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Cytochrome P450 Nomenclature

David R. Nelson

1. Introduction
1.1. Approaching 1000

With genome projects spewing forth DNA sequence at tens of Megabases
per year, the problem of genetic nomenclature becomes daunting. In the field
of cytochrome P450 (P450), there are more than 750 sequences and they are
accumulating rapidly. At the current rate, there will be more than 1000 P450
sequences by late 1998 or early 1999. For these data to be accessible and useful
they must be sorted and categorized in some meaningful way. To that end, a
cytochrome P450 nomenclature system was devised (Z). This system relied on
evolutionary relationships as depicted in phylogenetic trees or dendrograms
derived from the P450 protein sequences. The whole collection of sequences
represents the P450 superfamily, with families and subfamilies being arbitrarily
defined as distinct clusters on the tree. Originally, 40% identity was used as a
cutoff for family membership and 55% was used for subfamily membership.
Since the inception of the system, both numbers have crept downward. The
actual decision to include a sequence in an existing group largely depends on
how it clusters on a tree and not so much on the absolute percent identity,
which is more or less a rule of thumb. The most recent published compilation
of the nomenclature is given in Nelson et al. (1996) (2). More up-to-date infor-
mation is available at http://drnelson.utmem.edu/nelsonhomepage.html.

1.2. Looking to the Future

This system has been adopted by the P450 research community and sur-
vived intact for <10 yr. Some cumbersome features have been changed (Roman
numerals were replaced by Arabic numbers) but the scheme is mainly as it was
in 1987. There have been some growing pains associated with large numbers
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of sequences. One of the worst of these is the lack of two digit numbers for new
P450 families. The original scheme reserved blocks of numbers for different
groups of organisms. CYP families 149 were reserved for animals, families
51-69 for lower eukaryotes, 71-99 for plants, and 101 and up for bacteria. The
plant P450 field has exploded recently and family numbers for plants in the two
digit range have already run out. Lower eukaryotes are soon going to have the
same problem, with animals not far behind. The solution has been to assign
blocks of three digit numbers to accommodate the overflow. Lower eukaryotes
will be assigned numbers in the 501699 range. Plants will take 701-999. Ani-
mals will have to jump to the 301499 range because bacteria are already in the
lower hundreds, 101-299. It is conceivable that three digit numbers will still
not be enough, but it should hold us well into the next decade.

2. The Process of Assigning a Name

New P450 sequences frequently appear in Genbank. It is a time-consuming
process to search Genbank and sort out new sequences from those that have
already been named. This is especially difficult for the expressed sequence-
tags (ESTs), because the protein sequence has to be derived from the nucle-
otide sequence and there are many frameshifts in the EST data. Highest priority
goes to sequences submitted by researchers for naming. These sequences
undergo an initial scan that aligns them against the appropriate subset of P450
sequences. The alignment algorithm is part of the MacVector package of
sequence analysis software (IBI). A new sequence can be aligned with a folder
containing about 200 sequences in less than a min. The folders contain bacte-
rial (55), plant (200), insect (104), CYP1, 2, 17, and 21 (168), and other (236)
sequences, a combined total of 763 sequences. A few quick scans identifies the
best match to a known P450 sequence. The new sequence is then added to a
master alignment containing the best match. The revised alignment is converted
to an integer array 730 positions long by the number of sequences in the align-
ment. A 200 sequence alignment in integer form occupies 584 kb.

A program called COMPARE is used to compare the new sequence to every
other sequence in the array. The percent identity is given for each sequence.
Often, a name can be assigned based on these numbers alone. If a sequence is
85% identical to a known sequence, then it will clearly fall into the same sub-
family and a name can be given without further analysis. If the best matches
are less obvious, say in the 40—-50% range, then it is usually necessary to con-
struct a tree. A difference matrix is computed from the array by comparing
every sequence with every other sequence, a process that can take a while fora
large array. The difference matrix is stored and used to compute a tree by the
UPGMA method. There is the option to use several different scoring matrices
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in computing the difference matrix, but, for simplicity, it is usually best to use
a unit matrix that only counts identities. The numbers are later adjusted for
multiple mutations at the same site as described in Nelson and Strobel (3).

A tree will show the relationships between sequences better than the num-
bers from the COMPARE program. Examination of the tree in addition to the
COMPARE output is sufficient to assign a name. Some sequences naturally
fall midway between existing families or subfamilies. These sequences are dif-
ficult to assign, because they are sensitive to small changes in the alignment or
to the choice of scoring matrix. If two different outcomes are found with the
corrected unit matrix data or a PAM250 tree, choose the PAM250 tree over the
unit-matrix tree. This has been the case with the bacterial CYP105 family.
Sometimes this is just a judgment call and the result could go either way. The
results are partly historical. For example, the CYP2D subfamily is quite differ-
ent from the other CYP2 family members. When CYP2D1 was first reported,
there was a fairly large gap between the CYP2 family and the CYPI family.
Some, but not all, of the 2D sequences were more than 40% identical to other
CYP2 family members. At the time it seemed prudent to keep the 2D cluster
within the CYP2 family. As more sequences have been reported, the break
between the CYP1 and CYP2 families is less clear, and it is now apparent that
the 2D subfamily should have been given full family status.

Because of the large number of factors that go into assigning a name and the
possible involvement of confidential sequences, the Committee on Standard-
ized Cytochrome P450 Nomenclature asks that individuals do not name their
own P450 genes. This will avoid the possibility of assigning identical names
for different sequences. Instead, individuals are encouraged to request help in
naming a new gene, by submitting the sequence by e-mail or fax. The appro-
priate addresses are given on the P450 web page at http://drnelson.utmem.edu/
nelsonhomepage.html. These sequences will be held in confidence until they
are published or appear in Genbank. The name that is assigned will be posted
as well as the species that it is from and the name of the person or lab submit-
ting the sequence. If the sequence is already in the database, the individual who
submitted the sequence will be notified. In the case of Arabidopsis, where there
are about 175 EST sequences for P450s, the matching ESTs may be cross-
referenced as time permits. If one has concerns about patents and does not
want the sequence he or she is working on to be known, then that individual
should not submit the sequence for naming. Private names, for sequences with-
out species given or with explicit requests to withhold EST cross-references,
will not be honored. A nomenclature cannot be secretive. If that is not compat-
ible with one’s wishes, then that individual must hold his or her sequence back
until these matters have been resolved.






