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Phylogenetic Analysis of a Reported
Complementary DNA Sequence

In the sequence reported as the comple-
mentary DNA (cDNA) of 12-kD human B
cell. growth factor [(1), original GenBank
entry accession number M15530], 54 out of
124 codons were predicted to be derived
from an Alu fragment. In addition to the
originally described Alu element that was
predicted to contribute the 32 COOH-ter-
minal amino acids, we identified a second
Alu fragment that coded for the 22 NH,-
terminal residues (Fig. 1). The unusually
high Alu content suggested that these re-
peats might be instrumental in the emer-
gence of new proteins. To reconstruct the
underlying events, we undertook the phy-
logenetic analysis of the corresponding se-
quence. The contributing repeats (Fig. 1)
belong to the old Alu subfamilies, Sx and ],
which have been present in primates for
over 35 million years (2). We studied this
region in several primates including New
World monkeys and prosimians. Six ampli-
fication primers based on the reported se-
quence (1) were used in different combina-
tions in order to compensate for possible
mismatches between species. DNAs from
Old World monkeys (OWM), gibbon, great
apes, and humans amplified well with most
primer combinations. The apparent length
of the PCR products were as predicted from
the M15530 clone, indicating that the lat-
ter was colinear with the genomic locus.
We cloned and sequenced PCR products
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that were amplified with the use of U-L
ptimer pairs from three humans and from
chimpanzee, gorilla, gibbon, baboon, and
macaque (3).

All human sequences that we sequenced
differed from the-reported M15530 cDNA
(1) by two substitutions and two deletions
(Fig. 1). Three of these changes interrupted
the M15530 open reading frame: the trans-
version at position 119 created a stop codon
TGA, while both deletions resulted in the
frameshifts and premature termination.
These differences with M15530 also existed
in all nonhuman primate sequences ana-
lyzed. The authenticity of M15530 cDNA
could be thus questioned, unless (i) our
PCR' products were amplified from an in-
tronless pseudogene, (ii) M15530 was re-
cently derived by duplication from the

Fig. 1. Structure of the 12
kD BCGF cDNA reported by
Sharma et al. (7). Alu seg-
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genomic locus analyzed here, or (iii) the
differences represented an edited transcript.

The first possibility is contradicted by
the following analysis. The locus in ques-
tion is at least as old as the phylogenetic
divergence of OWM. Therefore, a similar
number of changes should separate the in-
tronless pseudogene in OWM, apes, and
humans from the original active sequence
evolving independently (dotted line in Fig.
2). However, this cannot be the case for
M15530, which appears as the closest rela-
tive of the genomic human sequence (Fig.
2). It differs at only four positions from the
human genomic sequence and at 11, 14, 21,
50, and 51 positions from chimpanzee, go-
rilla, gibbon, baboon, and macaque genom-
ic sequences, respectively (4).

The second scenario is improbable as it
would require a series of fortuitous events
during a short evolutionary time period
(Fig. 2). Duplication of the genomic locus
analyzed here would have to be followed by
nucleotide substitution and two deletions
extending the reading frame, gain of a tis-
sue-specific promoter, and an intron cap-
ture, which would render the resulting locus
refractory to PCR.

ORF in M15530

N o] 4 Yy VY VY vV
ments are shown as shade : —

boxes, hatched blocks rep- ] L: - ARFSX H
resent direct repeats, and *Or 3T Ml L1 L2
the horizontal line above the 241 8i 4 BT 255-234 497-476 569-551
locus corresponds to the uz, o £ M2

open reading frame in 20-39 A 261-238

M15530 cDNA. Horizontal arrows show localization of PCR primers; vertical arrowheads, STOP codons;
vertical arrows, substitutions and deletions with respect to the orginally reported M15530 sequence. The
asterisk indicates the location of a six-nucleotide sequence CGCGGC present in OWM and in the

corresponding Alu-J consensus sequence.
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Fig. 2. Phylogenetic f————— active
analysis of the M15530 |

cDNA and the corre- ! Baboon
sponding genomic se- | Macaque
quence with the use | .

of the neighbor-joining Gibbon
method (Phylip pack- M15530
age v.3.5). The dotted

line indicates the tree Human
typology expected un- ]

der the assumption that Chimpanzee
analyzed sequences rep- Gorilla
resent an intronless pseu- J+Sx

dogene derived from an
active sequence before OWM divergence.

The third option would require a com-
plex and as-yet unidentified editing mech-
anism to introduce a nucleotide transver-
sion and two independent insertions. We
therefore concluded that the M15530 se-
quence did not correspond to a protein-
coding mRNA and likely represented an
error.

Our results demonstrate the power and
utility of the phylogenetic analysis in or-
der to judge whether a putative coding
region corresponds to a transcriptionally
active gene, a pseudogene, or has been
misassigned as a functional segment. The
latter problem may be especially impor-
tant in open reading frames of tissue-
specific cDNAs sequenced at random (5),
when either no coding counterparts -are
found in the database or spurious homol-
ogy has been identified. “Contamination”
of cDNAs by Alu or other repeats may be
a frequent cause of a misinterpretation of
sequence homology. Conversely, Alu-
containing cDNAs must not be automat-
ically classified as artifacts or nonlegiti-
mate transcripts. In some cases, Alu seg-
ments may be integral to the coding or
regulatory region, or may occur in a vari-
ant allele or in an alternatively spliced
transcript (6). In the absence of reliable
biological tests, interspecies sequence com-

parison is an efficient tool when investigators
must choose from among these possibilities.
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Response: Sequencing of the genomic frag-
ment (1) has revealed three errors in the
cDNA sequence we originally published
(2): C—G (nucleotide 119) and G—T
(nucleotide 143) are incorrectly given and
the C and A residues present in M15530
cDNA at positions 176 and 187 are absent
[M15530 ¢cDNA was originally sequenced
by the biotechnology division of Phillips
Petroleum Company; see reference 22 in
our original report (2)]. These corrections,
which have been received by GenBank (3),
do not alter the basic conclusions of our
studies, namely that the 12-kD BCGF gene
represents a functional domain. The nucle-
otide changes described above do not alter
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the major portion of the coding region,
except that the AUG initiation codon is
now placed seven nucleotides downstream
from that which we originally reported (2).
Consequently, the amino acid composition
of the first 37 residues at the NH,-terminal
is altered. The remaining 83 amino acids
are identical to those reported in the
M15530 coding region. Recent studies on
the expression and chromosomal localiza-
tion of 12-kD BCGEF suggest that the orig-
inally cloned cDNA is a protein-coding and
transcriptionally active domain (1) irre-
spective of the presence of Alu repeats
within and flanking the coding sequence.
In their comment, Zietkiewicz et al. fur-
ther suggest that the M15530 cDNA is
associated with phylogenetic and evolu-
tionary improbabilities. Although an exten-
sive investigation into phylogenetic and
evolutionary linkage of the M15530 cDNA
locus needs to be carried out before we can
make any conclusive statements, we are
considering the data (1) and find that it
may be fruitful rather than evolutionarily
improbable..
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