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Interpretation of nucleotide/protein sequence data: Some

pitfalls

Identification of unkhown genes and
their products by computer search have
recetved high priority among molecular
biologists. However, since biologists are
not always computer analysts at the
same time, there always exists a finite
probability of making errors in analysing
sequences and in interpretation of data
which can easily be avoided with some
advice from computer analysts. We
would like to highlight some of the pre-
cautionary measures that need to be taken
to avoid the inherent pitfalls in sequence
data and their proper interpretations.

The worst and a very commaon source
of errors in DNA sequences is the con-
tamination of vector sequences arising
duning cloning and subcioning of DNA
fragments. In 20,000 sequences in the
GenBank 63 alone, more than 50 in-
stances Of cloning vector contamination
have been detected'. In a smaller num-
ber of cases the anomalous sequences
might have arisen during editing, but in
a majority of the cases, large blocks of
vector sequences contaminated the ac-
tual sequence. Incorporation of anoma-
lous sequences, particularly in the cod-
ing regions, not only hinders the rec-
ognition of low-level homologies and
consensus seguences, but can also ex-
hibit false similaritics with other se-
quences, leading to erroneous conclu-
sions. An example of such an error is in
the nucleotide sequence of the recA
gene of Vibrio cholerae® published from
our laboratory. While careful sequenc-
ing of both strands and comparison of
the sequence-based restriction maps
with the map of the cloned DNA frag-
ments might eliminate the problem,
vector contamination can be easily and

814

quickly detected and removed using
computer programs that are now avail-
able!. The contamination can also be
removed by comparing the sequence
with the dataset of vecior sequences
available at the GenBank.

‘Frameshift’ is another frequently oc-
curring error in DNA sequences™®. This
happens when a base is either missed or
added during reading of sequencing
gels. Posfai and Roberts® have detected
many such errors in EMBL (release 24)
and GenBank (release 56) using the
program DETECT, which examines
alternative reading frames from related
proteins. The program BLASTX*®
based on BLAST’ algorithm can also
predict frameshift errors by comparing
the translated nucleotide sequences from
all six reading frames with a protein
database. When the similarity to a pro-
tein switches from one frame to another
in the same strand of the query se-
quence, there is definitely a frameshift
error in the sequenee“. However, with
the simultanecus translation and align-
ment algorithms, proteins with > 30%
sequence identity can be reliably rec-
ognized even in the presence of 1%
frameshifting error rates and 5% base
substitution rates®.

In nucleotide sequence analysis, un-
known complete or partial open reading
frames (ORFs) are often encountered
along with the sequence of the gene of
interest*®. These ORFs, overlooked in
most cases by the investigators, might
represent useful functions. Two compu-
tational approaches are now used either
independently or in combination to de-
termine whether the overlooked putative

ORFs are indecd bonafide genes™*®.

The first 1s an intrinsic approach, which
distinguishes the coding regions from
the non-coding ones on the basis of the
statistical analysis of some parameters
of the sequence without referral to any
other sequence®®?!%. The software that
has been extensively used for this pur-
pose in human genome sequence analy-
sis? is GRAIL", which utilizes the sen-
sor-neural network approach to evaluaie
the intrinsic properties of the DNA se-
quence like frame bias, dinucleofide
fractal occurrence, etc. This approach
can also be used in the analysis of small
genome after proper modification. Us-
ing the GenMark method based on
phased Markov Chain model, Boro-
dovsky et al. predicted expressed ORFs
in the unannoted regions of Escherichia
coli genomic DNA from EcoSeq6 data-
base'?. The second approach for predict-
ing genes is extrinsic and involves com-
parison of the putative deduced amino-
acid sequence with protein sequence
databases and searching for motifs™®. If
the deduced amino-acid sequence of the
putative ORF shows ‘significant’ simi-
larity to oné or more proteins in the
database, it is almost certain that the
putative ORF represents a bonafide
gene. It may be pseudo- or cryptic gene,
but is definitely not a part of non-coding
region®. Using these two approaches, a
large number of new genes in the unan-
noted regions of E. coli genome have
been identified and searches for genes
that have escaped detection so far ia
several other organisms are in pProgress.
To search for homology of a newly
generated protein sequence with other
sequences, i.e. databank one or the other
alignment programs are used” 3= If
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after suitable gaping more than 25%
residues of two protein sequences
longer than 100 residues are identical,
they must be evolutionanly and/or
functionally related'®. If the idenfity is
between 15 and 25%, the sequences are
considered to be marginally similar and
in the language of computational biol-
ogy, this range 1s known as ‘twilight
zone’'°, Although this criterion of as-
sessing  ‘similanty’ between two se-
quences 1s acceptable, a more rigorous
approach is provided by the BLAST
program’ where a probability factor (r)
1s assigned to each alignment, which
decides whether the observed similarity
between two sequences could have been
obtained by chance®. Usually p <107
suggests genuine homology between
two sequences and 107 <p <10
constitutes the ‘twilight zone’*. When
the similarity between the two se-
quences falls in the twilight zone, some
caution should be taken to decide
whether the sequences are genuinely
related or the twilight alignment is an
artifact. lgnoring alignments with
p > 107" might eliminate the possibility
of detecting false relatedness, but such
stringent restrictions might hinder de-
tection of weak but genuine relatedness
between two sequences. What is rec-
ommended in these cases is to check
whether the alignment in the twilight
zone 1s conserved in a protein family.
The software MACAW'’ can detect
subtle similarities between protein se-
quences.

Protein sequences which have ‘biased
amino acid composition’ often generate
erroneous conclusions regarding its
relatedness with other proteins with
similar type of bias. For example, heat-
shock proteins have clusters of charged

amino-acid residues'®, the human tran-
scription factors are rich in glutamine'”,
zinc finger proteins and homeo-box
regions of DNA-binding proteins have
bias towards positively charged amino-
acid residues™. If a new sequence has
any of these characters, it will show
simularity in the region of bias even
when the proteins are functionally not
related. This problem can be solved by
filtering out the regions of bias before
searching for similarity with other pro-
teins. The program SEG can filter out
the biased or ‘low-complexity’ regions
from a sequence’.

Computers function objectively and
in computer searches there is no scope
for prejudice that is often associated
with experimental studies. This advan-
tage .of computational methods, the ex-
plosive growth in sequence databases
and the availability of a wide variety of
analytical software packages have, in
recent years, encouraged molecular bi-
ologists to undertake computational
analysis of nucleotide and protein se-
quences to derive a variety of informa-
tion. To exploit fully the sequence data
it 1s, however, necessary to assimilate
new approaches of computational meth-
ods and this can only be realized
through users having strong background
not only in molecular biology but also
in computers.
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