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Looking at Old Tools in New Ways: Using Knockouts as
Congenics to Study QTLs
Jeremy Peirce
Department of Molecular Biology, Princeton University, Princeton, New Jersey 08544, USA

A Novel Source of Congenics

It is safe to say that no one has ever entirely
removed the flanking genes from an intro-
gressed region by simple backcrossing —
even 100 generations yields only an average
introgressed segment length of 2 cM (Silver
1995). The problem of flanking regions has
complicated analysis of introgressed genes for
some time and is of particular concern for the
analysis of complex traits using knockouts,
(Gerlai 1996) so it is particularly satisfying to
see this slightly vexing phenomenon turned
to an advantage in QTL (Quantitative Trait
Locus) analysis.

In this issue, Bolivar et al. (2001) take
advantage of the fact that knockouts are typi-
cally generated using ES embryonic stem cells
derived from 129 inbred strain and are often
backcrossed to C57Bl6 (B6) animals when ar-
chived. This convention provides a conve-
nient and growing source of available ani-
mals with a small region of 129 chromosome
on an otherwise B6 background. The method
demonstrated by Bolivar et al. compares the
phenotype of B6 animals with the phenotype
of B6 animals containing the introgressed
129 region and knockout (B6.129-KO). If
there is a difference, the result is followed up
with a simple two-part breeding scheme, de-
scribed in the paper, that separates the effects
of the knockout from the effects of the flank-
ing region.

Coverage of the Genome in 129xB6
with Commercially
Available Knockouts

One of the most intriguing aspects of the
technique developed by Bolivar et al. is the
commercial availability of a large number of
B6.129-KO strains. Table 1 gives names and
chromosomal positions for 59 potentially
useful knockout/congenics sold by the Jack-
son Laboratory. At least one knockout exists
for every chromosome except 19.

The average coverage of the genome im-

plied by these animals depends on the num-
ber of backcross generations. We can, how-
ever, determine a range of possible coverage.
The overly-conservative assumption that ani-
mals have all reached N20 (10 cM average
flanking segment) gives a coverage of 400 cM
(29%, assuming a 1500 cM genome), whereas
assuming N10 (20cM average flanking seg-
ment) gives a coverage of 660 cM (44%). Fig-
ure 1 shows average coverage of the genome
given the latter assumption. In either case,
the easy availability of congenics to B6 that
cover a substantial portion of the genome is
quite intriguing.

B6 x Other Strain Crosses

As Williams et al. (2001) note in their recent
generation of consensus maps for the AXB,
BXA, BXD, BXH, and CXB recombinant in-
bred (RI) sets, it will sometimes be the case
that one strain (in this case B6) is a common
progenitor in a number of crosses. If this pro-
genitor differs phenotypically from the other
strains in the crosses, it is quite possible to
combine RI sets for a more powerful analysis.
Williams et al. apply this reasoning to recom-
binant inbred (RI) mapping, but it applies as
readily to the use of congenics. For example,
if the B6 phenotype differs considerably from
that of 129 and DBA, it seems reasonable to
use the B6.129-KO flanking regions as con-
genics in further examination of QTLs ini-
tially identified in a B6xDBA cross.

It would not be cautious to depend on
the B6.129-KO congenic for definitive confir-
mation of the original QTL’s presence or ab-
sence, however, because there are numerous
ways in which the 129 segment might yield
unexpected results. (In the example cross, the
phenotypic difference between B6 and 129
might result from loci entirely unrelated to
the loci that differ between B6 and DBA.)
However, there is also reason to suspect that
examination of the 129 segment would yield
a difference in behavior if the other strain
also yields such a difference.

For example, in the region examined by
Bolivar et al., (2001) emotionality-related
QTLs had already been defined via crosses be-
tween B6 and Balb/cJ (Flint et al. 1995), C3H/

HeJ (Caldarone et al. 1997), A/J (Gershenfeld
et al. 1999), and DBA/2J (Owen et al. 1997;
Wehner et al. 1997). Parsimony suggests that
there is a particular B6 allele in the region
that generates a difference in these related
phenotypes. Even if some of the crosses are
not detecting the same underlying genes,
however, this is hardly a worst-case scenario.
If there is a difference in phenotype between
B6 and the B6.129-KO strain, examination of
the 129 segment will still yield a well-mapped
QTL.

Using B6.129-KO Animals in a
Mapping Strategy

Assuming no overlap and knockout mice
backcrossed to approximately N10 (20 cM av-
erage flanking intervals) it would take ∼75
strains to cover the entire genome. Realisti-
cally, of course, overlapping segments would
increase this number considerably. It is also
necessary to type multiple animals from each
strain to detect subtle effects; Bolivar and co-
workers do so comfortably with 12 animals of
each strain. As a result of these two require-
ments, the number of animals required in or-
der to use this method for a full genome scan
rapidly increases beyond the 300–600 ani-
mals necessary for a moderately sensitive in-
tercross- or backcross-based scan.

On the other hand, analysis of congen-
ics provides a very definite position for the
QTL and a very clear path to narrowing the
QTL interval. Because only one locus differs
between populations, analysis of congenics
can also be very powerful for loci that operate
independently of other loci involved in the
phenotype, allowing identification and clear
positioning of loci with very small effect sizes
at any desired level of significance.

Regardless, the genome coverage from
this set of congenics, although substantial, is
not sufficient to eliminate the need for pre-
liminary mapping using RI, F2, or N2 popu-
lations. In combination with some of the
congenic and consomic panels described be-
low, however, it might be possible to elimi-
nate the initial mapping step in favor of con-
genic/consomic analysis. This would, how-
ever, have the significant drawback of
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eliminating detection of loci that act syn-
thetically and would also eliminate informa-
tion about epistasis and interactions with
other loci. B6.129-KO animals will, however,
be very useful in investigating particular re-

gions of the genome nominated using other
methods.

Additional Congenic Panels

The ability to use B6.129-KO animals as con-
genics is an extremely valuable development,
even more so because the animals can be pur-
chased easily. Several other notable panels
have been generated over the past few years,
however, as researchers have come to appre-
ciate the potential use of congenic and con-
somic panels in QTL mapping, confirmation,
and fine mapping. Panels that complement
the B6.129-KO animals include the GTM (ge-
nome-tagged mice or congenic) animals de-
veloped by Iakoubova et al. (2001) and the
CSS (chromosome substitution strain or con-
somic strain) animals developed by Nadeau et
al. (2000b).

The GTM animals consist of two sets of
60 or more congenics. Each set spans essen-
tially the entire genome with segments rang-
ing between 20 and 40 cM. The sets consist of
either DBA/2 or CAST/Ei segments intro-
gressed onto a B6 background (B6.D2 or
B6.CAST). The CSS animals, on the other
hand, consist of introgressions of full chro-
mosomes from one strain onto a different
strain background. As of March 2000, Nadeau
et al. reported the near completion of a B6
host strain with introgressed A/J donor chro-
mosomes (B6.A) and further noted that they
had begun construction of a A.B6, B6.129 and
129.B6 CSS lines.

Additionally, individual investigators
have developed their own congenics for use
in QTL and other investigations (for review of
alcohol and drug-related QTL, see Bennet
2000). These congenics might prove useful to
investigators interested in other traits as well.
The existence of multiple sets of congenic
and consomic lines greatly increases the
chances of finding one or more congenic re-
gions that can be used to further examine in-
teresting phenotypes.

The Final Centimorgan

Identification of new QTLs or confirmation
of existing QTLs using B6.129-KO congenics

(or most other congenics discussed here) is
unlikely to immediately reduce the mapping
interval to the 1–2 cM range needed for fine
mapping, because the congenics themselves
average 10–20 cM. However, the use of this
resource has the potential to considerably
accelerate some fine mapping strategies
in the 129xB6 and phenotypically similar
backgrounds. It allows rapid confirmation
of the QTL at high confidence levels and
eliminates the need for multiple generations
of backcrossing to generate an initial con-
genic. This, in turn, allows more time and
resources to be devoted to narrowing the QTL
interval.

Narrowing the interval can be accom-
plished by a variety of methods, including
generation of congenics, typing of Advanced
Intercross lines (AIL; Darvasi and Soller
1995), Recombinant Inbred Segregation Test-
ing (RIST; Darvasi 1998), or by generating
a much larger intercross or backcross. Each
of these methods has its advantages and
drawbacks, covered more fully in Darvasi
(1998). For instance, AIL are very time-
consuming to generate and unstable while
RIST is relatively untried and requires RI
strains. Congenic-based approaches such as
ISCS (Darvasi 1998) are not a perfect answer
either, but the availability of a variety of con-
genics certainly accelerates the process of
confirmation and mapping and eliminates
one of the major drawbacks of these ap-
proaches.

The challenge of sufficiently reducing
the interval of a QTL has recently brought the
future prospects for QTL analysis into ques-
tion. Some researchers (e.g., Nadeau and
Frankel 2000a) are doubtful that QTL cloning
will become as routine and straightforward as
broad QTL mapping has become in recent
years. Others (e.g., Belknap et al. 2001) see
the state of fine mapping today as analogous
to the state of broad QTL mapping a decade
ago and are confident that the tools and tech-
niques necessary to go from phenotype to
gene will soon be in place.

The virtual development of a large num-
ber of useful congenics by finding a new way
to look at knockout strains distinctly high-
lights the importance of considering new
breeding strategies in QTL analysis. Ulti-
mately, I believe it will take a combination of
novel viewpoints such as this one, increas-
ingly fast automated genotyping technolo-
gies, (Buetow et al. 2001; Ranade 2001) and
sequencing of many of the relevant strains
(progress discussed in Marshall 2000) to un-
cover the sequence variations that inform
complex traits. This is a considerable wish
list, but enough of the pieces are already in
progress that I am cautiously optimistic that
it will be possible to routinely overcome these
obstacles in future years.

Table 1. B6.129-KO Strains Currently
Commercially Available from the Jackson
Laboratory (2001)

Strain Chr Position

B6.129S7-Il1r1tm11mx 1 19.1
B6.129S2-Cd28tm1Mak 1 30.1
B10.129P2(B6)-Il10tm1Cgn 1 69.9
B6.129S7-Selptm1Bay 1 86.6
B6.129S4-Cd3ztm1Lov 1 87.2
B6.129P2-Fcgr3tm1Sjv 1 92.3
B6.129P2-B2mtm1Unc 2 69
B6.129P2-Tnfrsf5tm1Kik 2 97
B6.129S1-Il12atm1Jm 3 37
B6.129-Tnfrsf1btm1Mwm 4 75.5
B6.129P2-Nos3tm1Unc 5 9
B6.129S6-Il6tm1Kopf 5 17
B6.129S7-Ldlrtm1Her 5 20
B6.129P2-Tcrbtm1Mom 6 20.5
B6.129S1-Il12rb2tm1Jm 6 30.1
B6.129S2-Cd8atm1Mak 6 30.5
B6.129S7-Gtrosa26 6 48.7
B6.129S7-Gtrosa26tmSho 6 48.7
B6.129S7-Gtrosa26tmSor 6 48.7
B6.129S2-Cd4tm1Mak 6 60.2
B6.129S6-Cd4tm1Knw 6 60.2
B6.129-Tnfrsf1atm1Mak 6 60.5
B6.129S4-Nft3tm2Jae 6 61
B6.129-Cdkn1btm1Mlf 6 62
B6.129P2-Apoetm1Unc 7 4
B6.129S7-Chrna7tm1Bay 7 30
B6.129S2-Plattml 8 9
B6.129S7-LdlrtmlHer 9 5
B6.129S4-Icam1tm1Jcgr 9 7
B6.129S7-Icamltm1Bay 9 7
B6.129P2-Apoa1tm1Unc 9 27
B6.129P2-Lipctm1Unc 9 39
B6.129S1-Grik2tm1Sfh 10 27
B6.129S7-Itgb2tm1Bay 10 41.5
B6.129S7-Ifngtm1Ts 10 67
B6.129-Il12btm1Jm 11 19
B6.129-Il2rgtm1Wjl 11 29
B6.129P2-Il4tm1Cgn 11 29
B6.129S2-Alox15tm1Fun 11 40
B6.129P2-Lipctm1Unc 11 45.6
B6.129P2-Scya3tm1Unc 11 47.6
B6.129S4-Ngfrtm1Jae 11 55.6
B6.129P2-Apobtm1Unc 12 2
B6.129-Ahrtm1Bra 12 18
B6.129S2-Igh-6tm1Cgn 12 58
B6.129P2-Agtr1atm1Unc 13 16
B6.129P2-Tcrdtm1Mom 14 19.5
B6.129S2-Tcratm1Mom 14 19.5
B6.129S7-I17rtm1Imx 15 4.6
B6.129S4-Cd86tm1Shr 16 26.9
B6.129S4-Cd80tm1Shr 16 28
B6.129P2-Plgtm1 17 7.3
B6.129S2-Ltatm1Dch 17 19.1
B6.129S4-C3tm1Crr 17 34.3
B6.129S-Cd14tm1Frm 18 31
B6.129S6-Iltm1Liz 18 32
B6.129S2-Tnfsf5tm11mx X 18
B6.129P2-Fmr1tm1Cgr X 24.5
B6.129-Il2rgtm1Wjl X 38

This list excludes knockouts that are cryopre-
served, difficult to breed, severely immunodefi-
cient, or homozygous lethal. There may be ad-
ditional issues related to using some of these
strains. In addition to the 59 strains listed, the
Jackson Laboratory has 41 knockout strains in
the process of being backcrossed to B6 and 74
strains which only exist as cryopreserved stocks.
Many of the congenics are clustered and rep-
resent different knockouts of the same gene or
different genes in gene clusters. These overlap-
ping congenics were included because they will
have considerable utility for fine mapping QTLs
in the region.
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Figure 1 Genome coverage using B6.129-KO strains available from The Jackson Laboratory. Coverage of the genome is shown assuming 20cM introgressed
segments (the average segment size for an N10 backcross). Actual segment size will differ considerably from 20cM; thus, lack of coverage in the diagram does not
necessarily imply the absence of an introgressed segment. Heavier shading reflects the likely presence of multiple segments at that location due to the existence of
multiple strains.
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