
GENOMICS 10,284-286 (1991) 

SHORT COMMUNICATION 

Localization of CYPZFI by Multipoint Linkage Analysis 
and Pulsed-Field Gel Electrophoresis 

ALLEN E. BALE,* ANNA L. MITCHELL,* FRANK J. GONZALEZ,t AND 0. WESLEY MCBRIDE* 

*Laboratory of Biochemistry and tLaboratory of Molecular Carcinogenesis, National Cancer institute, 
National Institutes of Health, Bethesda, Maryland 20892 

Received August 27, 1990 

CYP2F1, which encodes a P450 enzyme capable of meta- 
bolizing several mono-oxygenase substrates with the high- 
est activity toward ethoxycoumarin, has been mapped to 
human chromosome 19 by somatic cell hybrid studies. The 
CYP2A and CYP2B subfamilies are known to lie within 
350 kb of each other on chromosome 19. To determine the 
locations of CYP2Fl with respect to CYP2A and CYP2B, 
multipoint linkage analysis and pulsed-field gel electropho- 
resis were performed. No recombinants were found be- 
tween CYP2Fl and CYP2B in more than 50 meioses, and 
one recombinant was found between CYP2Fl and CYP2A 
(50 meioses). Pulsed-field gel electrophoresis showed the 
three loci to lie within a 240-kb region. Multipoint analysis 
of the haplotyped CYP cluster with four other chromosome 
19 loci yielded the order D19S7-D19S9-APOC2- 
Dl9S8-CYP, although four other orders could not be ex- 
cluded. The odds were 4.4 X 10’ against the order proposed 
by the HGMlO consortium, Dl9S7-D19S9-CYP- 
Dl9S8-APOC2. o 1~91 Academic press, one. 

Cytochrome P45Os are enzymes involved in the ox- 
idative metabolism of a variety of endogenous and ex- 
ogenous lipophilic substances. Genes encoding the 
P450 enzymes have been categorized into families and 
subfamilies on the basis of global protein sequence 
similarities (Nebert et al., 1989). Members of differ- 
ent families display less than 37% sequence similar- 
ity, and members of different subfamilies are not 
more than 65% similar. Enzymes within a single sub- 
family can have distinct activities, and the genes en- 
coding them map close together on the same chromo- 
some. In the human CYP2 family the CYP2D sub- 
family maps to chromosome 22 (Gonzalez, 1989). 
Both the CYP2C and the CYP2E subfamilies map to 
chromosome 10, but because they map to two differ- 
ent chromosomes in rodents, they are probably lo- 
cated in different regions of human chromosome 10 

(Gonzalez, 1989). In contrast, the CYP2A and 
CYP2B subfamilies map within 350 kb of each other 
on chromosome 19 (Miles et al., 1989). 

A recently described P450 gene subfamily, desig- 
nated CYP2F, has been localized to human chromo- 
some 19 and mouse chromosome 7 by somatic cell 
hybrid studies (Nhamburo et al., 1990). The one 
member of this subfamily that has been character- 
ized, CYP2F1, encodes a P450 capable of metaboliz- 
ing several common mono-oxygenase substrates with 
the highest activity toward ethoxycoumarin. There is 
evidence for a second highly similar gene adjacent to 
CYP2Fl. The purpose of this study was to localize the 
CYP2F subfamily with respect to CYP2A and CYP2B 
and to determine the position of CYP2F among other 
known markers on chromosome 19. 

All linkage studies involved the 40 CEPH families. 
RFLP typing of CYP2A, CYP2B, and CYP2F was 
performed by standard Southern blot analysis (Reed 
and Mann, 1985) under high stringency conditions. 
The probe-enzyme combinations used to detect 
RFLPs were full-length CYP2A3 (Yamano et aE., 
1989) using S&I (Wainwright et al., 1985), the coding 
region of CYP2B7 cDNA (Yamano et al., 1989) using 
BamHI (Miles et al., 1988), and full-length CYP2Fl 
cDNA using XbaI (Nhamburo et al., 1990). Results 
for other chromosome 19 RFLPs were obtained from 
the CEPH database version 3. Errors in D19S8 data 
(incorrect typing of 1416-11) and Dl9S9 data (rever- 
sal of typing for 1333-11 and 1333-12) were corrected 
in cooperation with Collaborative Research, Inc. 
(Weisenbach, personal communication). Pairwise 
linkage analysis was performed with the MLINK op- 
tion of the LINKAGE package (Lathrop et al., 1985), 
and CILINK was used for five-point analysis. For lo- 
calization of the CYP cluster with respect to other 
chromosome 19 markers, haplotypes were con- 
structed from alleles at the three CYP loci. The single 
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TABLE 1 

Two-Point Lod Scores for CYP2A vs CYP2B vs CYP2F 

Recombination fraction 

Locus pair 0.0 0.1 0.2 0.3 0.4 -Guu 8, 

CYP2A-CYP2B 15.12 11.98 8.66 5.23 2.04 15.12 0.0 
CYP2A-CYP2F 
CYP2B-CYPZF 1ZTO 

7.24 5.41 3.36 1.32 8.15 0.02 
15.43 12.00 8.14 3.85 18.50 0.0 

TABLE 2 

Two-Point Lod Scores for Haplotyped CYP2A, 2B, and 2F Data vs Four Chromosome 19 Markers 

Recombination fraction 

Locus 0.0 0.1 0.2 0.3 0.4 4nax L 4 

APOC2 -co 10.76 8.96 6.25 3.17 11.85 0.15, 0.00 
D19S7 

lz3 
10.60 10.47 7.74 3.81 11.51 0.09, 0.23 

Dl9S8 12.35 9.74 6.78 3.41 14.68 0.00, 0.00 
D19S9 -00 4.94 4.41 3.17 1.55 5.15 0.06,0.15 

individual in this study showing recombination 
within this cluster was excluded from the multipoint 
analysis. 

DNA samples for pulsed-field gel electrophoresis 
(PFGE) were prepared from peripheral blood leuko- 
cytes by standard techniques (Sambrook et al., 1989), 
digested with NotI, MU, SalI, and KspI, and electro- 
phoresed with parameters set for separation of frag- 
ments in the range 200 kb to 2 Mb according to the 
manufacturer’s instructions (Bio-Rad). 

Pairwise analysis of CYP2A, CYP2B, and CYP2F 
(Table 1) revealed only a single recombinant between 
CYP2A and CYP2F in approximately 50 informative 
meioses. For CYP2A vs CYP2B and CYP2B vs 
CYP2F there were no recombinants in more than 50 
meioses. The CYP cluster showed no recombination 
with D19S8 after correction of erroneous typing in 
the CEPH database (Table 2). Significantly positive 
lod scores indicated linkage between CYP and D19S9, 
D19S7, andAPOC2, although all showed some recom- 
bination. The most likely order of these loci was 

ODDS 1119:l 11.5:1 6.4:1 1.5:l 

I4 0.00 0.01 0.06 0.00 

-01957 -01959-APOCZ- 019S8-CYP- 

F 0.23 0.01 0.08 0.00 

SA 0.07 0.01 0.07 0.00 

FIG. 1. Most likely map generated by multipoint analysis of 
haplotyped CYP data and four chromosome 19 markers. M, F, and 
SA = male, female, and sex-averaged recombination distances, re- 
spectively. Odds = relative likelihood of inverting adjacent pairs of 
loci. 

D19S7-Dl9S9-APOC2-Dl9S8-CYP (Fig. l), but 
four other orders could not be excluded with odds 
greater than 1OO:l (Table 3). The odds were 4.4 X lo3 
against the order proposed by the HGMlO consor- 
tium (LeBeau et aZ., 1989), namely, S7-S9-CYP-S8- 
APOC2. 

1 2 3 4 

580- _ 

FIG. 2. Pulsed-field gel analysis of CYPZA (A), CYP2B (B), 
and CYP2F (C). Lane 1 represents KspI digests; 2, SalI digests; 3, 
MluI digests; and 4, Not1 digests. 
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TABLE 3 

Odds of Five-Point Orders for Chromosome 19 Loci” 

Order Odds 

Dl9S7-Dl9S9-APOCZ-Dl9S8-CYP 1:l 
Dl9S7-D19S9-APOCZ-CYP-D19S8 1.5:1 
DI9S7-Dl9S9-Dl9S8-APOC2-CYP 6.4:1 
Dl9S7-APOCZ-Dl9S9-Dl9S8-CYP 11.5:1 
Dl9S7-APOCZ-D19S9-CYP-D19S8 491 

o Odds against all other possible orders were greater than 100~1. 

To determine the physical distance between the 
three CYP loci, probes for each of the three were se- 
quentially hybridized to the same Southern blot pre- 
pared from a PFGE gel (Fig. 2). All three probes hy- 
bridized to identical Not1 (580 kb), Sal1 (245 kb), and 
KspI (370 kb) bands. MZuI produced a partial digest 
with bands at 370, 245, and 200 kb hybridizing to 
CYP2A and CYP2F and only the former two bands 
hybridizing to CYP2B. These data indicate that 
members of the CYP2A, CYP2B, and CYP2F subfa- 
milies lie within 245 kb of each other on chromosome 
19. CYP2B is separated from CYP2A and CYP2F by 
an MZuI site, but the exact order and distance between 
these loci cannot be established with certainty. Ob- 
servation of a single recombinant between CYP2B 
and CYP2F is not inconsistent with the maximum 
physical distance between these loci as estimated 
from PFGE. 

The extreme proximity of three P450 subfamilies is 
somewhat surprising in view of their different func- 
tions and limited sequence similarities (Yamano et 
al., 1990). This study provides strong evidence that 
this gene cluster developed by tandem duplication. 

Our multipoint mapping results show a marked dis- 
crepancy with the physical and linkage consortium 
maps produced at the 10th International Workshop 
on Human Gene Mapping (LeBeau et al., 1989). Our 
proposed order of loci is identical to that previously 
reported by Mitchell et al. (1989). However, the entire 
region now spans only 19 CM sex averaged-7 CM in 
males and 38 CM in females-whereas this region 
previously encompassed 38 CM sex averaged. This 
difference can be attributed entirely to our previous 
estimate of a 21-CM distance between CYP2A, 
CYP2B, CYP2F, and any other member of the cluster 
of loci, and it was created by mistyping of three indi- 
viduals from two kindreds. This graphically illus- 
trates the dramatic influence that a few errors in the 
CEPH database can exert toward greatly expanding 
the apparent size of the human genetic map. The dis- 
crepancy between the HGMlO physical and linkage 
maps is difficult to explain and suggests either addi- 
tional RFLP typing errors in the CEPH database ver- 
sion 3 producing an erroneous linkage map or errors 

in analysis of somatic cell hybrids leading to an erro- 
neous physical map. With additional physical map- 
ping of chromosome 19, an unambiguous answer will 
eventually be found. 
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