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INTRODUCTION 
Various inbred mouse strains show variation in resistance to Trypanosoma congolense 
infection. Among these mouse strains, the C57BL/6 strain appears to be the most resistant with 
mean survival time of 110.2 days whereas the A/J strain, with mean survival of 15.8 days, 
appears to be the least resistance (Morrison et al., 1978). Three chromosomal regions were 
associated with trypanotolerance in mice (Kemp et al., 1997). Marker-assisted introgression is 
a crossbreeding program that aims at incorporating genes from a donor to a recipient animal 
through a backcross design. The present paper aims at assessing results of a marker-assisted 
introgression experiment that aimed at introgressing each of the three trypanotolerance QTL 
alleles from the mouse strain C57BL/6 (donor) into the mouse strain A/J (recipient).  
 
MATERIALS AND METHODS 
Breeding program. A reciprocal cross was performed between founder parents (10 males 
C57BL/6 × 10 females A/J and 10 males A/J × 10 females C57BL/6) to produce F1 animals, 
followed by four backcross (BC) generations, two intercross (IC) generations and a 
multiplication phase (Koudandé et al. 2000). From BC1 up to BC3, mice double donor QTL 
carrier were selected, that is mice carrying donor QTL allele on chromosome 1 and 5 on one 
hand and mice carrying donor QTL allele on chromosome 5 and 17 on the other. From BC4, 
only mice single carrier of donor QTL allele were selected. Selection of mice to breed next 
generation was done using markers information. 
 
Genotyping. Genomic DNA was extracted from tail tissue collected on three week-old mice 
using the conventional method described by Sambrook et al. (1989) and was adjusted to 0.05 
mg/ml for polymerase chain reaction. Three microsatellite markers were used per QTL region 
to assess the alleles inherited by each mouse along the experiment. 
 
Challenge with Trypanosoma congolense. The infecting solution was adjusted to 0.5×105 T. 
congolense per ml and a volume of 0.2 ml of solution was injected intra-peritoneally so that 
approximately 104 parasites were inoculated into each mouse. The time to death was recorded 
and analyzed. The experiment was terminated at 150 days post-inoculation. 
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Statistical analysis. A non-parametric estimate of the survivor function was obtained using the 
LIFETEST procedure in SAS (1990). The log-rank test was used to compare survival curves 
across different groups of mice (Kalbfleisch and Prentice 1980).  
 
RESULTS 
Breeding. Homozygous mice for the donor QTL allele on chromosomes 1, 5 and 17 were 
selected at IC2 and correspond to groups 1, 4 and 7 respectively in Table 1. Some mice were 
homozygous for the recipient QTL allele on the three chromosomes and were selected as 
internal control group (Group 10). In the multiplication phase, mice were crossed within each 
of these groups. Concurrently mice from groups 1, 4 and 7 were backcrossed to both parental 
lines to produce groups 2, 5 and 8 in case of A/J and groups 3, 6 and 9 in case of C57BL/6. 
Respective numbers of challenged animals were 60, 84, 54, 66, 74, 62, 21, 54, 37, 59, for 
groups 1 to 10, and 80 for both A/J and C57BL/6. 
 
Table 1.  Status and mean survival of different groups of mice using a non-parametric 
analysis (A=A/J recipient allele, C=C57BL/6 donor allele) 
 

Group Genotype 
 Chr.1 Chr.5 Chr.17 

Back- 
ground1 

Infected 
mice (no.) 

Censored 
mice (no.) 

Mean survival 
(days) 

s.e. mean 
survival 

A/J AA AA AA 0.000 78 0   29.7 2.6 
1 CC AA AA 0.031 60 1   57.9 3.3 
2 AC AA AA 0.015 80 4   48.1 2.9 
3 CC AC AC 0.515 52 11 120.4 3.6 
4 AA CC AA 0.031 63 2   49.5 3.8 
5 AA AC AA 0.015 70 3   56.2 3.3 
6 AC CC AC 0.515 56 17 128.0 2.8 
7 AA AA CC 0.031 21 2   46.8 5.1 
8 AA AA AC 0.015 51 2   43.5 4.3 
9 AC AC CC 0.515 29 6 126.3 3.9 

10 AA AA AA 0.031 58 0   34.2 3.4 
C57BL/6 CC CC CC 1.000 77 5   68.8 2.1 
1 Estimated donor’s background genotype according to Stam and Zeven (1981) 
 
Some practical problems arose during the experiment. Sometimes no animals with the desired 
genotype were found after genotyping the available mice. At some stages of the breeding 
process, only mice from one sex were selected whereas both sexes were needed to proceed. 
Few offspring produced from homozygous mice for the donor QTL allele on chromosome 17 
did hardly survive after weaning. 
 
Challenge experiment. At day-15 post-inoculation, 36 animals were still not parasitaemic and 
were discarded from following analyses. The infection rate was 95 per cent over 731 
inoculated mice. The survival data of all groups is summarized in Table 1. The overall survivor 
function for each group is plotted in Figure 1. 
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Figure 1. Survival of different genotype groups of mice following Trypanosoma 
congolense inoculation: groups 2, 5 and 8 are omitted for clarity 
 
As is shown in Figure 1, all survival curves were generally located between the controls’ 
curves i.e. the donor and the recipient groups of mice, with the exception of groups 3, 6, and 9. 
The three-outliner groups showed longer survival time than the donor line C57BL/6 and the 
log-rank test confirmed this result for group 3 (χ2 = 4.56; df = 1; P = 0.033) and group 6 (χ2 = 
5.66; df = 1; P = 0.017). Groups 1, 4 and 7 showed longer survival time than the donor line 
A/J (P = 0.035). 
 
DISCUSSION 
From the breeding program, offspring produced from homozygous individuals for donor’s 
QTL allele on chr.17 fail to survive after weaning. Post-mortem investigation did not reveal 
any explanation. Observations on animals when still alive showed that animals grew slowly, 
became weaker and weaker, and finally died. The exact cause is not known but results suggest 
that the QTL on chr. 17 interacts with A/J background to create negative effect on survival 
after weaning. This could be the result of the presence or absence of a genetic modifier (Moore 
and Nagle, 2000). This also could explain the low number of mice in Group 7 and 9. 
 
The encountered problems during the introgression experiment can substantially delay the 
introgression program and expand the cost involved. Markel et al. (1997) experienced similar 
problems when introgressing the Apoe null allele to multiple inbred strain genetic 
backgrounds. They observed that the target animal (the best male, carrying the Apoe null allele 
and the least of the donor’s background) had low viability or more acutely did not breed at all. 
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The higher resistance shown groups 3, 5 and 9 can be explained partly by the expression of 
heterosis from parts of the genome other than the three identified QTL regions. The estimated 
genome-wide heterozygosity was 0.90, 0.88 and 0.90 for groups 3, 6 and 9 respectively, 
indicating that the BC phase of the introgression has cleared the donor background as 
expected. Except these three groups, all remaining crossbred groups lie between the two 
control groups, as it would be expected. This gives evidence for the success of the 
introgression experiment that has resulted in splitting up the three chromosomal regions related 
to trypanotolerance into different groups of synthetic animals. 
 
CONCLUSION 
Introgression of trypanotolerance genes in mice using marker information is feasible and has 
been successful in our experiment. In such an experiment, one should be aware of some 
bottleneck that can arise. 
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