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Which of these is a 129 mouse?Which of these is a 129 mouse?
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OutlineOutline

• Genetic Monitoring: 96 SNP Panel Development
– The problem 
– Potential solutions
– The Taconic/Illumina 80+16 idea
– Custom 96 panel development with Illumina and Implementation

• Speed Congenics and Background Characterization using 
Illumina Panels



Genetic Monitoring (GenMon)Genetic Monitoring (GenMon)

• The problem: 170,000 mouse cages in US (Germantown, 
NY, Oxnard, CA, Rockville, MD, Cambridge City, IN)

• Potential solutions

• The Taconic/Illumina 80+16 idea

• Custom 96 panel development with Illumina and 
Implementation



The Problem: 170,000 Mouse Cages in the USThe Problem: 170,000 Mouse Cages in the US

• Traditional Models
– C57Bl/6
– 129

• Spontaneous Mutants
– Ncr nude (T-cell deficient)
– CBA (retinal degeneration model)

• Induced Models
– Aged B6 Mice
– Superovulated Mice

• Taconic Transgenic Models™ (TTMs), Knockout Repository, and 
Emerging Models
– ApoE knockout
– HRN™ (Hepatic Reductase Null)

• Contract Breeding Services
• TaconicArtemis Custom Model Generation

– Custom RNAi Knock Down Model Generation
– Traditional or constitutive KO
– Humanization



The Problem: What do we need to do about it?The Problem: What do we need to do about it?

• Keep track of animals 
• Keep track of the genetic background of the 

animals to prevent contamination and assure our 
animals what we say they are!
– Quality Control: periodic monitoring
– Must be ready to test if there is an issue



Taconic Genetic Monitoring ReportTaconic Genetic Monitoring Report



• The problem: 170,000 mouse cages in US (Germantown, 
NY, Oxnard, CA, Rockville, MD, Cambridge City, IN)

• Potential solutions

• The Taconic/Illumina 80+16 Project

• Custom 96 panel development with Illumina and 
Iplementation



Potential Genetic Monitoring SolutionsPotential Genetic Monitoring Solutions

Microsatellites (SSRs): short repeated sequences in non-
coding regions
– Problems with analysis due to PCR reaction or sample issues
– Not enough numbers to evaluate all of our different strains
– Have to pay to use them!

SNPs: conserved single nucleotide polymorphisms that can be 
located anywhere in the genome.
– Can test for individual SNPs
– Combine these to make mini-panels
– ALWAYS binary!



• The problem: 170,000 mouse cages in US (Germantown, 
NY, Oxnard, CA, Rockville, MD, Cambridge City, IN)

• Potential solutions

• The Taconic/Illumina 80+16 idea

• Custom 96 panel development with Illumina and 
Implementation



Goal: Create a panel to differentiate both 
Genetic Background and Genotype
Goal: Create a panel to differentiate both 
Genetic Background and Genotype

Background Strain
80

Genotype: Tg or TM
16

Functional Genes

Create a core panel then mix and match sub-panels



• The problem: 170,000 mouse cages in US (Germantown, 
NY, Oxnard, CA, Rockville, MD, Cambridge City, IN)

• Potential solutions

• The Taconic/Illumina 80+16 idea

• Custom 96 panel development with Illumina and 
Implementation



Standard GenMonStandard GenMon

• Develop a 96 SNP Panel with Illumina that allows us to 
characterize 30+ genetic backgrounds.
– 129S6, AJTAC, APOE, B10, B10.A-1, B6129F1, B6C3F1, B6JBOM, 

B6TAC, BALB, BLBANU, BALBOM, BALJBO, C3H-1, CB17-1, CB17SC-2, 
CBA-1, CBSCBG, DB-1, DBA1-1, DBA2-1, FVB-1, NOD-1, NODSC, OB M-
1, OB T, OB W, SJL-1

– Adaptability of system: can do even more

• Bead Studio Software—user friendly!
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Standard GenMonStandard GenMon

Resulting Data

Correct93C3H0900005863

Correct93BALJBO0900005861

Correct94SJL-10900005859

Correct93129S60900005852

Correct94B6JBOM0900005185

Correct93CB17SC0900005846

Correct92C57Bl/6Tac0900005845

Call# SNPSCompare to Sample Log #



96 GenMon Panel Differences96 GenMon Panel Differences



96 SNP Panel Development Conclusions96 SNP Panel Development Conclusions

• The problem: 170,000 mouse cages in US (Germantown, NY, 
Oxnard, CA, Rockville, MD, Cambridge City, IN)

• Potential solutions

• The Taconic/Illumina 80+16 idea

• Custom 96 panel development with Illumina and Implementation

• Set out to create at a super-flexible panel
– Might get there

• Developed a system to keep track of more than 30 genetic 
backgrounds
– Flexibility as we need it

• Can go from Post-hybridization to data analysis complete in about 
an 1 hr for 250+ samples!!!!!!!!!!!!!!!!!



OutlineOutline

• Genetic Monitoring: 96 SNP Panel Development
– The problem 
– Potential solutions
– The Taconic/Illumina 80+16 idea
– Custom 96 panel development with Illumina and Implementation

• Speed Congenics and Background Characterization using 
Illumina LDL and MDL Panels



Do you know your mouse?Do you know your mouse?

Once you have inserted a transgene or created a knockout, how do 
you know what else has happened in the genome or how the 
background could effect your results?

• Genetic Drift: GenMon
– Move to the Illumina LDL and MDL SNP Panels: Lose flexibility 

but gain density and therefore, sensitivity for drift (yearly)

• Genetic Contamination

• Genetic Variability
– examples



Open Field Activity (first exposure)Open Field Activity (first exposure)
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Genetic Background Controls Tumor Development in
Pten-Deficient Mice
Genetic Background Controls Tumor Development in
Pten-Deficient Mice

Freeman, et. al. Cancer Res 2006; 66: (13). July 1, 2006



• Background can has effects on both the neurobiology and 
cancer biology (and everything else!) of animals

• What’s a researcher to do?
– Know the genetic background of your mice
– Check the background of your mice
– Do not mix backgrounds for experiments

• How do we help?
– Background Characterization
– Speed Congenics



96 GenMon Panel Differences96 GenMon Panel Differences



LDL (377) SNP Panel DifferencesLDL (377) SNP Panel Differences



MDL (1449) SNP Panel DifferencesMDL (1449) SNP Panel Differences



• What is Genetic Characterization?
– Accurately characterizes the background of animal model prior to 

starting that expensive breeding program.
– Provides differentiation among some mouse strains

• What can Speed Congenics do?
– Ultimately reduces the total number of backcrossing steps necessary to 

make a congenic (pure) line
– Realize 100% of your targeted background as early as N5! instead of 

N10



Report ExampleReport Example



SNP Report – Raw DataSNP Report – Raw Data



Traditional Backcross Generation TableTraditional Backcross Generation Table



SummarySummary

• Genetic Monitoring: 96 SNP Panel Development

• Speed Congenics and Background Characterization using 
Illumina LDL and MDL Panels
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Genetic Background ProblemsGenetic Background Problems

• Both physiological and behavioral phenotypes depend 
on genetic background.

• Targeted mutations are mostly produced in 129 mice, 
which are genetically heterogeneous.

• 129 mice are not well suited for some experiments. 
Therefore, mutations are often moved to another 
strain.



MeiosisMeiosis

• Once each generation, the genome is reshuffled during 
Meiosis

• In the zygotene and pachytene of prophase I, homologous 
chromosomes align and crossovers occurs

• Resulting chromosomes are randomly distributed to 
daughter cells in metaphase I and anaphase I



Result of a crossResult of a cross

KO
(129)

B6

XX

F1

XX

F2
KO

F2
“WT”

X
+

Knockout and “WT” control have different genetic backgroundsKnockout and “WT” control have different genetic backgrounds



BackcrossingBackcrossing

• If a knockout or mutation-carrying mouse is crossed 
with a mouse from a different strain, a mixed genetic 
background results that interferes with the experiments

• If a mutation-carrying F1 mouse is crossed to the “new”
(recipient) strain again and again, the influence of the 
original genetic background is reduced.



Making Congenic StrainsMaking Congenic Strains

• Mutations are moved to another genetic background through 
backcrossing:

Recipient

Donor F1

R R

N2

• Nomenclature: Parental generation: P
First filial generation: F1
Second generation: N2 
Third generation: N3



Linked LociLinked Loci

• Genes on different chromosomes are distributed randomly 
to sperm/oocytes.

• Genes that are close neighbors on the same chromosome 
are “linked”

• These genes tend to remain together



Non-Linked LociNon-Linked Loci

• Reduced by 50% each generation
• Remaining heterozygosity:

p= ½
• Remaining donor genome:

p= ½

N-1

N



Linked LociLinked Loci

• Reduced at a much slower rate due to linkage/selection

• Size of remaining donor fragment:

s= 200 (1 - 2-N)/N      [cM]

• From N6, simplify to:

s= 200/N    [cM]
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Backcrossing: Elimination of Heterozygosity

 Occurs throughout the genome, but linked loci are less affected



Congenic StrainCongenic Strain

X
P

Donor (129) Recipient (B6)

X
P

Congenic
(N10)

0.2%
outside

plus
20 cM 
(1.3 %)



More on BackcrossingMore on Backcrossing

• Backcrossing is a lengthy process: if we receive a pure 
129 strain knockout mouse for rederivation, it will take 
10 more generations in a barrier to finish - 2 ½ years.

• In each generation, there is a random distribution of 
offspring: some have more donor genes than others



Speeding Things UpSpeeding Things Up

• If we select the right offspring, backcrossing can be 
accelerated.

• Need a method to identify from which parent strain 
any part of a chromosome is inherited.

• Select those offspring that inherited most recipient 
strain material



Genetic Background DataGenetic Background Data

• Taconic has extensive genetic data: 
– More than 2000 SNP loci
– 340 microsatellite markers

• This information shows that Taconic’s B6 strain 
(C57BL/6NTac) is closely related to other B6 substrains, 
e. g. C57BL/6J, and that Taconic’s 129S6/SvEvTac is 
quite separate from other 129 strains.

• This information can also be used for QC and for speed 
congenics.



Making Speed Congenic StrainsMaking Speed Congenic Strains

• Mutations are moved to another genetic background 
through backcrossing the “best” animal in each 
generation:

Recipient

Donor F1

R R

N2

Identify
Select



Marker Density NeededMarker Density Needed

• The more resolution the better?
• But: economic restrictions
• But: very close double crossovers are suppressed in any 

ONE meiosis (the next generation meiosis is an independent 
event though)



Crossover InterferenceCrossover Interference

• Most extensive data are in humans (Kwiatkowski et al., 1993)
• At 20 cM, there were only 10 double crossovers out of 17316 

events, or r= 0.0005 instead of r= 0.04 without interference. 
• In a typical speed congenics project, less than 0.4 double 

crossovers expected if markers are at 20 cM or less.
• Therefore, marker spacing of 20 cM or less is appropriate for 

speed congenics.
• However, independent events are not included in this 

estimate.
• Rule of thumb: genome = 3,000 Mbp = 1500 cM

1 cM ≈ 2 Mbp



Passenger LociPassenger Loci

• Rapid elimination of donor genes occurs only in regions of 
the genome that are not linked to the donor allele

• Region around the donor allele (e.g., knockout) is slowly 
and randomly reduced by crossover
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Speed Congenic Strain- no adjustmentsSpeed Congenic Strain- no adjustments

X
P

Donor (129) Recipient (B6)

X
P

SpeedCongenic
(N5)

0.7 %
outside
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40 cM (80 Mbp) 
(2.7 %)

X+
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X 
chromo-
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Critical PointsCritical Points

 Accelerated backcrossing schemes have been 
criticized by some scientists:
– fewer backcross generations lead to larger donor 

segment
– small donor genome regions may be missed in N3 

through N5 (independent crossover events)
– X and Y chromosomes sometimes undefined



SolutionsSolutions

• Additional testing (“Polishing”) using markers 
spaced  at 20 Mbp or less can be used to reduce 
the size of the donor segment. 

• Example: use Taconic’s 377 or 1449 marker 
panel.

• Breeding scheme can be used to assure right X/Y 
chromosomes – e.g. use a male KO mouse in P 
and F1 and end with a female N4 mouse that is 
used for the last  step of backcrossing.



Speed- Congenic Strain - with adjustmentsSpeed- Congenic Strain - with adjustments
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ConclusionsConclusions

• Definition of genetic background is crucial for the 
interpretation of experiments with inbred and 
congenic mouse strains

• SNP markers are ideal for definition of genetic 
background and accelerated backcrossing

• Taconic will organize speed congenics for customers 
and has started to provide in-house services as of 
January 2009
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Experimentals and ControlsExperimentals and Controls
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