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Fig. 3 Southern blots from the DNA of patients 3 and 4 and 
normal controls (N). A, EcoRI digests of patient 3 and control 
DNA hybridized to a mixture of probe I and IV. B, EcoRI digests 
of patient 3 and control DNA hybridized to a mixture of probe 
V and pBA1.2. C, EcoRI digests of patient 4 and control DNA 
hybridized to probe V. D, Pvuii (first two tracks) and Hindiii 
(last two tracks) digests of patient 4 and control DNA hybridized 
to probe V. a, b, 6.5- and 0.96-kb bands produced by probe IV 
and I respectively; a is absent in patient 3. c, d, 12- and 5-kb 
bands produced by probe pBA1.2 and V respectively; dis absent 
in patient 3. d', 4.2-kb band produced by probe V in the track of 
patient 4. e, e', 10- and 4.5-kb bands produced by probe V in the 
tracks of control and patient 4 respectively. f, f', 15- and 4.4-kb 
bands produced by probe V in the tracks of control and patient 

4 respectively. 

of a weak band (d') possibly of higher mobility than band d in 
the control. 

Figure 3 shows Southern blots on patients 3 and 4. The DNA 
of patient 3, after digestion with EcoRI, showed normal 
hybridization bands with probes I and II but no bands with 
probes III, IV and V. Thus, in Fig. 3A and B, the patient's 
tracks show the bands expected from hybridization to probe I 
and the irrelevant apo A1 probe, but lack those due to probes 
IV and V. Results with probes II and III have been omitted 
for brevity. The DNA of patient 4 (a nephew of patient 3) 
shows bands hybridizing to all four genomic probes at the 
correct length but the size of the fragments hybridizing strongly 
to probe V is abnormal in EcoRI, Hindlll and Pvull digests 
(Fig. 3C, D). Preliminary investigations of patient 5 with all 
five probes have shown no abnormalities . 

Our results (summarized in Fig. 4) indicate that patients 1 
and 2 have a deletion of more than 18 kilobases extending 
further than the region shown in Fig. 1. These are unlikely to 
be identical mutations because patient 2 contains a residual 
section of the gene, as a weak band appears when probe V is 
used. Patient 3 has a deletion greater than 9 kilobases but with 
part of the gene clearly present, and patient 4, despite being 
related to patient 3, has a different gross alteration in the region 
hybridizing strongly with probe V. The difference between the 
related patients 3 and 4 is surprising and will be the subject of 
a separate family study. At this stage, however, our incomplete 
knowledge of the normal gene structure limits our ability to 
make a more precise statement of the exact position or extent 
of the gene deletion. Indeed these deletions may be complicated 
by additions or inversions. However, no obvious rearrange
ments or deletions of the X chromosome could be seen in 
trypsin-Giemsa-banded5 metaphase preparations of lympho
blastoid cell lines established from patients 1, 2 and 4 (the other 
patients were not tested). 

Various hypotheses could explain the origin of antibodies to 
factor IX in Christmas disease. These include lack of tolerance 
due to gross gene defects leading to absence of immunologically 

1 E---- ----:1 
I II Ill IV 

2 E---- ------j 
I II m IV 

3 ------j 
Ill IV 

1kb 

Fig. 4 Summary diagram of the extent of gene deletion in pat ents 
1-3. The square brackets indicate the approximate location of the 
proposed deletions. The dashed lines (----) imply that the extent 

of the deletion in this region is uncertain. 

recognizable factor IX, or breakdown of tolerance as a result 
of exposure to cross-reacting antigens, or the existence of factor 
IX allotypes. The first of these mechanisms seems the most 
important in the patients we have analysed since a gross gene 
deletion was present in at least 4 out of 5 patients with anti
factor IX antibodies. Gross gene deletion does not appear to 
be a general feature in 20 unrelated non-antibody-producing 
patients (our unpublished results). The primary risk of develop
ing antibodies to factor IX would seem, therefore, to depend 
on the nature of the mutation and clustering among relatives 
of patients might be expected, although there is no clear 
evidence for this6 from family studies. But because of the small 
number of such antibody-producing patients, it is difficult to 
eliminate a familial predisposition. 

The factor IX patients producing antibodies described here 
are the first showing gross structural changes of the factor IX 
gene. They provide a model for understanding the origin of the 
similar complication in classical haemophilia. This is the greater 
clinical problem because of the higher incidence of classical 
haemophilia and the fact that this complication develops in a 
higher proportion of cases with classical haemophilia than with 
Christmas disease'. We would predict gross changes of the 
factor VIII(C) gene in this group of haemophilia patients. 
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Erratum 
In the article 'Three glycolytic enzymes are phosphorylated at 
tyrosine in cells transformed by Rous sarcoma virus' by J. A. 
Cooper, N. A. Reiss, R. J. Schwartz and T. Hunter, Nature 302, 
218-223 (1983), on page 221, the last line of the second column 
of text is incorrect. It should read: 'expected from the amino 
acid sequences26

• In RSV-transformed . . . '. 
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