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Abstract . 4‘}
Quantitative trait loci (QTL) mapping and fine mapping in mouse mode_ls E
demonstrates the possibility of localizing genes that determine genetic

variations in inbred strains. Previously, three quantitative trait loci (QTL),

Tirl, Tir2 and Tir3 on chromosome 17, 5 and | respectively associated 'w1th
resistance to trypanosomosis, were mapped in two F2 resource populations,
(C57BL/6) x A/]) and (C57BL/6] x BALB/cJ). The QTTL were mapped
within 10-40cM genomic intervals (CI). Subsequently, using F6 advanced
intercross lines (AILs), the QTL were fine mapped to a smaller Confidence
interval (CI), but not sufficient for positional cloning. C3H/Hel ar'ld 1?9{]
mouse strains are relatively susceptible, however, it is not known if thlS. 18
due to ‘susceptible’ alleles at the previously identified QTL. To determine

this, an F2 cross (C57BL/6J x C3H/Hel) was developed and challenged with

Trypanosoma congolense and the response and survival time monitored.
Interval mapping identified significant QTL on chromosomes 17 and 1, g
however, Tir2 was not confirmed. Following the confirmation of the QT[IJ on
chromosome 1 and 17, the conserved susceptible/resistance (QTLs) regions
between A/J, BALB/cJ, C3H/Hel, 129/] and C57BL/6J were explored using
single nucleotide polymorphism (SNP) haplotypes for fine mapping these ’
QTL. The QTL precision was increased significantly from 30-40cM to less
than TecM which is now adequate for positional cloning.

Key Words: Trypanosoma congolense, Quantitative trait lot.:i, Single
nucleotide polymorphism, Haplotypes, Confidence interval
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Introduction

I'raits that show continuous variation in a population are referred to as
complex traits or quantitative traits. Quantitative trait loci mapping involves
the use of evenly spaced polymorphic DNA markers to correlate between
marker alleles and the phenotype variation (Schork er al., 1996). This work
has attracted considerable research interest for several years and efforts are
being undertaken to map genes that determine quantitative genetic variation
with little success. This is mostly as a result of current detection methods
which place quantitative trait locj (QTLs) within very large interval not
adequate for positional cloning. Recently, an in silico SNP haplotype
mapping strategy was proposed to accelerate the identification of genes
issociated with complex traits (Grupe er al., 2001). With the availability of
various web-accessible murine SNP databases, the chromosomal regions that
most likely contribute to trypanotolerance could be narrowed down thus the
potential candidate gene list. Evaluation of genetic variation patterns has
heen reported in two recent studies (Frazier et al., 2004; Yalcin e/ af.. 2004)
hased on fine resolution haplotype structure across multiple strains. These
lindings suggest that a high resolution SNP map is required to obtain an
iccurate description of the genetic variations in the laboratory mouse
penome. Therefore, a detailed exploration of common ancestral regions that
lic between strains can hasten QTI, mapping by identification of shared
icpions for consideration as candidate loci (Wade et al., 2002). Examination
ol the haplotype structure across the QTL candidate region might reveal
icgions that segregate appropriately with the phenotype of the strains.

In a recent study, three loci, Tir/, Tir2 and Tir3 were identified and mapped
on chromosome 17, 5 and 1 respectively, with confidence intervals (Cls) in
lhe range 10-40cM that control significant genetic differences between
iesistant and susceptible mice after linkage mapping studies on two F2
crosses (C57BL/6 x A/) and C57BL/6 x BALB/c strains). However, the
confidence interval report was too large to facilitate positional cloning. A
wubsequent fine mapping of the 7ir/, 7ir2 and Tir3 loci was carried out using

- udvanced intercross lines (AIL) created by crossing the C57BL/6 strain with

the A/J and BALB/c strains respectively. Darvasi and Soller (1995)
introduced AIL approach where random mating over a number of generations
lrom the F2 is used to accumulate meiosis for the purpose of high resolution
mapping of QTL by the time F6 to F8 generation is attained. Consequently,
lirt, Tir2 and Tir3 loci showed significant improved resolution revealing a
ingle region in each, however, the AIL analyses revealed a degree of
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complexity at the 77r3 which appeared to resolve into three distinct regions
(Clapcott, 1998, Iragi es al., 2000). The foregoing highlights the need to
utilize haplotype mapping to achieve very fine localization of the QTL that
will enhance positional cloning or position candidate gene identification. In
this study, single nucleotide polymorphisms (SNP) database were used to
predict variation in the mouse genome, where the recently assembled genome
sequence of C57BL/6J (resistant) strain is aligned with sample sequences of
other susceptible strains. The existence of common haplotype patterns in the
four susceptible strains, A/J, BALB/c), C3H/Hel, and 129/] will be a
reflection of recent evolutionary origins, thus representing ancestral
haplotypes. The identification of haplotypes can be effective in reducing
QTL intervals to sizes amenable to analysis of the candidate gene (Wiltshire
el al., 2003).

Materials and Methods
Generation of F2 Resource Population

Parental lines C57BL/6J (trypanosomosis resistant), C3H/Hel (susceptible)
were obtained from Harlan Ltd, UK. From each cross, 120 mice of FI
(C3H/Hel X CS57BL/6J) were developed by mating 20 (10 males and 10
females) C3H/Hel mice with 20 (10 males and 10 females) C57BL/6J mice.
Sixty breeding pairs of the F1 generation were intercrossed to produce 345
F2 in each cross (C3H/Hel X C57BL/6J) generation and used in this study.
Breeding of the F2 population and subsequent phenotyping was done at the
small animal unit, International Livestock Research Institute (ILR1), Kenya.

Trypanosomosis Challenge, Phenotyping and Genotyping

The F2 (C3H/Hel X CS57BL/6J) resource populations together with the
control parental mice were challenged at 12 weeks of age by intraperitoneal
inoculation of 4 x 10* blood stream forms of 7. congolense clone IL1180
(Masake ef al, 1983; Nantulya e al, 1984). In the following 14 days, blood
samples were collected daily from the tail tip of all challenged mice and
examined microscopically. Phenotypic data was defined as survival time in
days following the day of challenge. The first group to succumb were taken
as the most susceptible (S), while the last one to succumb to infection were
presumed to be resistant (R), and those ones in between were the
intermediate group (I). Non- parasitemic mice were excluded from further
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malysis. DNA  was extracted from mouse tail and genotyped with
microsatellite markers, which previously confirmed to be informative
hetween C57BL/6] and C3H/Hel mouse strains and located within the six
jreviously, mapped (trypanotolerance) QTL intervals. A selective genotyping
ipproach was used in this experiment (Ronin et al., 2003 and Darvasi, 1997).

Linkage Analysis and QTL Mapping

licnotype frequencies in resistant and susceptible groups of mice were
thecked against Hard-Weinberg equilibrium (HWE) (Deng et al., 2000,
003; Deng and Chen 2000). Multipoint analysis was performed with
MAPMAKER/EXP version 3.0 (Lincoln et al., 1992a), and map distances
were calculated with the Haldane function. QTL interval mapping analysis
were  performed  with the maximum likelihood (ML) approach of
MAPMAKER/QTL version 1.1 (Lincoln er al., 1992b) and with the least
Square (LS) approach of QTL express (Seaton ef al., 2002). The significant
[OD score in Mapmaker/QTL was defined as the interval above the two
|.OD scores; however in QTL express permutation test was run 1000 times
rndomly across the data and significant F value (LOD score) was defined by
lhe software. QTL express was used with marker orders and distances from
lhe sequenced mouse genome (Waterston ef al., 2002). The markers used
were first tested for linkage analysis as described (Lincoln and Lander 1992).
Ihe QTL position and significance was confirmed by maximum likelihood
estimation method using Mapmaker/QTL programs by incorporating marker
order (Lander et al., 1987).

Single Nucleotide Polymorphism (SNP) Haplotype Analysis

Markers flanking each QTL were identified by the linkage analysis and
wbsequently mapped on the mouse genome sequence database. These
markers were used to identify the reference SNP positions within the
usembled genome sequences for database query. The mapped QTL region in

; live different mouse strains (i.e. 129/, BALB/cJ, A/]J, C3H/He) and

('57BL/6] were aligned to sequenced mouse genome to identify the shared
ingle nucleotide polymorphism (SNP) for the purpose of fine mapping and
possible candidate gene(s) identification. The mouse SNP database
http://mousesnp.roche.com/cgi-bin/msnp public.pl and  the  Jackson
laboratory  database  http://aretha.jax.org/pub-cgi/phenome/mpdcgi?rin-
(locs/home was screened for SNPs within each QTL for total SNPs available,
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and then filtered to keep only the SNPs for 129/), A/J, BALB/cJ, C3H/Hel

and C57BL/6J.

Results and Discussion

Phenotyping

The survival time of F2 (C3H/Hel x C57BL/6J) cross showed the highest ‘ 2
survival rate compared with the parental strains. In addition, the resistance/

susceptibility status of C57BL/6)J and C3H/He] were confirmed

phenotypically in this study where C57BI/6J had a higher survival time than

C3H/HeJ and A/J mouse strains (Morrison ef al., 1978). The mean survival
times in days were 53, 63, 87 and 97 for A/J, C3H/Hel, C57BL/6J and F2
respectively. None of the C3H/HeJ and A/J mice survived the challenge.

Linkage Analysis
The QTL analysis revealed presence of loci that influence survival of mice

under trypanosome challenge on chromosome 1 and 17 (Figure 1), agreeing
with earlier reports by Kemp er al., (1997). The QTLs Tir/ and Tir3 mapped

on Chr 17 and 1 QTLs comprised a single locus with LOD scores of 4.864

and 4.59 in C3H/HeJ x C57BL/6]J respectively. The threshold obtained with
least square method was comparable to the two LOD score level of
significance assigned to the mapmaker results. The summary of the QTLs
mapped is as indicated in Table 1. Mapped QTLs confirmed that C3H/Hel
mouse strain possessed the susceptible alleles at Tir/ and 3 that had been
previously mapped in A/J and BALB/cJ mouse strains (Kemp et al., 1997).

Chr5 (7ir2) was not mapped in F2 (C3H/Hel X C57BL/6J) crosses as

previously reported (Kemp et al,, 1997). Earlier studies have showed no
evidence of chromosome 5 QTL in (BALB/cJ x C57BL/6) F6 population and
it was thought that it could have been due to loss of the allele resulting from
many recombination events during the development of the AIL (Iraqi ef al,

2000). In this study, this is unlikely since at F2 level, recombinations are very

limited (Darvasi and Soller, 1995).
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Iigure 1. LOD scores of putative QTLs for trypanotolerance. (A) Tir/ (Chr

17 QTL), (B) Tir2 (Chr 5 QTL) and (C) Tir3 (Chrl QTL).
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Lack of confirmation of chromosome 5 QTL on the Tir2 region might be due
to small genetic variation between 129/], C3H/Hel and C57BL/6J hence
resulting to less significant LOD scores, hence the QTL could have been too
weak to be detected. In addition, this apparent loss of Tir2 from F2 (C3H/Hel
X C57BL/6J) crosses may have been due to an allele in chromosome 5 within
C57BL/6, C3H/Hel and 129) mouse strains having the same function,
meaning chromosome 5 in 129/) and C3H/Hel does not carry the susceptible
allele of trypanotolerance.

This was postulated that it might have been inherited from either one of three
wild mouse strains where the inbred lines were developed from and or that an
allele in C57BL/6 in this particular locus is not yet completely developed.

Table 1. Locations and statistics for putative QTL in F2
C3H/HeJxC57BL/6J cross
Chr  F- P<0.05 P<0.01 LOD LOD Position  Flanking
value score* score** (CM) marker
i 114 4815 6724 438 4.59 10cM DI17Mit 78
D17Mit 184
5 1.58  5.623  7.534 0.506  0.419 - -
1 1244 5238  7.383 4733 4.864 923cM  DIMit425.
DIMit] 55

*Least square analysis; #* Maximum likelihood

Chromosomes 2, 3 and 15 did not show any significant QTL in both crosses
(Table 2). The LOD scores were below the threshold of LOD Score 2, though
these QTLs had been confirmed (McLeod er al., 2002) using the FDR
approach on F2 and F6 Mouse populations. From this, it is then possible that
the genome-wide (maximume-likelihood) approach used in the analysis was
too restrictive whereby the LOD score of 2 in the analysis was too high to
detect QTL with very small effects (LOD score below two).

Table 2. Chromosome 2, 3 and 15 least square QTL analysis results

Chr F-value  LOD score P<0.05 P<0.01 Significance

) 0.5 0.216 4.763 7.188 Not significant
3 3.51 1.467 5.209 8.078 Not significant
15 17, 0.724 4.814 7.564 Not significant
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Haplotype Scans

This method was predicted by Grupe er al., 2001 where murine single
nucleotide polymorphism (SNP) database are scanned and on the basis of
known mice phenotypes and genotypes; one can predict the chromosomal
regions that most likely contribute to complex traits. The QTL on
chromosome 17 and 1 were confirmed in C3H/HelJ and 129/] study and were
found at similar positions as those previously mapped in A/] and BALB/c].
Shared haplotypes were defined by identifying the longest regions of
contiguous strain pair identity and also by taking all other strains with same
allele and colouring them as shared haplotypes within that region. The
conserved haplotype regions obtained in A/), BALB/cJ, C3H/Hel, 129/]
comparing with C57BL/6] was used to refine these QTL. The location of the
gene underlying this QTL was narrowed down, however, the regions resolved
into many sub regions where the resistant and susceptible strains differed.
This study is consistent with Bonhomme er a/, 1987 where, the genome of
laboratory inbred mice were predicted to be a ‘mosaic’ of regions with
origins in the different subspecies, but a clear description of this variation has
remained largely elusive due to lack of high resolution data across the
genome. This work, therefore, indicates that the use of haplotype mapping
approach as a high resolution mapping tool increasing the resolution of the
OTLs leading to consideration of possible candidate genes. Thus, the
decreased pool of positional candidate genes potentially represents the genes
controlling resistance to trypanosomosis.

Conclusions

This study was undertaken to refine the position of trypanotolerance QTL,
Tird, Tir2 and Tir3 mapped previously (Kemp et al., 1997; Iraqi ef af., 2000).
This study indicates that in silico SNP haplotype analysis might be a useful
strategy for mapping complex traits. Although a controversial idea (Chesler
et al 2001; Darvasi 2001), combining the developing of mouse SNP
databases with experimental crosses has provided an important tool in
narrowing the large list of potential candidate genes to a handful of genes for
further analysis. However, these genes still need to be examined further,
using different techniques and strategies to reduce the number of high
priority candidate genes.

A survey of literature for genes lying in the haplotype regions that are likely
lo be involved in the pathology of trypanosomosis need to be undertaken.

Eger. J. Spec. Issue (2007) 7(5):90-101
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This study further shows us that genetic approaches are still the best
optimism of identifying genes for trypanotolerance to allow MAS and MAI
breeding schemes to improve livestock productivity. The only difficulty it
faces is reducing the list of candidate genes to the smallest number possible
and quickly identifying those that have the greatest likelihood of influencing
the phenotype being studied.
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