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 I would like you to do a little experiment with me. Let’s 

suppose we get a bacterial SSU rRNA and we blast it at the 
NCBI [1]. The result we get is obvious: a large number of 

homologous sequences of many bacteria. Now let's do some-

thing else, we are going to reverse the same sequence. It is 
easy to do with the EMBOSS program Revseq [2]. The  

reverse sequence is written in the direction 3'-5'. For example 

5’AGTC3’ becomes 3’CTGA5’. If we blast with the reverse 
sequence, what would we get? The answer is nothing. We 

should not get any significant result because the reverse 

sequence is meaningless, sequences are always written in  
the 5 '-3' direction in the databases. Well, have you already 

done the blast with the reverse sequence? You are surprised 

because there are significant results! How is it possible?  

 By this method I have detected more than 300 SSU 

rRNA reversed sequences in the NCBI non-redundant  
nucleotide database (Table 1). I think researchers who sent 

the sequences were wrong and sent the sequences in 3'-5' 

direction, but why? 

 One explanation is that people make mistakes. The  

rRNA sequences are commonly used in identification and 

phylogeny of species. It is unavoidable, If you do one  
thing many times, sooner or later you make a mistake. This 

may explain the abundance but not why people makes  

mistakes.  

 I want to propose two explanations that are not mutually 

exclusive. The first one says that it depends on the language 
of the researcher who submitted the sequence to the data-

base. Genetics was developed in western culture, where texts 

are read and written horizontally left-to-right (LFT), for that 
reason we write DNA sequences in the 5’-3’ direction, the 5’ 

end on the left, the 3’ end on the right. Some oriental lan-

guages are written right-to-left (RTL). Muslims and jews 
write horizontally in the RTL direction. The chinese and 

japanese write top-to-bottom (TTB) but they can both read 

the columns LFT or RTL. My guess is that researchers who 
mother-tongue is not LFT use RTL and/or TTB text editors 

that change the direction of the sequences. Table 1 shows the 

places of origin of the sequences, 57% of them belong to 
non-LFT countries. I have not included the sequences from  
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India, given that Hindi or other official languages are LFT 

but others, like Urdu, are RTL.  

 It is striking that 22 eubacterial and 26 eukaryote reverse 

sequences come from USA and Australia respectively. I have 
checked these database entries and 6 out of 25 from the USA 

sequences were submitted to the database by Japanese re-

searcher working in American labs. One more was submitted 
by a Chinese researcher working in a American lab. More- 

over, 25 out of 26 Australian sequences were submitted by a 

Singaporean researcher working in an Australian lab. Singa-
pore official languages are English (LTR), Malay (LTR), 

Tamil (LTR) and Chinese (TTB). Archea sequences from 

UK/Pakistan deserve special attention. These 4 sequences 
were the result of a scientific collaboration of English (LFT) 

and Pakistani (RTL) researchers. The reversing of a se-

quence can be produced by just one of the researchers ma-
nipulating it with a text editor adjusted for a RTL script 

language. If we include the sequences from India and the 

special cases of USA, Australia and UK/Pakistan this expla-
nation covers the 68% of the SSU reverse sequences.  

 The rest of the sequences, most of them from western 

LFT languages, can be explained by a second hypothesis. I 
teach bioinformatics and many students tend to confuse 

reverse and complementary sequences. The EMBOSS pro-

gram Revseq can help us demonstrate this confusion, the 
program gives the reverse, the complement and the reverse-

complement version of a sequence. The reverse sequence of 

5’AGTC3’ is 3‘CTGA’5, its complement is 3’TCAG5’, both 
of them are complementary and have no meaning. The only 

sequence with the same meaning that the original sequence is 

the reverse-complement one, i.e. 5’GACT3’. Many students, 
when using the Revseq program, only select the reverse or 

the complement options but not both options at the same 

time. My hypothesis is that most of the western reverse se-
quences sent to the databases are produced when a re-

searcher, using any of the available sequence editors, wants 

to convert a sequence in its complementary and reverses the 
sequence but does not complement it or vice versa. 

 Today is difficult to know how many reverse sequences 
of other genes have been submitted to the databases. For 

example, I have searched the database with a reverse version 

of a dolphin cytochrome b and found 128 homologous  
reverse sequences all of them from the same UK lab, no 

researcher of RTL language was found among them. Regard-
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less of the cause of the errors, just have to say that the  
curators of the databases would correct these sequences or 

ask the authors to do it. The percentage of reverse sequences 

in the database should not be too high, but correction is  
necessary because biological information is lost, since a 

homology based search can not detect them. 
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Table 1. Reverse Sequences of the NCBI nr Nucleotide Database Detected by Blastn 

Domain Country Number of Reversed SSU RNA Sequences Script Direction 

Eubacteria China 139 TTB,LTR or RTL 

 USA 22 LTR 

 Japan 21 TTB,LTR or RTL 

 Switzerland 18 LTR 

 The Netherlands 13 LTR 

 India 18 LTR or RTL 

 UK 9 LTR 

 Spain 8 LTR 

 Belgium 5 LTR 

 Denmark 4 LTR 

 Germany 2 LTR 

 Pakistan 2 RTL 

 New Zealand 2 LTR 

 Kenya 2 LTR 

 Sri Lanka 1 LTR 

 Cuba 1 LTR 

 Greece 1 LTR 

Eukaryota 

 Australia 26 LTR 

 Japan 6 TTB,LTR or RTL 

 China 4 TTB,LTR or RTL 

 USA 2 LTR 

 Malaysia 1 LTR 

 Iran 1 RTL 

 New Zealand 1 LTR 

Archea 

 UK/Pakistan 4 LTR/RTL 

 China 2 TTB,LTR or RTL 

 Germany 1 LTR 

Total  316  

E value threshold 0.001. The sequences were detected using a reverse version of the SSU rRNA of Escherichia.coli (CP000948), yeast (J01353) and Sulfolobus solfataricus 
(X90483). Searches were made by February 2010. 


