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ABSTRACT The zinc finger motif, exemplified by a segment
of the Drosophila gap gene Krfippel, is a nudeic add-binding
domain present in many transcription factors. To investigate the
gene family encoding this motif in the human genome, a placental
genomic library was screened at moderate stringency with a
degenerate oligodeoxynucleotide probe designed to hybridize to
the His/Cys (H/C) link region between adjoining zinc fingers.
Over 200 phage clones were obtained and are being sorted into
groups by partial sequencing, cross-hybridization with oligode-
oxynucleotide probes, and PCR amplifion. Further, the ge-
nomic clones were cross-hybridized with a set of 30 zinc finger-
encoding cDNAs (Koxl-Kox3O) isolated from a human T-cell
cDNA library. Four cDNAs (Kox4, Kox7, Koxl2, and Koxl5)
were identified that match one or more genomic clones; these
matches were confirmed by nucleotide sequence analysis. One or
more clones from each locus were mapped onto human metaphase
chromosomes by chromosomal in situ suppresslon hybridization
with fluorescent probe detection. We mapped ZNF7/Kox4 to
chromosome 8qter, ZNF19/Koxl2 to 16q22, ZNF22/Koxl5 to
lOq1l, and ZNF44/Kox7 to 16p1l. The results of these analyses
support the conclusion that the human genome contains many,
probably several hundred, zinc finger genes with consensus H/C
link regions.

The zinc finger DNA-binding domain was first identified in
the Xenopus RNA polymerase III transcription factor
TFIIIA (1, 2). Zinc fingers contain -:30 amino acids with a
consensus sequence of CX2,4CX3FX5LX2HX3,4H, where X
indicates amino acids that are less well conserved. Finger
folding is organized around a tetrahedrally coordinated zinc
ion bound by the conserved cysteine (C) and histidine (H)
residues (2, 3). Fingers occur in tandem arrays with a
minimum of two consecutive units; TFIIIA has nine consec-
utive zinc finger domains, and both shorter and longer arrays
have been reported (4-10). Most well-studied finger proteins
have been characterized as DNA-binding proteins. Several
developmental control genes (e.g., Kruppel; ref. 9), tran-
scription factor genes (e.g., Spl; ref. 7), and genes correlated
with diseases (e.g., Wilms tumor; ref. 11) contain zinc finger
domains, attesting to the importance of this structure in the
regulation of gene expression.
The Drosophila gap gene Krfippel is the prototype of a

large subfamily of zinc finger genes in which the amino acids
joining adjacent fingers, TGEKPYE/K (the H/C link), are
more highly conserved than those within the fingers except
for the metal-coordinating residues (12). Oligodeoxy-
nucleotides and cDNA fragments representing the H/C link
consensus sequence have been used to isolate C2H2 zinc
finger genes from Xenopus (8, 13) and human (4) cDNA
libraries and from mouse genomic libraries (6). Unlike zinc

finger genes cloned by binding of known regulatory nucleo-
tide sequences, zinc finger clones isolated by sequence
homology often contain many fingers and highly conserved
H/C link regions. Among multifinger cDNAs at least two
associated motifs of unknown function have been identified
and named FAX (finger-associated box; ref. 14) and KRAB
(Kirppel-associated box; ref. 15).
With the aim to survey the number and chromosomal

distribution of zinc finger genes in the human genome, we
initiated a screen with a probe corresponding to the conserved
H/C link region. We searched a genomic library rather than
cDNA libraries to avoid any bias due to differential expression
of individual zinc finger genes. This paper describes our
general approach to the characterization of zinc finger genes
and reports partial sequence information and mapping data for
four genes1 that correspond to clones previously isolated by
one of us from a T-cell cDNA library (10).

MATERIALS AND METHODS
Clone Isolation. A Charon 28 library containing human

placental DNA inserts obtained by partial Sau3Al digestion
was generously provided by P. Leder (Harvard Medical
School). Approximately 5 x 105 phage were screened by
hybridization in a solution containing 5x standard saline
citrate (SSC), 5x Denhardt's solution, 50 mM sodium phos-
phate (pH 6.8), 1 mM sodium pyrophosphate, 50 Ag of yeast
tRNA per ml, 10% (vol/vol) formamide, and 32P-labeled
oligodeoxynucleotide probe (1.5 x 106 cpm, 175 fmol/ml;
labeled at the 5' end by using polynucleotide kinase). The
probe was based on aligned nucleotide sequences of a set of
C2H2 fingers and incorporates only some of the degeneracy
of the sequence set. The probe sequence and the encoded
amino acid sequence are as follows.
G AAC CAC CAG CGG ACG CAC ACG GGG GAG AAG CCC TAC CAG T A TT A

K/N H L/Q R I/M/T H T G E K P Y

Filters were hybridized for 16 hr at 420C, washed in 0.2x
SSC/0.1% SDS three times at 230C for 10 min per wash and
once at 390C for 2 min, and then subjected to autoradiography.

Sequencing. Phage DNA was cleaved by several restriction
enzymes, and fragments that hybridized with the oligodeoxy-
nucleotide probe shown above were subcloned into
M13mpl8 or pBluescript. Nucleotide sequences were ob-
tained by the dideoxynucleotide chain-termination method
(16). Sequences were analyzed with the Genetics Computer
Group sequence-analysis package (17).
Dot Blot Hybridization and PCR Amplification. Phage DNA

was prepared from each clone and dot blots of all phage
DNAs were hybridized with either cDNA or oligonucleotide

Abbreviations: DAPI, 4',6-diamidino-2-phenylindole; FITC, fluores-
cein isothiocyanate; Tm, melting temperature.
IThe sequences reported in this paper have been deposited in the
GenBank data base (accession nos. M77170-M77173).
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probes at high stringency. Dot blots were prehybridized (1 hr)
and hybridized (24 hr) with 32P-labeled cDNA in 0.5 M
sodium phosphate, pH 7.2/7% SDS/1 mM EDTA at 67-
69°C. Dot blots were washed in 40mM sodium phosphate, pH
7.2/0.1% SDS/1 mM EDTA at 67-690C twice for 30 min and
exposed to Kodak XAR5 film for 1 hr to 24 hr in the presence
of an intensifying screen. For oligonucleotide hybridization,
blots were incubated in 6x SSC/5 x Denhardt's solution/
0.1% SDS with 32P-labeled oligonucleotide probe (1.0 x 106
cpm/ml, 120 fmol/ml) at 50C below the melting temperature
(Tm - 50C) for 4 hr and then washed in 6x SSC three times
at 230C for 5 min and once at Tm - 10'C for 2 min (see legend
to Fig. 2 for description of probes and T.). PCR reactions
were carried out using the AmpliTaq reagent kit (Cetus) for
25 cycles of 95°C, 1 min; 60°C, 1 min; 72°C, 1 min. One-half
microliter ofphage supernatant was used as a source ofDNA
template in each 20-,ul reaction mixture. One reaction was
carried out with a complete reaction mixture including prim-
ers but without DNA template.
Chromosome Mapping. Human metaphase chromosome

spreads were prepared from cultured lymphocytes by stan-
dard methods of Colcemid arrest, hypotonic treatment, and
methanol/acetic acid fixation. Phage DNA probes were
labeled with biotin or digoxigenin by nick-translation and
hybridized in situ under suppression hybridization conditions
as reported elsewhere (18, 19). Biotinylated DNAs were used
in single probe hybridizations and detected via avidin-
conjugated fluorescein isothiocyanate (FITC). To visualize
chromosomal bands, chromosomes either were counter-
stained with propidium iodide and simultaneously banded
with 4',6-diamidino-2-phenylindole (DAPI) dihydrochloride
or were cohybridized with cloned Alu DNA sequences (19,
20). For confirmation of chromosome assignment and for
detailed regional mapping, the biotinylated probes were
cohybridized with chromosome-specific DNA probes or
probe sets labeled with digoxigenin. The following probes
were used for cohybridization experiments: the DNA library
pBS8, derived from sorted and amplified human chromosome
8 DNA sequences (21) and generously provided by Joe Gray
(Lawrence Livermore National Laboratory), the alphoid
probe DIOZI, labeling the centromere of chromosome 10
(22), kindly provided by Thomas Cremer (University of
Heidelberg); and the alphoid probe pSE16 (D16Z2), labeling
the centromeric region of human chromosome 16 (23), kindly
supplied by Huntington Willard (Stanford University). For
each probe, a minimum of 35 metaphase spreads were
evaluated and at least 80% of the metaphases showed specific
signals on all four chromatids.

RESULTS
Strategy. Our aim is to characterize and map a large set of

genomic clones encoding putative zinc finger proteins. In the
present paper we describe the general approach we have
used, and present specific results on four genes of the set.
On initial screening of a genomic library with a degenerate

oligodeoxynucleotide probe (see Materials and Methods) we
picked 208 clones from about 600 positives among 5 x 105
plaques. Within the set of 208 clones we expected multiple
clones representing overlapping regions of the same locus, in
addition to duplicate isolations of identical clones. The first
task was thus to sort clones into genomic loci. At the same
time we wished to determine which of the clones in the set of
208 correspond to members of a set of 30 zinc finger protein-
encoding cDNAs (Koxl-Kox3O) previously isolated from a
T-cell library (10).
For sorting of genomic clones we prepared DNA from all

phages and hybridized sets of Southern and dot blots with
each of the 30 cDNA clones. Tentative matches were then
checked by partial sequence analysis and by additional
hybridization and PCR amplification. To obtain sequence

Clone 38 (ZNF7)

ATCTCTCGCCTGAGTCAGCATCAGCTGATTCACACTGGAGAGAAGCCTTATAAATGCAAC
I S R L S Q E Q L I O T G E K P Y K Q N

AAGTGTACAAAAGCCTTTGGTTGTAGTTCACGGCTTATTCGCCATCAGAGAACTCACACT
K E T K A F G C S S R L I R OQ R T O T

GGAGAAAAACCATTTAAATGTGATGAGTGTGGCAAAGGCTTTGTTCAGGGCTCACACCTT
G E K P F K E D E Q G K G F V 0 G S H L

ATTCAGCATCAGCGAATCCACACTGGAGAGAAACCCTATGTGTGTAATGACTGTGGAAAA
I Qo Q R I 0 T G E K P Y V [ N D 9 G K

GCCTTCAGTCAGAGTTCCAGCCTTATTTACCATCAGAGAATCCATAAAGGAGAGAAGCCC
A F S O S S S L I Y OQ R I K G E K P

TACGAATGCCTCCAATGCGGAAAAGCCTTCAGTATGAGCACACAGCTTACAATACATCAA
Y E E L QQ G K A F S M S T 0 L T I 0

AGGGTTCACACTGGAGAGAGGCCCTATAAATGTAATGAATGTGGGAAAGCCTTCAGTCAA
R V O T G E R P Y K E N E Q G K A F S Q

AACTCAACCCTTTTCCAACACCAGATAATTCATGCAGGGGTGAAGCCCTATGAGTGCAGT
N S T L F II I A G V K P Y E EQ S

GAGTGTGGAAAAGCC
E E G K A

Clone 84 (Kox7)

CCCTATGAATGTAAGCAATGTGGGAAATTGTTATCTCATCGCTCAAGCTTTCGAAGACAC
P Y E E K Q 3 G K L L S H R S S F R R OD

ATGATGGCACACACTGGAGATGGCCCTCATAAATGCACAGTATGTGGGAAAGCCTTTGAT
M M A [a T G D G P H K E T V Q G K A F D

TCTCCTAGTGTATTTCAAAGACATGAAAGGACTCACACTGGAGAGAAACCCTATGAATGC
S P S V F Q R [E E R T O T G E K P Y E Q

Clone 114 (ZNF7)

CACACTGGGGAGMAACCCTATGAGTGTAATGAGTGTGGCMAAGCTTTTGTTGGTMATTCA
El T G E K P Y E 9 N E Q G K A F V G N S

CCCCTACTTCGGCATCAGAAAATCCACACTGGAGAGAAACCCTATGAGTGTAATGAGTGT
P L L R E3 Q K I O T G E K P Y E EQ N E Q
GGCAAAAGCTTTGGAAGGACTTCCCATCTAAGCCAACATCAGCGTATTCACACAGGGGAA
G K S F G R T S H L S Q 0 Q R I[l T G E

AAGCCTTATTCTTGTAAAGTATGTGGACAAGCCTTCAATTTTCATACAAAACTAACTCGG
K P Y S [ K V Q G Q A F N F H T K L T R

CACCAGAGAATT

00Q R I

Clone 90 (ZNF22)

I O T G E K P Y OQE D E Q G R C F S O S

TCCCACCTTATTCAACATCAGAGAACCCACACTGGGGAGAAACCCTACCAGTGCAGTGAA
S H L I 0 0 R T O T G E K P Y OQ lS E

TGTGGCAAATGTTTCAGTCAGAGCTCTCATCTGAGGCAGCACATGAAGGTGCATAAAGAA
Q G K C F S O S S H L R O O M K V O K E

GAGAAGCCTCGTAAAACCCGGGGCAAAAATATCAGGGTGAAGACTCACTTACCCTATTGG
E K P R K T R G K N I R V K T H L P Y W

AAGCTGGTACAGGAA
K L V Q E

FIG. 1. Nucleotide and amino acid sequences of portions of the
zinc finger regions of four genomic clones. The overlapping regions
of these clones are identical in nucleotide sequence with the corre-
sponding cDNAs listed in parentheses. The cDNA sequence for
ZNF7 is from ref. 24; amino acid sequences for the other three
cDNAs were shown in ref. 10. The conserved cysteine and histidine
residues characteristic of the C2H2 fingers are boxed.

information, we digested selected genomic clones with re-
striction enzymes expected to yield fragments of several
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FIG. 2. The upper panels show hybridization of 32P-labeled locus-specific oligonucleotides to dot blot grids ofthe 208 phage DNAs. An arrow
points to the clone from which finger-encoding nucleotide sequence was determined (see Fig. 1). For each probe the calculated Tm is listed; this
value was taken as the basis for establishing washing conditions (see Materials and Methods). ZNF7/Kox4, 5'-CTCTCGCCTGAGTCAG-
CATCAGCTG-3' (Tm = 82°C). ZNF44/Kox7, 5'-ATGAAGGAACTCACACTC-3' (Tm = 60°C); this sequence is derived from the corresponding
cDNA clone (10). ZNF19/Koxl2, 5'-TCTGGTGCCGAGTTAGTT-3' (Tm = 54°C). ZNF22/Koxl5, 5'-GAAGACTCACTTACCCTC-3' (Tm =
54°C). Below the dot blot grids For ZNF7 and ZNF22 are shown PCR analyses of all clones that hybridized with the respective oligonucleotides.
For ZNF7, the hybridization primer and the primer 5'-CAGTCTTCACACTGATGCA-3' derived from the cDNA sequence (24) led to
amplification of the predicted 641-base-pair fragment from six genomic clones which are therefore listed as members of the ZNF7 locus in Table
1. Four clones and the control (lane 11, no DNA) yielded no band of this size. For ZNF22, two primers based on the sequence of clone 30,
5'-CCTATACTTAACGGAGGCCAGCCAC-3' and 5'-CGGTGTlTCAGCCAGAGCTCCCAC-3', yielded the predicted 241-base-pair fragment
from four clones; these are listed under ZNF22 in Table 1. Five clones and the control (lane 10) did not yield a band of this size.

hundred nucleotides. These were subcloned, and plaques or
colonies were hybridized with the original zinc finger con-
sensus oligodeoxynucleotide (Materials and Methods). Pos-
itive subclones were isolated and sequenced, yielding se-
quences that largely though not exclusively corresponded to
finger domains. These sequences were used to check the
tentative assignments of matches with cDNA clones and to
prepare locus-specific oligodeoxynucleotide probes for ad-
ditional hybridizations.
For further sorting, aliquots ofDNA from the 208 phages

were spotted on replicate dot blot grids; these grids were then
hybridized with the locus-specific oligodeoxynucleotide
probes. Positive phages were tentatively grouped together.
To test the groupings, primer pairs were derived from the
sequence of the prototype clone of the group and were used
to amplify fragments from each presumed member of the
group. Those phages that yielded PCR fragments of the size
predicted from the sequence were considered to have been
derived from the same locus. Other phages that hybridized
with the probe were classified as having been derived from
related genes. Within each group we determined the minimal
number of different (i.e., overlapping) phages by examining
restriction digests; the remaining clones were considered as
probable duplicate isolates of the same phage. Finally, rep-
resentative members of different groups (or loci) were
mapped onto metaphase chromosomes.
Matches Between cDNAs and Groups of Genomic Clones.

Comparison of the set of 30 T-cell cDNA clones (10) with the

Table 1. Classification of genomic clones

Locus cDNA Genomic clones

ZNF7 Kox4 17, 38, 62, 189, 199, 204
ZNF44 Kox7 48, 84
ZNF19 Koxl2 114
ZNF22 Koxl5 2, 27, 30, 90

set of 208 genomic clones yielded only four matches by
high-stringency hybridization. These matches were con-
firmed by partial sequencing of one genomic clone from each
group (Fig. 1).

Next, oligodeoxynucleotides specific for prototype ge-
nomic clones representing each locus were synthesized and
used in dot blot hybridizations with complete grids of the 208
phage DNAs (Fig. 2). Kox7 (ZNF44) corresponded to two
identical genomic clones and Koxl2 (ZNF19) to a single
clone (Table 1); in contrast, Kox4 (ZNF7)- and KoxlS
(ZNF22)-specific probes hybridized to multiple clones. To
check whether all these clones were indeed derived from the
ZNF7 or ZNF22 locus, we prepared PCR primer sets specific
for each locus and used them to attempt amplification from
each of the putative members of the two groups. In the case
of the ZNF7 group, six genomic clones acted as templates for
amplification (Fig. 1) and are thus listed as members of the
group in Table 1; four other cross-hybridizing clones did not
produce the appropriate PCR products and are considered to
represent related genes. In the ZNF22 group four clones
passed the PCR test; of these, clones 2, 27, and 90 are
identical, whereas clone 30 is overlapping.
The dot blot hybridization and PCR amplification experi-

ments of Fig. 2 thus classify 13 of 208 zinc finger-encoding
clones into four loci. The remaining 195 clones represent an
unknown number of additional loci.
Comparison of Finger Sequences. Each of the four clones

considered here encodes tandem finger domains commonly
found in C2H2 zinc finger proteins (4-10). The sequences
obtained are only partial, and it is likely that additional finger
domains are located beyond the ends of the available se-
quence. Most of the H/C link regions in these genes are close
to the consensus for this subfamily, TGEKPY (12).
Chromosomal Mapping. In situ suppression hybridization

with biotinylated whole phage DNA yielded specific signals
well above background fluorescence that greatly reduced the

Biochemistry: Bray et al.
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FIG. 3. Mapping of four zinc finger genes to human chromosomes by in situ suppression hybridization. The genomic clones 38 (A), 114 (B),
84 (D and E), and 27 (F) were biotinylated, hybridized, and detected via avidin-conjugated FITC. (A) A metaphase spread of propidium
iodide-counterstained chromosomes after hybridization with clone 38 (ZNF7/Kox4) probe. Highly specific signals are seen on both chromatids
of both homologues of 8qter (arrows). (B) FITC signal (arrow) of clone 114 (ZNF19/Koxl2) on propidium iodide-counterstained chromosome
16q. (C) DAPI staining of chromosomes seen in B. Band 16q22 is indicated (arrow). (D) ZNF44/Kox7 probe hybridizing to proximal part of
16p (arrow), seen on a propidium iodide-counterstained chromosome. (E) For fine mapping, Alu banding was performed, resulting in an

R-banding-like pattern. Since there is no substantial amount of Alu DNA in the heterochromatic region of 16q11, this region appears as a gap

on the banded chromosome (see label). Bars indicate the R bands delineated by the Alu probe in the order (from the top): 16p13, p1l, q13, q22,
and q24. Note the localization of the probe to the distal portion of 16p1l. (F) Mapping of the ZNF22/Koxl5 gene (arrow) to 10cen just distal
from the cohybridized alphoid probe DIOZI (arrowhead), which was labeled with digoxigenin and detected via rhodamine. The positions of the
telomeres (tel) and the centromere (cen) are indicated. The dark outline of the chromosomes was achieved by digital filtering of the image. A,
B, D, E, and F are digitized images obtained by using a confocal laser scanning microscope (Zeiss LSM10) as described (19). The picture in
C was taken by using a conventional epifluorescence microscope (Zeiss Axioplan).

need for statistical analysis of the data (Fig. 3). Cohybrid-
ization with chromosome-specific probes was used for ver-
ification of chromosomal position. The genomic clones used
for the mapping study and the cohybridization probes are
listed in Table 2. In order to give cytological mapping
coordinates, chromosomes were banded with DAPI and Alu
probe as indicated in Table 2. Three of the four genes were
localized at distinct morphological sites of the chromosomes:
at telomeric (ZNF7/Kox4) and centromeric (ZNF44/Kox7
and ZNF22/Koxl5) regions. Both phage DNAs containing
sequences ofZNF7 mapped extremely distal on the long arm
ofchromosome 8 (Fig. 3A)-i.e., in the distal portion ofband
8q24. The localization ofZNF7 to 8qter is in agreement with
previous ZNF7 cDNA mapping by isotopic in situ hybrid-
ization (24). The probe for ZNF44/Kox7 mapped to the
centromeric region ofchromosome 16 (Fig. 3D). To fine map
the gene relative to the centromere, cohybridization with an
alphoid probe specifically delineating 16cen (data not shown)
and Alu banding (Fig. 3E) were performed. Both experiments
revealed the regional localization of ZNF44 just adjacent to
the alphoid sequences on 16p. Alu banding, which results in
an R-banding-like pattern (25), revealed the mapping of
ZNF44 to the proximal part ofband 16pll (Fig. 3E). ZNF19/

Koxl2 is localized on the same chromosome but on distal 16q
(Fig. 3 B and C). Extrapolating the mapping coordinates
obtained from chromosome length measurements (19) sug-
gested a localization in 16q22. This was confirmed by Alu
banding (data not shown). The mapping of the two probes for
ZNF22/Koxl5 to 10cen was further investigated by cohy-
bridization with a probe specifically delineating the alphoid
DNA on human chromosome 10 (Fig. 3F). To determine the
precise topological relation of the phage probe to 10cen,
carefully adjusted digitized images were generated from both
signals. The overlay of the two images then showed that the
ZNF22 gene is locatedjust distal to the area delineated by the
alphoid sequence probe (Fig. 3F). Occasionally, the FITC
fluorescence spots of the phage probe were even overlapping
with the rhodamine-stained centromeric area. These findings
suggest that the cytological position of ZNF22 is 10qll.
Koxl5 has been mapped to 10cen-q24 (26).

DISCUSSION
In this paper we discuss an approach to the characterization
of a set of human DNA sequences isolated on the basis of
homology to the conserved motif of the Kruppel class of zinc
finger protein-encoding genes. Since the aim is to sort many

Table 2. Localization of genomic clones
Genomic Map

Locus clone position Cohybridization Banding
ZNF7 17 8qter Not done DAPI, A/u

38 8qter pBS8 (Chr library) DAPI
ZNF44 84 l6pll pSE16 (alphoid) DAPI, Alu
ZNF19 114 16q22 pSE16 (alphoid) DAPI, Alu
ZNF22 27 l0cen (qil) DIOZJ (alphoid) DAPR

30 10cen (q1l) DIOZI (alphoid) DAPI
Chr, chromosome.
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genes into groups, we used a combination of partial sequenc-
ing, cross-hybridization with oligonucleotides, and PCR am-
plification as tools of classification. Finally, clones repre-
senting each group, or gene, were mapped onto the human
chromosome complement. The use of PCR with specific
oligodeoxynucleotide pairs as a main tool of characterization
provides the advantages of the proposed "sequence-tagged
site" strategy (27) in reducing error accumulation and pro-
viding convenient means to check results, both of which are
needed in dealing with large numbers of clones.
When isolating genomic sequences by homology to a

conserved motif, one must consider whether each resulting
isolate corresponds to an active gene or a pseudogene. It is
likely that the four loci discussed in this paper represent
active genes, because of their correspondence to cDNA
clones isolated previously. Each of the four sequences maps
to a single distinct genomic site, arguing against the possi-
bility that any of these sequences represents both an active
gene and a pseudogene.

In screening 2.5 genome equivalents we noted about 600
positive phages, 238 of which were picked, resulting in 208
phages that remained positive after rescreening. This obser-
vation suggests that there are about 200 phages per genome
equivalent that are capable ofhybridizing with the degenerate
oligodeoxynucleotide representing the H/C link region of the
Kruppel class of zinc finger genes. The four loci discussed in
this paper are represented by an average of 3.25 phages in our
208-clone set; analyses of other clones in the set suggest that
this average is representative, and thus the clone set contains
between 50 and 100 zinc finger genes. In comparing this set
to the set of 30 zinc finger cDNAs isolated previously from
a T-cell library (10), only 4 matches were found. Making
assumptions about randomness of sampling, one may again
estimate that the genome contains several hundred zinc finger
genes. This impression is strengthened by the fact that only
1 match between the set of genomic clones and other pub-
lished cDNAs was found: ZNF7 has been reported by Lania
et al. (24) and is also a member of the T-cell cDNA set (10).
Additional sets of clones from human cDNA libraries have
been reported (4, 28, 29), leading to similar conclusions about
the size of the zinc finger gene family. Likewise, extensive
analysis of this gene family in Xenopus laevis has led to the
characterization of at least 100 zinc finger genes in the frog
genome (8). It is thus likely that vertebrate animals in general
contain large sets of such genes.
Most zinc finger proteins that have been characterized

functionally are DNA-binding proteins and transcription fac-
tors (e.g., Spl; ref. 7). However, the original zinc finger
protein, TFIIIA, functions as an RNA-binding protein as well
as a transcription factor (30, 31). It is therefore possible that
some ofthe proteins encoded by the genes discussed here are
RNA-binding, but it remains likely that the majority of zinc
finger proteins are transcription factors. Thus, the set of
transcription factors derived from just a single structural
family may number in the hundreds.
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