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Dealing with Database Explosion: 
A Cautionary Note 

C a r o l  J .  Bult ei al. ( 1 )  report the  first entire assignments were conservative (1 ,  2),  we 
archea genome sequence of Meihanococcus anticipated that much interesting biological 
janlzaschii (Mja).  Because the  initial gene information \vould be missing. W e  searched 

Table 1. New ORFs In M jannaschii (Mja) dent~ f~ed on the bass of s~m~lar~ty ORFs were dentfled after 
purglng out prote~n codng reglons reported for the organsm ( 7 )  and searched usng BLASTX aga~nst 
the comb~ned SwssProt+PIR+Genbank translat~ons database through the NCBl Network BLAST 
server usng a score cutoff of 60 as descr~bed prev~ously (6) Corresponding matchlng prote~n matchng 
speces-n/lethanococcus vannielii (Mva) Bacillus subtilis (Bsu) Haemophilus iniiuenzae (Hn)-5' start 
pos ton + or - strand length of the ORF In amno ac~ds (AA), 5 '  to 3 fankng ORFs and the Posson 
probab~l~ty est~mates are prov~ded for each ORF Other detals avaabe at www golg~ harvard edul 
bhat~a/neworfs/mja/tablel html 

ORF Matchng proten Matchlng Start 5, Length 
Flank~ng ORFs 

specles 58  38  P 

305 R~bosoma proten 51 4 
Yqgp proten 
Amdo phosphorlbosy transferase 
Unknown 
Asparag~ne synthetase 
Mod~fcaton methylase 
Modlfcat~on methylase HlNCI 
Hellcase 
Unknown 

Mva 
Bsu 
Mia 
Mia 
Bsu 
Mia 
Hln 
Bsu 
Mia 

Table 2. dent~fcation of potential frameshift(s) by simarty. Highly significant BLAST matches, of s~miar 
genes in alternative codlng frames, were classified as frameshifts. manually assembled. and confirmed. 
Effect of the frameshift (extension or truncation) and length of the ORF as a result of the frameshift are 
also provided. M I 0  through M I 4  have suffered a single frameshift event, wh~le M I 5  has apparently 
undergone a second frameshift. Other details available at www.golgi.harvard.edu/bhat~aneworis/mja 
table2.html 

Frameshift 

ORF Matching prote~n Matchng Stari 5, Length 
species (AA) Effect Length 

M I  0 Restr~ct~on mod~f~cat~on enzyme Mja 128577- 359 extens~on 583 I 0-93 
subun~t M I  

M I  1 Transposase Mja 276289+ 91 truncat~on 38 
M I  2 Polyferredox~n Mja 457630- 410 extens~on 567 10-*" 
M I 3  Unknown Mja 14344- 72 truncaton 16 1 0-35 
M I 4  Unknown Mja 202169- 177 truncaton 50 l o - "  
M I 5  Unknown Mja 809431 + 32 extenson 131 10-" 

the  database for additional open reading 
fra~nes (ORFs), and found 15 ORFs: four 
within intergenic regions ( M  1 through M4, 
Table 1);  five overlapping with previously 
identified ORFs ( 1 ,  2) but that read off in  a 
different frame (1~15 through M9, Table 1);  
and six that are extended or truncated as a 
result of potential frameshifts ( M I 0  through 
M15, Table 2).  

Al though the  potential frameshifts we 
describe miuht be bona fide. it cannot  be c7 

ruled out  that  they represent actual se- 
quencing artifacts. Erroneous sequences i n  
public databases are a substantial problem 
and  have bee11 estimated t o  be in  t h e  
ranee of 0.37 to  2.9 errors ver 1000 nucle- " 
otides (S), making data interpretation 
sometimes difficult. This  is esneciallv true, 
for example, in  studies that  utilize protein 
and DNA seauence information to esti- 
mate  evolutio~lary distances (4 ) .  I t  is no t  
known how the  error rate in  this study (1 )  
colnDares with error rates in  the  database. 
but a previous study suggests tha t  error 
rates generally vary between 1 i n  5000 to  
1 in  10,000 nucleoticles (5).  

T h e  issue of sequencing artifacts is irn- 
portant and is expected to be a continuing 
problem in the  future, considering the  
heightened surge of genome sequencing 
projects from model organisms, as \veil as 
from the  human genome sequencing 
initiative. 
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Response: Bhatia et al. express concerns 
about erroneous sequences in public data- 
bases, which make the  interpretation of 
seauence data sometimes difficult. W e  
share these concerns because faulty entries 
in  public databases, especially sequence an- 
notations, often complicate our research ef- 
forts. Therefore, we dedicate considerable 
resources to maintain a curated in-house 
database and to carefully check the se- 
quences and annotations provided by us to  
the  public. T h e  challenge is to find a suit- 
able compromise between the  quick release 
of newly sequenced genornes and responsi- 
ble sequence quality and annotation. W e  
estimate our error rate at the  time of release 
to  be 1 base in  5000 to  10,000 ( 1  ), which IS 

about the  quality recluested for the  Human 
Genome Project. For the 1.7-blbp M. jiln- 
naschii genome ( 1  ), this would account for 
about 250 putative errors, which ~vould 
mainly result in  frameshifts in  ORFs that as 
yet have n o  recognizable ho~nologs in any 
database. Bhatia et al. specify 15 regions in 
this genome where they suspect ORFs or  
frameshift problems resulting from secluenc- 
ing artifacts. W e  encourage the  input of the  
scientific community in ongoing efforts to 
further elucidate the  wealth of biological 
information still hidden in  this genome; 
holvever, without access to the  original 
electropherograrns that were used to gener- 
ate the  final genome seauence data, it is not - 
always possible to definitively determine 

Table 1. Comments and addit~onal bological information for some of the ORFs c r~ t~czed  by Bhata et a/. 
M I  through M4, ORFs In ~ntergenc reglons missed in the ni ta l  pubcation; M5 through M9. "add~t~onal" 
ORFs overlapp~ng w t h  prev~ously  dentf fed ORFs-all are framesh~fts or vestigal genes. A the frame- 
shfts mentoned n ths  table have been confrmed by extens~ve reedit~ng or resequenclng of the problem 
areas w~ th  alternatve sequencing chem~stvy. A complete list of the corrected ORFs w~ll shortly become 
available on our M. jannascl~iigenome web page at www.t~gr.org/tdb/mdb/mjdb/mjdb.html. ORF, open 
reading frame: aa, amino ac~d.  

ORF Information updates on some of the criticized ORFs 

M I  = MJ0469 1 53 aa long r~bosomal proten S14P, ava~lable n SWISS-PROT slnce October 
1996 

M2 = MJO61O 1 Member of uncharacterzed fam~ly of membrane prote~ns of unknown 
funct~on 

M3 = MJ1351 1 Funct~onally uncharacter~zed th~rd member of type-2 gutamne 
amdotransferase famly 

M5 = MJ1056 Frameshft at ooston C995,616 extends the asparaqne synthetase qene by 
342 codons 

M8 = MJ1574 Mult~ole framesh~fis extend the elF-4A famv  member bv 197 aa at the 
COOH-termnus 

M I  1 = MJ0293.1 Vestgal transposase of SAMJI  -type; none of the 12 sequences ava~labe for 
this area supports the presence of an addtiona A at 276.294 to correct 
the c r~ t~czed framesh~fi. 

M I  2 = MJ0514.2 MJ0514.2, MJ0514 1, and MJ0514 are a set of polyferredoxn genes: the 
MJ0514.2/MJ0514.1 junct~on area IS covered by 16 sequences. none of 
wh~ch supports the supposed framesh~ft; MJ0514.1 IS preceded by a 
typ~ca Shne-Darlgarno sequence. 

whether a presumed frameshift reflects an  
error in  the  DNA sequence or  not  (Table 
1 ) .  For example, ORF blll in  table 2 of the  
comment suggests that we truncated a 
transposase gene by a frameshift, b ~ l t  this 
"ORF" is a vestigial gene that is missing a 
significant portion of the  central part of its 
hornologues. T h e  ~lucleotide necessary for a 
correction of the  frameshift, A-276,294, is 
absent in  all 12 sequences covering this area 
of the  pellome. 

L, 

N o  automated computer system will dis- 
cover some of the  treasures (and some of 
the  errors) still hidden in the  genome of 
M. jannaschii. \Ve are therefore grateful to 
colleagues who, after the  release of the  
M. jannaschii genome sequence, contacted 
us to  provide their biological, biochemical, 
and genetic experience and expertise, 

which has resulted in  quick updates and 
corrections of our freely accessible database 
at www.tlgr.org. 
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