4740-4747 Nucleic Acids Research, 1997, Vol. 25, No. 23

0 1997 Oxford University Press

Human genes encoding U3 snRNA associate with
coiled bodies in interphase cells and are clustered on
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ABSTRACT

Coiled bodies (CBs) are nuclear organelles whose
morphological structure and molecular composition
have been conserved from plants to animals. Further-
more, CBs are often found to co-localize with specific
DNA loci in both mammalian somatic nuclei and
amphibian oocytes. Much as rDNA sequences are
called nucleolus organizers, we term these coiled
body-associated sequences ‘coiled body organizers’
(CBORs). The only sequences that have been shown to
be CBORs in human cells are the U1, U2 and histone
gene loci. We wanted to determine whether other
SnRNA genes might also act as CBORs. In this paper
we show that human U3 genes (the RNU3 locus)
preferentially associate with CBs in interphase cells. In
addition, we have analyzed the genomic organization
ofthe RNU3locus by constructing a BAC and P1 clone
contig. We found that, unlike the ~ RNU1 and RNUZ2 loci,
U3 genes are not tandemly repeated. Rather, U3genes
are clustered on human chromosome 17p11.2, with
evidence for large inverted duplications within the
cluster. Thus all of the CBORs identified to date are
composed of either tandemly repeated or tightly
clustered genes. The evolutionary and cell biological
consequences of this type of organization are dis-
cussed.

INTRODUCTION

DDBJ/EMBL/GenBank accession no. AF020529-36

viewed in 6). Instead, initiation and termination of snRNA
transcription occur by mechanisms different from those of other
polymerase Il transcript§<9).

HumanU3 genes are part of a multigene family located on
chromosome 17p11—p12 (tRNU3 locus), with an estimated
5-10 copies/haploid genomelj. However, further characteriz-
ation of theRNU3locus has been hampered by the relatively
small insert size of clones {0) and the instability of large insert
YAC clones (1). We became interested in the organizatiddf
genes as part of a search for genomic loci that preferentially
co-localize with coiled bodies (CBs) in human interphase cells.

Coiled bodies are nuclear organelles, conserved from plants to
animals that contain high concentrations of small nuclear
ribonucleoproteins (SNRNPS) involved in a variety of cellular
processes, including pre-mRNA splicing, rRNA processing and
histone MRNA 3end maturation1(?—14). Due to their similar
molecular composition, CBs are thought to be the somatic
equivalent of the sphere organelles found in amphibian oocyte
nuclei (L2). Although CB function(s) remains obscure, recent
studies have shown that histok], andU2 genes co-localize
with CBs in human cellsl§,16). Of particular significance is the
fact that sphere organelles are often found adjacent to the histone
gene loci on amphibian lampbrush chromosom&g ). Thus
the co-localization of CBs and sphere organelles with specific
DNA sequences appears to have been evolutionarily conserved.

We wanted to determine whether other snRNA genes might
also function as so-called coiled body organizer regions
(CBORs). One common theme among these CBORs is that the
various genes are multicopy and are either clustered (histone) or
tandemly repeatedUd and U2). Thus we screened human

U3 RNA is the most abundant of the small nucleolar RNAgenomic libraries and isolated P1 and BAC clones contdiing
(snoRNAs), with an estimated»2 1P copies/cell {). U3 is  genes. Using the clones for fluorescemcesitu hybridization
essential for growth in yeast)(and is known to be required for (FISH) we found that, like tHg1 andU2 genes mentioned above,
very early pre-rRNA processing events in both yeast and3 genes frequently associate with CBs in interphase HelLa and
mammals #—4). Along with U8 and U13, U3 RNA is one of only HT-1080 cells.

three known vertebrate snoRNAs to be transcribed by their ownEach of the clones map to the same cytogenetic location
promoters {); the vast majority of SnoRNAs are processed fronf17p11.2) and can be assembled into200 kb contig. There are
within the introns of upstream transcripts). (U3 RNA is three different3 genes within this contig, as well as the upstream
transcribed by RNA polymerase I, however, its promotecontrol region for a putative fourth gene. Furthermore, we found
sequences lack TATA boxes and polyadenylation signals (réiat the genes and flanking sequences within this cluster are
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highly conserved. Two of the genes are located within a 90 kector; Invitrogen). In addition, a 3.5 kb fragment containing the
inverted duplication. Each half of this 90 kb element has the sart8b2 gene was amplified from P1 2983 using a T7 vector primer
(mirror image) restriction map and blotting and sequence analysiscombination with the RNU3®rimer and then TA subcloned.

of coding regions and end clones reveals extensive sequerfc8.0 kbBanHI fragment containing thd3b1/b2 gene pair from
identity throughout the repeat, suggesting either a very rece2®83 as well as twbloti—Kpnl end fragments from P1 clones
duplication event or the existence of mechanisms for maintainirgp81 (3.3 kb) and 2982 (5.0 kb) were isolated and subcloned by

sequence homogeneity throughout the cluster. conventional techniques [pBluescript SK(-); Stratagene, La
Jolla, CA]. Sequencing was accomplished using a Tag-based
MATERIALS AND METHODS cycle sequencing system incorporating fluorescent dideoxy
terminators and run on an automated ABI 377 sequencer (Applied
Library screening Biosystems, Foster City, CA).

P1 phage bearing a 266 bp PCR fragment from the regi
immediately upstream of tHd3 coding region were identified
within a pooled human genomic library by Genome Systems InMetaphase spreads were prepared from human lymphocyte
(St Louis, MO). The primers were GMI{BCTGTCATTCAG- cultures by standard methanol:acetic acid fixation. P1 DNA was
TATTATGCTAAT-3") and GM2 (5AATGATCCCTGAAAGTA-  nick translated with biotin-dUTP and slides were hybridized to
TAGTCTT-3) (19). Ten of the 25 top pools had positive PCRmetaphase spreads and washed essentially as des&iped (
signals. From these 10 positives three P1 phage (clones 2981, 2Bg2.a and HT-1080 (a human diploid fibrosarcoma) cells were
and 2983) were identified in the lower pools. A pooled humagrown in monolayers on chambered glass slides, pre-extracted
BAC library was purchased from Research Genetics (Huntsvilleyith Triton X-100 and then fixed with paraformaldehyde as
AL) and screened with the RNU3 primer pair. The primers, calledescribed 15). Slides were incubated with anti-p80 coilin
RNU3-5 (5-TGGGGTGCAGTGGGGTAAC-3 and RNU3-3  antibodies, fixed, denatured and then hybridized with the
(5-TTCTCGCTCCCTCTTTTGTCGC-3 produce a 1.1 kb biotinylated U3 probe as describeid); Slides were scored for
band corresponding to positions —570 to +461 with respect to the-localization oflU3 DNA and p80 coilin fluorescence using a
start site ofU3 transcription. Four clones were identified: 28C2,dual bandpass filter set (Chroma Tech., Brattleboro, VT). For
53L14, 212M14 and 374C9. Clones 28C2 and 374C9 were fourdch slide the numbers of red and green signals were counted as
to be sister clones, with identical inserts, and are called C2/@&Il as the number whose signals were at least partially
throughout the text. Similarly, 53L14 and 212M14 were also sisteverlapping. Digital imaging microscopy was performed as
clones and are called L14/M14. described 15).

A situ hybridization and immunocytochemistry

Characterization of P1 and BAC clones RESULTS

P1 and BAC clone DNAs were restricted and analyzed by pulségplation of P1 and BAC clones

field gel electrophoresis (PFGE) using both CHEF-mapper and aqdition to the major spliceosomal snRNPs, CBs are thought
FIGE-mapper gel systems (BioRad, Burlingame, CA). FIGE Wag, contain U3 snoRNP2L,23). We wanted to see if, like1 and
used primarily for fragments in the 1-150 kb size range. DNAg) genes, CBs associated witi8 loci. Previous studies had
were fractionated in 1% agarose inX):BBE with pulse times  spown that there are roughly 5-10 functioddl genes in the
ranging from 0.1 to 6.8 s. Following electrophoresis, gels wetgap|oid human genome and that the sequences flanking the genes
stained with ethidium bromide, photographed and transferred g highly conserved.(,24). Using a PCR fragment from the
nylon membranes by standard methods. Filters were hybridizedfiank (essentially the upstream control region) as a probe for
using either Church's buffer overnigtittj or Rapid-hyb buffer i, sjw hybridization, Mazaet al (19) detected labeling only on
(Amersham, Arlington, IL) for 2.5 h. Initial washing was pyman chromosome 17p11-p12. As part of our ongoing effort to
performed at room temperature m3SC, 0.1% SDS for 15 min, qentify genetic loci that interact with CBs, we isolated three P1
followed by two stringency washes at 0.1 op(EEC, 0.1% SDS  4nd four BAC clones containirdd genes. Sequencing of PCR
at 60°C for 20 min. _ _ products or subclones thereof showed that each of them contained
U3 cDNA and promoter region PCR products were radiolag; |east on&J3 gene. TheJ3 coding regions on P1 clones 2981
beled using standard techniques. RNA end fragment probes weligy 2982 were identical, while some of the subclones derived
radiolabeled using T7 or SP6 RNA polymerase (Promeggom p1 2983 (as well as the BAC clones) differed at several
Madison, WI). Riboprobes were routinely preannealed with 0.gqsjtions, including some in the coding region. A schematic of the
mg/ml (final) human @1 DNA (Gibco-BRL, Gaithersburg, opserved coding region changes is shown in FityFe regions
MD) for 5 min at 65C prior to hybridization in order to quench flanking theU3 genes (both the'5and 3-ends) in each of the

cross-hybridization of interspersed repeated sequences. clones were also extremely similar and were a close match to the
sequence in the database (data not shown; accession nos
Subcloning and DNA sequencing AF020531, AF020534 and AF020535).

In order to analyze the individudB genes from the P1 and BAC
clones PCR fragments were generated with the GM1/RNU3-
primer pair (—242 to +461). All of the PCR-based subcloning was
done using a thermostable polymerase mixture that included @wonsistent with the idea thi3 genes are clustered, we found
editing activity (e.g. Pfu polymerase; Stratagene, La Jolla, CA)hat the clones all mapped to the same cytological location when
Fragments were subcloned using the TA cloning system (pCRlked as FISH probes (FRA and B). FLpter measuremengb)

uman U3 genes associate with coiled bodies in
terphase cells
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cEm) e G would require that at least some CBs might be shared by more
v v than one locus. Previous attempts to address this question assaye
G ey genes on different chromosomes: tbd and U2 loci on
oo chromosomes 1p36 and 1721 respectively. Frey and Mafgra (
e found thatU1 andU2 signals co-localized inB% of the nuclei,
¢-c while Smithet al (16) detected overlapping1/U2/CB signals
vwb) e @ [M2% of the time (20% paired1/U2 signals, 60% of which
v ¢ co-localized with CBs). These authors suggest that since the
120-C - & signals occupy a relatively tiny volume of the cell, a 12% rate of
-c overlap is highly non-random and therefore significant. While we
¢ hesitate to make such a claim, it was clear that additional loci
A le should be assayed. Hence, we measured the frequdd2yafl
s| |o e U3 gene signal overlap in interphase Hela cells. Since these
o bexnls| [ oo sequences are located on opposite ends of human chromosome 1°
I8 el 2 : (070 Mb in normal cells), it may be that these sequences
-2 2 18 cow cuenec® U co-localize more often. When assayed independently we found
Dy U . geRGAGAGoes | P 180 that 45% of alU2 signals i = 342) associated with CBE5) and
L2 ¢-¢ that 22% of alU3 signals § = 582) co-localized with CBs. Based
- ¢ 100528 on these individual probabilities we might expect that &45
- A - g-200 0.22 = 10% of th&J2 andU3 signals would overlap with CBs. We
S u-a found that 33% of all th&)2/U3 signals were paired. Roughly
o - 66% of the cells displayed at least one pair of signals. Clearly,
oc v s additional multicolor analyses are needed before we can defini-
- ¢ s tively answer this question, however, these data suggest that
- ¢| Boxp individual CBs may, indeed, associate with more than one DNA
-2 s locus at a given time (FigD).
- e $¥sc - GA There are several properties that each of these putative CBORs
- 02 - T (histone,U1l andU2 genes) have in commoiX). They each
-2 c-¢ encode non-polyadenylated polymerase Il transcripts and have
- G AGCACCGARA A - Uy

conserved 3terminal stem—loop structures. Furthermore, they

do not contain introns and they are transcribed within large
Figure 1. Sequence and secondary structure of human U3 RNA (adapteJnumCOpy gene clusters in the human g_enome' We therefore
from 40). Site-specific changes in th8a and U3b genes versus the RNA ~ Wanted to learn more about the genomic organizatio3of

consensus sequence are marked with arrows. The conserved box A-DEnes.
sequences are also shown.

The RNU3 gene cluster is complex and contains long

. inverted duplications
on multiple metaphases averaged between 19.8 and 24.5% of the

length of the chromosome and are completely consistent witBur cytogenetic results (FigA) and those of Mazagt al (19)
previous mapping studies that placedRhJ3cluster at 17p11.2 suggested that3 genes are linked in the genome. However, Yuan
(26). Once we had established that the clones contdit®ed etal (10) isolated multiple independexiphage clones and found
coding sequences and that they hybridized to the prop#rat no two genes were present on the same clone. Hence, they
cytogenetic location, we assayed the frequency with which theferred thatU3 genes must be at least 15-20 kb apHd}. (
hybridization signals overlapped with CBs in both HelLa andRestriction mapping and Southern analysis of our P1 and BAC
HT-1080 cells{5). InterestinglyRNU3signals co-localized with  clones revealed that these large insert clones share extensive
at least one CB inb4% of HelLa cells and 20% of HT-1080 cells regions of homology (Fig8). PFGE showed that the three P1
(Fig. 2C). Previous work showed that histohd, andU2 gene clones were independent, while two of the BACs were sister
signals co-localized with CBs in a similar fraction of cells, whileclones to the other two (Fig). The maps were constructed using
those of control loci did notlf). The slightly lower rate of a combination o3 coding region and promoter probes as well
association of CBs wittU3 genes in HT-1080 cells is still as various end fragment probes generated via T7 or SP6
significantly higher than that of the controls, especially given thatanscription (see Materials and Methods). Examples of these
the association rate bR genes with CBs in HT-1080 cells is also blots are shown in Figuee In the first panel the three P1 clones
reduced [I75% in HelLa versus 35% in HT-1080; M.R.Frey andwere probed with &3 cDNA (Fig. 4A). When digested with
A.G.Matera, unpublished observations). This lower rate likelylul P1 clones 2981 and 2982 have only a sitfiepositive
results from the fact that HT-1080 cells are diploid and have avand, whereas 2983 had three. All other enzymes tested showed
average of only 1-2 CBs/cell, whereas HelLa cells are notorioushnly two bands for 2983. Analysis of the BAC clones showed that
aneuploid and have 4—6 CBs/cell (§&dor a discussion). the L14/M14 sister clones had only two posifiiell fragments,
Given the relatively small number of CBs per cell and th&lespite otherwise similar restriction patterns (Big). Visual
increasingly larger number of chromosomal loci with which thesmspection reveals, however, that one band is roughly twice as
CBs co-localize (to date tHeNU1, RNU2 RNU3 HIST1and dark as the other one (e.g. Fi@, lane 5). This suggested the
HIST2loci), it seems likely that the observed association ratesxistence of a nearly perfect inverted repeat. Fortuitously, one
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Figure 2. Cytogenetic mapping &8NU3clones and interphase association of the locus with 8B4 uman metaphase spread probed with P1 clone 2983. Signals
(in green) were detected exclusively on chromosome 17p11.2 with all P1 and BAC clones. The DNA counterstain (DAPI) idkrowB) iAn ideogram of
chromosome 17. The bar at right shows location of the FISH signals RNth&locus. C) An interphase Hela cell with twid3 signals (green dots) overlapping

with those of CBs (red). Approximately 54% of HeLa cells BA€B/U3 gene co-localization (see text). More than 100 cells were scored for each association rate
measurementD) An example of a cell with three sets of paitél(green) andU3 (red) signals and one upaired set. Despite being separdi#f byegabases of

linear DNA, U3 genes exhibit a high rate of association Withgenes. Roughly 66% of the cells had at leastufi63 signal overlap.

side of the inverted repeat was truncated within clone 298&nes 7 and 8), but not withiul (Fig. 4C, lane 5). Thus the sp6/82

generating the third band (Fig). homology region is duplicated in L14/M14 and is very close to
The extent of the inverted duplication is best illustrated by BAGhe end of the inverted repeat.

clones L14/M14. A perfect mirror image of restriction sites

projects nearly 45 kb in each direction from the two adjddarit Sequence analysis reveals extensive similarity

sites near the invertad3 genes (Fig3). The duplicated region throughout the cluster

must end somewhere distal to the sp6/82 probe region, otherwise

there would have to be an additiobl gene immediately distal We next analyzed the regions around ti& genes at higher

to that region in the BAC clones (Figand4C). In FiguredC the  resolution using a combination of conventional gel electro-

same blot from FigurdB was reprobed with the SP6 transcriptphoresis, restriction mapping, subcloning of end fragments and

from clone 2982, revealing the presence of two bands thBXNA sequence analysis. The results are summarized in Eigure

co-migrate with most of the enzymes we tested (e.g.4&lg. For clarity of discussion the solitaly3 gene in the contig has
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Figure 3. Schematic of the BAC and P1 contig for RidU3locus. The top line is the contig map, the arrowheads mark the positiondJ¥ gemes. Individual
clones are marked at the left. The SP6 and T7 promoters are shown above the appropriate vector ends (thicker litépruanmtes and coding region fragments
(arrowheads), as well as T7 and SP6 end probes (hatched boxes) were used to construct the map. The question mark atdeetai@nalf an invertdd3
gene pair, since sequence analysis of the end fragment from 2982 showed homologh3 t§-flenking region (see text and Fig. 6). EnzymesKgnl; P, Pad;

M, Mlul; S, Sal; N, Not.
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Figure 4. Southern blot analysis of P1 and BAC cloné3.R1 clones 2981 (lanes 1-3), 2982 (lanes 4-6) and 2983 (lanes 7-9) were dige#téd (éthes 1, 4

and 7),Mlul/Sal (lanes 2, 5 and 8) @al (lanes 3, 6 and 9). The blot was hybridized with3acDNA probe. Clone 2983 clearly has three bands in lane 7, while
the other clones have only one band. 2982 DNA was under-loaded relative to theRytB&E. DNAs C9 (lanes 1-4) and M14 (lanes 5-8) probed witB eoding
region probe. Clones were digested wWitlul (lanes 1 and 5MIul/Pad (lanes 2 and 6MIul/Sal (lanes 3 and 7) arfial (lanes 4 and 8). Note that there are two
bands in lanes 5-8. In each case one band is roughly twice the intensity of the other, due to inverted duplicatRingefitbe (see Fig. 5C) The blot from (B)

was stripped and reprobed with an SP6 end fragment RNA probe from clone 2982 (marked sp6/82 in Fig. 3). Note that thegeoaredhsp6/82 homology within
BAC clone M14, but that only certain enzyme combinations reveal their presence (e.g. lanes 5 and 6). The SP6 RNA pratrealad priga humandtl DNA

prior to hybridization to quench hybridization of repetitive DNAs, but some cross-hybridization (lighter bands) is still eviden

been designatdd3aand the two inverted3 genes were named extends for at least 700 bp (F&). Subcloning of a 3.5 kb end
U3bl andU3b2 (arrowheads, Fid). Note that the restriction fragment from 2983, containing only3b2, was accomplished
patterns of the flanking regions of tHi8aandU3bl/b2 genesis using a T7 vector primer and aRBNU3 primer. Analysis of this
conserved for over 2.5 kb upstream; downstream similaritglone proved that tHg3b2 gene is oriented as illustrated in Figure
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Figure 5. High resolution map of theg3 flanking regions within the individual clones. The top four lines are alignments of the restriction patterns in and du@and the
gene. The bottom four lines show restriction maps fdd8iegene pairs. The numbers below the lines show the distance from the transcription start sites. Arrowheads marl
theU3 genes (all of which have been sequenced using PCR primers flanking the genes; see Materials and Methods), while anmlrebabavt additional regions

that have been subcloned and sequenced. Thicker lines represent vector sequences; in the lower portion note thaf 288®fs gmdaposed to the right end of 2981

to save space and to illustrate their relative orientations only. EnzynigsnKH, Hindlll; E, EcaRI; B, BanHI; M, Mlul; S, Sal; N, Not; P, Pad.

3 and that its sequence is different from thaty8f, which we  on which the mirroretd3bl/b2 genes reside is two to four times
obtained by sequencing multiple PCR-derived clones from 298#s bright as the othétad fragments (Fig.7). Furthermore,
and 2982 (Figl). assembly of our nearly 200 kb contig predicts the existence of a

We also subcloned ttepni/Notl end fragments from clones 106 kbPad band that is not present on any of the individual
2981 and 2982. Sequencing from Kenl sites in both clones clones. A band of that length is clearly detected by Southern
(which we know from PFGE must be >100 kb apart) showed thghalysis of #ad genomic digest (Figr). Similarly, digestion of
the sequences were nearly identical (data not shown; cOMpP&{&cs from this region as well as genomic DNA wittpnl
accession nos AF020532 and AF020530). Likewise, alignmegqqyced the predicted 31 and 14 kb bands, in addition to others
of sequences near thidtl sites of 2981 and 2983 (see arrows, sqq Figs: data not shown). However, these restriction fragments
Fig. 5) also showed extensive similarity (compare accession NQge ¢, ained within individual P1 and BAC clones and thus do
AF020533 and AF0.20536)' '_I'hus the mverted_ du_p IICat'orﬁot help to confirm the contig map. Comparison of our contig
extends nearly 45 kb in each direction from the midpoint of the ; . : - .

‘th genomic DNA using other rare cutting enzymes &figand

U3bgene pair and the sequence complementarity within each h Y
suggests that this event occurred relatively recently in evolutio .UI) was cor_1founded by t_he probable_ methylatlon of CG
An additional point of interest was the fact that the sequend@inucleotides in the genomic DNAad is unique among

from the Notl site of 2982 showed striking similarity to the 8-cutter restrictiqn enzymes in that its recognition site contains
5'-flanking region of thaJ3 gene in the database (F&). Thus ©nly AT base pairs. _

clone 2982 was truncatédl.2 kb away from a putative fourt8 In summary, our data demonstrate that, ilkeandU2 genes,
gene in our contig. Furthermore, the orientation and sequenti® genes preferentially associate with CBs in interphase human
context of this region suggests the existence of andBielike  cells. Along with the two histone loci on human chromosomes 1
gene pair. In support of this hypothesis, we found that restricticand 6, theRNU3locus is the fifth such region to be identified as
digestion of genomic DNA witRad showed that the 22 kb band a CBOR.
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vs A e Bt Bl a0t FUIthermore, pulsed field and conventional Southem analyses

B2 (Not->on)  AAGOGATCEALCACETEGELatTCAMAGBLTBOBACTACABGLATEARLEACCACE revealed that the repeat structure within BNUS locus is
5 15 25 *35 45 *55 complex. In addition to the solitaky3a gene and the inverted
s et e et e 2 ot 12052, USbLb2 gene pair there is very likely an additiodab-like gene
[ERERERNRAN i i I I
2Nt kpr)  GLAGI 1T AT e b A psiadhbiac P @t the Send of our contig (see Figs6 and?). The locations
65 75 85 95 105 nso of the 49 and 77 kb bands are unknown, but likely to be nearby,
s e et B0k 0 R a0 09, since Mazaret al (19) did not detecU3 labeling at additional
SN NN N R N R NN N R RN RN NN AR R RN ] Chromosomalsitesl

82 (Not~>Kpn) EEGACCGGG:AEGGTGGCTCAE_GCCTGTCATE—CTAACACT’IGGGAGGCCGQGGCGGGT~G 3 N .
125 M35 145 155 165 175 Our high resolution clone maps (F&).agree well with those

0 ee e e O ey A o O, s s e ied four
82 (Not->Kpn) E%gAcCASGESEGAGATC%%CCATCczg%ECAAcc'igggAAAccmt‘gégwu\cr ifferent phage clones that look likéSa (HU3'_1_HU3'4) and
- ' one clone whose map corresponds to half48lainverted repeat
w08 ddsntwboicai i iitoalactu g, (HUS-178). The authors comment on the fact that the gene in
82 (Not->Kpn) ﬁgﬁgA\ACAAQQ@ETGGCCG%S%%TGGTGGE%;%CGCCTGISQ;CCCAGCIS%;GGGGAG HU3-178 was truncated by the C|0nlng VeCFOI’ and may be the
VD ¢ 1160 s 1800 o 1Bl - 1520+ 1500 result of an artefactlL()). We suggest that copies of the inverted
U3 3'-»5°  GCTGAGGCAGGAGAATTGCTTOAACCCGGBABGCACAGGCTECAGT GAGCCAAGATCA repeat were extremely under-represented in the older Xstyle

PELOLETEEEEE et 1 . H .
82 (NotKpn)  GCTOABGCACOAAARTTGCTTGAACCCOBEACOLACATELTGLATBALLLAAGATEA library and thus only truncated versions ofiitsb gene pair were
*305 %315 4325 2335 4345 4355

obtained {0). Furthermore, our higher resolution maps agree

well with previous genomic Southern analyses oRN&3locus
Figure 6. Sequence alignment of the end clone from 2982 (see Fig. 3; accessiofiL0,26).
no. AF020529) reveals homology to the upstream control regiob/dig@ne It was particularly surprising to find differences among the
(24) and suggests the exis_tence of andttfrgene pair. Numbering i; fror_n ' Coding sequences of this genes. The sequences of the inverted
the U3 transcription start site (top strand) and from the vector cloning site in U3b genes were identical, but differed at three positions from
2982 (bottom). those of the publishdd3 gene and at six sites with respect to the
U3agene (Figl). Similarly, theU3agene differed at three other
sites from the published U3 RNA sequence. None of the changes
interfered significantly with base pairing within stems of the U3
secondary structure (Fid.), however, one of the mutations

1 =y
12 . | -—106

97| (U23G inU3b) was in the conserved box A sequence. Although
these differences may be attributed to sequencing artefacts,
_ 77 multiple independent subclones amplified from different ge-

nomic clones (e.g. 2981 and 2982) had the same sequence.
Interestingly, Yuan and Redd{ @) noted that the rat Novikoff

. hepatoma cell line had three different length isoforms of U3
48— a0 RNA, whereas Hela cell U3 migrated as a single band. The point
mutations shown in Figuteshould not alter the length of thid
transcripts and thus are consistent with previous results. Regard-
24= -+:: less of whether these point mutations are real or not, thgse
genes all have extensivedhd 3 homologies and thus are each
presumably active genes.

38—

Concerted evolution ofRNU3

Figure 7. Genomic Southern analysis. High molecular weight genomic DNA The gene dUp_"C_ation(s) within II‘EN_UB locus is of recent
was isolated according to established protocols, restricted Reith and evolutionary origin. Not only are the inverted repeat sequences
subjected to FIGE. The blot was hybridized with a PCR fragment spanningneany perfect (>98.5% similar), but ti8aandU3bgenes share
positions —569 to +462 of thd3 gene. Molecular weight markers are at left; significant upstream (>2 5 kb) and downstream (>O 7 kb)
four bands were detected and are marked with arrows at right. The ‘band’ at the. ilariti " I h. | is | ’
top of the gel%150 kb) is due to a relatively large amount of DNA that is not SImilarities. Adquna y, the mousd3 gene cluster is Ocated on
cut byPad and was easily distinguishable on the ethidium stained gel (data nochromosome 11, in a region that is known to be syntenic with
shown). Note that the 22 kb band is more intense than the others. human chromosome 17p9). Three of the fouJ3 genes from
the mousenu3 locus are located on the same cosmid clone and
all are oriented in the same directidv) Thus theU3 genes
appear to evolve in concert (i.e. differdh® genes are more
DISCUSSION similar within a species than they are between species).
The RNU3 locus However, gene conversion events W|fch|n R¢U3locus are
apparently not as frequent as those withinRiNU2 locus on
The high degree of sequence similarity within the invedd8d  chromosome 17g228-30), sincelU2 genes within that array are
repeats is remarkable. Not only is the restriction pattern identicagsentially identical. Perhaps this greater variability anudihg
over a stretch of nearly 45 kb in each direction, but sequensequences is due to their clustered (as opposed to tandem) repes
analysis of selected regions within the repeat showed >98.58ftganization. Indeed, concerted evolution may well be a conse-
similarity at sites at least 6 kb upstream of th& genes. quence of tandem repetitiod%(31).



Nucleic Acids Research, 1997, Vol. 25, No. 23747

Coiled body organizers REFERENCES

. . . 1 Baserga, S.J. and Steitz,J.A. (1993) In Gesteland,R. and Atkins,J.F. (eds),
Early studies on amphibian oocyte nuclei revealed many The RNA WorldCold Spring Harbor Laboratory Press, Cold Spring
morphologically distinct structures, including nucleoli, lamp-  Harbor, NY, pp. 359-381.
brush chromosomes and ‘spheres’. The sphere organelles weteHughes,J.M.X. and Ares,M.J. (1I9E)BO 1, 10, 4231-4239.

first identified structurally, as knobs attached to the Iampbrusl’f1 gg\slfr;g"RTéf]'(';'égsi'té‘kAtg”%;g'onir'\évezbzbég'_%%?b 60, 897-908.

chromosomes of the newsZ, reviewed in33). Of particular 5 smith,C.M. and Steitz,J.A. (199CEll, 89, 669—672.

interest is the fact that some of the spheres within the amphibiaé Parry,H.D., Scherly,D. and Mattaj,|.W. (198%nds Biochem. Scil4,
oocyte are attached to the so-called ‘sphere organizer’ (SOR) 15-19. _ _

regions of the lampbrush chromosomes. These SORs are locatéd;/e"R- é%dows"'vc-’ Kobayashi,R. and Hemandez.N. (te8tiye

at or near the three different histone gene clusiers§) onthe g vo5n 3 and Roeder,R. (1998pl. Cell. Biol, 16, 1-9.

chromosomes of both frogs and newts. Spheres and CBs eaghsadowski,C., Henry,R., Kobayashi,R. and Hernandez,N. (F386) Natl.
contain high concentrations of ribonucleoproteins and other RNA  Acad. Sci. US/93, 4289-4293.

processing machineries (reviewed1i34). One of the most 10 é‘;]a”v_l\lf- %”g Rfd%’le-_ (19D89|D:’°Chim- ng*gs- Actgog_?l 1‘};'%\2-8 <
mportant finks between CB and spheres is that SPH-1, dh CeMarsC e Pasirt, Passage £, Cugen, BllauA, Soyers.
integral protein component of spheres, shows significant o Genet 2, 1235-1243.

structural homology to p80 coilirBf). Furthermore, Gall and 12 Gall,J.G., Tsvetkov,A., Wu,Z. and Murphy,C. (1998). Genet 16,
co-workers 86) demonstrated that the human p80 coilin protein |2_5—35-dA| g . M. (198@nds Cell Biol 3, 198204

H ini i amond,A.l. an armo-ronseca,vl. nas Ce 101 35, —. .
IS targe_ted to spheres when human mRNA was injected in Beven,A.F., Simpson,G.G., Brown,J.V(V.S. ?nd Shaw,P.J. (19@8) Sci,
amphibian oocytes. Thus spheres and CBs are homologoUs ;g 509 513.

organelles that are likely to have similar functions, but to date NG Frey,M.R. and Matera,A.G. (1998joc. Natl. Acad. Sci. USA2,
functions have been demonstratég)( 5915-5919.

We have shown that tHieRNU3locus preferentially associates 16 ;;“g%ggsa”em' Johnson,C. and Lawrence,J. (1895¢ll Biochem
with CBs in interphase human cells. All of the human CBOR locj; ‘&3 3G "stephenson,E.C., Erba,H.P, DiazM.0. and Barsacchi-Pilone,G.
identified thus far Y1, U2, U3 and histone) are members of ~ (1981)chromosomags4, 159-171.
repetitive gene families. What factors nucleate CB formation? b8 Callan,H.G., Gall,J.G. and Murphy,C. (19@Hromosomal01, 245-251.
it an RNA- or DNA-based event? It is possible that, like nucleol9 glazanys-t, ’\éaﬁé(iiM'_Gs'z' F;ggd(z%léN-, Qu,L.-H. and Bachellerie,J.-P. (1993)
a.‘nd rRNA genes, CBs may form. a.scmsequencef transcrip- 20 Sétr%%fggk,J.feFrisgﬂ,eE.F’. and Man.iatis,T. (1988ecular Cloning: A
tIC_)n of these cIu_stered_genes. Itis 'mpom_int to note that Sm and Laboratory Manual2nd Edn. Cold Spring Harbor Laboratory Press, Cold
trimethylguanosine epitopes are present in CBs, hence, they are spring Harbor, NY.
likely to contain mature, rather than nascent, snRNA&s Thus 21 ChanE.K.L. Takano,S., Andrade,L.E.C., Hamel,J.C. and Matera,A.G.
the analogy of NORs and CBORs is incomplete, since nuclegli (1994)Nucleic Acids Res22, 4462—-4469.
form in direct response to transcription of DN, whereas at 22 (Jl'gqggﬁfaggf‘tgr E‘S‘;%‘grfg\ézldez'“ﬂ'd"‘” Ochs,R L. and Spector,D.L.
least some of the snRNAs within CBs are thought to travel to th8 Bayer,D.w., Murphy,C., Wu,Z.W., Wu,C.H.H. and Gall,].G. (1084)
cytoplasm for shRNP assembly prior to re-import into the nucleus Biol. Cell, 5, 633-644.

(38). In the case of the histone gene—CB association it seems tAé&t Suh,D., Wright,D. and Reddy,R. (19%ipchemistry30, 5438-5443.
CBs have the additional function of recruiting U7 SNRNA, sincéS Lichter,P., Tang,C.-J.C., Call,K., Hermanson,G., Evans,G.A., Housman,D.

. . - . . and Ward,D.C. (19903cience247, 64—69.
the Sm site of U7 is required to specifically target this RNA tg, Juyal,R.C., Figuera,LE., HaugeX., Elsea,S.H., Lupski,J.R., Greenberg,F.,

CBs following micrOi_n_jeCtion int0_<enopl1$<?cytes 89). Baldini,A. and Patel,P.I. (199@)m. J. Hum. Geng&8, 998-1007.
Moreover, p80 coilin may be involved in cellular processeg7 Mazan,S. and Bachellerie,J. (19@®ne 94, 263-272.

affecting many other genes that are not recognized as CBORS. MateraA.G., Weiner,A.M. and Schmid,C.W. (198@).. Cell. Biol, 10,

: : 5876-5882.
Perhaps the Only reason we detect such hlgh concentratlonszgf Pavelitz,T., Rushé,L., Matera,A.G., Scharf,J. and Weiner,A.M. (1995)

p80 coilin near the CBORs is because these genes are clusteredgygo J 14, 169-177.
Current efforts are underway in the laboratory to characteriz® Liao,D., Pavelitz,T., Kidd,J.R., Kidd,K.K. and Weiner,A.M. (198R)BO
additional single and multicopy snRNA gene loci and to asl3< J., %6, 588-598. i ; ) ' §
; ; 1 Jeffreys,A., Tamaki,K., MacLeod,A., Monckton,D., Neil,D. and Armour,J.

whether they associate with CBs. (1994)Natire Genet6, 136-145.

32 Gall,J.G. (1954). Morphol, 94, 283-352.

33 Callan,H.G. (1986)ampbrush ChromosomeSpringer-\erlag, Berlin,

Germany.

ACKNOWLEDGEMENTS 34 Roth,M.B. (1995 urr. Opin. Cell Biol, 7, 325-328.

35 Tuma,R.S., Stolk,J.A. and Roth,M.B. (1993Fell Biol, 122, 767-773.
We thank W.Wu for PCR screening of the BAC clones and6 Wu,Z., Murphy,C. and Gall,J.G. (199pl. Biol. Cell 5, 1119-1127.
E.Chan for anti-p80 coilin antibodies. This work was supported’ f;‘;gfrl‘%g“ Schaefer,).E. and Laird,C.D. (1%#es Dey2,
by NIH grant GM-53034 (to A.G.M.). A.G.M. was alsO 38 Ggrlich,D. and Mattaj,l. (199&cience271, 1513-1518.
supported by a Junior Faculty Research Award from thes wu,C., Murphy,C. and Gall,J. (1998NA 2, 811-823.

American Cancer Society (JFRA-570). 40 Matera,A.G., Tycowski,K.T., Steitz,J.A. and Ward,D.C. (199d). Biol.
Cell, 5, 1289-1299.



