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Escaping the Cut by Restriction Enzymes Through
Single-Strand Self-Annealing of Host-Edited 12-bp

and Longer Synthetic Palindromes

Fernando Castro-Chavez

Palindromati, the massive host-edited synthetic palindromic contamination found in GenBank, is illustrated and
exemplified. Millions of contaminated sequences with portions or tandems of such portions derived from the
ZAP adaptor or related linkers are shown (1) by the 12-bp sequence reported elsewhere, exon Xb, 5¢
CCCGAATTCGGG 3¢, (2) by a 22-bp related sequence 5¢ CTCGTGCCGAATTCGGCACGAG 3¢, and (3) by a
longer 44-bp related sequence: 5¢ CTCGTGCCGAATTCGGCACGAGCTCGTGCCGAATTCGGCACGAG 3¢.
Possible reasons for why those long contaminating sequences continue in the databases are presented here: (1) the
recognition site for the plus strand ( + ) is single-strand self-annealed; (2) the recognition site for the minus strand
( - ) is not only single-strand self-annealed but also located far away from the single-strand self-annealed plus
strand, rendering impossible the formation of the active EcoRI enzyme dimer to cut on 5¢ G/AATTC 3¢, its target
sequence. As a possible solution, it is suggested to rely on at least two or three independent results, such as
sequences obtained by independent laboratories with the use, preferably, of independent sequencing methodol-
ogies. This information may help to develop tools for bioinformatics capable to detect/remove these contaminants
and to infer why some damaged sequences which cause genetic diseases escape detection by the molecular quality
control mechanism of cells and organisms, being undesirably transferred unchecked through the generations.

Introduction

Apalindromic sequence is a sequence that says the
same if read from the plus or the minus strand; that is, the

numerous restriction sites of the double-helix DNA that are
subject to enzymatic digestion. In grammar, this is equivalent
to a sentence that reads the same from left to right than from
right to left, that is, a 14-letter phrase: / MAPS DNA AND
SPAM ) except that more complexity is to be found in the
DNA in the form of a bi-dimensional complement of the
double-helix (G-C and A-T), something even more complex
than the closest examples obtained by using only words, ex-
amples lacking of such a differentially paired complement:

Similarly, palindromati is an artificial phenomenon of hetero-
transcription contaminating millions of sequences in the Gen-
Bank, a nucleic acids database, through the sequence 5¢
CTCGTGCCGAATTCGGCACGAG 3¢ or its derivatives
(Castro-Chavez, 2004). Palindromati is a laboratory artifact
produced by a biological host (yeast or bacteria) interacting
with a vector equipped with adaptors. Through host–vector

interactions, those adaptors are generating either full or partial
palindromes or palindromic sequences capable of single-strand
self-annealing that are preventing them from being degraded
by restriction enzymes such as the active dimer formed by EcoRI
(Castro-Chavez, 2010, 2011). The normal digestion of EcoRI is
represented in Figure 2A. The contamination by linkers may
include the complete adaptor sequence or longer tandem re-
peats of it or of its fragments, contaminating DNA and/or RNA
(cDNA) sequences, and/or any other technology depending on
sequences of nucleic acids such as microarrays.

Exon Xb is the name given by Li et al. (1999) to a palin-
dromic linker of unknown origin (Zhao et al., 2009) re-
presented by these authors as the 10-bp palindrome 5¢
CCGAATTCGG 3¢; however, due to its self-annealing
properties, it actually takes the form 5¢ CCCGAATTCGGG
3¢, artificially adding the C at its 5¢ side (apparently from
human Chromosome 7), and the G at its 3¢ side (apparently
from the ACAT1 gene present in human Chromosome 1). It
was named exon Xb by its authors to distinguish it from the
exon Xa, a 1277-bp sequence at its 5¢ side.

The most striking evidence pointing toward exon Xb being
an artifact is when Chang et al. (1993) reported receiving the
DNA library from Kodama, who donated his construct of a
lambda-ZAP II library containing the cDNAs of the human
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macrophage line THP-1 (Kodama et al., 1990; Matsumoto
et al., 1990); it was in 1990 when the ZAP adaptors reached
the molecular research market (Yoshikawa et al., 1997). Ad-
ditionally, ‘‘restriction fragments were subcloned into linker
sites of pBluescript vectors (Stratagene) for sequencing’’ (Li
et al., 1999).

Some of the current computational reviews of trans-
splicing quoting the initial article of the exon Xb declare
that to rule out the possibility of this hybrid mRNA as being
a ligation artifact produced during cDNA synthesis in vitro,
its authors performed RT–PCR experiments (of human
brain, intestine, and liver), obtaining results apparently
consistent with the trans-splicing hypothesis (Herai and
Yamagishi, 2010); however, those RT-PCR experiments
were done by the same group that initially reported exon
Xb. Another article including Li’s 1999 reference also used it
as example of trans-splicing of ‘‘human acyl-CoA:choles-
terol acyltransferase-1 (ACAT-1) and Xa exon, respectively
on chromosomes 1 and 7’’ (Mayer and Floeter-Winter,
2005); however, in this case as in many others (Schoenfelder
et al., 2010; Roy et al., 2011, etc.), the authors completely
ignore the central palindromic exon Xb, which is apparently
the responsible for the artificial phenomenon of hetero-
transcription. We need to remember that every computer
expert and data analyst is only going to receive what is
deposited in the molecular databases; information that
ought to be analyzed with strict stringency by both the
submitter before uploading it online, and by the curator’s
careful cleansing and processing of such information pub-
licly accessible to everybody.

The first sequence reported by Yoshikawa et al. (1997) in a
Letter to the Editor as the most prominent contaminant, was
one of five earlier instances of methodological nucleic acid
contaminants; for example, it was the sequence under our
consideration here that was presented in their Table 1 as: 5¢
(G)AATTCGGCACGAG 3¢ (Stratagene, ZAP library adap-
tor, commercially available in 1990). There, the G in paren-
theses of the 5¢ end was not originally included in the
manufacturers’ sequence, but was added by Yoshikawa be-
cause the cDNA sequences studied by them contained an
extra G at the 5¢ end, added maybe by the host–vector in-
teraction (see below).

Yoshikawa et al. (1997) documented finding *88 se-
quences contaminated by the ZAP library adaptor in 1997
(here, in Appendices A–C you can find links to > 1200 ex-
amples). In some of them ‘‘the match began with part or all
of the EcoRI site (GAATTC) deleted’’; the remarkable dis-
appearance of the linker’s core seems to be an additional
host–vector interaction which is removing the palindrome by
an apparent transposon-like mechanism. This mechanism
seems to be producing heterogeneous transcripts as a result
of its linking effects; for example, sequence AV728255 con-
tains fragments of the vector only, lacking the linker. This
additional and peculiar phenomenon of the palindromic
linker’s disappearance, or of portions of it, was noticed for
the second time in the footnotes of their Table 1 as the
‘‘number of sequences that are identical to the adaptor se-
quence minus a complete EcoRI site (GAATTC)’’ (Yoshikawa
et al., 1997); however, they did not provide the possible
molecular mechanism for the intriguing palindromic for-
mation and/or for the disappearance of the palindromic
linker itself.

Seven years after Yoshikawa’s initial findings and warn-
ings, it was again reported that a dimer of the commercially
available Stratagene ZAP adaptor was still contaminating
hundreds of sequences of nucleic acids, presented in both
Table 1 and in Figure 1 of a report published by Coker and
Davies (2004) as 5¢ CTCGTGCCG/AATTCGGCACGAG 3¢
(EcoRI’s cutting site underlined here as G/A). These authors
also included in their drawing, and above this sequence, the
same shorter double-stranded ZAP adaptor reported by
Yoshikawa et al. (1997). Further, the Figure 1 done by Coker
and Davies (2004) presented the EcoRI cutting space or gap
between G and A in both cDNA strands. However, in their
Table 1, Coker and Davies did not include the initial G added
to the ZAP adaptor by Yoshikawa in parenthesis (G), nor did
they provide any explanation for not including it, or for the
possible origin of the palindrome-directed phenomenon of
hetero-transcription. Here it will be shown that the most
probable reason is that the cDNA strands of the palindromic
adaptor quickly self-anneal independently from each other,
preventing them from being digested by the EcoRI dimer.

The letter by Yoshikawa et al. (1997) cited by Coker and
Davies (2004), was also cited in a book describing that se-
quence databases include contaminating sequences, pieces of
foreign sequence that intentionally or accidentally were in-
troduced at various steps of the cloning procedure or by
recombination events in yeast or bacteria. These contami-
nations may cause problems for, for example, sequence
analysis and database searching (Kampen and Horrevoets,
2006).

A recent work making reference to Coker and Davies
(2004) was found in a software proposal (SeqTrim), which,
according to its authors, ‘‘is under continuous development,’’
including its added purpose of removing artifacts caused by
adaptors such as the ZAP DNA dimers (Falgueras et al.,
2010). With this effort, plus others similar to it (Xu et al.,
2007), we expect to help in restoring and cleansing the da-
tabases of nucleic acids while reducing as much as possible
their contamination by adaptors.

However and apparently unbeknownst of the important
warnings by Yoshikawa, a work based upon an artifact that
included a palindromic sequence was published by Li et al.
(1999). This methodological artifact was characterized in that
article by its authors as if it were a biologically significant
and naturally occurring phenomenon in Homo sapiens, being
followed by more articles written by the same group that
were based on the same artificial sequence (Yang et al., 2004;
Yao et al., 2005; Chen et al., 2008; Chang et al., 2009; Zhao
et al., 2009). Here, such sequence will be evaluated and
deemed a methodological artifact while exemplifying and
illustrating the possible reasons why the dimer of the re-
striction enzyme EcoRI is still unable of digesting these
linking palindromes when they are present within these
hetero-transcripts formed artificially.

Materials and Methods

General BLAST comparisons

For the online comparison of the 12, 22, and 44-bp palin-
dromic contaminants, the BLAST collection of nucleotides
was used (Wolfsberg and Madden, 2001). When searching
for homologues of 5¢ CTCGTGCCGAATTCGGCACGAGC
TCGTGCCGAATTCGGCACGAG 3¢, the 44-bp palindromic
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contaminant, 1803 sequences from the Nucleotide collec-
tion (nr/nt) database were obtained by using the default
settings [search done in November, 2010]. However, if the
Algorithm Parameters were adjusted to 20,000 for the Max
target sequences and to 106 for the Expect threshold, the
number of sequences increased at least approximately five-
fold. However, in the new version of BLAST (http://blast
.ncbi.nlm.nih.gov), when testing or probing the 44-bp pal-
indromic sequence and in disregard of the adjustments made
to the Algorithm Parameters, only 36 sequences from the

current Human genomic + transcript collection, 26 sequences
from the current Mouse genomic + transcript collection, and
393 sequences from the so-called Others (nr etc.) collection
were obtained, but if we go back in time to 2005, and by
using Blastn (nucleotide to nucleotide alignments) while se-
lecting the nonredundant (nr) nucleic acid database se-
quences, a number of 6010 BLAST hits was obtained under
the next query conditions: (a) 106 as the minimum expected
number, and (b) 1000 as the number of descriptions and of
alignments; it will be seen below that the high number of

Table 1. Sequences with > 22 Bases of Contaminating Palindromic Nucleotide Fragments

in Tandem of the ZAP Adaptor

# GenBank ID Position of the contaminating sequence of the EcoRI recognition site highlighted in bold

1 AF230097 3 AATTCGGCACGAGCTCGTGCCGAATTCGGCACGAG 37
2 AY109498.1 1536 GAATTCGGCACGAGCTCGTGCCGAATTCGGCACGAG 1571
3 AB205148.1 89 GAATTCGGCACGAGCTCGTGCCGAATTCGGCACGAG 124
4 AJ250043.1 10 CGGCACGAGCTCGTGCCGAATTCGGCACGAG 40
5 AM939570.1 9 CGGCACGAGCTCGTGCCGAATTCGGCACGAG 39
6 AY074413.1 6 CTCGTGCCGAATTCGGCACGAGCTCGTGCCG 36
7 AF069324 11 CTCGTGCCGAATTCGGCACGAGCTCGTGCCG 41
8 AJ131096.1 156 GAGCTCGTGCCGAATTCGGCACGAG 180
9 AY166797.1 48 GAGCTCGTGCCGAATTCGGCACGAG 72

10 AF052221.1 185 GAGCTCGTGCCGAATTCGGCACGAG 209
11 NM_001082374.1 39 GAGCTCGTGCCGAATTCGGCACGAG 63
12 DQ118594.1 683 CTCGTGCCGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAG 728
13 DQ394294.1 72 CTCGTGCCGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAG 117
14 AF332963.1 100 CTCGTGCCGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAG 145
15 AB298390.1 143 CTCGTGCCGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAG 188
16 AF499715.1 1 AATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAG 37
17 X69524.1 1 GAATTCGGCACGAGCTCGTGCCGAATTCGGCACGAG 36
18 AF216582.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
19 AF496666.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
20 AY220737.1 1 GCACGAGCTCGTGCCGAATTCGGCACGAG 29
21 M99575.1 1 GCACGAGCTCGTGCCGAATTCGGCACGAG 29
22 AY488031.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
23 AF308594.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
24 AB104619.2 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
25 AY029473.2 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
26 U44430.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
27 AF171857.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
28 AF001136.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
29 U60149.1 1 GGCACGAGCTCGTGCCGAATTCGGCACGAG 30
30 AF487461.2 1 GCACGAGCTCGTGCCGAATTCGGCACGAG 29
31 AY214171.1 1 GCACGAGCTCGTGCCGAATTCGGCACGAG 29
32 AY531553.1 1 GCACGAGCTCGTGCCGAATTCGGCACGAG 29
33 AF295637.1 1 GCACGAGCTCGTGCCGAATTCGGCACGAG 29
34 AB294378.1 276 GAGCTCGTGCCGAATTCGGCACGAG 300
35 DQ058828.1 1 CTCGTGCCGAATTCGGCACGAGCTC 25
36 SJU50847 55 CTCGTGCCGAATTCGGCACGAGCTC 79

Examples taken from 1803 results of the Nucleotide collection (nr/nt) database [search done in Nov 2010]; only one example is presented
per organism: 1. Homo sapiens, Hdac8, 2. Zea mays, CL28 mRNA, 3. Cynops pyrrhogaster, Wnt2b, 4. Anisakis simplex, mRNA for the IAA99-ASL3-
15A gene, 5. Antheraea mylitta, fpi-1, 6. Trichosurus vulpecula, TrvuVK65 IgK-LCVR, 7. Mesembryanthemum crystallinum, 26S proteasome S5A, 8.
Picea abies, microsatellite RNA, 9. Citrus unshiu, Ggps, 10. Lolium perenne, 4CL1, 11. Oryctolagus cuniculus, basigin BSG, 12. Karlodinium micrum,
chloroplast psaE, 13. Mesostigma viride, ketol-acid reductoisomerase, 14. Polytomella sp., ferrochelatase, 15. Tamarix androssowii, MT1, 16.
Thellungiella halophila, lipid transfer protein 4-like, 17. Mantoniella squamata, cabc1, 18. Avena sativa, Aldo, 19. Trypanosoma cruzi, unknown
mRNA, 20. Hordeum vulgare, LoxA, 21. Babesia bovis, 85 kDa merozoite protein. 22. Capsicum annuum, RpL19 23. Crotalus durissus terrificus,
bradykinin potentiating peptide, 24. Polyplastron multivesiculatum, celA, 25. Schizophyllum commune, ftt1, 26. Trametes versicolor, LccI, 27. D.
melanogaster, clone 259, 28. Pinus radiata, PrCO, 29. Beta vulgaris, plasma membrane major intrinsic protein 3, 30. Gossypium hirsutum, Lecrk, 31.
Paralichthys olivaceus ( Japanese flounder fish) CPH, 32. Ginglymostoma cirratum, IgW, 33. Elaeis guineensis, calmodulin, 34. Dianthus
caryophyllus, DcA93 glucosyltransferase, 35. Necator americanus, CLE, 36. Schistosoma japonicum, triosephosphate isomerase [all sequences, in
the direction 5¢–3¢]. 20 examples more at Castro-Chavez (2011), 1268 additional examples taken from the GenBank can be found at
www.reocities.com/plin9k/1200.zip, 166 examples including its contaminating translation into proteins can be found at www.reocities.com/
plin9k/t2.htm; also see Table 2. Numbers at both sides of the sequences correspond to the position of the palindromic linker within the given
sequence.
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contaminated sequences continues today in the GenBank,
even if their presence has been mostly masked by the current
version of BLAST. The mRNA sequences present in the
GenBank are single-strand products of double-helix cDNA
experiments performed to increase stability, being this the
methodological reason for the use of EcoRI in an attempt to
individually cut these concatenated mRNA messengers and/
or ORFs. The examples presented in this report include the
basic core of the contaminated sequence, which is 5¢
CCGTTAACGG 3¢.

A specific full-sequence BLAST comparison

To exemplify and illustrate palindromati, the closest re-
lated matches for the GenBank contaminated ACAT1 se-
quence L21934 reported by Li et al. (1999) will be presented.
The synthetic contaminant only appears in the sequence
initially reported by Chang et al. since 1993 (L21934) and
analyzed by Li et al. until 1999; this artificial sequence cur-
rently has two different names: L21934.2 and HUMA-
CYLCOA. Three databases were compared to L21934: (1) the
Human genomic plus transcript database, described by
BLAST as Human genomic + transcript, or Human G + T, (2)
the Nucleotide collection (nr/nt) database, literally described
by BLAST as Others (nr etc.), and (3) the Mouse genomic
plus transcript database, described by BLAST as Mouse ge-
nomic + transcript, or Mouse G + T.

Folding analysis of palindromic nucleotides

The folding of palindromic nucleic acids, their minimum
energy requirements, and their melting temperatures were
analyzed by using UNAFold and its sub-program Quickfold
(Markham and Zuker, 2008).

Microarray analysis

Examples taken from microarray experiments done by the
author with methodologies described elsewhere (Castro-
Chavez et al., 2003; Castro-Chavez, 2004), and by others
(Shipp et al., 2002, etc.), will be included as additional evi-
dence demonstrating that palindromati is absent in living
systems. The software used for the microarray analysis was
dChip (Li and Wong, 2001).

GenBank data-mining

Given the masking of palindromic contaminants in the
current BLAST, a third strategy was devised to find palin-
dromic contaminants, consisting in applying directly to the
NCBI nucleotide databases the words ‘‘EcoRI linker’’ [search
done on July 07, 2011], finding 6289 sequences in the Ex-
pressed Sequence Tags (EST) sub-database, 51 in the Nu-
cleotide database with at least 20 of them being cloning tools
and/or patents. When the phrase ‘‘EcoRI adaptor’’ was used,
only four sequences were obtained, three of them being
patented sequences, and when the expression ‘‘EcoRI adapter’’
was used, four sequences were obtained with all of them
being patents.

Results

One example will demonstrate the importance of a careful
processing of these sequences of nucleic acids by an expert

curator to prevent the danger of following an artificial pal-
indromic (e.g., palindromati or palindromatic) sequence as if
it were a natural phenomenon. Such a situation could be
capable once more to lead toward erroneous biological or
pharmaceutical conclusions, as seen in the biological aspect
of the earliest article of a methodological palindromic artifact
that was presented as natural heterogeneous trans-splicing
(Li et al., 1999), and the several articles published by the same
group based on it and/or derived from it (Yang et al., 2004;
Yao et al., 2005; Chen et al., 2008; Chang et al., 2009; Zhao
et al., 2009).

Two sets of experimental results will be presented (Fig.
1A–E), demonstrating that the palindromic linker is not
present in cells and/or in tissues of living systems.

Figure 1 shows that the contaminated sequences present in
the Affymetrix oligoarrays that were used as probes included
contaminating palindromes or fragments of them, remaining
at a zero (0) level of expression in humans (Fig. 1A), and in
both rodents, the mouse and the rat (Fig. 1B, C, respectively).
This is similar to the empty gap obtained by BLAST as a
result of comparing the queried L21934 sequence to the rest
of sequences in the database; L21934 contains the palin-
dromic contaminant exon Xb (Fig. 1D, E).

Thus far, BLAST indicates that there has not been an in-
dependent sequence validation for the heterogeneous
ACAT1 L21934 (Fig. 1E), or for its linking exon Xb palin-
drome 5¢ CCGAATTCGG 3¢ (Fig. 1D, E), which means that
exon Xb was absent in all related sequences.

The result of the BLAST search in the Human genomic
plus transcript shows a gap, or empty space, instead of exon
Xb in all sequences compared (Fig. 1D, E).

As shown in Figure 1D, the names of the longest se-
quences resulting from this initial H. sapiens BLAST com-
parison are, either sequences only at the left side (5¢) of the
void left by the L21934’s exon Xb, with a size of *1300-bp:
D-1) Chr. 7 genomic contig GRCh37 (NT_007933.15), and D-
2) Chr. 7 genomic contig alternate assembly by HuRef
(NW_001839071.2); or sequences only at the right side (3¢) of
the void left by the L21934’s exon Xb, with a size of *2700-
bp: D-3) Sterol O-acyltransferase 1 (SOAT1) transcript vari-
ant 688113 (NM_003101.4), D-4) Chr. 1 genomic contig
GRCh37 (NT_004487.19), and D-5) Chr. 1 genomic contig
alternate assembly by HuRef (NW_001838533.2). Here, se-
quences D-2 and D-5 corresponded to whole genome shot-
gun sequencing, while sequences D-4 and D-5 had at least
five interspersed regions of less than a 200-bp homology
( ‡ 80 but £ 200).

Again, in the Nucleotide collection (nr/nt) comparison, an
empty space appeared instead of exon Xb. At the 5¢ or left
side of the empty space, there was a sequence of the human
Chromosome 7 (Fig. E-2), and at its 3¢ or right side, both a
human mRNA sequence highly similar to HUMACYLCOA
(Fig. E-6), and the human mRNA variant transcript for sterol
O-acyltransferase 1 (SOAT1), Fig. E-7; both of them seem to
be the genuine ACAT1 synonymous. Similarly, two chim-
panzee sequences were clustered at the left side of the gap
(Fig. E-3, E-4), while another chimpanzee sequence appeared
at the right side of the empty space left by the L21934’s
contaminant exon Xb (Fig. E-5). Figure 1E shows the results,
where the first sequence that appeared upon doing this
second BLAST comparison was the query sequence itself
(L21934.2, version 2 of the sequence under consideration
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which still includes the contaminant exon Xb and its long
artificially bound heterogeneous sequences at its left (5¢) and
its right side or 3¢). Only the matching results for longest
sequences ( ‡ 200) were taken into consideration for this re-
port. Fig. 1E shows the query (E-1) HUMACYLCOA H. sa-
piens acyl-coenzyme A: cholesterol acyltransferase with a
size of *4000-bp, being this the only one including exon Xb

(being it the query sequence itself, L21934.2). Sequences at the
left side (5¢) only of the void left by the L21934’s exon Xb with
a size of *1300-bp were: E-2) H. sapiens PAC clone RP4-
797C5 from Chr. 7 (AC004888.1), E-3) Pan troglodytes BAC
clone CH251-572C18 from Chr. 7 (AC187744.3), E-4) Pan
troglodytes BAC clone RP43-28H17 from Chr. 7 (AC146259.4).
Sequences only at the right side (3¢) of the void left by the

FIG. 1. Microarray results
of sequences including con-
taminating adaptor frag-
ments, in a human gene (A),
and in a mouse gene (B); for
comparison, a related con-
taminant found in rat (C) is
presented; similar to ‘‘the
EcoRI site (GAATTC) de-
leted’’ described by Yoshika-
wa et al., 1997. > 70
additional examples with the
palindromic contaminant ta-
ken from the Affymetrix mi-
croarrays can be found at
www.reocities.com/plin9k/
affy70.zip. The drop of mi-
croarray expression to zero in
(A), (B), and (C) demon-
strates the absence of palin-
dromic linkers or adaptors in
the analyzed tissues (images
stored by the author at
www.iscid.org/papers/Cha-
vez_Palin-
dromati_101505.pdf). In (D)
and (E) we see the BLAST
analysis of sequence L21934.2
or HUMACYLCOA corre-
sponding to the heteroge-
neous ACAT1 reported by Li
et al. (1999). The gap on the
sequences below and above it
indicates the absence of exon
Xb (Li et al., 1999) in ACAT1
human sequences reported
by other groups. (D) Se-
quences present in the Hu-
man genomic plus transcript
database: (D-1) Chr. 7 geno-
mic contig, GRCh37
(NT_007933.15), (D-2) Chr. 7
genomic contig, alternate
assembly by HuRef
(NW_001839071.2), (D-3)
Sterol O-acyltransferase 1
(SOAT1), transcript variant
688113 (NM_003101.4), (D-4)
Chr. 1 genomic contig,
GRCh37 (NT_004487.19),
(D-5) Chr. 1 genomic contig,

alternate assembly by HuRef (NW_001838533.2). (E) Sequences present in the Nucleotide collection (nr/nt) database: (E-1)
HUMACYLCOA H. sapiens acyl-coenzyme A: cholesterol acyltransferase (L21934.2), (E-2) H. sapiens PAC clone RP4-797C5
from Chr. 7 (AC004888.1), (E-3) Pan troglodytes BAC clone CH251-572C18 from Chr. 7 (AC187744.3), (E-4) Pan troglodytes BAC
clone RP43-28H17 from Chr. 7 (AC146259.4), (E-5) Pan troglodytes sterol O-acyltransferase 1, variant 2 (SOAT1) predicted
(XM_514030.2), (E-6) H. sapiens cDNA: FLJ22958 fis, clone KAT09975, similar to HUMACYLCOA (AK026611.1), (E-7) H.
sapiens sterol O-acyltransferase 1 (SOAT1), transcript variant 688113 (NM_003101.4, BC028940.1). (F) Partial self-annealing
proposed by UNAFold for the 44-bp EcoRI contaminating palindrome, (G) Self-annealing of the 22-bp contaminant and in
(H–J), of the 12-bp contaminants and/or synthetic palindromes. ACAT1, acyl-CoA:cholesterol acyltransferase-1.
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L21934’s exon Xb with a size of *2700-bp were: E-5) Pan
troglodytes sterol O-acyltransferase 1 variant 2 (SOAT1) pre-
dicted (XM_514030.2), E-6) H. sapiens cDNA: FLJ22958 fis
clone KAT09975 similar to HUMACYLCOA (AK026611.1),
and E-7) H. sapiens sterol O-acyltransferase 1 (SOAT1) tran-
script variant 688113 (NM_003101.4, BC028940.1).

Here again, any resemblance or homology to exon Xb
(5¢ CCGAATTCGG 3¢) or its resulting hetero-transcription is
missing. The same query (L21934) was used for both analyses.

The human sequence SOAT1 (NM_003101.4) appeared in
both databases used [as number 3 in the Human genomic
plus transcript (Fig. 1D), and as number 7 in the Nucleotide
collection (nr/nt) (Fig. 1E)], but only at the right-side of
the artificial exon Xb, whereas the contaminated sequence
L21934 appeared only in the second database, the Nucleotide
collection (nr/nt).

The artificial heterotranscript L21934 was also evaluated
against the mouse database collection called Mouse genomic
plus transcript, where its only match was a shorter sequence
at the 3¢ side (*1700-bp, NM_009230.3, Mus musculus sterol
O-acyltransferase 1, Soat1), with similarity only to the right-
side nucleotides of L21934 (from *1400 to 3100); and again,
matching only the right side of the heterogeneously con-
taminated sequence L21934.

Like in a Russian matrioshka toy, one 12-bp sequence (Fig.
1I) is self-contained within the 22-bp sequence (Fig. 1G),
whereas both the 12-bp and the 22-bp sequence containing it,
are respectively self-contained within the 44-bp sequence
(Fig. 1F). Two additional 12-bp palindromic sequences are
included for comparison: (1) The L21934’s exon Xb with its
two flanking nucleotides: C in the 5¢ side and G in the 3¢ side
respectively (Li et al., 1999), and (2) The artificial sequence
number 138166-98-0 registered by Kim et al. (1992) for their
NMR studies.

Exon Xb, the short 10-bp EcoRI linker 5¢ CCGAATTCGG

3¢, seems to correspond to the inner part of the dimerized
ZAP adaptor used to obtain the clone for the gene reported
in 1993 as L21934.

The main question that arises from the millions of EcoRI
linker-related heterogeneous chimeras still present in the
GenBank is, if exon Xb is the 10-bp sequence 5¢ CCGAA

TTCGG 3¢, why it was not cut when subjected to treatment
with the restriction enzyme EcoRI to separate the individual
cDNAs and/or ORFs? The logical explanation seems to be
that the original 12-bp double-stranded sequence (the 10-bp
palindrome plus its two, one for each side, flanking nucleo-
tides C and G), ended up separating its plus ( + ) and minus
( - ) strands followed by a single-strand self-annealing per-
formed within each individual strand separately. So each
strand was independently self-annealed (see Fig. 2B), pre-
venting these self-annealed single-strands from being cut by
the EcoRI normal digestion between the nucleotides G and A
(Fig. 2A) of the original double-stranded DNA adaptor pal-
indrome 5¢ G/AATTC 3¢.

The 22-bp palindromic sequence 5¢ CTCGTGCCGAAT
TCGGCACGAG 3¢ was reported earlier by the author of this
article as a sequence contaminant (Castro-Chavez, 2004,
2010), and is illustrated in Figure 2C.

In the case of the 5¢ CTCGTGCCGAATTCGGCACGA
GCTCGTGCCGAATTCGGCACGAG 3¢ (Castro-Chavez,
2011), a longer 44-bp palindromic sequence, the author of
this article first thought that it was self-annealed in a full

appendage or zipper-like conformation. This conformation
was, and still is, the only result given online by the software
UNAFold through its Quickfold sub-program. However, on
revisiting palindromati more closely now, and considering
how it was possible for the self contained 22-bp palindromic
EcoRI linkers that are present at both sides of the 44-bp se-
quence, not to be digested, a double single-strand self-
annealing was found to be the most plausible cause. A double
single-strand self-annealing preventing the EcoRI dimer di-
gestion was an event much more complex than what was
initially expected. Figure 2D presents this 44-bp palindromic
double single-strand self-annealing, improving our under-
standing even beyond the UNAFold results (Fig. 1F) while
exhibiting this symmetrically independent single-strand self-
annealing as the most plausible reason for not being digested
by EcoRI (Fig. 2D).

UNAFold and its Quickfold sub-program were insensitive
to the less-energy requirement of the independent double
self-annealing described here for the 44-bp palindromic se-
quence illustrated in Figure 2D. Quickfold only folded the
44-bp as a long and single double-helix appendage (Fig. 1F),
ignoring the less-energy requirement for the independent
single-strand self-annealing of each 22-bp side of this long
and palindromic cDNA double-helix, a requirement to pre-
vent them from being cut by digestion enzymes; for such
reason, the 44-bp sequence was subdivided into its two 22-bp
identical halves (5¢ CTCGTGCCGAATTCGGCACGAG 3¢).
The next results were obtained by Quickfold for the 22-bp
loop free-energy decomposition: DG = - 11.39 kcal/mol DH =
- 77.90 kcal/mol DS = - 214.44 e.u. Tm = 90.1�C (Fig. 1G).

It needs to be noticed that marked with a dotted rectangle
in Figure 2B–D is the center of the palindrome, having three
H-bonds, bonds that seem to be providing a stronger theo-
retical stability at the center of these CGs; the horizontal CG
pair could be providing an extra resonating strength, but
more research needs to be done on the biochemistry of these
interactions.

For comparison, the UNAFold’s unsolved 44-bp palin-
dromic sequence (5¢ CTCGTGCCGAATTCGGCACGAGCT
CGTGCCGAATTCGGCACGAG 3¢) gave a loop free-energy
decomposition of: DG = - 28.18 kcal/mol DH = - 173.20 kcal/
mol DS = - 467.58 e.u. Tm = 97.3�C (Fig. 1F).

While as expected for a shorter fragment, the 12-bp con-
taminating palindromic sequence 5¢ CCCGAATTCGGG 3¢
required less energy, having a loop free-energy decomposi-
tion of DG = - 3.35 kcal/mol, DH = - 32.60 kcal/mol, DS =
- 94.31 e.u. and Tm = 72.5�C (Fig. 1H, being this the Exon Xb).

So, according to UNAFold we can conclude that the the-
oretical Tm for the shortest 12-bp sequence is 72.5�C, while
the theoretical Tm for the 22-bp sequence is 90.1�C.

By using the NCBI GenBank’s phrase search as my third
and last experimental strategy, it was found that the EcoRI
linker has been patented several times; that is, (1) as se-
quence A04694 by E. Degryse [Patent number EP0258118-
A1/1, 02-Mar-1988. Transgene S.A., France], (2) as sequence
E04017 by M. Mita et al. [Patent: JP 1992330279-A/1, 18-Nov-
1992; Takara Shuzo Co. LTD], (3) as the 12-bp A29547 se-
quence 5¢ GAGGAATTCCTC 3¢ by W.C. Mackellar and C.S.
Robey [Patent: EP 0523296-A1/16, 20-Jan-1993; Eli Lilly &
Comp.]; while (4) the so-called EcoRI linker or E03862 pat-
ented by T. Kishimoto, S. Niwa, and A. Uno [Patent: JP
1992228075-A/1, 18-Aug-1992; Sumitomo Electric Ind. LTD],
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corresponded to the 19-bp sequence 5¢ GCAACCATGCC-
TAAGTTTG 3¢, a sequence lacking the EcoRI restriction site!,
(5) a 18-bp synthetic nucleotide EcoRI linker, A10450, with
the sequence 5¢ TGCCATGAATTCATGGCA 3¢, and (6) a
282-bp Patent, A27290, starting with 5¢ GGAATTCCC 3¢, etc.

Table 1 shows that the palindromati exon Xb joins together
fragments that are not naturally connected (Fig. 1A–E). Table
1 also shows 36 sequences contaminated by the ZAP-
Adaptor’s EcoRI palindromic linker longer than 22-bp; 20
different sequences related to this analysis are also published
(Castro-Chavez, 2011).

Table 1 starts again with the human sequence AF230097 to
emphasize the importance of cleaning the sequences of
genes; in this case, the contamination is affecting a key nu-
clear protein (Hdac8) that controls the gene expression for the
rest of the genes (Hu et al., 2000).

When the word ‘‘adaptor’’ was used in the word search
strategy applied to the GenBank, millions of results were
obtained, a total of 4,663,104 sequences that were divided in
three groups: Nucleotide (131,544), EST (3,896,223), and GSS
(635,337). Subdividing the first or Nucleotide group, we

obtained: Bacteria (5266), INSDC (GenBank) (90,174), mRNA
(104,071), and RefSeq (41,275). Millions of results were ob-
tained when the word ‘‘adapter’’ was used in the GenBank’s
word search strategy, obtaining a total of 4,768,553 nucleo-
tide sequences! These included: Nucleotide (9444), EST
(4,733,490), and GSS (25,619). Subdividing the Nucleotide
group, we had: Bacteria (1227), INSDC (GenBank) (5950),
mRNA (3866), and RefSeq (3467).

At the end of the analysis, the word ‘‘linker’’ was used for
the last word search, and again the results were above one
million, 1,532,240 nucleotide sequences were obtained and
divided into: Nucleotide (51,945), EST (1,398,405), and GSS
(81,890). When the Nucleotide group for this category was
subdivided, the following were obtained: Bacteria (1,707),
INSDC (GenBank) (45,721), mRNA (8467), and RefSeq
(6012). These are only the millions of sequences reported by
their submitters as containing contaminants, by using the
words adaptor, adapter, or linker, respectively.

However, very few groups report the presence of the
EcoRI linker equal to or longer than 12-bp; for example, from
the published articles based on the submitted GenBank

FIG. 2. Representation of the lack of digestion by EcoRI: (A) The DNA restriction site where each monomer of the EcoRI dimer
properly cuts: 5¢- G/AATTC 3¢. Lack of digestion of the single-strand self-annealed contaminating palindromes derived from the
EcoRI linker ZAP adaptor: (B) the contaminated human ACAT1 L21934 (Li et al., 1999), a sequence that includes exon Xb (5¢
CCGAATTCGG 3¢). (C) Single-strand self-hybridizations of a 22-bp palindromati found in human phosphatase 1, catalytic subunit
a cDNA, clone BC004482.2 (Strausberg et al., 2002). (D) Single-strand self-hybridizations of a 44-bp palindromati found in the alcohol
dehydrogenase 7 (ADH7) cDNA AF195867.1 of Vitis vinifera (Or et al., 2000), its 5¢ GA tandem also seems to be a contaminant.
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sequences, only Hirama et al. (1991) mentioned the longer
extension of the EcoRI linker, saying: misc_feature 1..14/
note = adaptor, reporting it as having a length of 14-bp while
exposing it as contaminant in their reported sequence · 56703,
a sequence for the rearranged T-cell receptor alpha chain of
Mus musculus; however, a longer segment of 16-bp seemed to
be the contaminant originated in the linker (5¢ GAATTCGG-

CACGAGCT 3¢). The presence of a 14-bp EcoRI linker was
also reported in the unpublished sequences Y14272 for Pisum
sativum’s KdsA, AJ243499 for Medicago sativa cyc2.2, and in the
patented sequence BD413899 containing a different linker, the
SalI linker. A possible host–vector interaction re-arrangement
of 27-bp started with 5¢ GAATTC 3¢ and was followed by 21
C’s at its - 3¢ side, being labeled EcoRI linker by Eisenberg et al.
(1990) for their sequence · 54230.

Inoue et al. (1996) mentioned a 8-bp length of EcoRI linker
contamination for their sequence D83948 (Rattus norvegicus S1-
1); however, the palindromic linker seemed to have a length of
more than 16-bp: 5¢ GGCACGAGCTCGTGCCG 3¢ here,
missing its palindromic core as reported for other sequences
by Yoshikawa et al. (1997); similar to the unpublished sequence
A27280 for Homo sapiens TGR-CL3 (Patent: WO 9219733-A1 23
12-Nov-1992). Savas et al. (1994) mentioned in his GenBank
submission that the first 6 bases are part of the EcoRI linker;
however, again, the host–vector rearrangement interaction
seemed here to extend 21 bases inside the sequence · 78445 for
the mouse Cytochrome P450 Cyp1-b-1 (oligo 5¢ GAATT

CGGCACGAACTCGTGC 3¢), and the same was seen twice in
the unpublished sequence A01270, which is a patented se-

quence from Taenia ovis for the 45W antigen, while E10125, an
unpublished sequence for a chicken’s leucocytozoon immu-
nogenicity protein (Patent: JP 1995284392-A 1 31-Oct-1995),
mentioned twice, at its beginning and at its end, the presence
of 25 nucleotides corresponding to a different EcoRI adaptor, at
the start of this sequence, 5¢ GAATTCGAGGATCCGGG
TACCATGG 3¢, and at the end of it, 5¢ CCATGGTACCCGG
ATCCTCGAATTC 3¢, producing a plasmid-like structure
with a 25-bp zipper binding its single-strand extremes.

Finally, by comparing the translation from codons to
proteins with the rotating genetic code (Castro-Chavez, 2010,
2011), the translated palindromes were detected as contam-
inants. Exemplified in Table 2 is the seriousness of the con-
tamination by EcoRI adaptors and linkers if they are
translated as being part of a human exon or protein.

Discussion

In the same way that a growing interest is currently un-
derway to evaluate, to correct, and to prevent further errors
in the submitted third dimensional (3D) structures of pro-
teins (Chetty et al., 2009; Ginzinger et al., 2010), interest is
developing for the quality control and cleansing of sequences
of the nucleic acids deposited in the GenBank, which are
used in research technologies fully depending on their
quality, such as the Affymetrix microarrays and multiple
others (Castro-Chavez, 2004).

As mentioned earlier, the proposal of the palindromati
effect as being a palindromic single-strand self-annealing

Table 2. Examples of Human Sequences Contaminated with the EcoRI Linker Translated Into Proteins

# ID
Gene/protein
(gene symbol)

Linker and its translation in amino acids (in bold)
as presented in the GenBank

Corresponding references
according to the GenBank

and/or closest related
match

1 U58090 Cullin gene family
member, Hs-cul-4A

2_AATTCGGCACGAGCTCGTGCCGCT_
25 NSARARAA

Kipreos et al. (1996)

2 U28831 Protein immuno-reactive
with anti-PTH
polyclonal antibodies

2_GCACGAGCTCGTGCCGAT_19 ARARAD Kumar et al. (1995)

3 BC041619
[chimeric
clone, 2008]

KIAA0404, for
IMAGE:5923662
[R: hypothetical
protein MGC16044]

1397_CCCTCGTGCCGAATTCGGCACGAG_
1420 PSCRIRHE

Strausberg et al. (2002)

4 AF176705 F-box protein FBX10
(PINX1) [R: vector]

1624_CCTCGTGCCGAATTC_1638 PRAEF Winston et al. (1999)

5 X85792 Vpr binding protein 1 1_TCGTGCCGAATTCGGCACGAG_
21 SCRIRHE

Le Rouzic et al. (2002);
Benichou et al.
(Unpublished)

6 AF151109 Putative BRCA1-interacting
protein (BRIP1)

1_GGCACGAGCTCGTGCCGC_18 GTSSCR Wang et al. (2000);
Wang et al.
(Unpublished)

7 AF146697 FOXP1 25_AAGAATTCGGCACGAGCT_42 KNSARA Banham et al. (2001)
8 AY245868 CDS for aldehyde

oxidase-like protein
(AOX2) pseudogene

1_AAGAATTCGGCACGAGCA_18 LNSARA Wright (Unpublished)

9 NM_173552* &
BC037293
[437 to 457]

Predicted Hypothetical
protein MGC33365

*710_TTCGGCACGAGCTGGTGCCGC_
730 FGTSWCR

Ota et al. (2004);
Strausberg et al.
(2002)

Dozens of examples for other organisms can be found at www.reocities.com/plin9k/t2.htm. Numbers at both sides of the sequences
correspond to the position of the palindromic linker within the sequences.

*www.iscid.org/papers/Chavez_Palindromati_101505.pdf , where we can find 70 examples more.
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(Fig. 2B–D) was reinforced by the extra two nucleotides
(underlined in italics below) that are present in the palin-
dromic neighborhood of the 10-bp EcoRI restriction site of
the adaptor nucleotide depicted in the Figure 1 published by
Li et al. (1999): 5¢ CCCGAATTCGGG 3¢. Possible editing
mechanisms of the host–vector interaction made it a 12-bp
palindrome. The two extra flanks were noticed here by the
dotted rectangle at the center of the symmetrical self-
annealed structure derived from it (Fig. 2B), and a similar CG
center was found in the 22-bp sequence (Fig. 2C), and in the
44-bp sequence (Fig. 2D).

Similar palindromes to the 12-bp palindromati containing
exon Xb were found twice in the 2264-bp sequence · 93499.1
reported by Vitelli et al. (1996) of the human RAB7 protein at
positions 434 and 1584.

As seen in Results, thus far there has not been an inde-
pendent corroboration for exon Xb and its artificially
linked hetero-transcript L21934 in any of the BLAST data-
bases evaluated, which were: the Human genomic plus
transcript, the Nucleotide collection (nr/nt), and the Mouse
genomic plus transcript.

Palindromati seems to be a sub-product of an edited and
dimerized bi-tandem of the ZAP adaptor done by the host,
present in its totality, or in portions or their tandems, in
millions of GenBank sequences (Castro-Chavez, 2004, 2010,
2011), including basically every sequenced organism and
every sequencing laboratory in the world.

The quality control of deposited DNA and RNA sequences
is of vital importance to reach meaningful molecular and
biological conclusions in our depiction of living systems, but
also for their comparison to detect statistical outliers deemed
as disease based on the classic circular genetic code (Castro-
Chavez, 2010), for compatible genomics (Castro-Chavez,
2011), for our gene expression studies (Castro-Chavez et al.,
2003; Vickers et al., 2010), for the study of its phenotypes in
health and disease (Castro-Chavez, 2004), for the medical
treatment of diseases, and/or for the discovery of new pro-
teins and isoforms based solely on the sequences of nucleic
acids present in the GenBank. The discovery of genes being
expressed in a particular tissue can now be contrasted from
artifacts produced by the methodologies used.

As shown in Figure 1A, B, microarray experiments were
done on rodents and men in the past by the author and by
others (with the corresponding RT-PCRs to cross-validate the
results), without noticing the actual expression of any het-
erogeneous transcript or the presence of exon Xb, even when
probing multiple heterogeneous sequences present in the
GenBank that were different to the 5¢ CCGAATTCGG 3¢
palindromati reported here (i.e., Fig. 1C).

A previously reported sequence having some resemblance
to the palindromati discussed here, except that it had the
paired central nucleotides inverted (from AATT to TTAA), is
5¢ GCCGTTAACGGC 3¢, a synthetic DNA duplex dodeca-
mer containing the HpaI restriction site GTT/AAC originally
used as a model for the determination of nucleic acid back-
bone conformations done by NMR (Kim et al., 1992). Its
authors registered their synthetic peptide (Registry No.
d(GCCGTTAACGGC), 138166-98-0). In our analysis, this 12-
bp sequence 5¢ GCCGTTAACGGC 3¢ (Fig. 1J) provided a
loop of free-energy decomposition according to Quickfold of:
DG = - 3.75 kcal/mol DH = - 34.40 kcal/mol DS = - 98.82 e.u.
Tm = 75.0�C (Fig. 1J), identical to the loop of free-energy de-

composition for the sister sequence 5¢ GCCGAATTCGGC 3¢
(Fig. 1I). Chao et al. (1990) presented a pair of unrelated
‘‘homologous palindromatic’’ sequences including the 12 core
nucleotides of Fig. 1J interspersed ‘‘in the active promoter re-
gion’’ of BiP/GRP78 5¢ GGCC--GCTTCGAATC-GGCA 3¢ and
of GAPDH 5¢ TGCCCAG-TT-GAA-CCAGGCG 3¢.

The hosts are living systems and as such, they do their
own molecular modifying (dimerizing, editing, adding or
removing nucleotides, tandemizing or performing trans-
poson-like displacements, shortenings, and relocations,
etc.). It is assumed that deposited sequences are without
natural modification; however, a critical analysis and
comparison of the nucleic acids will always be very helpful
to succeed in obtaining biologically and medically mean-
ingful results.

Related to the exon Xb present in the sequence L21934, a
doubt remained since the beginning, because ‘‘DNA re-
arrangements have not been conclusively ruled out’’ (Finta
and Zaphiropoulos, 2002). Since then, no group doing in-
dependent sequencing, preferably with independent meth-
odologies, has corroborated the natural existence of the
L21934 sequence. As noticed at the beginning, even its au-
thors indicated recently that, ‘‘up to now, the formation of
exon Xb is still unclear’’ (Zhao et al., 2009), being again exon
Xb the EcoRI linker sequence 5¢ CCGAATTCGG 3¢ originally
presented by Li et al. (1999), who since the beginning de-
clared: ‘‘Within this region, an EcoRI site (nt 1282–1287) is
present,’’ and also: ‘‘These two primers are located in regions
flanking the EcoRI site described above,’’ failing to ask or
explain why that EcoRI site remained uncut after being
treated with the restriction enzyme.

Recognition of contaminating sequences different to EcoRI
have been presented by Yoshikawa et al. (1997), and by
Coker and Davies (2002); and because nucleic acid sequences
are uploaded daily, contaminated heterogeneous transcripts
are unfortunately expected to increase.

Conclusions

As a possible solution to prevent the presence of artifi-
cially contaminated heterogeneous sequences in databases
of nucleic acids, it is highly recommended to have at least
two or three independent research groups properly
equipped for nucleic acid research, using preferably in-
dependent sequencing methodologies (Illumina [Solexa]
sequencing, 454 pyrosequencing, SOLiD sequencing, etc.),
as a way to validate the sequences deposited in the Gen-
Bank to prevent reaching the wrong biological and/or
medical conclusions.

An example of a same method used by three indepen-
dent laboratories was a GWAS finding showing obesity
predisposing SNPs in the first intron of the little-known hu-
man FTO gene (chromosome 16); FTO encodes a non-heme
dioxygenase ubiquitously expressed in fetal and adult tis-
sues, especially in the brain (Dina et al., 2007; Frayling et al.,
2007; Scuteri et al., 2007). On the other hand, the analysis of
the atomic composition of the 9/11 extremely toxic dust
(Clark et al., 2001), an example discussed by Castro-Chavez
(2011) as a possible overload for the molecular quality con-
trol mechanisms of the human body, dealt with the unusu-
ally high presence of strontium that was completely
underreported. In this case, one laboratory from the U.S.G.S.
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used two different methodologies, dust leachate and X-ray
fluorescence, finding an average Sr = 1.1 mg/L and
726.61 ppm, respectively. The thousands of unprotected
first responders are still unaware of the extreme toxicity of
the 9/11 WTC dust breathed by them, and of its high pre-
sence of Sr and other highly unusual, possibly unstable,
atoms and of carbon nanotubes (Castro-Chavez, 2011).*

However, it is encouraging to see a growing number of
studies that use multiple groups and/or methodological
platforms plus different data analysis tools and algorithms
(Kidd et al., 2010; Halper-Stromberg et al., 2011; Pinto et al.,
2011). The same validating strategy of two or three inde-
pendent groups, materials, and/or methodologies could be
used in any kind of research, or at least for the careful re-
searcher to apply these principles by himself; for example, the
critical analysis of two discrepant sequences for the same gene
obtained by two independent groups was noticed by a third
group (Coker and Davies, 2002), and it was reported and
corrected, an action that avoided it from being steered in the
wrong direction; unfortunately, this was not the case for Li
et al. (1999), with *90 articles that are citing it to date.

Palindromati was initially reported as a 22-bp contami-
nating sequence 5¢ CTCGTGCCGAATTCGGCACGAG 3¢
(Castro-Chavez, 2004), being here revisited and illustrated,
finding further evidence that the 44-bp longer contaminating
sequence, 5¢ CTCGTGCCGAATTCGGCACGAGCTCGTGC
CGAATTCGGCACGAG 3¢ (Castro-Chavez, 2011) included
tandems derived from the dimerized ZAP adaptor that is
currently contaminating millions of GenBank sequences.
Here, the palindromic self-annealing was also illustrated by
using the human ACAT1 L21934 as one example of an het-
erogeneous contaminated sequence containing fragments of
human Chromosome 7 and of Chromosome 1 that was
presented as a genuine event, bound together by the con-
taminating 10-bp EcoRI linker sequence 5¢ CCGAATTCGG

3¢ (Li et al., 1999), making impossible for EcoRI to cut or
digest due to its actual single-strand self-annealed 12-bp size:
5¢ CCCGAATTCGGG 3¢.

Thus far, it seems that the human eye has been better than
computers in tracking those contaminants present within the
sequences of the nucleic acids (Castro-Chavez, 2011).

When the palindromes or their cores are absent, as men-
tioned earlier, the possible cause may be a transposon-like
mechanism inside the host (yeast or bacteria), due to the
removal from the heterogeneous artificial sequence of the
palindromic linker that was responsible for the heteroge-
neous chimeric sequences; this may be something similar to
the jumping genes found by Barbara McClintock in corn
(Ringertz, 1983; Fedoroff, 2001), and such are the ongoing
findings of retrotransposons in yeast (Guarraia et al., 2007;
Stanley et al., 2010; Bleykasten-Grosshans et al., 2011, etc.). As
the palindromes vanish, this vanishing makes harder to track
the palindromic sequences that were responsible for those
contaminated sequences, leaving only the artificially het-
erogeneous transcripts as evidence that a palindromati event
did happen.

The host many times edits, transposes, or even removes the
original adaptor’s sequence, or fragments of it, leaving the
mechanism for some contaminant sequences only to our indi-
rect inference. Sequences lacking the linker cannot be detected
through the GenBank’s word search strategies used here,
leaving them to be found through BLAST and/or microarrays
or similar technologies, being noticed as an empty hole or gap in
the BLAST multi-sequence alignment, or in microarrays as the
sudden drop to zero in the signal of part of a sequence (Castro-
Chavez, 2004). For example, as noticed earlier by Yoshikawa
et al. (1997), some of the contaminated sequences lack a com-
plete EcoRI site (GAATTC), or have a gap of one nucleotide,
while other sequences have an addition of two nucleotides
(GC) (Castro-Chavez, 2011), something also presented here in
sequences 12 to 16 from Table 1, with some of them being 46-bp
long; this in itself may indicate that novel and additional editing
processes are taking place within the host.

Here, the palindrome contamination present in databases
of nucleotides was illustrated while proposing a path to
control the problem; in brief, the reason why EcoRI was not
capable to digest the sequence products of the ZAP adaptor is
graphically shown in Figure 2B–D, concluding it to be due to:
(a) the EcoRI recognition site for the upper or plus strand ( + )
being single-strand self-annealed or self-folded, while (b) the
recognition site for the lower or minus strand ( - ) is not only
single-strand self-annealed, but it is also located far away
from the folded upper strand, making it unreachable to the
EcoRI or even making impossible its dimer formation.

It seems that a minimum palindromic size of 12-bp is
sufficient to trigger the single-strand self-annealing separately
for each strand ( + and - ), preventing them from being cut by
restriction enzymes; that is, 5¢ CCCGTTAACGGG 3¢, or 5¢
GCCGTTAACGGC 3¢, being the last one the matrioshka
contained within the longer palindromes of 22 and 44-bp re-
ported here in detail. The 12-bp minimum length phenomenon
presented here is suggested as extensive for the prevention of
cDNAs to be cut by any other restriction enzyme’s palindromic
target site, or consensus site, hence its importance.

In conclusion, the sequence contamination illustrated in
this report and its removal from the databases are impera-
tive, especially now that it was also recognized that nearly
20% of the nonhuman genomes that are present in the da-
tabases are also contaminated with human DNA belonging
to the researchers (Longo et al., 2011). These have been 21
years of an undetected and unchecked contamination by the
ZAP adaptor and related EcoRI linkers, independent of the
massive contamination by the other adaptors and linkers.

In a parallel way, these studies may also help us under-
stand why damaged or contaminant sequences causing ge-
netic diseases escape from being detected and removed by the
molecular quality control mechanisms present in cells and
organisms, being equally and undesirably transferred un-
checked while causing hereditary genetic diseases generation
after generation. Recently, it was reported an *20% of DNA
insertions in 185 humans (Mills et al., 2011), with most of them
(19.18%) being caused by mobile elements, and that, plus the
findings reported here, will certainly add a third dimensional
(3D) perspective to the study of genetic diseases, either being
hereditary, or even somatic, such as in cancer or cancer-like
events (Kannan et al., 2011; Li et al., 2008), also removing there
the artificial contaminants done by polymerase and reverse-
transcriptase (Houseley and Tollervey, 2010). This novel 3D

*See for example: ‘‘911stealth 9/11 WTC 10th Anniversary: Doug
Copp - Homage to volunteer First Responders’’ http://www.youtube
.com/watch?v = vW6FDcQPozl.
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DNA perspective will be an important aspect for the research of
the molecular rules governing biological change, in both health
(Castro-Chavez, 2010) and disease (Castro-Chavez, 2011),
something certainly deserving a minutely thorough analysis.
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Appendix A.

1268 examples of contamination taken from the GenBank:
www.reocities.com/plin9k/1200.zip

Appendix B.

166 examples, including contaminants translated into
proteins: www.reocities.com/plin9k/t2.htm

Appendix C.

74 examples including the palindromic contaminants
present in the Affymetrix microarrays: www.reocities.com/
plin9k/affy70.zip
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