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Study of closely related genes or individual members of gene fami-
lies and their expression by hybridization is limited by the often short blocks
of sequences that are distinct and characteristic. Preparation of effective
hybridization probes from short sequence templates, such as the 125-bp 3'
UTR of one of the replication-dependent histone H3.1 genes in alfalfa (1),
by random priming is difficult. The small size of the template makes repeti-
tive preparation from a plasmid digest inconvenient, the labeling efficiency
with digoxigenin-dUTP is low, and heterogeneity in probe length results in
reduced sequence specificity and signal strength. We have developed a
simple method that, in a one-tube reaction, allows us to ligate small amounts
(ng) of short sequences into tandemly arranged multimers and to insert these
into a suitable vector. The resulting concatemer insert is readily prepared
and yields probes of high specificity and effectiveness.

One can prepare directed head-to-tail sequence multimers by T4 DNA
ligation if restriction enzymes in the reaction cut all head-to-head or tail-to-
tail ligation products. This prevents creation of sequences with a high poten-
tial for secondary structures, which have been shown to be unstable in E.
coli (2). The method described here extends this approach based on a com-
bination of distinct restriction sites with complementary termini (3) to
restriction enzymes that produce blunt termini. This allows for a much
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wider combination of possible restriction enzyme pairs. We show an exam-
ple of how to create readily appropriate fragment ends. Application of the
method is described for a very small amount of a DNA fragment obtained
by restriction digestion of a plasmid miniprep. We describe the optimized
conditions for inclusion of a third blunt-cutter restriction enzyme in the
same one-tube reaction. This will prevent vector self-ligation, promote
insertion, and obviates the need to purify ligated multimer. Polyethylene
glycol at 7% favored all concurrent reactions.

Digestion of plasmid pH3c-1 by restriction enzymes Hinfl and Clal
produces a 123-bp 3' UTR fragment (/) specific for one member of the
alfalfa histone H3.1 gene family (4,5; Robertson and Waterborg, unpub-
lished observations). Its start at 8bp beyond the stop codon excludes
protein coding sequence homology with other histone H3 genes. It ends
2 bp beyond the polyadenylation signal sequence and thus excludes polyA
tracts as well as the polyG tail, a result of the original cDNA cloning
procedure (7). pBluescript II SK vector (Stratagene, polycloning site:
Smal-Pstl- EcoRI-EcoRV-HindIll-Clal-HincII) was chosen to create suitable
and distinct blunt restriction termini by insertion at the Ps#I and Clal sites.
The insert was prepared from the Ps¢I delimited insert of pH3c-1 (/) by
digestion with HinfI (all enzymes: Promega), fill-in of termini with Klenow
polymerase, heat inactivation, digestion with Clal and isolation from low-
melting agarose (6). The vector was prepared similarly by digestion with
Pstl, trimming back with T4 DNA polymerase, heat treatment and diges-
tion with Clal (7). Digestion of the ligation product by Smal and Hincll
yields the 123-bp 3' UTR extended by only a few base pairs and terminated
by two distinct blunt termini.

Direct repeating multimers of this UTR fragment were produced by incu-
bating 100 ng fragment, eluted from agarose (6), in a total volume of 15 pL
for 3h at 25°C with 1.5 U T4 DNA ligase, 3 U Smal, 3 U HincII in 0.5X
Promega T4 DNA ligase buffer (15 mM Tris-HCI, pH 7.8, 5 mM MgCl,,
5 mM DTT, and 0.5 mM ATP), 0.5X Stratagene Universal buffer (50 mM
K-acetate, 12.5 mM Tris-acetate, pH 7.6, S mM Mg-acetate, 0.25 mM
B-mercaptoethanol, 5 pg/mL BSA), and 7 % (w/v) polyethylene glycol
8000 (Sigma). In a parallel reaction, 1 ug pcDNA II (Invitrogen, poly-
cloning site: --Xhol-BstXI-EcoRVPstl-EcoRI-BstX1--) was digested in 10 uL.
for 2h at 37°C with 4 U EcoRV in 1X Stratagene Universal buffer. Subse-
quently, 5 puL of this digest (500 ng pcDNA II), 4 U EcoRV, 3 U Smal, 3 U
Hincll, and 3 U T4 DNA ligase in 25 uL 0.5X Promega T4 DNA ligase
buffer and 0.5X Stratagene Universal buffer was added to the ligation reac-




tion and incubated for a further 2 h at 25°C, 30 min at 37°C, and 10 min at
70°C to allow insert ligation, digest all remaining or created restriction sites,
and inactivate all enzymes, respectively.

E. coli DH50a. (Gibco-BRL) was transformed with 5 pL reaction mixture,
plated on LB agar with carbenicillin (0.1 mg/mL), and supplemented with
0.1 mL X-gal (5-bromo-4-chloro-3-indolyl-B-p-galactoside, 20 mg/mL)
and IPTG (isopropyl-thio-B-p-galactoside, 20 mg/mL) for blue-white
colony selection (7). Miniprep DNA from white colonies was digested with
BstX1, and insert size was assessed by gel electrophoresis. The expected
direct repeat organization of inserts with multiple UTR fragments was con-
firmed by restriction analysis.

UTR multimer insertion products created under identical conditions
except for the addition of Smal and Hincll gave very different results. The
only UTR multiples obtained, at a very low frequency and as dimers, proved
to be direct repeats, suggesting that head-to-head and tail-to-tail ligation
products were not stable and maintained. In addition, monomer inserts and
empty vectors were seen. No such products were observed with appropriate
excess of all restriction enzymes in the reaction.

One clone containing a direct tetramer repeat was used to prepare
digoxigenin labeled probes. The complete insert (0.5 kb) was released by
BstX1 digestion, purified from low melting agarose with Geneclean II
(Bio101) and incubated with digoxigenin-dUTP, random hexanucleotide
primers, dNTPs, and DNA polymerase as described for the Genius system
(Boehringer). Southern analysis with this probe of pH3c-1 DNA, digested
with Pstl and EcoRV, and of plasmid pH3c-11, a cDNA clone for alfalfa
histone H3.2, digested with PsfI and Pvull (1,4), demonstrated its specific-
ity for the 3' UTR of the histone H3.1 cDNA with a twofold increase in
signal strength relative to probe made from the 220-bp 3' UTR containing
EcoRV-Pstl pH3c-1 fragment used before (4). Crosshybridization with
homologous and heterologous coding sequences or with vector or polyA
fragments was not detected.

The activity of enzymes and thus their relative amounts to be used were
assessed in test reactions under various conditions. In establishing optimal
enzyme concentrations Promega and Stratagene technical instructions were
also used. We found that at 25°C each of the restriction enzymes as well as
T4 DNA ligase work efficiently in the buffer combination described above.
Optimal enhancement of blunt end ligation by polyethylene glycol under
our conditions occurred at 7%. Yield of longer multimers was enhanced by
larger excess of vector sequences.




The vector chosen to receive the directed multimer insert should not con-
tain a site for any of the delimiting restriction enzymes. EcoRV vector
digestion for Smal-Hincll fragments represents one possible combination.
Alternatives could be Smal-EcoRV delimited multimer fragments inserted
in the presence of all three enzymes into HincIl digested pGEM9ZS or
pGEMI11Zf (Promega) or HincII-EcoRV fragments inserted into Smal
linearized pTRXN (USB) or pPGEM7Zf (Promega). Other combinations of
restriction enzymes that support directed blunt ligation and that do not cut
most or all currently used plasmid vectors could be selected from enzymes
like Ball, Hpal, Nrul, Pmel, Pmil, SnaBl, Srfl, Stul, and Swal and their
isoschizomers. In case the vector linearizing enzyme could cut the insert,
purified linearized and dephosphorylated vector DNA should be added to
the multimer ligation reaction in the absence of linearizing enzyme.
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