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Letter to the Editor

The Most Ancient DNA Recovered from an Amber-Preserved Specimen May Not Be as
Ancient as It Seems
Gabriel Gutiérrez and Antonio Marı́n
Departamento de Genética, Universidad de Sevilla

A number of DNA sequences have been published
from amber-entombed specimens (Austin, Smith, and
Thomas 1997). However, recent attempts to amplify
DNA from some of them have either failed or shown
extant species contaminations (Austin et al. 1997; Aus-
tin, Smith, and Thomas 1997; Walden and Robertson
1997). Here, sequences from the oldest specimen stud-
ied so far are analyzed. Unfortunately, the uniqueness
of this specimen makes another experimental analysis
impossible.

Cano et al. (1993) published two DNA sequences,
an internal transcribed spacer (ITS, 226 bp) and an 18S
rRNA fragment (315 bp) isolated from a 120–135 Myr-
old weevil preserved in lebanese amber (Lebanorhinus
succinus). Homologous sequences from two extant co-
leopteran species (Lecontellus pinicola and Hypera
brunneipennis) were also sequenced by them for com-
parative purposes. The ITS sequences were flanked by
the 39 end of the 18S rRNA and the 59 end of the 5.8S
rRNA. Only the Lebanorhinus 18S rRNA fragment is
in the databases, with accession number L08072. Cano
et al. (1993) reported that the fossil weevil sequences
were very similar to the extant insect sequences.

Cano et al. (1993) gave, as a proof of the weevil
sequence’s antiquity, its short branch length in a phy-
logenetic tree containing extant insects’ 18S rRNA se-
quences. This argument, by itself, is not sufficient. The
fossil weevil sequence’s antiquity can be indirectly ver-
ified with a relative-rate test (Sarich and Wilson 1973).
This test checks whether the distance between an out-
group and the ancient sequence is shorter than the dis-
tance between the outgroup and extant sequences.

From the GenBank database we retrieved 30 ho-
mologous sequences belonging to coleoptera and other
related insect groups (table 1) and aligned them using
CLUSTAL W (Thompson, Higgins, and Gibson 1994).
Maximum-likelihood pairwise distances (transition/
transversion ratio 5 2) were calculated with the program
DNADIST (Felsenstein 1993). The outgroup was an
odonate, Aeschna cyanea (X89481). Dipterans sequenc-
es were discarded because of their high rate of nucleo-
tide substitution (Friedrich and Tautz 1997). The dis-
tance between the outgroup and Lebanorhinus was com-
pared to the distances between the outgroup and other
insects with a Wilcoxon nonparametric test. The differ-
ence was nonsignificant (p 5 0.389), suggesting that the
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Lebanorhinus sequence is not ancient. The distance be-
tween the outgroup and the fossil weevil was 0.130 and
the mean distance between the former and the other in-
sects was 0.127.

One might think that such a test would not discrim-
inate a 120–135 MYA old sequence from an extant one;
to counter that, we have estimated how much divergence
would have been lost by a 18S rRNA that stopped
evolving 120–135 MYA. First, as an estimation of the
18S rRNA substitution rate, we have used the estimated
metazoan substitution rate given by Wray, Levinton, and
Shapiro (1996). For a period of 120 MYA, the expected
divergence is 0.018. The mean distance between the out-
group and extant sequences is 0.127; then, the distance
between the outgroup and an 120-Myr-old sequence
should be 0.109, the test now being significant (p ,
0.0001).

We think that the Lebanorhinus sequence may be
an extant beetle contamination. For instance, Walden
and Robertson (1997) recovered a beetle sequence when
they were amplifying DNA from an amber-entombed
bee specimen, but no coleoptera was studied before in
their laboratory.

Cano et al. (1993) aligned the three coleopteran ITS
sequences obtained by them with two extant dipteran
sequences (Drosophila melanogaster and Aedes albo-
pictus) taken from the database. We made BLAST (Alt-
schul et al. 1990) and FASTA (Pearson and Lipman
1988) searches with the fossil weevil sequence; no in-
sect sequence was in the high scores, only fungi se-
quences. The highest score was a Candida guilliermon-
dii ITS (L47110). The weevil sequence shows 100%
identity in a fragment of 69 nucleotides corresponding,
in the Candida entry, to the last 19 bases of the ITS and
the first 50 bases of the 5.8S rRNA (fig. 1a). This is
striking because Cano et al. (1993) only obtained insect
sequences in their database searches.

Searches with the Lecontellus and Hypera ITS se-
quences showed in the Cano et al. (1993) paper gave
unexpected results. Both sequences gave high identity
scores with Drosophila yakuba (Z28416), Candida guil-
liermondii, and other fungi and Drosophila entries, but
not with other insect sequences. It seems that these two
sequences are at once similar to both Drosophila and
fungi sequences.

We aligned the 39 end of the 18S rRNA of Candida
with the insect ones. This short fragment (30 bases) is
conserved between fungi and insects (100% identity).
But no perfect match was found in the sequences re-
trieved by Cano et al. (1993): Lebanorhinus was 93%
identical, Lecontellus 61%, and Hypera 47%.

Surprised by the preceding results, we compared
the Drosophila and Aedes sequences shown in the Cano
et al. (1993) paper to the corresponding sequences in the
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FIG. 1.—a, Alignment between Candida guilliermondii (L47110) and Lebanorhinus succinus ITS sequences. Matches are indicated by
stars. The boxes show the 18S rRNA 39 end and the 5.8S rRNA 59 end. b, Sequence comparison between Drosophila melanogaster M21017
entry and Drosophila melanogaster ITS shown by Cano et al. (1993). Figures are not scaled. Numbers inside the boxes are percent identities.
The positions of high-identity segments between the M21017 entry and the Cano et al. (1993) sequence are as follows: 90% identity segment
between 1972–2042 and 7–77, 97% segment between 2659–2705 and 100–146, and 83% segment between 2721–2779 and 161–219.

database, but they do not match, although Cano et al.
(1993) took their sequences from the database (acces-
sion numbers M21017 and X57172). The correct Aedes
ITS sequence exists in the database in a different entry.
The sequence used in their paper, with accession number
X57172, is the Aedes albopictus 18S rRNA gene, but
this entry does not contain any ITS. The entry contain-
ing the true Aedes albopictus ITS (L22060) does not
match with the one shown by Cano et al. (1993) and
was sent to the database in 1994, one year after they
published their paper. We do not know the source of
their Aedes ITS sequence.

BLAST search with the Drosophila melanogaster
ITS indicates that this sequence seems to be an assembly
of different fragments of the M21017 Drosophila mel-
anogaster entry (fig. 1b). The Cano et al. (1993) frag-
ment under study is longer than the 2,800 bases in the
Drosophila M21017 entry and apparently was reduced

and spliced in order to align it with the fossil weevil
sequence.

Cano et al. (1993) used ITS1 and ITS2 primers for
the ITS amplification, but both primers were originally
designed for the amplification of fungi ITS. They as-
sumed that the length of the amplified fragment (226
bases) was in the range of the expected size given by
White et al. (1993), but that expected size was for Sac-
charomyces cerevisiae (290 bases), a fungus very close-
ly related to Candida. The size of the three ITS sequenc-
es given by them are more similar to those of fungi than
to those of other insects; for example, the coleopteran
Diabrotica (U90334) is 527 bases long.

We aligned the three 5.8S rRNA ends of the cole-
opteran ITS sequences with the correct Drosophila and
Aedes sequences and with homologous Bombyx mori
(X01527) and Musca domestica (Z28417) fragments.
We also added three fungi sequences: Candida
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Table 1
Sequences and Distances of the Relative Rate Test

Species Order Accession Number
Distance from
the Outgroup

Meloe proscarabeus . . . . . . . . . . . . .
Tenebrio molitor. . . . . . . . . . . . . . . .
Hartigia cressonii. . . . . . . . . . . . . . .
Periclista linea . . . . . . . . . . . . . . . . .
Orussus thoracicus . . . . . . . . . . . . . .

Coleoptera

Hymenoptera

X77786
X07801
L10173
L10172
L10174

0.154
0.125
0.109
0.112
0.121

Mesopolobus sp. . . . . . . . . . . . . . . . .
Epyris sepulchralis . . . . . . . . . . . . . .
Evania appendigaster. . . . . . . . . . . .
Caenochrysis doriae. . . . . . . . . . . . .
Bareongonalos canadensis . . . . . . .

L10177
L10180
L10175
L10179
L10176

0.101
0.101
0.105
0.130
0.109

Ichneumon sp.. . . . . . . . . . . . . . . . . .
Apis mellifera . . . . . . . . . . . . . . . . . .
Priocnemus oregana . . . . . . . . . . . .
Polistes dominulus . . . . . . . . . . . . . .
Phaeostigma notata . . . . . . . . . . . . . Neuroptera

L10178
U89834
L10181
X77785
X89494

0.113
0.151
0.115
0.133
0.125

Anisochrysa carnea . . . . . . . . . . . . .
Chrysoperla plorabunda . . . . . . . . .
Sialis sp. . . . . . . . . . . . . . . . . . . . . . .
Myrmeleon sp. . . . . . . . . . . . . . . . . .
Panorpa germanica . . . . . . . . . . . . . Mecoptera

X89482
L10183
X89497
L10182
X89493

0.121
0.133
0.138
0.146
0.138

Boreus sp. . . . . . . . . . . . . . . . . . . . . .
Bittacus chlorostigmus . . . . . . . . . . .
Hystrichopsylla schefferi . . . . . . . . . Siphonaptera

X89487
L10184
L10185

0.146
0.155
0.118

Archaeopsylla erinacei. . . . . . . . . . .
Galleria mellonella. . . . . . . . . . . . . .
Mean . . . . . . . . . . . . . . . . . . . . . . . .
Lebanorhinus succinus. . . . . . . . . . .

Lepidoptera

Coleoptera

X89486
X89491

L08072

0.114
0.160
0.127
0.130

FIG. 2.—Phylogenetic tree inferred from the 5.8S rRNA 59 end.
Branch lengths are proportional to the estimated number of nucleotide
substitutions. Sequence alignment was carried out with CLUSTAL W
(Thompson, Higgins, and Gibson 1994). Pairwise maximum-likelihood
distances (transition/transversion ratio 5 2) were calculated by using
the program DNADIST (Felsenstein 1993). A neighbor-joining method
was used for tree reconstruction, using the program NEIGHBOR (Fel-
senstein 1993). Bootstrap percent values out of 1,000 replications are
shown on each branch.

(L47110), Trichoderma longibrachiatum (Z82910), and
Glomus fasciculatus (X96843). As outgroup we selected
a plant sequence, Nicotiana rustica (X59789). Finally,
we made a phylogenetic tree (fig. 2). This tree confirms
the BLAST results. Note the intermediate position of
Hypera and Lecontellus sequences: they do not form a
separate clade, although they are coleopterans.

In summary, we infer from the relative-rate test that
the 18S rRNA fragment is probably an extant sequence.
Further, our main conclusion is that the weevil ITS se-
quence seems to be a fungal contamination. This con-
tamination was not detected before because the Leba-
norhinus ITS sequence is not in the databases. The ex-
tant coleopteran ITS sequences obtained by Cano et al.
(1993) show unexpected features (or sequencing errors),
and we were not able to explain the origin of the dip-
teran ITS sequences utilized in their paper. Other amber-
entombed and extant insect sequences obtained by this
group have been called into question (Walden and Rob-
ertson 1997). As B. Sykes (1997) wrote, ‘‘lights turning
red on amber.’’
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