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A Consensus Alu Repeat Probe 
for Physical Mapping 

MARK A. BATZER, 
MICHELLE ALEGRIA-HARTMAN, 
and PRESCOTT L. DEININGER 

Physical mapping o f  the human genome involves a va- 
riety of complex hybridization-based procedures, some 
of  which rely upon the ability to separate human clones 
derived from human-rodent hybrid cell lines from those 
that contain background rodent-derived DNA se- 
quences. The ability to block the repetitive element (Alu 
repeat) portion of  inter-Alu PCR products derived from 
a variety of  complex sources is also crucial for the iso- 
lation of  unique DNA sequences. Here we report the 
construction and characterization of  a new consensus 
Alu repeat probe (pPD39) designed for these purposes. 

Introduction 
The isolation and analysis of specific DNA se- 
quences from high-density recombinant library fil- 
ter grids derived from cosmids [1], bacterial arti- 
ficial chromosomes (BACs) [2], yeast artificial 
chromosomes (YACs) [3], and bacteriophage P1- 
derived artificial chromosomes (PACs) [4] is cru- 
cial to mapping the human genome. High-density 
filter grids may be screened using a variety of com- 
plex probes including radiolabeled chromosome- 
specific flow-sorted material, polymerase chain 
reaction (PCR) products derived from any number 
of popular substrates, inter-Alu PCR products de- 
rived from monochromosomal hybrid cell lines, or 
other large insert recombinant clones, plasmids, 
or highly specific oligonucleotide probes. The vast 
majority of these procedures are limited only by 
the specificity of the hybridization probe. The ap- 
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plication of radiolabeled inter-Alu PCR products 
to this procedure facilitates the rapid preparation 
of human specific DNA probes derived from com- 
plex hybrid cell lines and large insert clones [5]. 
However, the amplification of exogenous DNA 
sequences using inter-Alu PCR also leaves a por- 
tion of the Alu repeat sequence itself at the 5' and 
3' termini of the derived products and the potential 
for background hybridization to the Alu repeats. 
To mitigate this background, in ter-Alu  PCR- 
derived hybridization probes or mixes must be 
preannealed to blocking DNA. The blocking DNA 
commonly used in these procedures is either Cot-1 
DNA fraction, or Alu repeat plasmid DNA from 
the clone BLUR 8 [6]. Cot-1 DNA fraction is time 
consuming to make, but is commercially available. 
BLUR 8 plasmid DNA can be isolated within the 
laboratory but suffers from a small truncation in 
the 5' region of the BLUR 8 Alu repeat sequence 
[6]. The truncation in BLUR 8 limits the blocking 
potential for 5' portion of Alu repeats, resulting in 
an increase in background hybridization to Alu se- 
quences. 

The unique identification of human clones de- 
rived from complex sources such as human- 
rodent hybrid cell lines is commonly facilitated 
based upon hybridization screening of the recom- 
binant clones. This type of screening is generally 
carried out using radiolabeled material derived 
from species-specific repeated DNA sequence 
probes such as the Alu clone BLUR 8, Cot-I DNA 
fraction, or total genomic DNA for humans. Each 
of these procedures suffers as a result of the ex- 
pense involved in generating the material (Cot-l), 
decrease in hybridization signal intensity from sin- 
gle-copy DNA sequences (total human DNA), or 
mismatch with the majority of Alu repeats (BLUR 
8). To mitigate these shortcomings, we have con- 
structed a new Alu consensus clone (pPD39) for 
the preannealing of complex probe mixtures and 
the identification of human derived clones. This 
probe has the advantage of representing a perfect 
match to the human specific (HS) Alu subfamily 
consensus sequence [7, 8], minimizing the mis- 
match to the majority of Alu repeats dispersed 
throughout the genome. 

Materials and Methods 

D N A  S a m p l e s  

DNA from PAC 24G6 was isolated from a 50-ml 
LB broth overnight culture supplemented with 20 
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ixg/ml kanamycin, as previously described, using a 
modified alkaline lysis procedure [4]. Plasmid 
DNA samples from the clones pPD39 and BLUR 8 
were also prepared from 50-ml LB broth overnight 
cultures that contained 50 ixg/ml ampicillin, using 
Qiagen tips as recommended by the manufacturer. 
HS C3N1 DNA was isolated from a 5-ml LB broth 
culture supplemented with 50 ixg/ml ampicillin by 
using a standard alkaline lysis miniprep procedure 
[91. 

Construction of  pPD39 

The plasmid pPD39 was constructed with the PCR 
products derived from the amplification of clone 
HS C3N1 as outlined below using the primers 

P D 1  5 ' - G C C G G A T C C G A A A A A A G A G C A G G G C A G T - 3  ' 

and 
P D 2  5 ' - G C C G G A T C C G G C C G G G C G C G G T G G C T -  

C A C G C C - 3 '  

which contain BamHI restriction sites. The ampli- 
fied PCR products were digested to completion 
with BamHI and ligated to BamHI-digested de- 
phosphorylated pBluescript KS + (Stratagene) for 
16 h at 14°C using standard conditions [9]. The 
resultant ligation mixture was used to transform 
competent Escherichia coli XL1 Blue cells (Strat- 
agene) and plated on LB agar supplemented with 
50 ixg/ml ampicillin [9]. Small toothpick transfers 
were then made from several colonies and sub- 
jected to PCR amplification using T3 and T7 pro- 
moter-specific primers. A single colony that am- 
plified a DNA fragment of -500 bp was isolated 
and designated pPD39. The nucleotide sequence 
of clone pPD39 was subsequently determined by 
standard dideoxy procedures using Sequenase 
(US Biochemicals) and [et-3sS]dATP on plasmid 
templates with T3 and T7 promoter primers as well 
as internal HS Alu-specific primers [7, 8] and has 
been assigned Genbank accession number U 
02043. The clone (pPD39) has been submitted to 
the American Type Culture Collection (ATCC 
79806 for bacterial cells and 79807 for DNA). DNA 
sequences were compared by using the F S T N S C A N  

program from the PC/Gene (Intelligenetics) suite. 
The FSTNSCAN program is based on the FASTN 
algorithm of Lipman and Pearson [10]. 

Polymerase Chain Reaction Amplification 

PCR amplification of plasmid DNA samples was 
carried out in 100-1~1 reactions by using 100 ng of 
target DNA, 750 ng of each primer, 200 IxM 

dNTPs, and ampliTaq DNA polymerase (3 U) ac- 
cording to the supplier's instructions (Roche Bio- 
medical). Each sample was subjected to the fol- 
lowing amplification profile: 5 min at 94°C, and 30 
of the following cycles: 45 s at 94°C (denature), 45 
s at 50°C, and 45 s at 72°C (extension). A total of 
20 ixl of each sample was then fractionated on a 2% 
agarose gel with 0.5 ixg/ml ethidium bromide. PCR 
products were directly visualized using UV fluo- 
rescence. 

Hybridization to High-Density 
Cosmid Arrays 

High-density grid filters in a duplicate 6 x 6 array 
derived from a chromosome-19-specific cosmid li- 
brary were prepared as previously described [11]. 
DNA (I00 ng) from the chromosome-19-specific 
PAC (24G6) clone was subjected to inter-Alu PCR 
using the primers Alu-5' and Alu-3' as previously 
described [12]. The PCR products were purified 
using column chromatography (Bio-Rad Prep-A- 
Gene kit) and radiolabeled using a Megaprime 
DNA-labeling system (Amersham) and [~ 32p]_ 
dCTP by the random priming method [13] to a 
specific activity of > 108 cpm/ixg. The resultant ra- 
diolabeled inter-Alu PCR products were purified 
by column chromatography using minispin col- 
umns (Worthington) and equal amounts of the 
probes were preannealed with 500 ixg/ml of BLUR 
8, Cot-1 (Gibco BRL), or pPD39 DNA by boiling 
and incubation at 65°C for 20 min prior to hybrid- 
ization. DNA from the plasmid pUC 119 was also 
radiolabeled as described above and used to hy- 
bridize to the offset positions of the high-density 
cosmid filter grids. The filters were prehybridized 
for 2 h at 65°C in 0.6 M NaC1, 0.2 M Tris pH 8.0, 
2% SDS, and 0.1% sodium pyrophosphate, fol- 
lowed by hybridization in 50 ml of fresh solution 
that contained 1 z 107 cpm/ml of one of the prean- 
nealed inter-Alu PCR-derived probes for 16 h. The 
membranes were subjected to a stringent wash in 
0.1× SSC--0.1% SDS for 30 min at 65°C and ex- 
posed to a Phosphorlmager (Molecular Dynamics) 
plate overnight followed by quantitative analysis. 

R e s u l t s  and  D i s c u s s i o n  

The nucleotide sequence of pPD39 as well as 
BLUR 8 are compared with the HS [7, 8] or pre- 
dicted variant (PV) [14, 15] Alu subfamily consen- 
sus sequence in Figure 1. The clone pPD39 is an 
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HS CON 

pPD39 

BLUR 8 

GGCCGGGCGC GGTGGCTCAC GCCTGTAATC CCAGCACTTT GGGAGGCCGA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  o . . . . . . . . . . . . . . . . . . . . .  

XXXXXXXXXX XXXXXXXXXX XXXX ........................ A. 

50 

HS CON 

pPD39 
BLUR 8 

GGCGGC~GGA TCACGAGGTC AGGAGATCGA GACCATCCCG GCTAAAACGG 

..A .... A ...... CT.AAGTC ..... T.T ....... G..T. ..C..C.T.. 

100 

HS CON 

pPD39 

BLUR 8 

TGAAACCCCG TCTCTACTAA AAATAAAA AATTAGCCGG GCGTAGTGGC 

...... T..A ........ G ............ x ...... A. ..A.G...AT 

150 

HS CON 

pPD39 

BLUR 8 

~GCCTGT AGTCCCAGCT ACTTGGGAGG CTGAGGCAGG AGAATGGCGT 

.C.T ..... G .A ............ A .......... A...A ..... CC.T. 

200 

HS CON 

pPD39 

BLUR 8 

GAACCCGGGA GGCGGA~TT GCAGT~C ~TCCCGC ~CTGCACTC 

A .... AAx .... T .... G .................. G.A. ~ ........ 

250 

HS CON 

pPD39 

BLUR 8 

CAGCCT~ GACAGAGCGA GACTCCGTCT CAAAAAAAAA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AI2 

........ Tx ................ A ............ x 

290 

Figure 1. Al ignment  of  pPD39 and B L U R  8. The  al ignment of  pPD39 and B L U R  8 as compared  with the h u m a n  specific (HS) Alu 
su-'f'b-f'~mily consensus  sequence  [7, 8]. Nucleot ide  subst i tut ions and insert ions are denoted with the appropriate base.  Delet ions are 
marked  with an x. 

exact match to the HS subfamily consensus se- 
quence with BLUR 8 being -10% divergent from 
this subfamily. The HS subfamily of Alu repeats 
represents  one of the most recently inserted 
groups of Alu repeats located within the human 
genome, and is comprised of 500 [7, 8]-2000 [14] 
nearly identical members. BLUR 8 is derived from 
the older primate specific (PS) subfamily of Alu 
repeats that amplified within the genome 40-60 
million years ago [16], but is still diverged from 
that subfamily consensus by -15%.  The majority 
of Alu repeats dispersed throughout the genome 
differ from each other by 20%--30% [6]. Therefore, 
a consensus Alu repeat sequence should be the 
most effective hybridization probe to detect hu- 
man DNA sequences. To ascertain the amount of 
nucleotide sequence similarity among BLUR 8, 
pPD39, and a random sample of Alu repeats from 
the human genome, we aligned each of the probes 

with the Alu repeats located within the human thy- 
midine kinase (tk) gene [17]. The results of these 
alignments are shown in Table 1. These data show 
that pPD39 is on average a 3% better match with 
the Alu repeats located within the introns of the tk 
gene than is BLUR 8. This implies that pPD39 will 
serve as a slightly better hybridization probe for 
the identification of human DNA sequences than 
will BLUR 8 through hybridization to a broader 
spectrum of Alu repeats. Similar arguments apply 
to the mixture of diverse Alu repeats in total or 
Cot-1 DNA. In hybridization experiments using 
Southern blots derived from human-rodent hybrid 
cell line DNA to detect human Alu sequences, we 
find that pPD39 hybridized effectively at 5°C 
higher temperature than did BLUR 8 (data not 
shown). Thus, pPD39 is also useful as a probe to 
detect human DNA sequences (Alu repeats) under 
higher-stringency hybridizations. 
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Table 1. Similarity of Selected Alu Repeats and 
Probes" 

BLUR 8 BLUR 8 opt pPD39 pPD39 opt 

tkA 66.4 73.8 68.7 77.6 
tkB 79.4 80.2 79.7 81.7 
tkD 77.4 79.3 73.5 81.2 
tkE 78.5 79.4 78.7 79.4 
tkF 75.4 76.9 75.5 78.0 
tkG 80.5 82.6 81.5 84.9 
tkH 78.1 78.4 79.4 80.0 
tkl 79.8 80.3 82.7 85.0 
tkJ 81.8 81.8 84.7 85.5 
tkK 84.2 84.8 85.6 86.4 
tkL 82.1 82.6 93.0 93.0 

Average 79.1 81.9 

~Alu repeats taken from the human thymidine kinase gene [17]. Ini- 
tial alignment using FSTr~SCAN (PC/Gene) and manually optimized (opt). 
Scores are listed as the percentage of nucleotide overlap. 

Another important criterion for the application 
of any hybridization probe is the amount of effort 
required to isolate a sufficient amount of material. 
The HS consensus Alu repeat located within 
pPD39 is flanked on either side by a variety of 
potential oligonucleotide-priming sites. Therefore, 
the consensus Alu repeat sequence within the 
pPD39 plasmid may be amplified using PCR from 
a combination of primers including the Bluescript 
forward and reverse primers as well as the T3 and 
T7 promoter primers as shown in Figure 2. This 
facilitates the rapid production of a large amount 
of Alu repeat-derived material from a small 
amount of template DNA. The ability to generate 
an Alu containing PCR product mitigates the ne- 
cessity for large-scale plasmid DNA preparations. 
This also greatly increases the potential methods 
for radiolabeling the consensus Alu repeat se- 
quence prior to use. 

To ascertain the efficiency of pPD39 as a block- 
ing (preannealing) reagent for inter-Alu PCR prod- 
ucts, we made a direct comparison with two other 
common blocking reagents (Cot-1 DNA and 
BLUR 8). Inter-Alu PCR products derived from a 
human chromosome-19-specific PAC clone were 
radiolabeled and used as probes on high-density 
chromosome-19-specific cosmid filter arrays as 
shown in Figure 3. A single cosmid displayed a 
positive hybridization signal on this filter (in du- 
plicate) from a set of seven total high-density chro- 
mosome-19-specific cosmid filters. In this ap- 
proach, we were already aware of which cosmid 
clones should in fact hybridize with the PAC inter- 
Alu PCR products. This allowed us to determine 

? 
2 

W 

g 

Figure 2. Polymerase chain reaction (PCR) amplification of 
p-PO3-9~. An agarose gel (2%) chromatograph of PCR products 
derived from the amplification of pPD39 using T3 and T7 prim- 
ers (Materials and Methods): (lane 1) PCR products derived 
from the amplification of pPD39, (lane 2) pBluescript KS + 
without the pPD39 Alu repeat; and (lane 3) water-negative con- 
trol. The marker was ~X174 RF HaelIl digest. 

whether any of the blocking reagents had any type 
of detrimental effect upon the hybridization pro- 
cess. Following exposure to a Phosphorlmager, 
we were also able to compare quantitatively the 
background hybridization intensity and positive 
hybridization signals to determine the relative ef- 
fectiveness of pPD39 as a blocking reagent. A 
printout from the Phosphorlmager shows that 
there is little if any visual difference in the effec- 
tiveness of the various blocking substrates. Sev- 
eral other chromosome-19-specific PAC and BAC 
clones gave similar results (data not shown). In 
general, after quantification and normalization of 
the data, pPD39 was 30%-40% more efficient as a 
blocking probe, resulting in approximately the 
same visual appearance. In each instance, all of 
the cognate-positive chromosome-19-specific 
cosmids were detected, indicating that there were 
in fact no detrimental effects introduced by any of 
the blocking reagents. The application of pPD39 as 
a blocking reagent is also enhanced by the ability 
to generate material using the PCR. 
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Figure 3. Application of pPD39 as a blocking reagent. Photo- 
the hybridization of inter-Alu polymerase chain reac- 

tion (PCR) products derived from a chromosome-19-specific 
bacteriophage Pl-derived artificial chromosome (PAC) clone 
(24G6) to a high-density chromosome-19-specific cosmid array 
after preannealing (blocking) with different blocking reagents 
and exposure to a Molecular Dynamics Phosphorlmager. Ra- 
diolabeled inter-Alu PCR products derived from PAC 24G6 
(Materials and Methods) were preannealed to either (A) Cot-1, 
(B) BLUR 8, or (C) pPD39 DNA prior to hybridization. 

Summary 
All human Alu family members can be roughly 
considered to be randomly mutated from the Alu 
consensus sequence by -14°/a--15%. Thus, any 
two Alu sequences will show roughly twice that 
divergence from each other. Any individual Alu 
sequence, or even mixture of Alu sequences, will 

almost always show more divergence from an- 
other Alu repeat than from the Alu consensus se- 
quence. Therefore, using a consensus Alu repeat 
as a blocking agent, or hybridization probe, has 
theoretical advantages. We have demonstrated 
that although all of the Alu blocking and hybrid- 
ization strategies work well, there is some advan- 
tage to the use of pPD39. In addition, we demon- 
strate the simple preparation of pPD39 as a block- 
ing and hybridization sequence by using a PCR 
approach. 
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