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Mapping Human Autosomes: Assignment of the MN Locus 

to a Specific Segment in the Long Arm of Chromosome No. 2 

Abstract. The locus for MN blood groups, MN, is tentatively assigned to a 

specific region near the centromere of the long arm of chromosome No. 2 on the 

basis of a demonstrable deletion of band 2q14 from a No. 2 chromosome in a 

boy previously reported to be hemizygous (M/-) at that locus. 
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A mildly retarded boy with micro- 

cephaly, facial dysmorphia, and an 
abnormal gait was reported in 1968 by 
German, Walker, Stiefel, and Allen (1), 
with evidence (2) that the MN blood 

group locus of only one chromosome 
was being expressed. The father's blood 

type was N, but the child's was M. 

Dosage tests with antiserums to M and 
N (anti-M and anti-N) suggested that 
the boy was not homozygous for M; 
the father, however, gave double-dose 
reactions with antiserum to N, confirm- 
ing that he was homozygous (N/N). 
(The mother and both sibs of the pro- 
positus, who were type MN, gave 
single-dose reactions with anti-M and 
anti-N). The child, therefore, appeared 
to be hemizygous at the MN locus, or 
to have a condition that could not be 
distinguished from hemizygosity by 
serological methods. 

The child's blood lymphocytes had a 
unique chromosome complement, in 
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Fig. 1. G-banding of the two chromosomes 
No. 2 (normal and rearranged) and the 
two chromosomes No. 4 (normal and re- 
arranged) in three cells. 
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which a reciprocal translocation had 
occurred between the long arm of a 
chromosome No. 2 and the long arm 
of a No. 4; by the nomenclature of 
the Chicago Conference (3) his com- 

plement was 46,XV,t(2q-;4q+). Each 
of the 70 metaphase cells examined 
had the translocation, and no evidence 
of mosaicism was found. The rearrange- 
ment was considered to have occurred 
de nova, because the complements of the 
child's parents were normal. An auto- 
radiographic study of the translocation 
made when it was first detected showed 
that the breaks, at least one in each 

chromosome, had occurred near the 
middle of 2q and near the end of 4q. 
Measurements of the affected chromo- 
some segments suggested that a short 
segment of chromosome had been lost 
during the rearrangement (2). The mal- 
development of the child supported the 
conclusion that the translocation was 
not completely balanced, that is, that 
either deficiency, duplication, or both 
had occurred; but, position effect was 
considered to be another possible ex- 
planation. Similarly, loss of a segment 
of chromatin seemed to be the most 
likely explanation for the child's hemi- 

zygosity (M/--), but translocation of 
the gene to a new position near hetero- 
chromatin (leading to inactivation) 
was also a reasonable possibility, es- 
pecially because 4q consists of promi- 
nently late-replicating chromatin. 

The observations reported suggested 
to us that MN is normally located in 
either the 2q or the 4q, but neither 
confirmatory nor contradictory reports 
have appeared since our report. [Blood 
grouping in one other patient studied 
in our laboratory (1) suggested that 
the locus was not in the 4q.] 

A fibroblast cell line, identified as 
HG 406, had been derived from a 
fragment of skin taken from the pa- 
tient in 1968 and has been maintained 
since in liquid nitrogen. It has now 
been activated, and the translocation 
has been characterized by G-banding 
techniques (4, 5) with the use of cells 
harvested at the tenth subculture 
generation. 

We analyzed 57 cells with chromo- 
somes showing good band patterning. 
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Fig. 2. The translocation in terms of the Paris Conference nomenclature (5). The 
chromosomes from left to right show: normal band pattern of chromosome No. 2; 
break points in chromosome No. 2 (q13 and q21); break point in chromosome No. 4 

(q31); normal band pattern of chromosome No. 4; rearranged chromosome No. 2; 
and rearranged chromosome No. 4. The band pattern in the affected No. 2 was intact 
from the distal end of its short arm down past the centromere to a band in the 

proximal portion of the long arm (2q13). Beginning at that point, and continuing 
to the end of the chromosome, the band pattern was that of the distal end of the 
normal 4q, from band 4q31. The band pattern in the affected No. 4 was intact from 
the distal end of its short arm down past the centromere to the 4q31 band, near the 
end of the long arm. Beginning at that point and continuing to the end of this very 
long chromosome, the band pattern was that of the normal 2q, not from band 2q13 
but from band 2q21. Thus, the segment of 2q between bands 2q13 and 2q21 was 

represented in neither aberrant chromosome; the segment lost comprised approximately 
band 2ql4. 

The chromosome complement of each 
of these included the two translocation 

chromosomes, 2q- and 4q+ (6). In 
30 of the 57 cells, both the band pat- 
terns and the morphology of both the 
normal and abnormal No. 2 and No. 4 
were excellent and permitted careful 

perusal of the patterns and measure- 
ment of the lengths of the relevant 
arms: 2q, 2q-, 4q, and 4q+. 

The band patterns indicated that 
there were two breaks in 2q (in band 

2q13 and band 2q21) whereas there 
was one break in 4q [in band 4q31 (5) 
(Figs. 1 and 2)]. The segment of 2q 
distal to the break in band 2q21 was 
translocated to 4q at its break point 
(band 4q31), while the segment of 4q 
distal to the break (in band 4q31) was 
translocated to the break in 2q at band 

2q13. A segment of 2q approximately 
equal to band 2q14 was lost in the 
translocation. 

The lengths of the long arms of the 
unaffected homologs, that is, 2q and 
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4q, were measured and added together, 
as were those of the long arms of the 
affected 2q- and 4q+. In 22 cells, 
(2q plus 4q) was greater than (2q- 
plus 4q+); in 5 cells, it was less; and 
in 3 cells, it was the same. Pooled mea- 
surements from all 30 cells indicated 
a deficiency in the length of (2q- plus 
4q+), a deficiency equivalent to 12.8 

percent of the length of the normal 

long arm of chromosome No. 2. 
Thus, the banding patterns and the 

measurement of the affected chromo- 
some arms reinforce one another in 

showing that a segment of the long 
arm of chromosome No. 2 was lost in 
the translocation. According to the 
nomenclature of the Paris Conference 

(5), our patient's chromosome comple- 
ment is 46,XY,t(2;4)(2pter-- 2q13:: 
4q31 -> 4qter; 4pter -o 4q31::2q21 -- 

2qter). The cytogenetic observations 
and our interpretation of them are 
summarized in Fig. 1. 

These banding studies, which supple- 

ment the previous autoradiographic 
studies, allow correlation of the loss of 
function of a genetic determinant with 
the loss of a short segment of an auto- 
some. Thus, we tentatively assign MN 
to the area of band q14 in the proximal 
portion of the long arm of chromosome 
No. 2. Confirmation of this assignment 
may require the discovery of the ap- 
propriate chromosome aberration in 
another person from a family showing 
the appropriate segregation at this 
locus. Alternatively, it might eventually 
be possible to map a locus which is 
closely linked to MN (and thus MN 
also) with the use of cell hybridization 
techniques, or to map the DNA se- 
quence of MN by in situ molecular 
hybridization. 

Deletion mapping of chromosomes 
by means of phenotype-karyotype cor- 
relations is a method that has held 
great promise for gene assignment in 
man ever since the first human chro- 
mosome rearrangement was reported 
(7). Yet, it has been surprisingly and 
disappointingly nonproductive, and 
MN represents the first locus to be as- 
signed to a well-defined autosomal re- 
gion by this approach. 

JAMES GERMAN 
R. S. K. CHAGANTI 

The New York Blood Center, 
310 East 67 Street, 
New York 10021 
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