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cells, and cell hybrids were isolated 
(Il). The translocation chromosomes 
9/17 (9pter-9q12:: 17pl l-tl7pter) and 
1719 (17qter+17pll::9q 12-9qter) sepa- 

Clustering of Leukocyte and Fibroblast Interferon rate chromosome 9 into two regions with 
the breakpoint at 9q12 (see Fig. 1). The 

Genes on Human Chromosome 9 leukocyte and fibroblast interferon genes 
encoded on chromosome 9 can be local- 

Abstract. At least ten leukocyte interferon genes and the single known fibroblast ized on either of these two translocation 
interferon gene have been localized on the pter-q12 region of human chromosome chromosomes by using Southern blot 
9. Gene mapping was accomplished by blot hybridizations of cloned interferon analysis of DNA from somatic cell hy- 
complementary DNA to DNA from human-mouse cell hybrids with a translocation brids (8, 12) individually retaining these 
involving human chromosome 9. Supporting evidence suggests these genes are rearranged chromosomes. 
clustered. After cell fusion with polyethylene 

glycol (I3), cell hybrids were isolated 
The interferons are a family of pro- an important aspect of the control of and cloned in the hypoxanthine-aminop- 

teins that convey viral resistance in tar- their expression and of the evolutionary terin-thymidine (HAT) selection medium 
get cells, and also affect cell proliferation origin of the interferon genes. We had (If) and examined for human chrorno- 
and the immune response (1). Three dis- previously assigned the genes for IFN-a somes (14) and enzyme markers (12) 
tinct forms of human interferon have and IFN-P to chromosome 9 by using assigned to each chromosome. The TK 
been classified according to their bio- cloned interferon genes to examine hu- selectable marker located in the 
chemical and antigenic properties: IFN- man-mouse somatic cell hybrid DNA by q21+q22 region of chromosome 17 [see 
a (leukocyte), IFN-P (fibroblast), and the Southern hybridization technique (IS)] was utilized with the HAT system 
IFN-.I (immune) (2). Molecular cloning (8). The chromosome 9 assignment of the to selectively retain one of the transloca- 
studies have led to the identification of 
more than ten distinct genes coding for 
IFN-a (3, 4), and a single gene each for Fig. 1. The human fi- 

broblast line GM2836, 
determinations indicate that the genes ~ o t e r e  0 1 2  

- 2 1  

with a reciprocal 

for IFN-a are closely related (80 to 95 translocation between 
chromosomes 9 and 

p g l z c q t e r  ' - 
karyotypically by the 

percent sequence homology to the genes Giemsa-trypsin pro- 
for IFN-a. The genes for IFN-a and cedure (14). A partial 

karyotype featuring 
IFN-P do not contain introns. By con- * A I the chromosomes in- trast, the IFN--y has no significant DNA W volved is presented. 
sequence homology with the IFN-a and All other chromo- 
IFN-P genes, and the coding region of c somes had a normal 

the gene is interrupted by three introns banding pattern. No- 
, *~ menclature for the 
\bI. 

These observations suggest that genes 
for IFN-a and the gene for IFN-P are 4 
more closely related evolutionarily than 
either is to the gene for IFN-y [for gene 
mapping nomenclature, see (31. Be- 
cause of these similar vroverties. it is of 

banding pattern fol- 
lows the Paris Confer- 
ence (18). The trans- 

* location has been des- 
ignated [46, XY ,t(9; 17) 
(q12;pll)l and in- 
volves a 17/9 chromo- 
some (17~ter+17~ll:: 

interest to determine ihet'her the'several 9q12+9qter) and a 9/17 
9 17 /9  9 /17  17 chromosome (9pter+ 

leukocyte and the interferon 9q12::17p11+17pter). These chromosomes are diagrammed (top) and examples from two 
genes are clustered on the same ~hromo- different cells (bottom) are included for comparison. The fibroblasts (GM2836) were obtained 
some. Clustering of the genes might be from the Human Genetic Mutant Cell Repository, Camden, New Jersey. 
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Table 1 .  Presence of IFN-a  and IFN-P genes in translocation cell hybrids. NSL hybrids were 
isolated from the fusion of human GM2836 containing a [46,XY,t(9;17)(q12;pI I ) ]  translocation, 
and mouse LMITK- . The ICL control hybrid was from the fusion of GM1006, a karyotypically 
normal fibroblast line, and mouse LMITK-. Leukocyte and fibroblast interferon gene se- 
quences were detected (8)  in the following way: IFN-cu probes were prepared from gel-isolated 
fragments of two IFN-a complemetitary DNA plaslnids, pI,EIF A and pLEIF D (31, and IFN-P 
probes were prepared from the complementary DNA clone p F l F  3 (17). DNA mas labeled with 
32P to specific activities of about 10' cpmlpg and hybridized to nitrocell~~lose filters for 17- hours 
at 42°C in 50 percent formamide, fivefold strength standard saline citrate, 50 mM sodium 
phosphate (pH 6.51. fivefold strength Denhardt's reagent, 10 percent dextran sulfate 500 
(Pharmacia), and sonicated salmon sperm DNA (200 pgiml); filters were washed in 0.1 strength 
standard saline citrate at 60°C ( 8 ) .  Chromosomes (14). enzyme markers (121, and interferon (8)  
were tested on the same cell passage. 

ogy greater than 75 percent and that 
readily cross-hybridize are also clus- 
tered, most likely on the short arm of 
chromosome 9. Several of these IFN-u 
genes are found in the same or  on over- 
lapping human genomic DNA recombi- 
nant clones (4). In addition, we have 
found that the related gene for 1FN-P is 
also localized on this same region of 
chromosome 9. Distantly related genes 
for IFN-a or IFN-P, or pseudogenes not 

Interferon 
Hybrid genes 

Chromosomes Enzyme markers 
-. ~ -- -- 

a P 9 1719 9117 17 ACOl AKI GALK 

tion chromosomes in hybrids, in this 
case the 1719 chromosome (Fig. I), 
which encodes the T K  gene. Thus, in 
these cell hybrids, human T K  and either 
the normal 17 or the 1719 translocation, 
or both, are always retained; in control 
hybrids the normal 17 is retained (Table 
1). 

Of the 16 cell hybrids isolated and 
screened for informative combinations 
of chromosomes 9, 17, 9117, and 1719 
(Table I), four informative cell hybrids 
were identified and examined for IFN-a  
and IFN-P genes (Table 1). Assays for 
enzyme markers encoded by genes on 
chromosomes 9 and 17 have been de- 
scribed (12). Aconitase 1 (ACOl) is lo- 
cated in the pter-pl3 region of chromo- 
some 9 and is encoded on the 1719 trans- 
location. Adenylate kinase 1 (AKI) is 
located in the 9q34 band and is encoded 
on the 1719 translocation. Galactokinase 
(GALK) is located in the q21+q22 re- 
gion of chromosome 17 and is encoded 
on the 1719 translocation (15). The con- 
trol hybrid, ICL-11, made with a karyo- 
typically normal human fibroblast, 
GM1006, retained an intact chromosome 
9 (and therefore the genes for both IFN- 
a and IFN-P), the chromosome 9 short- 
arm marker ACO1, and the 9 long-arm 
marker AK1. NSL-15 retained chromo- 
some 17 and had GALK but neither part 
of chromosome 9 nor the genes for IFN- 
a and IFN-P. NSL-5 and NSL-9 retained 
only the 1719 translocation and ex- 
pressed the chromosome 9 long-arm 
marker A K l  and the chromosome 17 
marker GALK but did not have genes for 
IFN-a  or IFN-(3. This demonstrates that 
the leukocyte genes for IFN-CY and the 
fibroblast gene for IFN-(3 are not located 
in the ql2-qter region of chromosome 

9. NSL-16 retained the 9117 translocation 
in addition to the 1719 translocation. 
Both IFN-a  and IFN-P genes were de- 
tected, as  well as  ACO1, AK1, and 
GALK. Since the 1719 translocation was 
eliminated as the site for IFN-CY and IFN- 
p genes in NSL-5 and NSL-9 hybrids, 
NSL-16 demonstrates that genes for 
IFN-a and IFN-P are encoded in the 
pter-q12 region of chromosome 9 repre- 
sented by the 9117 translocation in NSL- 
16. 

Although association of fibroblast in- 
terferon genes with chromosomes 2 and 
5 has been suggested [see (lo)], there is 
currently no evidence at the nucleic acid 
hybridization level to involve chromo- 
somes other than human chromosome 9. 
Thus, our genetic evidence indicates that 
virtually all of the evolutionarily related 
IFN-a  and IFN-P genes are encoded in 
the pter-+ql2 region of chromosome 9. 
While these genes may be clustered in 
this region, they may not be adjacent 
since a 36-kilobase pair chromosome 
fragment that contained the IFN-P gene 
but no IFN-a  genes has been described 
(16). 

Several human gene families whose 
members have a high degree of DNA 
sequence and polypeptide homology are 
clustered on the same chromosome. 
These are, for example, the P-globin 
genes on chromosome llp12, the CY-glo- 
bin genes on chromosome 16p, the 
growth hormone and chorionic somato- 
mammotropin genes on chromosome 
17q22-24, the histocompatibility com- 
plex on chromosome 6p21-23, and the 
immunoglobulin heavy chain genes on 
chromosome 14 [see (15)l. Those mem- 
bers of the large human IFN-CY gene 
family that share DNA sequence homol- 

easily detectable by DNA cross-hybrid- 
ization, could be located elsewhere in 
the human genome. 
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