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TABLE 3 Sequences with the Same Content of G and C and Variable Content of GC Dimcrs

No. Sequence d(G-C)n

15
16
17
18
19
20

CCCCCCCCCCCCCCCCGGGGGGGGGGGGGGGG
GCCCCCCCCCCCCCCCGGGGGGCGGGGGGCGC
GCCCCCCCGCCCCCGCGCGGGGGCGCGGGGGC
GCGCCCCCGCGCCCGCGCGCGGGGGCGCGGGC
GCGCCCCCGCGCGCGCGCGCGGCCGCGCGCGC
GCGCGCGCGCGCGCGCGCGCGCGCGCGCGCGC
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FIGURE 5 HPLC traces of sequences 15-20 (Table 3) with increasing numbers of GC dimer sequences
(top to bottom).
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Another question arose as to whether or not it was the d(G-C) dimers
responsible for the difficulties in synthesis or was it the dG and dC content
alone. To test this, the oligomers in Table 3 were synthesized.

Again, in the absence of runs of dIG-C) the synthesis appears to proceed
normally. As the dCs and dGs are "scrambled" the failure sequences become
more pronounced.

dA dC dT dG

A A A

FIGURE 7 HPLe of homoollgomcrs.
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FIGURE 8 HPLC of oligonucleotides 21-28 (see Table 4),

Figure 6 shows the effect of other dimers on synthesis. Again. the most
noticeable effect is with d(C-C)n. Figure 7 shows the chromatograms of the
homooligomers d(A)32. d(C)g2. d(G)32. and d(T)g2.
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TABLE 4 Sequences of Oligonucleotides with Different G and C Containing Motifs

715

Number Trace Sequence l\'Iotif

21 a d(G-C-C) !O-G-C Gee Trimer
22 b d(G-G-C)10-G-G GGCTrimcr
23 c d (G-G-C-Chl ecce Tetramer
24 d d (G-G-G-CrCrG-CrC) .j GGCCGCGC Octamer
25 c d (G-G-G-G-G-C) r,-G-C GCCGGC l-lexamer
26 f d (G-(~Cr(~G-("rC).J GGGGCCCC Octamer
27 g d (G-G-G-G-CrCj;,G-G GGGCCC Hexamcr
28 b d (G-G-G-G-G-G-G-G-C,G-G-G-G-G-G-C) 2 GGGGGGGGCCCCCCCC Hexadecamer

In Figure 7, the retention times of the dG and dT oligomers are longer
than those for ciA and dC presumably due to the ring dissociations at the
N-I of guanine and the N-3 of thymine in the pH 12 buffer system. The dG
coupling does not proceed as well as the others, but it is still more efficient
than in the case of d(G-C)n'

Figure 8 shows the effects of other GC motifs on synthesis. The se­
quences of the oligonucleotides chromatographed in Figure 8 are given in
Table 4.

Although some failure sequences are observed, none give results com­
parable to d(G-Ch6. All of the results described up to now have been
with 32 base long oligonucleotides. We also wished to investigate the effect
of dIG-C) runs with other chain lengths. Figure 9 shows the results with
d(G-C)12, d(G-C)2o, and d(G-C)35'

DISCUSSION

In this study, it was found that a series of contiguous dIG-C) or
d(G-G) sequences can have a deleterious effect on DNA oligonucleotide
synthesis. The critical number seems to be about 6 GCs in a row. If
the GCs are separated by other nucleotides, the effect is not as se­
vere. The problem is specific to d(G-G-G-G-G-G-etc). Repeating trimers,
such as d (G-G-C)n or d (G-G-C)n, do not show the effect. Runs of other
dimers or monomers do not seem to have the same effect. Rudimentary
molecular modeling (MM2, Chem3D, CambridgeSoft) suggests that the
AT sequence is nearly linear, but the GC sequence is more convoluted.
We may speculate that the accessibility of the 5' end of the molecule
plays a large role in reactivity during the coupling reaction. Alternative
explanation that GC rich sequences are degraded during deprotection
was ruled out by experiment in which products were exposed to repeated
deprotection. The profile of impurities did not change significantly in these
experiments.
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FIGURE 9 HPLC of various lengths GC repeat oligonucleotides. 24-mer d(G-C) 12, top. -lu-mer d(G­
Cho, middle trace, and 70-mer d(G-Cbs, bottom. (Note different gradient for each trace.}
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