facility, three males with a chimeric coat (B6 ES cells, > 50%; 129 ES cells, >75%) are guaranteed.


For an additional fee, the facility will breed the generated chimeras to test germline transmission.  A maximum of five Chimeric males will be bred to wild type females.  Plugs will be checked daily and new females will be rotated into each male's cage when a plugged female is removed.  This will continue until the germline transmission is confirmed, or all males have produced 50 negative pups, or the males are 8 months old.

  





  

  Transgenesis by Random Integrations
  
    DNA fragments or circular bacterial artificial chromosome (BAC) can be injected into mouse pronucleus to make transgenic mice with random integrations in the mouse genome. The investigator will provide the construct sequence and endotoxin-free plasmid (> 200 ng/μl, > 40 μl in 10mM Tris-HCl, pH8.5) purified by an endotoxin-free preparation kit (QIAGEN or MACHEREY-NAGEL) or BAC (please contact transgenic facility for BAC preparation). The transgenic facility will do restriction enzyme digestion for a gel purification of the DNA fragments that will be injected for random integrations in mouse genome. This service can be applied to the mouse strain of CD1, C57bl/6, FVB/N, or the strain provided by an investigator. Transgenic facility guarantees to deliver a minimum of three founders with DNA integrations, but no guarantee for the transgene expression from any founder due to the complexity of random integrations.

  





  

  Rederivation
  
    Transgenic facility provides in-house rederivation services from live animals, cryopreserved sperm or embryos. The imports for live mice, frozen sperm, and frozen embryo to the Brown University must be approved by the assigned veterinarian working at the Brown Center for Animal Resources and Education(CARE). The hormonal stimulation of donor females and their matings are done in the investigator’s animal room with the provided on-campus mice or in the BMC quarantine room with the animals imported from other institutes. Minimal 2-3 males at ages of 2 to 10 months old (and 4-6 females at ages of 3 to 8 weeks old if homozygous pups are preferred) are required for mating or for in vitro fertilization with the strain-matched wild type females. The imported live animals will be housed in the BMC quarantine room for sperm or embryo collection. Importation of spermatozoa or embryos will be directly shipped to transgenic facility for rederivation after veterinarian approval.  The harvested embryos for rederivation will be thoroughly washed and implanted into pseudo-pregnant females that are specific pathogen free. These foster mom will be housed on a quarantine rack in the transgenic facility animal room. The tissues for genotyping will be collected at postnatal days 7 to 10 from the rederived pups. Genotyping will be responsible by the investigator's lab. Transgenic facility can provide genotyping services at the standard cost. Before the derived pups reach weaning age, CARE staffs will collect their feces and prepare body swabs for health testing.  The quarantine costs and the health testing fee will be billed to the investigator requesting the service.  Generally, 10 to 20 rederived mice are delivered to PIs depending on the materials provided.

  





  

  Cryopreservation
  
    The mice provided by investigators will be clearly marked on their cage cards with a description of “for Cryo”, project/gene name, animal ID (if available).


Heterozygous embryos


For each mouse line, the investigator provides 6-10 male mice (at least 8 weeks old) that are single-caged in the investigator’s animal room.  Transgenic facility will order appropriate females for superovulation and mating.  The oviducts at day 1.5 post coitum will be harvested by the facility staff in a biosafety cabinet and transported to transgenic facility in cold M2 medium. Embryos at the 2-4-cell embryo stage will be flushed out from oviducts and cryopreserved.  Normally, this procedure will be performed twice to cryopreserve a minimum of 120 embryos in 4-5 straws (25 to 30 embryos/straw).


Homozygous embryos


Besides 6-10 male mice over 8 weeks old, the investigator will provide 10 to 20 females (from the same line as the males) that are 3 to 6 weeks old (not mated with males after wean).  The procedure will be the same as the heterozygous embryo cryopreservation. A minimum of 120 embryos will be cryopreserved with enough females provided by the investigator.


Sperm


For each mouse line, the investigator will provide 2 to 3 healthy males at 3-10 months old. At least one cauda epididymis will be harvested in a biosafety cabinet from each male for sperm isolation, and a mixture of sperm from all males will be cryopreserved in a form of 10μl of sperm per straw for a total of 10 straws per mouse line.  The embryos or sperm will be stored in a liquid nitrogen tank. Annual storage fee will be charged starting from the date when the cryopreservation was done.

  





  

  Mouse Line Recovery from Cryopreservation
  
    From Frozen Embryos


Embryos stored in Brown transgenic facility or imported from other institutions can be thawed and implanted to pseudo-pregnant females in order to recover the frozen mouse lines.  All embryo imports must be approved before shipping to Brown transgenic facility by the ACF authority.  All cost from shipping and handling, quarantine, and health testing are the responsibility of the investigator. Samples will be collected from pups at 7 to 10 days after birth by transgenic facility staffs. Genotyping will be done in the investigator’s lab without a cost or in the transgenic facility for an extra fee.  Internal transfer of mice to the investigator will be done after weaning of mice. Normally, two implantations with 20 to 30 embryos per line will be done and a minimum of 4 mice will be delivered to the investigator.


From Frozen Sperm


Refer to IVF with frozen sperm procedure.

  





  

  In Vitro Fertilization (IVF)
  
    Success depends greatly on the sample of sperm provided and the background strain requested.


With Fresh Sperm


The investigator will provide the male mice (one or multiple). Cauda epididymis will be harvested in a biosafety cabinet and put in a 200μl PCR tube containing cold storage medium, then transported in a cold kit to the transgenic facility. The sperm will be isolated from epididymis on the same day or after overnight storage in a refrigerator for IVF. Five to ten wild type females at 3-4 weeks old will be ordered and superovulated to provide oocytes for IVF. Pseudo-pregnant CD1 or SW mice will be prepared for embryo implantation. IVF and embryo transfer will be done in the transgenic facility. Samples will be collected from pups at 7 to 10 days after birth by transgenic facility staffs. Genotyping will be done in the investigator’s lab without a cost or in the transgenic facility for an extra fee.  Internal transfer of mice to the investigator will be done after weaning of mice. Generally, 10 to 20 progeny are produced depending on the fertility of the males provided.


With Frozen Sperm


Sperm stored in Brown transgenic facility or imported from other institutions can be thawed for IVF. Other operations are the same as IVF with fresh sperm. Generally, 10 to 20 progeny are produced depending on the fertility of the thawed sperm. 

  





  

  Chimeric Mouse Production
  
    The investigator provides gene targeted ES cells for injection. The transgenic facility provides services to make chimeric founders and germline transmission test. Three males with a chimeric coat (B6 ES cells, > 50%; 129 ES cells, >75%) are guaranteed. Please contact us for a protocol “ES cell culture for injection”.

  





  

  ES Line Generation
  
    We have recently started to generate ES cell lines from genetically modified mice.  Please contact us for details.

  





  

  Colony Scale-Up
  
    Investigators who need to quickly expand a colony can use our scale-up service to do this quickly and reliably.  The investigator provides 6-10 homozygous male mice to be mated with superovulated wild type females.  This produces heterozygous embryos to be implanted.  When the heterozygous pups are born, the females will be superovulated and bred to the same homozygous males.  This 2-step process will produce large numbers of homozygous and heterozygous mice.  Other breeding strategies may be used to suit the investigator's needs.  This service is available only for mice housed in the Ship Street facility.
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  Description of Resources for Grant Applications
  
    Mouse Transgenics and Gene Targeting Facility. This facility, located at the Laboratories for Molecular Medicine, is directed by a PhD-level research investigator and employs a full-time facility manager and research technician. Services include provision of CRISPR technologies for genome modification and editing, pronuclear injection of DNA into fertilized eggs, injection of gene targeted embryonic stem cells into blastocysts, and embryo cryopreservation. The facility provides genotyping services and individual investigators are responsible husbandry and breeding of generated mouse strains. Facility instrumentation includes a Nikon SMZ1500 dissection microscope, a Nikon Eclipse TE200 inverted microscope equipped with Eppendorf Transferman NK2 micromanipulators and an Eppendorf FemtoJet microinjector, a Nikon Eclipse TS100 inverted microscope, a Nikon SMZ800 surgical microscope, a Neon Transfection System MPK5000S, a Bio-Cool Controlled Rate Freezer, a Piezo Impact Drive, a NanoDrop Lite UV-Vis Spectrophotometer with printer, and a CBS V1500AB isothermal liquid nitrogen storage system.

  





  

  Rigor and Reproducibility
  
    Scientific reproducibility is enhanced through scientific rigor and transparency.  Scientific rigor is the strict application of the scientific method to ensure unbiased and well-controlled experimental design, methodology, analysis, interpretation, and reporting of results. The Transgenic Facility is committed to supporting research excellence by adopting the following practices of scientific rigor.


	Purchase and maintain a variety of high-quality instruments from established vendors such that the best instrument is available for any given research analysis.
	The equipment is overseen by highly trained Transgenics experts and well maintained under service contracts or funds budgeted for annual preventive maintenance and repairs.
	The Transgenics experts are available for experimental design consults or troubleshooting.
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          Ranks and picks candidate CRISPRko/a/i sgRNA sequences to maximize on-target activity for target(s) provided.
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          CRISPRscan is a novel scoring algorithm from the Giraldez Lab (Yale University) that helps you select the best gRNAs.
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          CHOPCHOP (version 3) is a web tool for selecting target sites for CRISPR/Cas9, CRISPR/Cpf1, CRISPR/Cas13 or NICKASE/TALEN-directed mutagenesis.
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          CRISPOR is a program that helps design, evaluate and clone guide sequences for the CRISPR/Cas9 system. 

        

      

    

  



  

  
    
    
      
        
          
            Breaking-Cas
          

          
  
    
          
        
          
        
      
      
        
          
        
      
      
  

        

      

      
        
          Ensembl collection of vertebrate genomes. 
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          A fast and versatile algorithm that searches for potential off-target sites of Cas9 RNA-guided endonucleases.
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          The CRISPR Guide RNA design tool allows you to visualize, optimize, and annotate multiple gRNA sequences at a time.
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          To avoid unwanted in-frame deletions in a protein-coding sequence as much as possible,

one should choose target sites with high out-of-frame scores. 

        

      

    

  




    


    
  



  


  
    
        ES Cells


The following are sources for constructs, Genetrap ES cells, and WT ES cells. If you are considering using cells from these sources for microinjection at Brown, please contact the facility prior to purchase.
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                  Wild type mouse ES cell lines

                
                    
                        
                            
                        

                    
                    
                        
                            
                        

                    
                
              
          

        

      

      
        
          Distribution of genetically defined mouse embryonic stem (mES) cells from gold standard JAX® Mice.
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        Montoliu Lluís & Whitelaw C. Bruce A. (2010) Using standard nomenclature to adequately name transgenes, knockout gene alleles and any mutation associated to a genetically modified mouse strain. Transgenic Research (ePub, 16 July 2010)


"The International Society for Transgenic Technologies (ISTT) and the scientific journal, Transgenic Research, to which the ISTT is associated, have decided to promote the use of standard nomenclature for naming mouse strains, genes, mutations and alleles. In this regard, and according to ISTT aims and activities, ISTT will disseminate in its web site, blog, newsletter and Transgenic Technology (TT) meetings, information and recommendations to use standard nomenclature. Likewise, the correct use of rules and guidelines for standard nomenclature for naming mouse strains, genes, mutations and alleles will be enforced in subsequent articles submitted to Transgenic Research for publication, as it is already done in several other journals."[image: Nomenclature_Transgenic or KO mouse line]
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