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Identification of Sequencing Errors using 16S rRNA Secondary-Structure Modeling 
We modeled 16S rRNA secondary structure for five representative Pseudonocardia species, including P. 
carboxydivorans (GenBank accession EF114314; type strain Y8; Figure S1), P. kongjuensis (AJ252833; type 
strain LM-157; Figure S2), P. halophobica (AJ252827; type strain IMSNU-21327T; Figure S3), P. spinosispora 
(AJ249206; type strain LM-141T; Figure S4), and P. yunnanensis (AJ252822; type strain IMSNU-22019T; 
Figure S5), following the secondary-structure modeling strategy described in the Methods of the main article.  
The five Pseudonocardia species were chosen because these species span the diversity of the genus, because for 
each species almost the entire 16S sequence was available (over 1500 base pairs), and because these sequences 
seemed free of sequencing errors when interpreting the respective 16S rRNA secondary structure. 
 
Inspection of our 16S alignment revealed that sequences from ant-associated Pseudonocardia and P. 
halophobica (accessions EU139566.1-EU139584.1) submitted by Poulsen et al. (2007) on 05. September 2007 
contained highly unusual character scorings, some of them at positions within the 16S rRNA gene that are 
thought to be invariable or highly conserved across all Eubacteria (Cannone et al. 2002).  An example of such an 
unusual 16S rRNA secondary structure is shown in Figure S6 (EU139577.1).  The unusual characters were 
furthermore rendered suspect because these suspect characters also appeared in a sequence deposited by Poulsen 
et al. (2007) for P. halophobica (EU139576.1, from strain NRRL B-16514; Figure S7), whereas all other 
sequences deposited at GenBank for P.halophobica (AJ252827 = strain IMSNU21327; Z14111 = strain 
DSM43089T; Y08534 = strain DSM43089T) do not show the unusual character scorings of Poulsen et al. (2007) 
(compare the 16S rRNA secondary structures for P. halophobica in Figures S3 and S7).  Note that strain NRRL 
B-16514 used by Poulsen et al. (2007) is derived from the type strain DSM43089T; these two strains are 
therefore expected to have the same 16S rRNA gene sequence.  Since submission of the present manuscript, we 
sequenced strain NRRL B-16514 (sent to us in November 2009 by Dr. David Labeda, ARS Culture and Patent 
Culture Collections, United States Department of Agriculture, Peoria, Illinois).  Our 16S sequence for NRRL B-
16514 does not show the unusual character scorings appearing in EU139576.1, which was derived from the 
same accession NRRL B-16514; rather, our character scoring is identical to the sequence of P. halophobica 
AJ252827, with only one single nucleotide difference in the repeat number of a G-mononucleotide repeat in the 
V1-region. 
 
Of all the 16S rRNA sequences generated to date, only the sequences of Poulsen et al. (2007) showed the 
unusual character scoring appearing in Figures S6 and S7, suggesting either errors in sequence editing in that 
particular project, or some unusual modification of the sequences during the submission process to Genbank.  
We predicted that the unusual characters of Poulsen et al. (2007) would render the relevant sequences as 
artificially derived in a phylogenetic analysis (i.e., the sequences with errors would be subtended by long 
branches), perhaps even unite some of these sequences in artificial monophyletic clades.  This was indeed the 
case (Figures S8a and S8b; the derived characters created artificial monophyletic clades uniting taxa based on 
shared sequence errors, as well as distorted general phylogenetic relationships). 
 
We therefore excluded from our phylogenetic analyses 11 suspect characters introduced by the EU139566.1-
EU139584.1 accessions.  These characters did not vary among all the other taxa, and exclusion therefore does 
not affect phylogenetic inferences about the remaining taxa.  However, we were unsure about the error of at 
least four additional suspect characters, which therefore remained included in our phylogenetic analyses and 
were expected to possibly render the corresponding taxa as phylogenetically derived.  The derived phylogenetic 
positions of some of the sequences from Poulsen et al. (2007) (EU139566.1-EU139584.1) in Figures 2a and 2b 
therefore may be an artifact of such uncorrected sequencing errors. 



 
Note added after acceptance of our manuscript:   
In late December 2009, we communicated the possibility of sequence errors in the analyses of Poulsen et al. 
(2007) to the authors, who promptly corrected the most-suspect characters in their sequences deposited 
originally in September 2007 at GenBank (these replacement sequences are deposited as EU139566.2 - 
EU139584.2 at the NCBI Nucleotide Collection; note the “.2” ending of these corrected sequences, 
distinguishing them from the original submissions identified by a “.1” ending).  Because the replacement 
sequences still showed the four additional suspect character-scorings that we discuss in the preceding paragraph, 
we requested to confirm these sequence scorings by inspection of the relevant sequencing chromatograms.  The 
authors kindly sent us on 4. February 2010 a set of chromatograms (see Supplement 2) which they believed 
would validate the sequence-scoring of the replacement sequences released at Genbank on 5. January 2010.  
Inspection of these chromatograms revealed problems in the sequencing chromatograms sent to us (e.g., forward 
sequence of Pseudonocardia and reverse sequence of Tsukamurella compiled into a single sequence and edited 
to yield a Pseudonocardia consensus sequence; both forward and reverse sequence of Tsukamurella edited to 
yield a consensus sequence of Pseudonocardia; chromatograms for specific Pseudonocardia isolates that were 
inconsistent with either the respective original sequence submissions and also inconsistent with the respective 
corrected sequences deposited on 5. January 2010 to replace the original sequences).  When pointing out the 
problems of this first set of chromatograms, the authors attributed the problems to mixup of files in databases, 
and they kindly sent us on 12. February 2010 a second set of chromatograms (see Supplement 3) to replace the 
first set of chromatograms.  Inspection of this second set of chromatograms revealed two additional problems: 
(a) duplication of primary chromatogram reads that were labeled as if they had been derived from different 
sequencing runs (i.e., exactly duplicated chromatogram reads, including identical sequencing artifacts and 
identical background noise, in chromatogram files labeled as if they had been derived from different sequencing 
runs from different bacteria); and most puzzling (b) original base calls (primary nucleotide calls generated by 
the automated sequencer, preceding any manual editing) that did not match the associated chromatogram peaks.  
Across most sequence reads, the apparently original base calls were consistent with a Pseudonocardia sequence, 
but inconsistent with the associated chromatogram peaks indicating Tsukamurella.  The authors attributed the 
problems of the second set of chromatograms to file mixup.  We agree that some of the inconsistencies can be 
explained by file mixup (i.e., the duplication of chromatograms, including exact duplication of sequencing 
artifacts and background noise, but labeling as two different sequencing runs).  On the other hand, we believe 
that the editing of Tsukamurella reads in the first set of chromatograms, and the changes to the original base 
calls in the second set of chromatograms, yielding consensus sequences of Pseudonocardia in both the first and 
the second sets of chromatograms, is less compatible with an explanation of file mixup.  It is unclear whether 
the changes to the original base calls preceding manual editing (Supplement 3) and the particular sequence 
editing (Supplements 2 & 3) could have generated the 11+4 unusual character scorings mentioned above, as 
well as additional sequence artifacts not discussed here.  At the present time of correcting the proofs of our 
manuscript, we have not been able to examine any chromatograms that verified the character scoring of the 
sequences of Poulsen et al. (2007).  We thank the authors for their generous help to understand their sequence 
scorings. 
 



Caption for Figures S1-S7 
16S rRNA secondary structure models for representative Pseudonocardia species (Figures S1-S5), including 
two examples of suspect 16S rRNA sequences of Poulsen et al. (2007) (Figures S6 &S7).  Canonical base pairs 
(G:C, A:U) are shown with tick marks, wobble (G:U) base pairs with small closed circles, A:G base pairs with 
large open circles, and all other non-canonical base pairs with large closed circles. 
 
Figure S1. Secondary structure of 16S rRNA of P. carboxydivorans (EF114314; type strain Y8). 
 

 



Figure S2. Secondary structure of 16S rRNA of P. kongjuensis (AJ252833; type strain LM 157).  
 

 



Figure S3. Secondary structure of 16S rRNA of P. halophobica (AJ252827; type strain IMSNU-21327T).  
 

 



Figure S4. Secondary structure of 16S rRNA of P. spinosispora (AJ249206; type strain LM 141T). 
 

 



Figure S5. Secondary structure of 16S rRNA of P. yunnanensis (AJ252822; type strain IMSNU-22019T). 
 

 



Figure S6. Inferred secondary structure of 16S rRNA of Pseudonocardia sp. SP030327-01 (EU139577.1) 
isolated from an attine worker and submitted by Poulsen et al. (2007).  The comparison of this secondary 
structure with those shown in Figure S1-S5 identifies at least 11 sequencing errors in conserved regions of 
EU139577.1 and the other sequences submitted by Poulsen et al. (2007). See also Figure S7 and explanation in 
above text. 
 

 



Figure S7. Inferred secondary structure of 16S rRNA of P. halophobica (EU139576.1, from strain NRRL B-
16514) submitted by Poulsen et al. (2007).  The comparison of this secondary structure with the one of P. 
halophobica in Figure S3 identifies at least 11 sequencing errors in conserved regions of EU139576.1 and the 
other sequences submitted by Poulsen et al. (2007).  See also Figure S6 and explanation in above text. 
 

 



Figure S8. Comparison of neighbor-joining (NJ) trees inferred from two 16S rRNA gene alignments that either 
(A) included the 11 sequencing errors of Poulsen et al. (2007) (see above text for explanation), or (B) excluded 
these sequencing errors.  Sequences derived from Poulsen et al. (2007) are highlighted in red.  Comparison of 
the two tree topologies reveals that, as predicted, the sequences from Poulsen et al. (2007) appear artificially 
derived with the errors included [see longer branches subtending these taxa, including the P. halophobica 
sequence of Poulsen et al. (2007) that groups with other P. halophobica sequences at the bottom of the 
phylogenetic reconstructions]. Moreover, in several cases in the left (uncorrected) reconstruction, the suspect 
sequences are grouped into artificial monophyletic clades united by shared sequencing errors [compare how the 
sequencing errors artificially cluster the taxa of Poulsen et al. (2007) in the left reconstruction and overall distort 
the phylogenetic relationships among the main Pseudonocardia groups]. 
 

 



Isolates belonging to Clade 4 of Pseudonocardia (see Figure 2a in main article) 
 
Cafaro & Currie (2005) had identified a three-taxon clade of Pseudonocardia (isolated from Trachymyrmex ants 
from Panama) that had emerged as phylogenetically unique and “ant-specific” clade in the phylogenetic analysis 
by Mueller et al. (2008; see Clade 4 in Figure 1 in main article).  Our expanded phylogenetic analyses identify 
now two environmental Pseudonocardia nested within that Pseudonocardia clade, which was formerly 
hypothesized to be ant-specific (see Clade 4 in Figure 2a in main article).  One of these environmental isolates is 
an endophytic Pseudonocardia that was isolated from a Eucalyptus tree in Australia (GenBank accession 
FJ805426; 99.8% sequence-identical to AY376893 isolated from a Trachymyrmex worker from Panama), the 
second environmental Pseudonocardia was isolated in a survey of microbial growth degrading prehistoric cave 
paintings in Spain (Stomeo et al. 2008, 2009; EU810881; 99.3% sequence-identical to AY376893 isolated from 
a Trachymyrmex worker).  Representatives of Clade 4 have therefore been found only six times so far (four 
times from Trachymyrmex ants, twice from the two environmental sources mentioned above; see below table) 
and they have so far not been detected in any culture-independent screen.  Note that sample AY376894 (isolate 
A46, from Cafaro & Currie 2005) does not appear in Clade 4 in Figure 2a because our secondary-structure 
rRNA modeling identified exceptionally many errors in this sequence.  The unreliable sequence AY376894 was 
therefore excluded from our final alignment; consequently, only five taxa appear in Clade 4 in Figure 2a.  In 
preliminary neighbor-joining and maximum-likelihood analyses, sequence AY376894 always grouped with the 
other five sequences, and sequence AY376894 therefore can be placed with confidence into Clade 4 of 
Pseudonocardia (Figure 2a). 
 
GenBank 
Accession # Isolate ID#, Source, and Country of Collection      
AY376893 isolate A16 cultured from worker ant Trachymyrmex.sp. in Panama 
AY376894  isolate A46 cultured from worker ant Trachymyrmex.sp. in Panama 
AY376895 isolate TrachyPA cultured from worker ant Trachymyrmex zeteki in Panama 
EU139573  isolate AL050513-04 cultured from worker ant Trachymyrmex zeteki in Panama 
EU810881 isolate 01Q8T cultured from prehistoric painting on cave wall in Spain 
FJ805426 isolate EUM374 cultured as endophyte from Eucalyptus tree in Australia 
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