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ABSTRACT The ZNF91 gene family, a subset of the
Kruppel-associated box (KRAB)-containing group of zinc
finger genes, comprises more than 40 loci; most reside on
human chromosome 19p12-pl3.1. We have examined the
emergence and evolutionary conservation of the ZNF91 fam-
ily. ZNF91 family members were detected in all species ofgreat
apes, gibbons, Old World monkeys, and New World monkeys
examined but were not found in prosimians or rodents. In each
species containing the ZNF91 family, the genes were clustered
at one major site, on the chromosome(s) syntenic to human
chromosome 19. To identify a putative "founder" gene, >20
murine KRAB-containing zinc finger protein (ZFP) cDNAs
were randomly cloned, but none showed sequence similarity to
the ZNF91 genes. These observations suggest that the ZNF91
gene cluster is a derived character specific to Anthropoidea,
resulting from a duplication and amplification event some 55
million years ago in the common ancestor of simians. Al-
though the ZNF91 gene cluster is present in all simian species,
the sequences of the human ZNF91 gene that confer DNA-
binding specificity were conserved only in great apes, sug-
gesting that there is not a high selective pressure to maintain
the DNA targets of these proteins during evolution.

The zinc finger nucleic-acid binding motif (Cys2-His2) occurs
in hundreds to thousands of vertebrate proteins and is trace-
able throughout eukaryotes (1). Although structural features
common to various subsets, including the 7-amino acid "H/C
link" between adjacent fingers (2, 3), and various conserved
N-terminal modules (4-8) have been described, functions are
known only for the few zinc finger proteins (ZFPs) that act as
transcription regulators in differentiation and development;
the functions of most mammalian ZFPs are unknown (refs.
9-15; reviewed in ref. 16).

Several related ZFP genes in human and Xenopus are
arranged in clusters (17-21). In humans, the ZNF91 family,
containing >40 highly related Kruppel-associated box
(KRAB)-containing ZFP genes or pseudogenes (KRAB-
ZFP), has recently been identified on chromosome l9pl2-
p13.1 (22). ZNF91 family members share a common exon-
intron organization, with all zinc finger repeats in a single exon
and the KRAB domain encoded by two separate exons. The
linker region between the N-terminal KRAB domain and the
first finger is conserved in length and sequence. ZNF91 family
members are transcribed in many tissues but most abundantly
in T-lymphoid cells.
Here we have studied the emergence and evolutionary

conservation of the ZNF91 family in search of clues to its
function. We sought homologous genes in rodents and in a

panel of primate species. We also attempted to clone orthologs
of the ZNF91 gene by PCR with primers corresponding to the
zinc finger amino acids determining DNA-binding specifici-
ty.**

MATERIALS AND METHODS

Genomic DNAs. Genomic DNAs were isolated as described
(23) from the following cell lines or tissue samples: human
genomic DNA from HeLa cells; Pan troglodytes (chimpanzee),
Gorilla gorilla (gorilla), and Pongopygmaeus (orangutan) DNA
from lymphoblastoid cell lines provided by J. Kidd (New
Haven, CT), Hylobates syndactylus (gibbon) DNA from the
lymphoblastoid cell line provided by J. Wienberg (Munich);
genomic DNAs from Lemur fulvus fulvus (brown lemur),
Propithecus verreauxi (sifaka), Loris tardigradus (slender loris),
Galago moholi (lesser bushbaby), and Tarsius syrichta (Philip-
pine tarsier) from tissue samples from Duke University Pri-
mate Center, (Durham, NC); genomic DNAs from Nasalis
larvalus (proboscis monkey), Presbytis entellus (Indian langur),
and Cebus apella (capuchin) from peripheral blood lympho-
cyte samples provided by J. Powell (New Haven, CT). Sympha-
langus syndactylus (siamang), Theropithecus gelada (gelada
baboon), Colobus polykomos (colobus monkey), Erythrocebus
patas (patas monkey), and Aotus trivirgatus (owl monkey)
DNAs were a gift from S. J. O'Brien (National Institutes of
Health, Bethesda). Mandrillus sphinx (mandrill) and Saimiri
boliviensis (squirrel monkey) DNAs were a gift from J. Rodgers
(San Antonio, TX). Callithrixjacchus (marmoset) DNA was a
gift from G. Miller (New Haven, CT).
RNA Isolation and Reverse Transcription-PCR. Total RNA

was extracted by the guanidinium isothiocyanate method (24)
and was purified by centrifugation through cesium chloride.
Single-stranded cDNA was prepared with oligo(dT) primers
and the cDNA cycle kit (Invitrogen). Twenty-five nanograms
of the cDNA mixture was diluted in 50 ,ul of PCR mixture and
amplified as described below.
PCR. PCR primers and cycling conditions are described in

the figure legends. PCRs were performed in 100-Al reaction
mixtures containing 0.2-1 Ag ofgenomic DNA, 1.5mM MgCl2,
0.2 mM dNTP, 0.5 ,uM primers, and 2.5 units of Taq poly-
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merase (Perkin-Elmer/Cetus or Promega) using the supplier's
buffer.

Cloning and Sequencing of PCR Products. PCR products
were made blunt-ended with Klenow enzyme and cloned into
the pGEM3 (Promega) vector. Alternatively, PCR products
were cloned in the TA vector from Invitrogen. Inserts were
sequenced with the Sequenase kit (United States Biochemi-
cal). Sequence analysis utilized the software package of the
University of Wisconsin Genetics Computer Group (Madison,
WI).

Nucleic Acid Hybridization. Southern blots were done ex-
actly as described using Biotrans membrane (ICN) (22). Final
washes were at 50°C in 2x SSC/0.1% SDS. cDNA probes were
32P-labeled using the Prime-It kit (Stratagene). Oligonucleo-
tides were 32P-end-labeled with [32P]ATP and T4 polynucle-
otide kinase. Membranes were exposed to Kodak XRP-5 films
at -70°C for 2-24 h.

In Situ Hybridization. Metaphase chromosome spreads
were prepared by standard methods (25). Human chromo-
somes were obtained from peripheral blood lymphocytes;
great ape and gibbon chromosomes were from lymphoblastoid
cell lines; Tarsius and Galago chromosomes were from fibro-
blasts cultured from biopsies obtained from the Duke Uni-
versity Primate Center (Durham, NC). The chromosome-
specific library pBS19 (27) and DNA from the yeast artificial
chromosome (YAC) clones 71D9, 179B7, 245F12, 143B11,
414H7, 60D10, 138D1, 332C9, 158C9, 335H4, 84A10, 131F11,
88C4, 96A1, 140G4, 143B6, 143D6, and 16B10 of the CEPH
library, encompassing the ZNF91 KRAB-ZFP gene cluster on
chromosome 19pl2-pl13.l, was labeled with either biotin or
digoxigenin by standard nick-translation methods. In situ
suppression hybridization, detection, counterstaining, micros-
copy, image processing, and photography were done as de-
scribed (22). The programs used for image capture (CCD
IMAGE CAPTURE) and merging and pseudocoloring (GENE JOIN
MAX PIX), written by T. Rand, are available for a fee from the
Office of Cooperative Research at Yale University.

RESULTS
Appearance of KRAB-ZFP Genes of the ZNF91 Family in

Higher Primates. The ZNF91 KRAB-ZFP genes have been
identified in humans but are undetectable by hybridization in
mouse, rat, and hamster genomic DNAs, suggesting that the
ZNF91 gene family evolved later than Rodentia (22). To
further investigate the emergence time of this KRAB gene
subfamily, we screened a panel of primate genomic DNAs by
PCR. Since the sequence of the link region between the KRAB
box and the first finger domain is specific to KRAB-ZFP genes
of the ZNF91 family, we designed degenerate primers to the
most conserved regions of this ZNF91-specific element. PCR
products were electrophoresed, blotted, and hybridized with a
32P-labeled ZNF91 cDNA spacer probe to confirm the identity
of the amplified DNA. PCR products of the expected size (250
bp) were observed in all ape, New World monkey, and Old
World monkey samples (Fig. 1), but none was detected in
prosimian species (tarsier, loris, galago, lemur, and sifaka). To
test the efficiency of the PCR amplifications, we used degen-
erate primers directed against the more widely conserved
KRAB domain and hybridized the PCR products with a
ZNF91 KRAB oligonucleotide probe. The expected 91-bp
PCR products were observed in all species examined, including
prosimians and rodents. We estimated the number of ZNF91-
related sequences by slot-blot analysis of primates' genomic
DNA using the ZNF91 spacer probe, with a c-myc probe as
loading control (data not shown). ZNF-related genes in all
simians show copy numbers similar to humans' (Fig. 1B): 25-35
per haploid genome (as estimated by comparing signal inten-
sity to serial dilutions of ZNF91 DNA).
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FIG. 1. Detection by PCR and dot blot analysis of ZNF91 homol-
ogous genes in primates. (A) PCR products separated by electrophore-
sis and analyzed by Southern blotting. PCR conditions: 94°C for 3 min,
followed by 35 cycles of 1 min at 94°C, 1 min at 50°C, and 1 min at 72°C.
The last cycle was followed by a final elongation step (72°C for 10 min).
Coordinates (22) and sequences of the degenerate primers: (Upper) nt
359-386, 5'-ATT TT(G/C) C(C/T)C (A/G)AG A(T/C)(T/C) TTT
G(G/T)C C(A/G)G AGC-3'; nt 585-609, 5'-TGT CT(G/A) TTT
GAA TTT (G/A)AA A(T/A)T (T/A)TA T-3Y; nt 215-234, 5'-(C/
T)T(G/A) (T/A)AG TTC TC(C/T) A(G/A)C AT(C/T) AC-3'. The
KRAB and spacer probe were ZNF91 cDNA, nt 168-188 and 359-
609, respectively. (B) Dot blot analysis of 2 jig of genomic DNA from
each species and serial dilutions of ZNF91 cDNA using a ZNF91
spacer probe (nt 372-693). Membranes were exposed to autoradio-
graphic films for 4 h.

We explored the chromosomal organization of the primate
ZNF91 genes by double-label fluorescence in situ hybridiza-
tion, hybridizing simultaneously a human chromosome 19-
specific library (to "paint" regions syntenic to human chro-
mosome 19), and a pool ofYAC clones containing the human
ZNF91 cluster from chromosome l9pl2-pl3.1 (Fig. 2). In
human, orangutan, and chimpanzee, the chromosome 19 and
the YAC probes cohybridized and labeled only one chromo-
some (PTR20 and PPY20) (28). In gibbon (H. syndactylus), the
human chromosome 19 library painted two chromosome pairs,
HL13 and HL17 (26), and the YAC probe gave a unique signal
on chromosome HL13. In galago (Galago crassicaudatus) and
tarsier (T syrichta), the human chromosome 19 library painted
part of one, as yet unidentified, chromosome, but the 19
synteny region had no ZNF91 signal, in agreement with our
PCR and hybridization analysis (see above). However, multi-
ple ZNF91 signals were detected on the telomeric regions of
other chromosomes; these might represent cross-hybridization
with other ZFP-enriched loci or other conserved sequences
represented within the pool of YAC DNA.

In humans, the ZNF91 gene family represents about one-
third of the KRAB-ZFP genes and is expressed predominantly
in T-lymphoid cells (22). To identify the founder gene(s) of the
ZNF91 family, which might have had insufficient sequence
similarity in the spacer region to be detected, we performed
PCR on cDNA from a mouse T-cell line (DA-2), using primers
in the conserved KRAB domain (element A) and in the H/C
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FIG. 2. Metaphase chromosomes of human (a), orangutan (b), chimpanzee (c), gibbon (d), galago (e), and tarsier (f) hybridized with a
digoxigenin-labeled human chromosome 19-specific library probe (red) and biotin-labeled YAC DNAs derived from the human l9pl2-pl3.1 region
including the ZNF91 multigene cluster (yellow). Biotinylated probes were detected with fluorescein isothiocyanate-conjugated avidin; digoxigenin-
labeled probes were detected with rhodamine-conjugated antibodies. Chromosomes were counterstained with 4',6-diamidino-2-phenylindole.

link fragments (29). The PCR products ranged from 200 to
2000 bp and represented the spacer regions and the first finger
units of the KRAB-ZFP genes transcribed in this cell line.
Sequencing of 50 individual clones detected 20 different spacer
sequences (Fig. 3), indicating that the mouse, like the human,
possesses a large number of KRAB-ZFP genes. Zfr6l was the
one most frequently found, being present in 23% of the clones.
Also frequently detected were Zfp63 (14%), Zfp68 (9%),
Zfp66 and Zfp7O (7%), and Zfp79 and Zfp80 (5%). The other
cDNA clones were detected only once. None of the sequences
shows any similarity to the human ZNF91 spacer region or to
other previously described ZFP genes. ZfrlO to -14 and Zfp2O
sequences show no KRAB-B homologous regions, which sug-
gests that mouse KRAB-ZFP genes might have an exon-intron
organization similar to that of the human genes and undergo
alternative splicing (22).
ZNF91 Sequences That Confer DNA-Binding Specificity Are

Conserved Only in Great Apes. Having demonstrated mem-

KRAB-A
Z1931 !RNVKLZNYRNLIL

KRAB-B

Z3p61 YD GQLIKPLIILUQZUNVKG QIWPINKLQ
Zfp62 TRNVNIIITIDVBLA *CPFSXPDVISLLQGUMPKVVRQRXPCPDB
Zfp63 DU V *YQLSZPTVSQLZKGIBP NQOPDPIL
Zfp64 YRZVNLUNTIV3L GYQSKPZV!SNWSUHKSUYARKZKDLNVQ
Zfp65 YRNVNLNRSUVAaLA OYLWKPZLLXZQGQUQPWLDLQWDTNA
ZIpG6 TRDVNIIWDNNLITV OPPLTKPMVU LQUZUPCVV3PNVLWRPCP
Zfp67 TRIVNLZITINL5PL GYQVQZPRLZNHLQIZDLRIISZQQSPSP
Zfp68 YRDVIILUNNLLPL CZTKZPULXNLZQRLSW!V3ASIQCVPDP
Zfp69 YRDVNLUNYUN6VNL GLAXSKPRXS LLNQSUPWIV3QAGCPDLLS
Zfp70 V OGQNIKPULINSILNWULTVIDQQZLQKM
Zfp7l YRNVKLUIYN6LWL QLAFSSPYLVTPLUQSUDPINSRIAAIR-
Zfp72 YRDVMPUINYLWL GLASCKPTLVTFLIQRQ3PSVVRPAAATVHP
ZSp73 YKMVKLDYNNLWL GLALSBPYLVTCLUSXQ3TSGVKRSAAPINLP
ZSp74
Zfp75
ZSp76
Zfp77
Zfp78
Zfp79
ZEpSo

bers of the ZNF91 family in higher primates, we used PCR to
search for true orthologs of the ZNF91 gene and so estimate
the degree of evolutionary conservation of individual family
members. We tested our PCR analysis with primers to the first
and third finger units of the humanEGR2 gene, which is highly
conserved in vertebrates (30). As expected, PCR products
were detected in all species (Fig. 4). The first set of ZNF91-
specific primers tested lie at the 5' and 3' ends of the spacer
and of the non-consensus type first finger element (primers
a-b); they exclusively amplify the ZNF91 gene from human
DNA (22). They produced PCR products of the expected size
in all simian primates (apes, Old World monkeys, and New
World monkeys) (data not shown). PCR products containing
the spacer sequence of the ZNF91 orthologs from chimpanzee,
orangutan, baboon, and capuchin were subcloned and se-
quenced. The amino acid sequences predicted from the chim-
panzee and orangutan DNA sequences are identical to the
human sequence. In contrast, the putative baboon and capu-

FINGER 1

SXSALQQFDR7 NNDNQLNPPXZC ---------------------------------------------------C------- TPX XCSDCGTINQLNLQ SN
_____-----_______---------------------------------------------------------------------------- WGBXPIIICXCI3C IUUDIU15%R=
OOIPYKCQ DKTIDMINLLLQRQN- ----------------------------------------------------------------- MEPTKCUCKVA ALSQR

O CKCYT0T3C0KZlD---------------------------------------------------------------- LRINPTKECZCXCAPNPNLBU5RZX
L OLRBLVTFLXKRQQSIDVKQQA"TVATTP GSTPYKKNSTrLLIQURV-----------------------------------------------S------------------ ZXSPTSCQCSASCBSBPUR

R rVNL Lvv -------------------------------- SINTVCQVKTKChNLUSNCALTNRDTTANfYCDQDASLDSNPDRLKI
YRIVILZ1LVV -------------------------------- I CNTV3PVRT3 ZNLSN3LIP6ALTID-RNKTCCIUDAS NAADRHNWTGDTOQBSCDU1NLCONI
R LV --------------------------------- OOINVQRLILRQLWDVAVNSNLOZLTS SlDLLDRAQI NTITNTKnMIOSYTZLSBANLDNVWNT
YRZVLlYACQ -------------------------------- CGKV SYL R-------------------------------------------------------------------------- SPYLCCNOA1DPTSNRTS
YRRVKLIMIQSQ -------------------------------- IVLQSRATVSPQQQ6SKAWrD LYTTAHULHERI---------------------- ------------------------- TODRPTQCZBGKAIATGONLIIT
YQDVnTKDAVQ -------------------------------- BRiPQADV DDQRDNLKLIRQ------------------------------------------------------------- TNWRYPC IA W

FIG. 3. Alignment of deduced amino acid sequence of KRAB-ZFP transcripts obtained by reverse transcription-PCR analysis of mouse
lymphoma DA-2 mRNA with respect to the human ZNF91 sequence. Dashes denote deletions. Spacer region of Zfp6l to -69 and -70 to -77 was
only partially sequenced. PCR conditions were the same as in Fig. 2 except for annealing (1 min 30 sec at 56°C) and elongation (2 min at 72°C).
Coordinates (22) and sequences of the degenerate primers: nt 205-227, 5'-TA(T/C)(C/A) (G/A)(G/A)(G/A) A(C/G/T)G T(C/G)A TG(C/T)
T(C/A)G AGA A-3' (KRAB primer) and 5'-(A/G)(T/A)A (A/G/T/C)GG (T/C)TT (T/C)TC (A/G/T/C)CC (A/G/T/C)GT (A/G)TG-3'
(H/C link primer).

SPACER
*ICPH1PQDIPNQUNUDSIQKVLLNXYCXGWILaLRKVDECrUGKLYDQCLTTAQSXVIQCGKYLrVKMWLNSN3NTIR

LZTZCSA1Q FLRQ!NBRINQNQTODNRRZLCDTQTGDFSXLNPLIPTDNRTQPAQDHYQCBQYIKDFLWNRDICAG3ULBSNBQ
NTlDTNIQWN3UiYXIWLzQNKX3RVWISGLQKLLLfiNR3ZOQRQ3G5QGOI5QNS3AI
LDVIRTUNTANDDIIUJWDBITX1GRLDDrVCIPKU5YDSDTLISXATCSMTRAILDPTJKNTPRRO

PRICQTD AIiRDRNQTC(YT LLQRQXPVGQDKDKVIBNKLPRL
OXIWIDZI QWDQYVIOXVVIVS3ASXCPX1ZA3TF1PN1DSIPNNL5L3CDRCLRV1
VWNRL ISVIKB LUDXFIIOASDDVRLETNULLNTNB1IHLND QPRLLQPVQStPTQJXALUPQwLNNQZQONLDBA
QNUTI IPD I 33 IINNWBTSUL&NlIXTVNTNIXBDQTIIULGKPRXWISNVNTCXBTIL
VNAl ILN OINNI I 31 IXRWGSCLUXSCPGDDWIKCKLIXTKGIXRNITRSDRPVGKSPBRPAR PSAL
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FIG. 4. PCR analysis of orthologous ZNF91 genes in primates.
Electrophoretic separation of PCR products: PCR conditions were the
same as in Fig. 2, except for primer pairs a-c/c' (annealing, 58°C;
elongation, 1 min), a-d/d' (annealing, 56°C; elongation, 1 min 30 sec),
a-e (annealing, 52°C; elongation, 1 min), g-i (annealing, 56°C; elon-
gation, 1 min). Coordinates and sequences (22) of the ZNF91 primers:
A (nt 373-396), 5'-CTTT TGG CCA GAG CAG AGC ATG TA-3';
B (nt 666-692), 5'-GTT GGG TTT TGT GTA AAC GGA TGC
AA-3'; c (nt 1244-1269 and 2168-2193), 5'-GTT GAG AGT CGC
TTA AAA GTT TTG TC-3'; D (nt 1508-1531 and 2432-2455),
5'-TCT AGT TAG GGT TGA AGA CCA TAT-3'; E (nt 1743-1766),
5'-TGT AGA AAG ACT TGA GGA ATG ATT-3'; F (nt 1424-1447
and 2248-2271), 5'-AAC TGG TCC TCA AGC CTT ACT AAA-3';
G (nt 2526-2539), 5'-AGC CGT TCC TCA ACC CTT ACT AAG-3';
H (nt 2852-2875), 5'-TGTAGTAAG GTGTGAAGG CTG GCT-3';
I (nt 3272-3275), 5'-TCC ATT TAG GGT TGA GGA TGA TAT-3'.
Coordinates and sequences (30) of the human EGR2 (Krox-20)
primers: nt 1107-1130, 5'-TCC CGC TCT GAC GAG CTG ACA
CGG-3' (finger 1); nt 1275-1298, 5'-GCG CTT CCT CTC ATC ACT
CCG GGC-3' (finger 3).

chin orthologs encode proteins with only 75-78% sequence
identity (Fig. 5).

Since the best criterion for orthology among ZFPs may be
the conservation of the amino acids preceding the histidine
residues conferring DNA-binding specificity (31), we next
chose primers from the regions preceding the histidine resi-
dues of different units of the ZNF91 finger domain (primers
b-i, not primer a). Primers c, d, and f are present twice in the
ZNF91 cDNA sequence because it contains two groups of
nearly identical tandemly repeated finger units (fingers 6-12
and 17-23). These primer pairs amplified products of the
expected size only in humans and great apes (Fig. 4). With
primer pairs a-c/c', a-e, and f-c/c', PCR products of the
expected size could not be detected in orangutan DNA. With
the primer pairs used for the ZNF85 gene, another member of
the ZNF91 family, PCR products were also detected only in
human and great apes (data not shown). This suggests that the
conservation of the DNA-binding specificity of ZNF91 genes
is not under a high selective pressure.

DISCUSSION
The human ZNF91 KRAB-ZFP family contains "40 highly
related genes, most of which are clustered on chromosome
region 19p12-pl3.i and are highly expressed in T-lymphoid
cells (22). Our present studies reveal that the ZNF91 family
emerged after separation of the lineage Anthropoidea and that
in the species containing the ZNF91 family, the ZNF91-related
genes cluster at one major site on the chromosomes syntenic
to human chromosome 19. The presence and apparently
similar copy number of the ZNF91 gene family in all simian
primates suggest that the duplication events producing this
gene family occurred early in simian primate evolution, before
the catarrhine primates (human, apes, and Old World mon-
keys) diverged from platyrrhines (New World monkeys). This
correlates with the nucleotide divergence (26/258 nt) observed
between the spacer-region sequences of the putative ZNF91
ortholog genes from human and capuchin, the most distantly
related species in which orthology has been identified. Using
a rate of nucleotide substitution of 1.56 x 10-9 per site per year
(32), the ZNF91 gene is estimated to have appeared some 64
million years ago. Tarsius, whose relationship to other primates
has been much disputed (33, 34), has no detectable ZNF91
genes. The apparent absence of the ZNF91 subfamily of
KRAB-ZFP genes in rodents and strepsirhine prosimians
(lemur, loris, galago, and sifaka) suggests that the mammalian
common ancestor lacked this subfamily; its presence in an-
thropoids but not in Tarsius suggests that it arose in the most
recent common ancestor of Anthropoidea.
The ZNF91 family, with its recent origin, contrasts sharply

with the conserved ZFPs that serve as developmental or
differentiation-regulating transcription factors (16, 35-37).
These ZFPs tightly conserve their finger domains (particularly
the residues that determine binding specificity), whereas
ZNF91 finger domains are poorly conserved. PCR primers
from DNA-binding domains failed to identify ZNF91 or-
thologs in prosimians, Old World monkeys, or New World
monkeys. Since ZNF91 DNA-binding domains diverge even
among primates, their target sequences may also be divergent.
In both Drosophila (38) and Xenopus (39), ZFPs that interact
with rapidly evolving, species-specific repetitive or transpos-
able nucleic acid sequences have been described.
Genes encoding proteins important in the control of em-

bryonic development are highly conserved, as exemplified by
the homeobox genes (40). The recent evolutionary appearance
of the ZNF91 family suggests that its ZFPs do not regulate
fundamental developmental processes. What then might be
the function of genes of the ZNF91 family? Although many
possibilities exist, it is interesting to note that several ZFPs [i.e.,
su(Hw), Suvar] may participate in formation of chromatin
structure (41). An examination of the intracellular distribution
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Human KVLLRKYEKCGHENLQLRKGCKSVDECKVHKEGYNKLNQCLTTAQSKVFQCGKYLKVFYKFLNSNRHTIRHTGKKCFKCKKCVKSF
Chimpanzee --------------------------------------------------------------------------------------

O.Outan ---------------------------- ---- --- --- --- --- --- --- -- --- --- --- --

Baboon --I--RF--Y-P--------Y--------N-----AY---F---------SD-----LF--------K----E--SS-G-----P-
Capuchin -----R-K----------- YR-------N-----GH---F-------- RSE -----F--------K----E--SS-G----FP-

FIG. 5. Sequence alignment of the spacer fragments obtained from the ZNF91 orthologous genes of different primates. Dashes represent amino
acid residues identical to the human ZNF91 sequence.

of the ZNF91 family proteins across the cell cycle might
illuminate their potential biological function(s).
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