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Complete sequences of ompl gene encoding chlamydial main outer membrane protein were
analyzed in 76 clinical strains of C. trachomatis. Thirty-four serovar-specific single-nucleo-
tide polymorphisms were identified, 20 of them meet two criteria: unique position of the nu-
cleotide and unique nucleotide substitution. Evaluation of serovar-specific single-nucleotide
polymorphisms of ompl gene can appreciably simplify and accelerate genetic diagnosis of

C. trachomatis serovars.
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C. trachomatis is a gram-negative microorganism, ob-
ligate intracellular parasite causing more than 20 noso-
logical entities of human diseases. Classification of C.
trachomatis species is based on differences in the anti-
genic epitopes of the main outer membrane protein
(MOMP, 40 kDa), a product of ompl gene (length of
coding sequence 1182-1194 n. p.) [1,6,13]. A total of
15-19 serovars of C. trachomatis are distinguished
[6,15]. C. trachomatis serovars A, B, Ba, C cause mainly
trachoma (trachoma biovar) [1,4,9,15]. C. trachomatis
serovars L1, L2, L.2a, L3 cause venereal lymphogranu-
loma (LGV biovar) [1,4,9]. C. trachomatis serovars E,
F, D, J, G, Ia/l, K, B/Ba, H, and Da [14] cause uro-
genital infections (they are listed in the order of their
decreasing incidence), though the data on their viru-
lence and clinical manifestations of infections caused
by them are contradictory [2,4,7].

Identification of serovar is essential for correct
diagnosis of chlamydial infection and epidemiological
studies. Serovar-specific antigenic epitopes of C. tra-
chomatis MOMP can be identified using monoclonal
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antibodies, but serotyping with the use of antibodies
is not always accurate. For example, serovars L1 and
L3 cannot be differentiated from serovars E and G
[13]. Amino acid composition of MOMP and ompl
gene nucleotide sequence contain four so-called vari-
able VS1-VS4 segments divided by constant sequen-
ces [5,9]. Nucleotide sequences in ompl gene corre-
spond to MOMP amino acid sequences, and hence,
genotyping is a method alternative to serotyping.

Detection of serovar-specific polymorphisms,
specifically, single nucleotide polymorphisms (SNP),
will appreciably simplify and accelerate genetic diag-
nosis of serovars.

The aim of this study was to detect all serovar-
specific polymorphisms of C. trachomatis ompl gene.
Published (Genbank) and identified in our laboratory
ompl gene sequences of C. trachomatis strains and
clinical isolates were used in the study.

MATERIALS AND METHODS

Clinical strains of C. trachomatis were isolated from
epithelial scrapings of the mucosa of cervical canal or
urethra by inoculation in McCoy cell cultures. C. tra-
chomatis DNA was isolated from cell culture by the
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TABLE 1. C. trachomatis Strains and Clinical Isolates

Serovar Strain/clinical isolate Length, n. p. Year of isolation GenBank No.
A A/Har-13 1191 1958 J03813
A/Sa-1/0T 1191 1957 M58938
B B/alpha-95 1185 1996 us80075
B/Jali-20 1185 1985 M33636
B/TW-5 1185 2000 AF304856
B/TW-5/0T 1185 1959 M17342
B-099 1014 2003 AY464143
B-3537534 865 2003 AY378284
B/IU-1226 942 1987 AF063208
Ba Ba/Apache-2 1157 1960 AF063194
C C/TW-3 1194 — AF202455
C/Tw-3/0T 1194 — AF352789
CH-4312 864 2003 AY380109
D D/IU-71960 1154 1987 AF063195
D/IU-72403 1154 1987 AF063196
D/IU-83786 1154 1988 AF063197
D/B-120 1182 1983-1991 X62918
D/B-185 1182 1983-1991 X62919
D/IC-Cal-8 1182 1991 X62920
D/UW-3/Cx 1182 — NC 000117
D/LSU-EP212 1182 2000 AF279587
D/LSU-PM12 1182 2000 AF279588
D/Ep6 1008 X77364
Da Da/Ev-293 1182 1983-1991 X77365
Da/TW-448 1182 1991 X62921
E E/Bour-1990 1182 1959 X52557
E/Bour-1997 1143 1959 u78763
E/IU-51538 1154 1986 AF063198
E/A1 1143 1989-1992 U78528
E/2 1143 1989-1992 U78529
E/3 1143 1989-1992 uU78530
E/15 1143 1989-1992 U78531
E/18 1143 1989-1992 uU78532
E/55 1143 1989-1992 u78537
E/67 1143 1989-1992 U78538
F F/IC-Cal-3 1188 1960 X52080
F-449 1070 — AY464145
F/V-12 986 — AF265240
F/IU-1552 945 1997 AF063212
G G/UW-57/Cx 1160 1971 AF063199
G-646 1103 — AY464158
G-553 1073 2003 AY464156
G/IS-1558 1032 — AF414957
H H/1S-1075 990 — AF414959
H/UW-4 1194 1965 X16007
H-563 954 — AY464146
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TABLE 1. (sequential)
Serovar Strain/clinical isolate Length, n. p. Year of isolation GenBank No.
I/UW-12/Ur 1191 1966 AF063200
1/1S-655 1017 — AF414960
la la/UW-202 1194 — AF202456
la/IU-4168 1166 1987 AF063201
la/IU-1558 951 1997 AF063205
J/Ja J/UW-36 1194 — AF202457
J/UW-36/Cx 1194 1971 AF063202
J-149 1047 — AY464149
J/1S-326 1015 — AF414964
J/IU-117542 1163 1985 AF086856
Ja/lU-37538 1194 AF063203
K K/UW-31/Cx 1194 1973 AF063204
K-23 992 — AF265239
L1 L1/440 1182 1968 M36533
— LGV-98 1182 1994 L35605
LGV-115 1182 1994 L35606
L2 L2/434/Bu 1185 1968 M14738
L2a L2a/UW-396 1185 1985 AF304858
— L2b/AMSTLGV 949 — AY586530
L3 L3/404 1194 1967 X55700
Note. “—": no data.

method of Boom. Primers for amplification of 123-
1172 n. p. encoding sequence of ompl gene were se-
lected using Vector NTI 9 software (Informax): 1Is
primer - 5’AGGTTTCGGCGGAGATCC 3'; 1as pri-
mer - 5’ACGTGAGCTGCTCTCTCATCG 3' (strain
D/UW-3/Cx, Genbank NC 000117). PCR was carried
out in 50 pl reaction mixture containing 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 2 mM MgCl,, 100 uM
each dNTP (Promega), 0.5 uM each primer, 1 U Taq
polymerase (Promega), and 50 ng C. trachomatis DNA.
The protocol of the reaction in a Gene Amp 2400
programmed thermostat (Perkin Elmer) was as follows:
30 sec at 94°C, 30 sec at 60°C, 1 min at 72°C (25 cycles).
The reaction products were separated and identified in
1% agarose gel prepared on Tris-acetate buffer (50 mM
Tris-HCI (pH 8.0), 50 mM CH,;COONa, 5 mM EDTA),
stained with ethidium bromide (0.5 pg/ml). Amplifica-
tion product was purified using Wizard PCR Preps
DNA Purification System (Promega) according to ma-
nufacturer’s instructions. Amplicon nucleotide sequ-
ence was determined using Big DyeTM Terminator
3.0 Cycle Sequencing kit (Applied Biosystems in ac-
cordance with manufacturer’s instruction.

Analysis of nucleotide sequences of encoding re-
gion of omp! gene and amino acid sequences of MOMP
was carried out for 66 C. trachomatis strains and clini-

cal isolates from GenBank belonging to 18 serovars
(Table 1) and for 10 clinical isolates from our labora-
tory. Sequences from GenBank belong to strains/iso-
lates collected in 1958-2003. We found that in addi-
tion to known C. trachomatis serovars [12,15], reports
about new serological variants, which cannot be clas-
sified using the known schemes, appear from time to
time. For example, Ga and Ja variants are described by
different authors as “serologic” and as “genetic” [3,6].
Therefore, in our study we used only serotyped serovars.

Nucleotide and amino acid sequences of ompl
gene were compared using ClustalW software [11].
Since insert/deletion sites are not serovar-specific mar-
kers [9], the main task was to identify oligonucleotide
polymorphisms. Only polymorphisms detected in all
variants of sequences of a serovar were considered as
serovar-specific.

Numeration of nucleotide polymorphisms and
amino acid variants of MOMP corresponded to en-
coding region of ompl gene of D/UW-3/Cx strain,
because complete genome was sequenced for this strain.
Evaluation of appurtenance to this or that C. tracho-
matis serovar on the basis of serovar-specific poly-
morphisms was tested on 21 clinical isolates from
GenBank [10] and 10 clinical isolates obtained in our
laboratory.
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RESULTS

Variations in omp/ gene composition are “inserts” and
single nucleotide “substitutions” (inserts and substitu-
tions relatively to serovar D ompl gene sequence).
None of three detected inserts (two-codone 282NNNN
NN283 and single-codone SIONNNS511 and 996NN
N997, numeration for serovar D) was serovar-specific.

All 34 serovar-specific polymorphisms were sin-
gle-nucleotide (SNP). Of all detected serovar-specific
SNP, no more than 20, conforming to two criteria
(unique position of nucleotide and unique nucleotide
substitution) were sufficient for genotyping (Table 2).
For example, of 4 SNP-specific polymorphisms for
serovar A, only G298 conformed to these criteria.
Hence, of 3 polymorphisms for serovars B/Ba it is
sufficient to genotype only G468.

Serovar E, most epidemiologically prevalent, con-
tains seven nucleotide polymorphisms. All of them are
located in the third constant sequence. Three of these
“silent” polymorphisms are unique (for serovar D
MOMP amino acid sequence): C558 (Tyr186), C573
(Phel191), G609 (Glu203); 2 lead to amino acid sub-
stitution C612 (Cys204—Ser) and T574(Ala192—Ser).

Serovar-specific polymorphisms in encoding re-
gion of ompl gene were identified for serovars A, B/
Ba, C, D/Da, E, F, G, H, K, and biovar LGV. No sero-
var-specific polymorphisms for serovars I/Ia and J/Ja
were found.

The possibility of biovar-specific polymorphisms
was also analyzed. Of three C. trachomatis biovars,
biovar-specific polymorphisms were detected only for
biovar LGV (group of serovars causing venereal lym-
phogranuloma): G30 (Vall0) and A117 (Leu39). No
biovar-specific polymorphisms were detected for tra-
choma biovar (serovars A-C) and urogenital infection
biovar (D-K). However, serovars can be identified
with high accuracy using the detected polymorphisms
(Table 1) and subsequent referring of a serovar to an
appropriate biovar.

Most polymorphisms are located in the so-called
variable sequences of ompl gene, mainly in the first
and second sequences. On the other hand, all nucleo-
tide polymorphisms specific for serovar E are located
in the third constant segment of ompl gene. The no-
tions of “variable” and “constant” segments are inac-
curate, because only the use of SNP located in the con-
stant segment helps to discriminate between the se-
quences of serovar E.

The proposed algorithm of serotyping was used
with partial sequences of ompl gene from 21 C. tra-
chomatis clinical isolates [10]. Each of these sequen-
ces was presented by only variable segments 1-4 (Gen-
bank Nos. AF178221-178304). Hence, serovar-spe-
cific SNP were detected for only 9 isolates, because SNP
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Fig. 1. Philogenetic analysis of omp1 gene sequences and identi-
fication of genotype for 10 clinical isolates of C. trachomatis.
CTOMP1: omp1 sequence from serovar D complete genome.

for other isolates lay beyond the variable segments.
Other 12 isolates presumably belong to serovar E.

The isolates were not serotyped [10]. Their appur-
tenance to serovars was identified by the authors only
by comparison with the reference sequences of dif-
ferent serovars, which the authors do not present in
their report. Partial sequences previously determined
for one isolate of serovar K (CA13) [10] were very
short and did not include serovar-specific polymor-
phism T734 (Val245). No serovar-specific single-nu-
cleotide polymorphisms were found for serovar Ia, and
therefore isolate CA41 was erroneously (by the ex-
clusion method) identified as belonging to serovar E.
In general, the proposed SNP correctly identified 19
of 21 isolates. Erroneous identification of these two
isolates (CA13 and CA41) was due to incompleteness of
the sequences presented previously [10], but not to the
deficiency of SNP algorithm proposed in this study.

Sequences of ompl gene from 10 clinical isolates
of C. trachomatis, identified in our laboratory, were
analyzed using BLAST software and SNP algorithm
developed by the authors. The use of SNP algorithm
gives results completely coinciding with the results of
identification by BLAST software (Fig. 1). Seven of
ten isolates were referred to serovar E and others to
serovars D, G, and H (one isolate in each serovar).
Hence, analysis of several nucleotides in specific posi-
tions distinctly differentiates between sequences be-
longing to different serovars.

Thus, we propose an algorithm for genotyping C.
trachomatis intraspecies differences. In comparison
with whole gene sequencing, the advantages of SNP



TABLE 2. C. trachomatis omp1 Gene Serovar-Specific Polymorphisms

SNP distribution by gene segments
Serovar
1st 1st 2nd 2nd 3rd 3rd 4th 4th 5th
constant variable constant variable constant variable constant variable constant
A G288 (K 96)
G295 (V 99)
T296 (V 99)
*G298 (V 99)
B, Ba G468 (V156) G741 (L 247)
C C303 (N 101) *G538 (E 180) *A748 (N 250)
D, Da G284 (S 95) A497 (K 166)
A498 (K 166)
E *C558 (Y 186)
G585 (V 195)
*C573 (F 191)
*T574 (S 192)
A594 (R 198)
*G609 (G 203)
*C612 (S 204)
F *A376 (T 126) T 488 (V 163) | *A664 (I 222) *G923 (R 308)
G992 (G 331)
*T929 (V 310)
G C499 (Q 167) *A898 (N 300) *A1044 (L 348)
H *A284 (D 95)
C/A296(K 99)
K *C567(T189) | T734 (V 245)
LGV-biovar *G30 (V 10)
*A117 (L 39)
Total number of SNP 2 9 1 5 9 3 1 3 1

Note. Numeration by D/UW-3/Cx genotype (from complete sequence of C. trachomatis genome). *Nucleotide substitutions unique for this serovar in this position.
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analysis are obvious, because identification of serovar-
specific single-nucleotide polymorphisms markedly
simplifies and accelerates genetic diagnosis of sero-
vars. In addition, this approach is indispensable for
typing and proving the isolation of a mixture of C.
trachomatis serovars from patients.
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