
Standard Karyotype of the Mouse,
Mus musculus

COMMITTEE ON STANDARDIZED GENETIC NOMENCLATURE FOR MICE

LL 20 pairs of chromosomes of the mouse
can now be individually identified by the use
of the banding pattern revealed by quinacrine

fluorescent staining or by modified Giemsa stain-
ing' .3'7-6. Research workers in several different
:aboratories have contributed to these discoveries.
Each group has numbered the chromosomes more or
less in the order of descending size. Because of vari-
ability in the apparent size of the chromosomes from
cell to cell and probably from strain to strain, as
well as between members of a pair within a cell, it
has been difficult to determine the exact size rank,
and, not surprisingly, there are discrepancies between
,he numbering systems evolved by the different
groups.

At least four numbering systems based on length
measurements have been published. Dev et al.3 meas-
ared standard orcein-stained chromosomes, identi-
tied by prior quinacrine fluorescent staining, in ten
female and six male cells from primary cultures of
C57BL/6J embryos. The rank order thus determined
liffered somewhat from the numbering system given

in that paper and used in all the other papers from
the same laboratory. Schnedl"' measured the chro-
'nosomes in 100 cells from C3H embryos, using
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modified Giemsa staining that produces banding pat-
terns similar to those produced by fluorescent stain-
ing. Francke and Nesbitt 7 determined the average
rank of the longer member of each pair of quinacrine-
stained chromosomes, using 23 cells from cultures of
adult lungs or fetuses in several inbred and random-
bred stocks. Buckland et al.' ranked the chromo-
somes using measurements of six Giemsa-stained fe-
male cells from cultures of blood lymphocytes and
kidney fibroblasts of CFE/Q mice.

Since it seems unlikely that further refinements
of measuring techniques will yield information of
either great esthetic or biological importance, we

FIGURE 1--Quinacrine fluorescent karyotype of a
mouse cell from a primary embryonic culture, stained
with qninacrine mustard. The chromosomes are arranged
and numbered according to the proposed system. (Pre-
pared by V. G. Dev.)
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FIGURE 3-Karyotype of a cultured mouse cell pre-
pared by the acetic-saline-Giemsa (ASG) technique.
The chromosomes are arranged and numbered accord-
ing to the proposed system. (Prepared by R. A. Buck-
land.)

FIGURE 2-Idiogram showing the quinacrine fluores-
cent banding patterns of the mouse chromosomes, ar-
ranged and numbered according to the system pro-
posed here. Linkage assignments are indicated when
known. (Prepared by D. A. Miller.)

believe that the time is now appropriate to decide
on a single numbering system that we hope will come
into universal use. The proposed system shown in
the karyotypes and idiogram in Figures 1, 2, and 3
is based on the calculations in Table I. The chro-
mosome corresponding to each number in the four
systems' 3 7' ]5 was determined by comparing karyo-
types prepared by the four groups of investigators.
The two sets of measurements (Dev et al.3 and
Schnedl' 5 ) were averaged, giving equal weight to
each, and the length expressed as a percentage of
the haploid female complement. The resulting rank
order, which shows general agreement with each of
the four systems already published, provides the basis
for a standard numbering system for mouse chro-
mosomes.

Table I also shows the linkage groups known to
be identified with particular chromosomes, as shown
by segregation of marker genes in translocation
heterozygotes. Six chromosomes are still unidentified
with linkage groups but it is unlikely that they will

long remain so. Mouse linkage groups have been
numbered in order of discovery, and their order
shows no similarity to that of the corresponding
chromosomes. Once the assignment of linkage groups
to specific chromosomes is completed it will be a
great convenience to abandon the dual terminology
of "linkage group" when referring to linked genes,
and "chromosome" when referring to cytologically
observed chromosomes, and to speak only of "chro-
mosomes," e.g., fz is on chromosome 1; Ra is linked
to a on chromosome 2. There will be no need to
retain the term "linkage group" except during the
transition period. Relearning a new set of chromo-
some numbers will require a major effort on the
part of geneticists familiar with the present system of
linkage group numbers, but once accomplished it
will reduce confusion and greatly increase the ease of
communication in mouse cytogenetics.

It has been customary to use Arabic numerals for
chromosomes and Roman numerals for linkage
groups. 2 The Committee on Standardized Genetic
Nomenclature for Mice now recommends that Arabic
chromosome numbers be used in place of linkage
group numbers as shown in Table I. The transition
will have to be gradual, and cannot be complete
until all the chromosomes corresponding to all the
linkage groups have been identified. In the transi-
tion period, the Committee recommends that the
form "Chromosome I (LG XIII)" be used at least
once in each published paper, or more often if
needed to avoid misunderstanding.

There is one exception to the use of Roman
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numerals for linkage groups, namely, in the symbols
for translocations and other chromosome aberra-
tions, where the linkage groups involved are given
in Arabic numerals 2 . For example, T(2;9)138Ca is
a reciprocal translocation between the chromosomes
bearing Linkage Groups II and IX. The Arabic link-
age group numbers 2 and 9 will be replaced by the
Arabic chromosome numbers 9 and 17. When chro-
mosome rather than linkage group numbers are be-
ing used in the symbols for chromosome aberra-
ions, this should be stated in some appropriate
?lacc in all papers. In addition, the Committee rec-
.,mmends that, when chromosome numbers are be-
ng used, they be printed in bold face (indicated in

:ypescript by wavy underline). Thus the above
,ranslocation becomes T(9;17)138Ca. Within a few
\ears it may be possible to abandon the use of bold-
:ice without risk of misunderstanding.

NOTE ADDED IN PROOF: One of the metacentric
ranslocations of Mus poschiavinus (T4Bnr) in-
,olves chromosome 13 and does not involve chro-
nosome 516. It has been found to be linked with

.xtra toes (Xt) in LG XIV (B. M. Cattanach, Har-
.ell, personal communication). This shows that
hromosome 13 carries LG XIV and therefore that
chromosome 5 carries LG XVII.

Summary

The Committee on Standardized Genetic Nomen-
.lature for Mice recommends that:

1. The chromosomes of the mouse shall be desig-
:latcd by the numbers shown in the first column of

able I. The chromosome corresponding to each
lumber is identified cytologically as shown in Fig-

ures 1, 2, and 3, and genetically, where known, by
the linkage group it bears.

2. As soon as feasible, chromosome numbers in
Arabic should be used in place of the corresponding
linkage group numbers. Until the use of chromosome
numbers for linkage groups becomes firmly estab-
lished, the form "chromosome I (LG XIII)" should
be used at least once in each published paper.

3. In symbols for chromosome aberrations Arabic
chromosome numbers printed in bold face (wavy
underline in transcript) should be used for the
chromosomes involved. In published papers it should
also be stated that chromosome numbers are meant,
not linkage group numbers.
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somes of the mouse listed in order of recommended standard chromosome number, corresponding
easing length as computed by averaging the measurements of Dev e al.' and Sechnedl'"

Dev et al.1 Schnedl' 5

No. Ref.

XIII 11, 12
V 10, 12

12
VIII 12

XIV or 10, 14
XVII

I
XVIII
II
X

XIV or
XVII

10, 11
8, 9, 12
10, 12
11, 12, 13

12

10, 12. 14

111 5, 6, 11, 14
5, 6, 11, 14
12

IX 11
12

Xll 4., 11, 12, 13
XX 8,9

% of haploid
No.* compl.

1 7.27
2 6.97
4 6.04
5 5.89
3 5.98

6 5.51
8 5.51
9 5.00

10 4.85
7 4.86

11 4.77
14 4.68
13 4.35

12 4.46
15 4.03
17 3.82
16 3.56
18 3.79
19 2.62
X 6.03
Y 2.75

No.

1
2
3
4
6

Dev et. al.
% of haploid & Schnedl

compl. average

7.14
6.80
6.16
5.89
5.63

5 5.74
7 5.36
9 5.01
8 5.07

10 4.80
12 4.49
11 4.58
13 4.42

15 4.16
14 4.31
17 3.91
16 3.92
18 3.61
19 2.67
X 6.33
Y 2.69

7.20
6.88
6.10
5.89
5.80

5.62
5.43
5.00
4.96
4.83
4.63
4.63
4.38

4.31
4.17
3.86
3.74
3.69
2.65
6.18
2.72

Francke & Buckland
Nesbitt7 et at.'

No. No.

1
2
3
4
5

2
1
5
3
4

6 6
7 7
8 12

10 11
9 10

12 8
11 9
13 13

J4 14
15 17
16 18
17 15
18 16
19 19
X X
Y Y

This is the numbering system used in references 9, 10, 11, and 12, not the ranking based on length.
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1972 Key Lecture Announced

The ninth Wilhelmine Key lecture, sponsored annual-
ly by the American Genetic Association, will, on the
occasion of the 25th Anniversary of the founding of the
American Institute of Biological Sciences, be cospon-
sored by the Genetics Society of America. Owing to
scheduling conflicts during the 1972 meeting of AIBS
(August 28-September 1) at the University of Min-
nesota in Minneapolis, and to avoid competing lectures

that should interest many of those attending the meet-
ings, the AGA's annual Key lecture and the GSA's
traditional keynote address will be combined as a single,
jointly sponsored program. Dr. James F. Crow, Uni-
versity of Wisconsin. will present the Key lecture-Key-
note address on Tuesday evening. August 29. His topic
will be "The dilemma of nearly neutral mutations: How
important are they for evaluation and human welfare?"
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