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METHODS AND COMPOSITIONS FOR CHARACTERIZING
DRUG RESISTANT BACTERIA FROM
FORMALIN-FIXED PARAFFIN-EMBEDDED BIOLOGICAL SAMPLES

FIELD OF THE INVENTION

[0001] The described methods and compositions are generally relevant to the use of
polymerase chain reaction (PCR) amplification of trace DNA sequences from formalin-fixed
paraffin-embedded (FFPE) biopsy samples. In particular, the methods and materials facilitate
PCR amplification of trace bacterial DNA sequences within human biopsy FFPE preserved
samples. More particularly, the methods and compositions are suited to characterizing multi-
drug resistant Helicobacter pylori (H. pylori) present in human gastric biopsy FFPE samples.
BACKGROUND OF THE INVENTION
[0002] H. pylori is a significant human pathogen primarily found in the stomach. H. pylori

plays an important role in gastritis, peptic ulcers and gastric cancer. Drug resistant and multi-
drug resistant strains of H. pylori are increasingly common and front line therapy for treating H.
pylori usually involves triple antibiotic therapy, comprising administering a proton-pump
inhibitor (PPI) and two more antibiotics, typically clarithromycin and either metronidazole or
amoxicillin, simultaneously. However, such therapy is only effective if the clinical isolate
against which it is targeted is not clarithromycin resistant or resistant to metronidazole or
penicillin-like drugs such as amoxicillin. Other antibiotics may be used, but in each case it is
critical to know whether the H. pylori strain afflicting the patient is predisposed to resistance to
any particular antibiotic to provide effective therapeutic treatment. A number of diagnostic
methods for detecting the presence of H. pylori have been developed including, a urea breathe
test, rapid urease tests, and anti-H. pylori antibody tests for serum and stool samples as well as
an extensive range of immunohistologic staining methods. For the most part such methods
require use of cultured isolates or recently obtained clinical samples. Culture of H. pylori and
antibiotic susceptibility testing are not commonly performed in routine practice due to the
specific requirements of H. pylori in terms of growth and transport. It is difficult and not always
successful. Furthermore, there are no good methods that allow the drug resistance profile of any
H. pylori detected to be determined. A robust and inexpensive method capable of detecting H.
pylori while simultaneously determining the drug resistance profile of the detected bacteria

represents a significant improvement over existing technologies.
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[0003] Historically, biopsy tissue, specifically gastric biopsy tissue is preserved in formalin-
fixed paraffin-embedded sample (FFPE) “blocks”. Such blocks do not require special handling
or storage and represent a common way of preserving human biopsy materials in clinical
histology laboratories. FFPE preserves the ultrastructural relationships of the embedded tissue
over long periods of time, the samples are not subject to exogenous contamination and FFPE
facilitates processing for histological staining and is amenable to many antibody based analyses.
Unfortunately, formalin fixation, which allows immobilization of cellular matter (primarily by
cross-linking nitrogenous groups in macromolecules), reduces the efficacy of many nucleic acid
methods such as polymerase chain reaction (PCR) amplification of specific gene sequences in
FFPE biopsy samples. The DNA-dependent DNA polymerases used for PCR amplification can
neither traverse nor accurately replicate DNA sequences that are chemically cross-linked or
contain many modified nitrogenous bases.

[0004] Fortunately, the level of cross-linking in most FFPE samples does not completely
preclude nucleic acid analysis. The methods and compositions described here improve the
efficacy of PCR amplification of such cross-linked and otherwise damaged trace DNA from
biopsy FFPE samples over existing methods. Typically, PCR amplification of DNA from FFPE
preserved samples is targeted to analysis of the human DNA sequences present in the biopsy and
there is a relatively large amount of target DNA that can be amplified. This is important, since
chemical cross-linking by formalin occurs randomly and with sufficiently high copy numbers of
any given target DNA sequence within a PCR amplification reaction, it is likely that at least one
or some combination of the multiple copies of the desired target DNA sequence is available for
amplification and thus amenable to PCR-based analyses. Commercial kits are available for direct
analysis of human DNA recovered from FFPE biopsy samples, for example Illumina’s TruSeq
Custom Amplicon Low Input Kit (Illumina). However, the situation is very different when
applied to less abundant DNA sequences such as those of bacterial pathogens present at low
copy number within the FFPE preserved tissue. In cases where the DNA sequence targeted for
PCR amplification is at very low copy number the likelihood of a cross-link or adduct
comprising each and every copy of the target DNA is a major concern. To maximize the
chances of a successful PCR amplification it is necessary to limit the size of DNA fragments

produced by the PCR amplification (amplicons) to the minimum necessary for analysis, to use
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only the most favored primer sequences producing such minimal amplicons, and to produce as
many diagnostic amplicons from a single aliquot of target DNA as possible.

[0005] The requirement for such small amplicon size limits the number of choices for
distributing primers along a target sequence and requires that multiple closely related priming
sites be used to ensure that no single site is compromised by cross-linking or the presence of a
disruptive adduct within the primer binding sequence. Because, DNA sequences are not entirely
heterologous, and because optimal primer binding sites tend to favor higher G-C content,
especially at the 3° end of the primer sequence, the best primers for generating a set of amplicons
tend to cluster into narrow regions of a given target sequence. To ensure that each amplicon is
produced specifically and solely from the desired primer pair usually each amplicon must be
produced individually to avoid formation of primer dimers or recombinant amplification
products produced during the PCR amplification process by cross hybridization of amplicon
strands. Practically speaking, this requires that the target DNA be diluted among multiple PCR
reactions which is an inefficient use of target DNA and is not practical with the tiny amount of
bacterial DNA that can be recovered from FFPE biopsy samples. The more efficient method
disclosed here involves segregating PCR primer pairs into mutually compatible pools such that
there is minimal risk of primer-dimer formation or cross-hybridization between nascent
amplicons during PCR amplification. This sort of segregational pooling of primer pairs allows
efficient and automatable handling of FFPE samples containing rare DNA sequences to be
analyzed by PCR-amplification-based methods in a clinical laboratory setting.

SUMMARY OF THE INVENTION

[0006] In one aspect the invention provides a set of PCR amplification primers for
characterizing the presence of drug resistant H. pylori in FFPE preserved tissue. Primers
consisting of two pairs of primers (one forward and one reverse in each pair) for separate genes
characteristic of known drug resistant H. pylori strains are listed in Figure 2. The example genes
presented here include 16S rRNA (related to tetracycline resistance), 23S rRNA (related to
clarithromycin resistance), pbpl (related to resistance to penicillin antibiotics), gyrA (related to
resistance to fluoroquinone antibiotics), rpoB (related to rifabutin resistance) and rdxA (involved
in resistance to metronidazole). Those skilled in the art understand that other genetic loci
involved in resistance to other antibiotics are known and may be included in or substituted for
those described here. Practically, use of two primer pairs for each target gene minimizes the

3-



WO 2017/196941 PCT/US2017/031901

chance that any particular lesion (such as a cross-link or adduct) found in the target DNA
sequences will inhibit PCR amplification from both amplicons, since such lesions are unlikely to
occur at two different primer binding sites and involve all copies of the target gene within the
target (template) DNA. However, the use of two pairs of primers targeting the same region of
the bacterial chromosome, yet producing different but overlapping fragments requires that the
PCR amplification reactions be carried out separately in order to avoid producing hybrid
amplicons that do not match the full length amplicons each primer pair is designed to produce.
Thus, at least two PCR amplification reactions must be performed for each set of primer pairs.
In contrast, PCR primer pairs targeting different genes and producing amplicons with no
homologous sequences can be pooled and thus the limited amount of target bacterial DNA that
can be amplified from FFPE-preserved tissue used as efficiently as possible. The invention
teaches segregation of primer pairs targeting an overlapping set of amplicons into separate pools
and performing a single PCR amplification reaction on the segregated pools to produce the
desired amplicons. In one example presented here, as many as 10 amplicons diagnostic for the
five different types of drug resistant H. pylori genes listed above can be produced from just two
PCR reactions using DNA extracted from FFPE gastric biopsy samples.

[0007] One embodiment of the invention is a method for detecting within a sample mutations
in a plurality of genes, the method comprising a) identifying PCR primer pairs suitable for
producing amplicons comprising regions of each of the genes containing one or more mutations,
b) segregating PCR primer pairs comprising one or more primers that interfere with amplicon
generation by another PCR primer pair into separate PCR primer pair pools, wherein each of the
separate PCR primer pair pools contain a plurality of PCR primer pairs; ¢) generating amplicons
from each of the separate PCR primer pair pools and target DNA isolated from the sample; d)
combining all amplicons produced from each of the separate PCR primer pair pools and the
target DNA into a sample amplicon pool, adding a unique index sequence to the amplicons
within the sample amplicon pool to generate an indexed sample amplicon pool, optionally
further combining the indexed sample amplicon pool with one or more differentially indexed
sample amplicon pools from different samples, and sequencing all indexed sample amplicons
simultaneously; and e) identifying mutations within the indexed sequenced amplicons from a

sample by reference to corresponding wild-type gene sequences.
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[0008] In one embodiment of the invention, the sample is a biopsy sample and, in another
embodiment, the biopsy is a gastric biopsy. In a further embodiment, the biopsy sample
comprises a formalin-fixed paraffin embedden biopsy sample. In another embodiment, the
sample contains Helicobacter pylori (H. pylori).

[0009] In another embodiment, the plurality of genes comprises genes selected from the
group consisting of H. pylori 16S rRNA , 23S rRNA, gyrA, rpoB, pbpl, and rdxA. In further
embodiments, the identified mutation is an A2142G, A2143G, and/or A2142C mutation of the
H. pylori 23S rRNA gene; an A928C, AG926-927GT, A926G/A928C and/or AGA926-928TTC
mutation of the H. pylori 16S rRNA gene; a C261A, C261G, G271A, and/or G271T mutation of
the H. pylori gyrA gene encoding DNA gyrase subunit A; between codons 525 and 545 of the A.
pylori rpoB gene encoding the beta/beta’ subunit of DNA-directed RNA polymerase; a C1242A
or C1242G mutation in the H. pylori pbpl gene encoding penicillin-binding protein 1; or within
the H. pylori rdxA gene. In another embodiment, the identified mutation produces a loss of
function of H. pylori oxygen-insensitive (Type I) NAPD(P)H nitroreductase encoded by rdxA.
[0010] In one embodiment of the invention, the amplicons do not exceed 230 base pairs in
length. In another embodiment, the amplicons are greater than 130 base pairs in length. In a
further embodiment, the PCR primer pair comprising one or more primers that interfere with
amplicon generation by another PCR primer pair interfere by forming cross pair primer-dimers
or by forming cross pair truncated amplicons.

[0011] Another embodiment of the invention is directed to a method for detecting within a
patient derived sample the presence of drug resistant H. pylori, the method comprising: a)
generating amplicons from DNA isolated from the patient derived sample and; 1) PCR primer
pair pool 1 comprising primers SEQ ID NOs. 1-10; ii) PCR primer pair pool 2 comprising
primers SEQ ID Nos. 11-22; ii1) PCR primer pair pool 3 comprising primers SEQ ID Nos. 23-
28; 1iv) PCR primer pair pool 4 comprising primers SEQ ID Nos. 29-32; v) PCR primer pair pool
5 comprising primers SEQ ID Nos. 33-38; vi) PCR primer pair pool 6 comprising primers SEQ
ID Nos. 39-44; b) combining all amplicons produced from PCR primer pair pools 1-6 in step a)
into a sample amplicon pool, adding a unique index sequence to the amplicons within the sample
amplicon pool to generate an indexed sample amplicon pool, optionally further combining the
indexed sample amplicon pool with one or more differentially indexed sample amplicon pools
from different patient derived samples, and sequencing all indexed sample amplicons
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simultaneously; c) identifying mutations within the sequenced indexed sample amplicons by
reference to SEQ ID Nos. 47-51, and d) determining the drug-resistant profile of H. pylori
present in the patient-derived profile by the presence or absence of mutations identified in
step ¢).

[0012] Yet another embodiment of the invention is directed to a method for detecting within
a patient derived sample the presence of drug resistant H. pylori, the method comprising: a)
generating amplicons from DNA isolated from the patient derived sample and; 1) PCR primer
pair pool 1 comprising primers SEQ ID Nos. 23-28; i1) PCR primer pair pool 2 comprising
primers SEQ ID Nos. 29-32; ii1) PCR primer pair pool 3 comprising primers SEQ ID Nos. 33-
38; iv) PCR primer pair pool 4 comprising primers SEQ ID Nos. 39-44; b) combining all
amplicons produced from PCR primer pair pools 1-4 in step a) into a sample amplicon pool,
adding a unique index sequence to the amplicons within the sample amplicon pool to generate an
indexed sample amplicon pool, optionally further combining the indexed sample amplicon pool
with one or more differentially indexed sample amplicon pools from different patient derived
samples, and sequencing all indexed sample amplicons simultaneously; c¢) identifying mutations
within the sequenced indexed sample amplicons by reference to SEQ ID Nos. 47-51; and d)
determining the drug-resistant profile of H. pylori present in the patient-derived profile by the
presence or absence of mutations identified in step c).

[0013] In a further embodiment any of the amplicon pools described here can be sequenced
by classical Sanger sequencing methods using one of the terminal primers to a single amplicon
within the pool as a forward sequencing primer and the other terminal primer to that amplicon as
a reverse sequencing primer. Alternatively, unique sequencing primers specific to each desired
reaction for each individual amplicon within the amplicon pool can be used for the same
purpose. In this way each of the amplicons can be directly sequenced from an amplicon pool.
The amplicon pool may or may not be combined with other amplicon pools from the same FFPE
extracted biopsy sample and the combined amplicons prepared for sequencing by addition of
adaptors and indexing tags in preparation for Next Generation sequencing (NGS). Tagged
amplicon pools derived from a single FFPE biopsy sample can be further combined with
differentially tagged amplicon pools from different FFPE biopsy samples and the combined

sample amplicon pools directly sequenced by high-throughput multiplex sequencing methods.
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DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 depicts the H. pylori rdxA gene and illustrates the relative arrangement of
the described amplicons.

[0015] Figure 2 is a table of the individual primers disclosed in the Descriptions and
Examples.

[0016] Figure 3 is an electrophoresis gel demonstrating that pooling all rdxA specific
primers generates incorrect sized amplicons, whereas the segregated primer pools described here
generate correct sized amplicons.

[0017] Figure 4 identifies a representative mutation in 23S rRNA (in FFPE samples FFPE
K and L) 23S rRNA Clarithromycin sequences alignment sequenced with 23S rRNA 194-F and
170R-F. The red box shows the mutation loci on 23S rRNA

[0018] Figure 5 is a summary data table of 16 FFPE samples analyzed by Next Generation
Sequencing (NGS) data from 16 FFPE samples using the segregational pooling and pooled
amplicon strategy with mutations in each of six different genes characteristic of drug-resistant A.
pylori identified. All mutations identified by NGS were confirmed by Sanger sequencing.

[0019] Figure 6 is a summary data table of 24 FFPE samples analyzed by NGS data from 24
FFPE samples using the segregational pooling and pooled amplicon strategy with mutation in
each of six different genes characteristic of drug-resistant H. pylori identified. The data table
lists the gene mutations identified by NGS as well as their mutation frequency.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention provides methods and compositions for amplifying trace DNA
sequences present in FFPE biopsy samples. These methods and compositions are useful for
determining the presence of and characterizing the drug and multi-drug resistance profiles of H.
pylori from FFPE gastric biopsy samples.

[0021] The methods and compositions described herein are directed to generating amplicons
from trace bacterial DNA present in FFPE biopsy samples. Such DNA is especially subject to
damage and PCR amplification of damaged DNA requires special steps to ensure that the desired
sequences are amplified from the target DNA. These steps include minimizing the length of
each amplicon recovered from the amplification reactions, determining the optimal primer
sequences within the targeted DNA sequence, and strategically pooling overlapping amplicons
and primers to avoid interference with one another. A process referred to as segregational

-
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pooling. In a typical PCR amplification scheme, where DNA integrity can be assumed to be
relatively high, primer selection is not as limited as it is when the template DNA is known to be
damaged by cross-linking or the presence of base adducts, as with FFPE derived DNA.
Furthermore, the absolute levels of bacterial DNA that are found in typical biopsy samples are
many orders of magnitude lower than the DNA of the host organism. This means that the
sequences that are targeted for amplification are a minority of the total DNA in the sample and
successfully amplifying one or more amplicons from such rare DNA sequences requires the most
optimal primers and the most efficient use of the target DNA possible. Furthermore, to be
generally useful in the commercial clinical laboratory, such methods should be compatible with
and make use of established techniques and reagents to the greatest extent possible.

[0022] Total DNA was extracted from FFPE gastric biopsy samples using the Qiagen
QIAamp DSP DNA FFPE Tissue Kit (Qiagen, Cat. No. 60404) following the manufacturer’s
instructions. Briefly, five 5 um thick sections of a single FFPE biopsy sample were placed in a
single tube and de-paraffinized with xylene, treated with proteinase K at 65 °C for one hour to
lyse the cells within the de-paraffinized samples, and then held at 90 °C for an additional hour to
de-cross-link cellular structures and to denature proteinase K. The de-paraffinized and lysed
samples are cooled to room temperature applied to MiniElute PCR Purification column (Qiagen,
Cat. No. 28004) following the manufacturers recommended procedure. The MiniElute column is
washed twice and the DNA recovered from the FFPE biopsy sample recovered from the column
with elution buffer. The recovered DNA was quantified with a Qubit 2.0 fluorometer (Thermo
Fisher Scientific) and the DNA purity determined with a Nanodrop instrument (Thermo Fisher
Scientific).

[0023] To verify the presence of H. pylori sequences within the total DNA samples from
each biopsy sample, PCR amplification of a specific 125 base-pair fragment unique highly
conserved region of the 23S rRNA gene of H. pylori was performed using PCR primers SEQ ID
Nos: 45 and 46. The PCR product was purified and sequenced and confirmed to be specific to
H. pylori by BLAST analysis [Altschul, S.F., Gish, W, Miller, W., Myers, EW. & Lipman, D.J.
(1990) "Basic local alignment search tool." J. Mol. Biol. 215:403-410]. The absence of the
correct amplified product (amplicon) indicated no usable H. pylori DNA was present in the

sample.
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[0024] Samples that did produce the 125 base-pair H. pylori specific PCR amplicon were
further investigated to determine the quality of the recovered DNA. To determine the suitability
of the extracted DNA from FFPE gastric biopsy samples containing H. pylori for PCR
amplification and sequencing, a multiplex PCR qualification assay was developed. This
qualification assay involves PCR amplification of the human GAPDH gene encoding
glyceraldehyde-3-phosphate dehydrogenase with a set of PCR primers capable of producing an
amplicon ladder of 100, 200, 300, 400 and 500 base-pair fragments. FFPE DNA with no
significant damage, with large fragment sizes and at relatively high concentration produces all
five “rungs” of the amplicon ladder, whereas highly damaged and significantly fragmented DNA
will not produce any of the expected amplicons. With our accumulated experience with this
method, we rate DNA recovered from FFPE gastric biopsy samples as good if this test produces
2 to 5 bands of the amplicon ladder, intermediate if it produces only a single band, and poor if no
bands are observed at all. The overall frequency of the number of amplicon bands observed
across numerous FFPE extracted biopsy samples indicates that limiting analytical amplicon size
to about 200 base-pairs or less provides the best balance between producing as much contiguous
sequence as possible and avoiding PCR amplification terminating damage in the template DNA.
[0025] PCR amplification reactions using both freshly prepared or frozen H. pylori
chromosomal DNA (as a positive control) and samples extracted from FFPE gastric biopsy
samples (experimental samples) were performed with 1U of Taq DNA Polymerase, 10 mM
dNTP mix in a 100 mM Tris-HCI, 500 mM KCl and 25 mM MgCI2 buffer.

[0026] For samples analyzed by Sanger sequencing methods the PCR primers in Figure 1
(SEQ ID NOs 1-44) were used as indicated with the thermal cycling parameters are: initial
denaturing at 95 °C for 10 minutes, followed by 35 cycles of 30 seconds at 95 °C, 30 seconds at
55°C and 30 seconds at 72 °C, then a final extension at 72 °C for 10 minutes. The resulting
amplicons from each amplification reaction were purified with a MiniElute PCR Purification
column following the manufacturer’s instructions.

[0027] The purified amplicons were processed for Sanger sequencing with the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Cat. No. 4337455) following the
manufacturer’s protocol. The PCR sequencing reaction was executed with the following thermal
parameters: 95 °C for 1 minute, then 25 cycles of 95 °C for 30 seconds, 56 °C for 30 seconds and
60 °C for 1 minute. The primer extension reactions were processed with the Agencourt

0.
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CleanSEQ kit (Beckman Coulter Life Sciences Cat. No. A29151) following the manufacturer’s
instructions. Samples were loaded and analyzed on an ABI 3500 Genetic Analyzer (Applied
Biosystems). Raw sequence data was collected with 3500 Series Data Collection Software
(Applied Biosystems) and assembled and aligned against reference sequences using Sequencher
v 5.4 software (Gene Codes Corp.).
[0028] In the case of samples destined for NGS sequencing the Illumina overhang adapter
sequence is added to the locus-specific primer sequences listed in Figure 2 (SEQ ID NOs 1-44).
The forward overhang sequence (added to the 5° side of the locus specific forward primer
sequence) is TCGTCGGCAGCGTCAGATGTGTAT-AAGAGACAG (SEQ ID NO. 47) and the
reverse overhang sequence (added to the 5° side of the locus specific reverse primer sequence) is
GTCTCGTGGGCTCGGAG-ATGTGTATAAGAGACAG (SEQ ID NO. 48). The first round
PCR amplification thermal cycling parameters are: initial denaturing at 95 °C for 11 minutes,
followed by 35 cycles of 30 seconds at 95 °C, 1 minute at 59 °C and 1 minute at 72 °C, then a
final extension at 72 °C for 10 minutes. Second stage PCR reactions (involving addition of
multiplex index adapters) involved thermal cycling parameters: 98 °C for 30 seconds, 17 cycles
of 98 °C for 20 seconds, 60 °C for 30 seconds and 72 °C for 45 seconds and a final extension at
72 °C for 5 minutes. The libraries were then processed with the Agencourt AMPure XP kit
(Beckman Coulter Life Sciences Cat. No. A63880) following the manufacturer’s instructions,
quantitated on a 2100 BioAnalyzer (Agilent Technologies) diluted as necessary and loaded onto
the Illumina MiSeq sequencing instrument (Illumina, Inc.). Data analysis was performed using
NextGENe V 2.4.1.1 software (SoftGenetics).
[0029] The present invention is illustrated in the following Examples, which are set forth to
aid in understanding the invention, but should not be construed to limit in any way the scope of
the invention as defined in the claims that follow.

Example 1

Segregational pooling of PCR primers and amplicons to characterize drug resistance from
multiple genetic loci

[0030] In one aspect of the invention, multiple loci encoding different forms of drug-
resistance can be simultaneously characterized by segregating the PCR primers used to generate

the diagnostic amplicons covering each of the targeted loci. PCR primer pairs comprising SEQ
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ID NOs: 1 and 2 for producing a 168 base-pair amplicon (16SrTRNA 168) spanning positions
926-928 of the 16S rRNA gene of H. pylori. Virtually any mutation in these positions produces
a low level of tetracycline resistance, while the triple mutation AGA926-928TTC is associated
with very high levels of tetracycline resistance. A second primer pair comprising SEQ ID NOs:
11 and 12 produce a 162 base-pair amplicon (16SrRNA 162) also encompassing positions 926-
928 of the H. pylori 16S tRNA. Another PCR primer pair comprising SEQ ID NOs: 3 and 4
produces a 194 base pair amplicon (23SrRNA 194) spanning positions 2142 and 2143 of the 23S
rRNA gene of H. pylori. Mutation of these positions, particularly A2142G, A2142C and
A2143G mutations are associated with clarithromycin resistance. A second primer pair
comprising SEQ ID NOs: 13 and 14 produces a 170 base-pair amplicon (23SrRNA 170) which
also spans positions 2142 and 2143 of the H. pylori 23S rRNA. Another PCR primer pair
comprising SEQ ID NOs: 5 and 6 produces a 193 base-pair amplicon (gyrA 193) which spans
the region encoding amino acid positions 87 to 91 of the A subunit of H. pylori gyrase, encoded
by the gyrA gene. Mutations of Asn87 to Lys or Tyr and mutation of Asp91 to Gly, Asn or Tyr,
individually or together are known to produce resistance to fluoroquinone antibiotics. A second
PCR primer pair spanning this region of the H. pylori gyrA gene, comprising SEQ ID NOs: 15
and 16 produces a 139 base-pair amplicon (gyrA 139). A third PCR primer pair spanning the
same region comprising SEQ ID NOs: 17 and 18 produce a 137 base-pair amplicon (gyrA 137).
Another PCR primer pair comprising SEQ ID NOs: 7 and 8 produce a 159 base-pair amplicon
(pbpA 159) which encompasses the sequence encoding amino acid position 414 of the H. pylori
pbpl gene. Mutation of the serine normally found at position 414 of penicillin-binding protein 1
to an arginine produces resistance to amoxicillin and other penicillin antibiotics. Another PCR
primer pair, SEQ ID NOs: 19 and 20 produce a 140 base-pair amplicon (pbpA 140) that also
encompasses the sequence encoding position 414 of H. pylori penicillin-binding protein 1.
Another PCR primer pair comprising SEQ ID NOs: 9 and 10 produce a 228 base-pair amplicon
encompassing codons 525 to 545 of the H. pylori rpoB gene encoding the B/B” subunit of RNA
polymerase. Mutation of any of the codons within this region can confer resistance to rifabutin
and other rifamycin-like antibiotics. A PCR primer pair comprising SEQ ID NOs: 21 and 22
also produces an amplicon (rpoB-R-167) which is 167 base-pairs and encompasses the critical

codons within rpoB.
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[0031] Each pair of PCR primers targeting a particular gene region potentially encoding a
drug-resistant mutation are segregated into separate PCR primer pair pools containing one or
more unique primer pairs targeting different genes. Thus, PCR amplification of each pool
produces amplicons specific to the plurality of genes within each pool and minimizes the chance
of PCR amplification artifacts such as primer-dimers or cross pair amplicon truncation caused by
homologous pairing within overlapping amplicon sequences. As shown in Figure 2, pool SGF
comprises PCR primer pairs 16StRNA 168, 23SrRNA 194, gyrA193, pbpA 159 and rpoB 228.
When FFPE derived H. pylori target DNA is amplified with these primer pairs five unique
amplicons of 159, 168, 193, 194 and 228 base-pairs are produced.

[0032] Amplicon pool 5GR (Figure 2) comprises PCR primer pairs 16STRNA 162R,
23SrRNA 170R, gyrA 139R, gyrA 137R, pbpA 140 and rpoB-R-167. When FFPE derived H.
pylori target DNA is amplified with these primer pairs as many as 8 amplicons are produced.
Four of these are unique amplicons of 140, 162, 167 and 170 base-pairs (corresponding to the
pbpA-specific amplicon, 16S rRNA-specific amplicon, the rpoB-specific amplicon and the 23S
rRNA-specific amplicon, respectively). The remaining four amplicons represent permutations of
the two pairs of gyrA-specific PCR primer pairs present in pool SGR. These primer pairs
partially overlap one another in the same direction such that four possible amplicons can be
produced from the two pairs of primers. Because the partial overlap of primers is limited to
primers that have the same strand orientation (direction) there is no risk of primer-dimer
formation, and because the amplified sequence between the primers is identical (except for the
absolute length of the amplified sequence) no cross-hybridization between amplicons will
produce new sequences. Thus, the two pairs of semi-unique primers can be accommodated
within the amplicon pool. In this case, these primers may produce as many as four homologous
amplicons of 131, 137, 139 and 145 base-pairs. The sequence of these amplicons is identical
from end to end with the sequence in each of the other amplicons- with the exception of the few
base-pairs missing from the ends of the shorter amplicons, which are present in the longer
amplicons.

[0033] Alignment of each of the sequenced amplicons allows identification of mutations
conferring drug resistance. Figure 4 is an example of the A2142G mutation in the 23S rRNA
identified in two independent FFPE derived sample (“E” and “K”) that indicates that treatment
of the H. pylori strains afflicting the patients from whom these samples were derived is unlikely
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to respond to clarithromycin. The top sequence is a known clarithromycin resistant strain of H.
pylori while the two sequences immediately below the control are independent PCR amplicons
from sample “E” and the last two sequences are independent amplicons from sample “F”.

Example 2

Segregational pooling of PCR primers and amplicons to characterize drug resistance
derived from surveving the entire coding sequence of a gene

[0034] In another aspect of the invention, segregated PCR primer pools allow efficient
coverage of an entire gene. Resistance to metronidazole can occur as a result of any loss of
function mutation in the A. pylori rdxA gene encoding the bacterial oxygen-insensitive (Type I)
NAD(P)H nitroreductase. Metronidazole is activated by the action of this enzyme and thus, any
frameshift, or point mutation within the rdxA gene encoding this enzyme has the potential to
confer resistance to metronidazole. Unlike the previously described embodiments, no single
short amplicon can encompass the known mutational spectrum of metronidazole resistance
encountered in H. pylori. To address this problem, two series of PCR primer pairs producing
overlapping amplicons were designed such that the primers within each series produce short
amplicons that together cover the entire coding region of the rdxA gene. The primers between
the two series are located in unique positions, but some may be within the coding sequence of
the rdxA gene offset by only a few bases in one direction relative to the analogous primers in the
other series (in a manner similar to the partially overlapping gyrA primers within amplicon pool
5GR described in the previous paragraph). This strategy reduces the chance of a single cross-
link or adduct present in the target DNA from entirely blocking production of an amplicon. The
sequence derived from amplicons produced by one series of PCR primers can be assembled with
amplicons produced from the other series of PCR primers to ensure that complete coverage of
the rdxA gene is achieved from the total set of primer pools. Each series of primers is placed
into one of two amplicon pools for each series so that amplicons within the series that may
overlap and which are produced from primers that are prone to form primer-dimers are
segregated into separate pools. In the case of the H. pylori rdxA gene, one series of five short
amplicons collectively span the entire rdxA coding sequence. These five amplicons, from 5’ to
3’ comprise the rdxA 188 amplicon (produced from PCR primer pair SEQ ID NOs: 23 and 24),
the rdxA-5-2-163 amplicon (produced from PCR primer pair SEQ ID NOs: 29 and 30), the rdxA
156 amplicon (produced from PCR primer pair SEQ ID NOs: 25 and 26), the rdxA 182 amplicon
-13-
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(produced from PCR primer pair SEQ ID NOs: 31 and 32) and the rdxA 177 amplicon (produced
from PCR primer pair SEQ ID NOs: 27 and 28). Within this series PCR primer pairs producing
amplicons rdxA 188, rdxA156 and rdxA 177 are placed into a single pool designated rdxA-F1,
while PCR primer pairs producing amplicons rdxA-5-2-163 and rdxA 182 are combined into a
different pool designated rdxA-F2 (Figure 2). In another series six short amplicons are used to
span the entire H. pylori rdxA gene. These amplicons, arrayed 5’ to 3° comprise the rdxA-R-150
amplicon (produced from PCR primer pair SEQ ID NOs: 33 and 34), the rdxA-R-187 amplicon
(produced from PCR primer pair SEQ ID NOs: 39 and 40), the rdxA-R-164 amplicon (produced
from PCR primer pair SEQ ID NOs: 35 and 36), the rdxA-R0174 amplicon (produced from PCR
primer pair SEQ ID NOs: 41 and 42, the rdxA-R-171 amplicon (produced from PCR primer pair
SEQ ID NOs: 37 and 38) and the rdxA-R-189 amplicon (produced from PCR primer pair SEQ
ID NOs: 43 and 44). Within this series PCR primer pairs producing amplicons rdxA-R-150,
rdxA-R-164 and rdxA-R-171 are combined into one pool designated rdxA-R1, while PCR
primer pairs producing amplicons rdxA-R-187, rdxA-R-174 and rdxA-R-189 are combined into
a different pool designated rdxA-R2 (Figure 2). These PCR primer pools are used to generate
their cognate amplicons from H. pylori DNA extracted from FFPE biopsy samples. Depending
on how the amplicons are to be sequenced amplicons from each PCR reaction may be further
combined so that each series is represented by a single amplicon pool.

[0035] As shown in Figure 3 proper segregational pooling produces the correct (predicted)
amplicons, whereas the same primers when present in a single pool produce a series of PCR
products comprised of incorrect amplicons and primer dimers. Two FFPE samples. “FFPE C”
and “FFPE_E” were processed as described and served as target DNA for analysis of the rdxA
gene. Lane 6 (counting from the left-most lane as lane 1) is a double-stranded DNA size marker
(Ready-to-Use 100 bp DNA Ladder, Biotium, Inc.). The size marker is flanked on each side by
sample specific pooled amplification products. Lanes 1 and 7 labeled “RDX-AIl” are the result
of PCR amplification reactions containing all the PCR primers of the amplicons spanning the
entire rdxA gene described above. The lanes marked “F1” (lanes 2 and 8) correspond to the
rdxA-F1 pool comprising the rdxA 188, rdxA156 and rdxA 177 amplicon primes and both
sample lanes contain amplicons between 150 and 200 base-pairs as predicted. The lanes marked
“F2” (lanes 3 and 9) correspond to the rdxA-F2 pool comprising the rdxA-5-2-163 and rdxA 182
amplicon primers and both sample lanes contain amplicons of the correct size. Note that a
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minor product of about 60 base-pairs is also present, however this amplicon does not interfere in
sequencing the correct amplicons and likely represents a product of internal recombination
within or between one of the desired amplicons. The lanes marked “R1” (lanes 4 and 10)
correspond to the rdxA-R1 pool comprising the rdxA-R-150, rdxA-R-164 and rdxA-R-171
amplicon primers and the desired amplicons are clustered on the gel between 150 and around
170 base-pairs. The lanes marked “R2” (lanes 5 and 11) correspond to the rdxA-R2 pool
comprising the rdxA-R-187, rdxA-R-174 and rdxA-R-189 amplicon primers produce the proper
sized amplicons.

[0036] Figure 5 illustrates the ability of the method to determine the presence and pattern of
drug and multi-drug resistance in multiple isolates derived from FFPE samples based on a single
NGS analysis. In this case, the 5 separate genes analyzed as described in Example 1, as well as
the rdxA gene analyzed as described in Example 2 are collated into a single report outlining the
potential resistance profile of H. pylori in each patient-derived FFPE biopsy sample to each of
the six drugs.

[0037] Figure 6 also illustrates the ability of the method to determine the presence and
pattern of drug and multi-drug resistance in multiple isolates derived from FFPE samples based
on NGS analysis as described in Examples 1 and 2. The table lists the genetic mutations found in
each sample as well as the frequency of each mutation. The results show that NGS analysis can
distinguish between FFPE samples that do not have any mutations versus those that do. For
example, of the 24 samples, 10 (42%) had no mutations (Nos. 5, 6, 8, 9, 13, 17, and 21-24).
However, the results also show that NGS analysis can detect both single and multiple mutations
within one FFPE sample. For example, 14 samples (58%) had at least one gene mutation (Nos.
1-4, 7, 10-12, 14-16, and 18-20). Of these 14 samples, 11 samples had mutations in a single
gene (Nos. 2,4, 7, 11-12, 14-16, 18, 19, and 20) and 3 samples had mutations in multiple genes
(Nos. 1, 3, and 10).

[0038] Of the samples with single gene mutations, 5 samples had gyrA gene mutations only
(Nos. 2, 4, 15, 18, and 19), 2 samples had rdxA gene mutations only (Nos. 7 and 20), and 4
samples had 23S rRNA gene mutations only (Nos. 11, 12, 14, and 16). Of the samples with
gyrA mutations only, one of the samples had two mutations with the gyrA gene (No. 19). As
discussed above, the presence of gyrA gene mutations indicates fluoroquinone antibiotic
resistance. Of the samples with rdxA gene mutations only, one of the samples had two
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mutations within the rdxA gene (No. 7). As discussed above, the presence of rdxA gene
mutations indicates resistance to metronidazole.

[0039] The 3 samples with multiple gene mutations had mutations in both 23S rRNA and
gyrA (Nos. 1 and 3) and both gyrA and rdxA (No. 10). The concurrent 23S tRNA and gyrA
mutations indicate both clarithromycin and fluoroquinone antibiotic resistance; whereas, the
concurrent gyrA and rdxA mutations indicate both fluoroquinone antibiotic resistance and

metronidazole resistance.
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CLAIMS
What is claimed is:
1. A method for detecting within a sample mutations in a plurality of genes, the method
comprising:
a) identifying PCR primer pairs suitable for producing amplicons comprising

regions of each of the genes containing one or more mutations,

b) segregating PCR primer pairs comprising one or more primers that interfere with
amplicon generation by another PCR primer pair into separate PCR primer pair pools, wherein
each of the separate PCR primer pair pools contain a plurality of PCR primer pairs;

c) generating amplicons from each of the separate PCR primer pair pools and target
DNA isolated from the sample;

d) combining all amplicons produced from each of the separate PCR primer pair
pools and the target DNA into a sample amplicon pool, adding a unique index sequence to the
amplicons within the sample amplicon pool to generate an indexed sample amplicon pool,
optionally further combining the indexed sample amplicon pool with one or more differentially
indexed sample amplicon pools from different samples, and sequencing all indexed sample
amplicons simultaneously; and

e) identifying mutations within the indexed sequenced amplicons from a sample by

reference to corresponding wild-type gene sequences.

2. The method of claim 1, wherein the sample is a biopsy sample.
3. The method of claim 2, wherein the biopsy is a gastric biopsy.
4. The method of claim 2, wherein the sample comprises a formalin-fixed paraffin

embedded biopsy sample.

5. The method of claim 2, wherein the sample contains Helicobacter pylori (H. pylori).

6. The method of claim 1, wherein the plurality of genes comprises genes selected from the
group consisting of H. pylori 16S rRNA , 23S rRNA, gyrA, rpoB, pbpl, and rdxA.

7. The method of claim 1, wherein the identified mutation is an A2142G, A2143G, and/or
A2142C mutation of the H. pylori 23S rRNA gene.

8. The method of claim 1, wherein the identified mutation is an A928C, AG926-927GT,

A926G/A928C and/or AGA926-928TTC mutation of the H. pylori 16S rRNA gene.
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9. The method of claim 1, wherein the identified mutation is a C261A, C261G, G271A,
and/or G271T mutation of the H. pylori gyrA gene encoding DNA gyrase subunit A.

10. The method of claim 1, wherein the identified mutation is between codons 525 and 545
of the H. pylori rpoB gene encoding the beta/beta’ subunit of DNA-directed RNA polymerase.
11. The method of claim 1, wherein the identified mutation is a C1242A or C1242G mutation
in the H. pylori pbpl gene encoding penicillin-binding protein 1.

12. The method of claim 1, wherein the identified mutation is within the H. pylori rdxA gene.
13. The method of claim 12, wherein the identified mutation produces a loss of function of

H. pylori oxygen-insensitive (Type I) NAPD(P)H nitroreductase encoded by rdxA

14. The method of claim 1, wherein the amplicons do not exceed 230 base pairs in length.
15. The method of claim 1, wherein the amplicons are greater than 130 base pairs in length.
16. The method of claim 1 wherein the PCR primer pair comprising one or more primers that

interfere with amplicon generation by another PCR primer pair interfere by forming cross pair
primer-dimers.
17. The method of claim 1, wherein the PCR primer pair comprising one or more primers
that interfere with amplicon generation by another PCR primer pair interfere by forming cross
pair truncated amplicons.
18. A method for detecting within a patient derived sample the presence of drug resistant H.
pylori, the method comprising:

a) generating amplicons from DNA isolated from the patient derived sample and,;

b) PCR primer pair pool 1 comprising primers SEQ ID NOs. 1-10;

c) PCR primer pair pool 2 comprising primers SEQ ID Nos. 11-22;

d) PCR primer pair pool 3 comprising primers SEQ ID Nos. 23-28;

e) PCR primer pair pool 4 comprising primers SEQ ID Nos. 29-32;

f) PCR primer pair pool 5 comprising primers SEQ ID Nos. 33-38;

g) PCR primer pair pool 6 comprising primers SEQ ID Nos. 39-44;

h) combining all amplicons produced from PCR primer pair pools 1-6 in step a) into
a sample amplicon pool, adding a unique index sequence to the amplicons within the sample
amplicon pool to generate an indexed sample amplicon pool, optionally further combining the

indexed sample amplicon pool with one or more differentially indexed sample amplicon pools
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from different patient derived samples, and sequencing all indexed sample amplicons
simultaneously;
1) identifying mutations within the sequenced indexed sample amplicons by
reference to SEQ ID Nos. 47-51; and
1) determining the drug-resistant profile of H. pylori present in the patient-derived
profile by the presence or absence of mutations identified in step c).
19. A method for detecting within a patient derived sample the presence of mutations in rdxA
in H. pylori, the method comprising:
a) generating amplicons from DNA isolated from the patient derived sample and,;
1) PCR primer pair pool 1 comprising primers SEQ ID Nos. 23-28;
i1) PCR primer pair pool 2 comprising primers SEQ ID Nos. 29-32;
ii1) PCR primer pair pool 3 comprising primers SEQ ID Nos. 33-38;
iv) PCR primer pair pool 4 comprising primers SEQ ID Nos. 39-44;
b) combining all amplicons produced from PCR primer pair pools 1-4 in step a) into
a sample amplicon pool, adding a unique index sequence to the amplicons within the sample
amplicon pool to generate an indexed sample amplicon pool, optionally further combining the
indexed sample amplicon pool with one or more differentially indexed sample amplicon pools
from different patient derived samples, and sequencing all indexed sample amplicons
simultaneously;
c) identifying mutations within the sequenced indexed sample amplicons by
reference to SEQ ID Nos. 47-51; and
d) determining whether the H. pylori present in the patient-derived sample has rdxA

mutations by the presence or absence of mutations identified in step c).
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Figure 2
PCR primers.
Amplicon PCR Primer Sequences (SEQ 1D NQ)
Pool Amplicon size {bp}
el 188 188 TOOTAATTOTTTCGTTAGGOAT (SEQ ID NO. 23)
TOGCGATTTCAGCGATTT (SEQ ID ND. 24)
A 156 156 AAGCGCTTCAGCGTTAAT (SEQ 1D NO. 25)
TGCATGCTGTGGTTGAAT (SEQID NO. 26
el 177 177 GAAGAGCGTATCAATAAGCCTAAA (SEQ ID NO. 27)
raxA-F1 ATGCCACTCUTTGAACTTTAAT (SEQ 1D NO. 28)
A Bo1Gs | 163 AGCCTCCAATAATGLAACTATCC (SEQ 1D NO. 29)
CATACCACCATTAACGCTGAAG (SEQID NO. 30)
oA 182 182 ATGCTTGGCGTGAGATTC (SEQIDNO. 31)
raxA-F2 GGCTTATTGATACGCTCTTCT (SEQ IDNG. 32)
rixA-R-150 150 ATGCCACTCCTTGAACTTTA(SEQ D NO. 33)
GCATGCTTGATCGCTTTG (SEQ ID NO. 34)
rdRA-R-164 164 ATGCAACTATCCAATCCCATTA (BEQ D NO. 35
CCGGAGTCTTATAAAGTTAGAGTG (SEQ ID NO. 36)
i AR-171 171 GTGCGCTGUAATTTGTTT (SEQID NO. 37)
rxA-R1 TTAAACGAGCGCCATTCTT (SEQ ID NO. 38)
imagy | 87 CAACCAAGTAATCGCATCAAC (SEQ ID NO. 39)
CATGGGCGTGAGUTTAAT (SEQ ID NO. 40)
AR |14 CTAACTTTATAAGACTCCGGATAGA (SEQ 1D ND. 41)
TGTGATGGTTACTGATAAGGAT (SEQ ID NO. 42)
xAfagg | 189 CTGGCGATTTCAGCGATTT (SEQ 1D NO. 43)
reA-R2 TGGTAATTGTTTOGTTAGGGAT (SEQ 1D NO. 44)
1BSIRNA 168 | 168 TAACGCATTAAGCATCC (SEQID NO. 1)
CCAGACACTCCACTATTT (SEQIDNO. 2)
194 CCGACCTGUATGAAT (SEQIDNO. 3)
2Z35RNA 184 AGCCAAAGCCCTTAC((SSEQ IDNG. 4)
A 193 193 TATGCGATGCATGAATTAG (SEQ D NQ. 5)
9y CATCAATAGAGCCAAAGTT (SEQ 1D NO. B)
boA 159 158 TTGATAATGGCTATTCC (SEQIDNQ. 7)
Pop GGCTCAAGGCTTCTT (SEQ IDND. 8)
OB 278 228 GACAAGCTCACTACCATGAG (SEQIDNO. 9)
56F | CACATCCCTGGCTTCAAA(SEQIDNO. 1)
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Figure 2 - Continued

TBSTRNA 167 CTAGCGGATTCTCTOAA (BEQID NO. 11
162R CAGTAATGCAGCTAACG (SEQ 1D NO. 12)
TAGTRNA 170 CATCARGGGTOGTATCT (SEQ 1D NG, 13)
170R TTGTAGTGGAGGTGAAA (SEQ 1D NO. 14)
A139R 138 COTTATCGCUAT CAATAG (SEQ 1D NO. 15)
9y GGTGATGTGATTGGTAAAT (SEQ ID NO. 16)
s 137 CCATCAATAGAGCCAAAG (SEQID NO. 17)
& ATCGTGGGTGATGTG (SEQ 1D NO. 18)
oA 140 140 TTOATAATGOLTATTCE (SEQ IDND. 19
Pop GGTTACAAGCCCTAAA (SEQ ID NO. 20)
BRAGT | 167 TCGGACAAATTCGGLCATAA (SEQ 1D NG, 27)
5GR | POBI TTTCATGGGCGGTCAGE (SEQ 1D NO. 22)
H pyion diagnostic 235 | 125 ACARCCEAGACTACCAARTARG (SEQTD NO. 45)
rRNA amplicon GTGAGCTGTTACGCTTTCT (SEQ 1D NO. 46)

Reference seguences.

H. pylori 185 rRNA (SEQ ID NO. 47)

GTAATCCGTAGAGATCAAGAGGAATACTCATTGCGAGGCGACCTGCTGGAACATTACTGACGCT
GATTGCOCGAAGCETGGGCAGCAMCAGGATTAGATACCC TGO TAGTCCACGCCC TAAACGAT
GGATGCTAGTTGTTGGAGGGL TTAGTTTTCCAGTAATGLABCTAACGCATTAAGCATCCCGCCT
GOGGAGTACGGTCGCAAGATTAAAATCAAAGGAATAGACGBGGACCCGCACAAGCGBTGGAGCA
TGTGOTTTAATTCGAAGATACACGAAGAACCTTACCTAGGCTTGACATTGAGAGAATCCGCTAG
AAATAGTGGAGTGTCTGGCTTRCCAGACCTTGAAAACAGGTRCTGCACGGCTGTCOTCAGCTCE
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGLAACCCCTTTTCTTAGTTGCTAACAGGT

TATGCTGAGAACTCTAAGGATACTGCCTCCGTAAGGAGLAGGAAGGTGGGGA
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H. pylori 233 rRNA (SEQ ID NO. 48)

CAAGTGATAATAAAAGGGGGTAGAGCCCTGATTGGGCTAGGGCTGUTCGCCGCGGETACCAAA
CCCTATCAAACTTCGAATACCTTTTATCGTATCTTGGGAGTCAGGLGGTGGGTOATAAAATC
AATCGTCAAAAGGGGAACAACCCAGACTACCAATAAGGTCCCTAAGTTCTATTCTGAGTGG
AAAAMAGATGTGTCGCTACTCAAACAACCAGGAGGTTGGCTTAGAAGCAGCCATCCTTTAAAG
AAAGCGTAACAGCTCACTGGTCTAGTGGTCATGCGCTGAAAATATAACGGGGCTAAGATAGA
CACCGAATTTGTAGATTGTGTTAAACACAGTGGTAGAAGAGCGTTCATACCAGCGTTGAAGG
TATACCGGTAAGGAGTGCTGCAGCGGTATGAAGTGAGCATGCAGGAATGAGTAACGATAAGA
TATATGAGAATTGTATCCGCCGTAAATCTAAGGT TTCCTACGCGATGGTCGTCATCGTAGGG
TTAGTCGGGTCCTAAGCCGAGTCCGAAAGGEGTAGGTGATGGCAAATTGGTTAATATTCCAA
TACCGACTGTGGAGCGTGATGGGGGLACGLATAGGGTTAAGCGAGCTAGCTOATGGAAGCGE
TAGTCTAAGGGCGTAGATTGGAGGGAAGGCAAATCCACCTCTGTATTTCAAACCCAAACAGG
CTCTTTCGAGTCCTTTTAGGACAAAGGGAGAATCGCTGATACCGTCGTGCCAAGAAAAGTCTC
TAAGCATATCCATAGTCGTCCGTACCGCAAACCGACACAGGTAGATGAGATCAGTATTCTAA
GGCGCGTGAAGAACTCTGGTTAAGGAACTCTGCAAACTAGCACCGTAAGTTCGCGATAAGG
TGTGCCACAGCGATGTGGTCTCAGCAAAGAGTCCCTCCCGACTGTTTACCAAAAACACAGCA
CTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGGTGCTCGAAGGTTAAGA
GGATGCGTCAGTCGCAAGATGAAGCGTTGAATTGAAGCCCGAGTAAACGGUGGCCGTAACTA
TAACGGTCCTAAGGTAGCCAAATTCCTTGTCGGTTAAATACCGACCTGCATGAATGGOGTAA
CGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTGTAGTGGAGGTGAAAATTCLTCC
TACCCGCGGCAAGACGGAAAGACCCCGTGGACCTTTACTACAACTTAGCACTGCTAATGGGA
ATATCATGCGCAGGATAGGTGGCAGGCTTTGAAGTAAGGGCTTTGGCTCTTATGGAGCCATC
CTTCAGATACCACCCTTGATGTTTCTGTTAGCTAACTGGCCTGTGTTATCCACAGGCAGGAC
AATGCTTGETOGGTAGTTTGACTGGGGCGGTCGCCTCCTAAAAAGTAALGGAGGCTTGLAAA
GGTTGGCTCATTGCGGTTGGAAATCGCAAGTTGAGTGTAATGGCACAAGCCAGCCTGACTGT
AAGACATACAAG

H. pylor gyrA(SEQ 1D NO. 49)
ATGCAAGATAATTCAGTCAATGAAACAAAAAATATTGTAGAAGTGGGGATTGATTCTTCTAT
TGAAGAGAGCTATTTAGCTTATTCCATGAGCGTGATCATAGGGCGCGCTTTACCGGACGCTA
CAGATGGCTTAAAGCCCGTGCATAGGCGTATTTTGTATGCGATGCATGAATTAGGCCTTACT
TCAAAAGTCGCTTACAAAAAAAGCGCTAGGATCGTGGGTCATGTCATTGGTAAATACCACCC
CCATGGCGATAATGCGGTTTATCATGCGCTAGTGAGAATGGCGCAAGATTTTTCCATGCGTT
TGGAATTAGTGGATGGGCAGGGCAACTTTGGCTCTATTCATCGCGATAACCGCCGCAGCGATG
CGTTACACTGAAGCCAGAATGACTAAGGCGAGTGAAGAAATTTTAAGGGATATTGATAAAGA
CACCATTGATTTTGTGCCTAATTATGACGATACCTTAAAAGAGCCAGATATTTTACCAAGCC
GTCTCCCTAACCTTTTAGTCAATGGGGCTAATGGGATCCCTGTGGGGATGGCGA

H. pylori pbpA (also known as pbp1) (SEQ 1D NO. 50)
AACTAACGCGTCTAATGAAGATGAAGACAACTTAAACGCTAGCATGATCGTTACAGACACGA
GCACCGGTAAGATTTTAGCTTTAGTGGGGGGGATTGATTATAAAAAMAAGCGCTTTCAATCGC
GCCACGCAAGCCAAACGGCACTTTGGGAGCGCGATAAAGCCTTTTGTGTATCAGATCGCTTT
TCATAATCGCTATTCCACGACTTCTAARATCCCTGATACCGCGCGAAACTTTGAAAATGGCA
ATTATAGTAAAAACAGTGAACAAAACCACGCATGGCACCCCAGCAATTATTCTCGCAAGTTT
TTAGGGCTTGTAACCTTGCAAGAAGCCTTGAGCCATTCGTTAAATCTAGCCACGATCAATTT
AAGCGATCAGCTTGGCTTTGAAAAAATTTATCAATCTTTAAGCGATATGGGGTTTAAAAACC
TCCCTAAGGACTTGTCTATTGTGTTAGGGAGCTTTGCTATCTCACCCATTGATGCAGCTGAA
AAGT
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H. pylori rpoB (SEQ 1D NO. 51)
ATGAAGATATTATCACCACCGTTAAATACCTCATGAAGATCAAAAACAATCAAGGCAAGATT
GATGACAGGGACCACTTCGGUAATCGTAGGATTAGGCUGGTAGGGCAATTGTTGGCCAATGA
ATTGCATTCAGGTTTAGTGAAAATGCAAAAGACCATTAAAGACAAGCTCACTACCATGAGCG
GGGCTTTTGATTCGCTCATGCCCCATGACTTGCTCAATTCTAAMATGATCACAAGCACCATC
ATGGAATTTTTCATGGGCGGTCAGCTCTCGCAATTTATGGATCAAACGAATCCCTTGAGTGA
GGTTACGCACAAGCGCCGCCTTTCAGCGCTCGGUGAAGGLGGETTGGTGAAAGCACAGAGTGE
GGTTTGAAGCCAGGGATGTGCACCCCACGCATTATGGCCCAATTTGTCCCATTGAGACCCCA
GAAGGTCAAAATATCGGTCTGATCAACACCCTTTCCACTTTCACAAGAGTGAATGATTTAGG
CTTTATTGAAGCCCCTTATAAAMAGGTTGTGCATGGCAAGGTCGTGGGTGAGACGATTTATT
TGACCGCTATTCAAGAAGACAGCCACATCATCGCTCCCGCAA

H. pylori rdxA (SEQ 1D NO. 52)
ATTTGAGCATGGGGCAGATTTTAAGCTTATTTATGGTAATTGTTTCGTTAGGGATTTTATTG
TATGCTACAAAAAATTCTAAAAAAATAAAGGAAAAT CAATGAAATTTTTGGATCAAGAAAAA
AGAAGACAATTATTAAACGAGCGCCATTCTTGCAAGATGTTTGATAGCCATTATGAGTTTTC
TAGCACAGAATTAGAAGAAATCGCTGAAATCGCCAGGCTATCGOCAAGCTCTTACAACACGC
AGCCATGGCATTTTGTGATGGTTACTGATAAGGAT TTAAAAAAACAAATTGCAGCGCACAGE
TATTTCAATGAAGAGATGATTAAAAGCGCTTCAGCGTTAATGGTGGTATGCTCTTTAAGACS
CAGCGAGTTGTTACCACACGGCCACTACATGCAAAATCTCTATCCGGAGTCTTATAAAGTTA
GAGTGATCCCCTCTTTTGCTCAAATGCTTGGCGTGAGATTCAACCACAGCATGCAAAGATTA
GAAAGCTATATTTTAGAGCAATGCTATATCGC TG TGGGGCAATTTGCATGGECGTGAGCTT
AATGGGATTGGATAGTTGCATTATTGGAGGCTTTGATCCTTTAAAGGTGGGCGAAGTTTTAG
AAGAGCGTATCAATAAGCCTAAAATCOCATGC TTGATCOC TTTGGGCAMGGETGRCAGAAG
COAGTCAAAAATCAAGAAAATCAAAAGTTEATGCGATTACTTGGTTGTGATTAAACAAAATC
AAAAACTTTTTAACTATAATCAAACCTAAAT TAAAGTTCAAGGAGTGGCATTTTGTTTAAAA
GAATGOTTTTAATCGCTCTTTTAGGGGTGTTTTCAAGCGTTTCATTAAGCGCTAAGAGTCTT
TTAAGAGATGATGGGATTTTAGTCTCTGAT TTAAAGGGCATGAAATCAGAACTATCTGATGC
TCCTGCTTRGGTTTTTGAAGACGC TAAAGCCCCCTACGAAGAAATGGBCGTGGCGTATATCS
CTGTTAATAATAAATATTTAGGGATTGAGCAAGCGACCTT
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Figure 6
NO Sample ID | Antibiotic Gene Mutation Mutation Frequency

235 rRNA{AZ2143G) 31.6%

1 B gyrA (AspO1Asn) 5.9%

2 BB gyrA (AspD1Asnh) 9.4%

235 rRNA (A2143G) 34.8%

3 C gyrA {Asp@1Asn) 7%

4 D gyrA (AspB1Asn) 35%
5 = No mutation detected
& F No mutation detected

raxA (Glu75%) 16.8%

7 & raxA {GING™) 18.6%
8 H No mutation detected
g I No mutation detected

gyrA (AspO1Asn) 44 8%

10 {d raxA (GING*) 7.6%

11 K 235 rRNA (A2143G) 42%

12 iL 235 rRNA (A2143G) 87.8%
13 M No mutation detected

14 10O 235 rRNA (A21430) 87%

15 P gyrA (Asp81Asn) 56%

18 iQ 235 rRNA (A21430) 0%
17 R No mutation detected

18 S gyrA (Asp81Gly) 96.3%

gyrA (Asn87Lys) 99.4%

19 0T gyrA (AspS1Asn) 086.8%

20 U rcxA (Glu75%) 6.4%
27 A% No mutation detected
22 W No mutation detected
23 X No mutation detected
24 iZ No mutation detected
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