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 Abstract 

Background: Bacterial DNA has been found in cardiovascular tissue and 
blood in several molecular studies, but little is known about the diversity of 
these sequences in patients with myocardial infarction (MI), and almost 
nothing has been reported from Pakistan. Broad-range 16S rRNA gene 
sequencing offers a practical way to characterize bacterial DNA detected by 
PCR and to place it within a phylogenetic framework. 
Methods: Bacterial 16S rRNA PCR was carried out on peripheral blood 
from 50 clinically confirmed MI patients in Lahore, Pakistan. Fourteen 
samples gave usable Nested-PCR products (V3–V4 region), and the ten best 
amplicons were sequenced by the Sanger method. Sequences were cleaned in 
BioEdit and compared against GenBank with BLASTn. Alignment was 
done with MUSCLE in MEGA 12, and pairwise identity, ambiguous 
nucleotide positions and Maximum Composite Likelihood distances were 
calculated. A Neighbor-Joining tree with 500 bootstrap replicates was built 
from the ten study sequences and 20 Ralstonia reference sequences. 
Results: The cleaned sequences were 391–420 bp long (4,083 bp in total). 
BLASTn placed all ten closest to Ralstonia or uncultured Ralstonia-
associated sequences, with 95.82–99.75% identity and 99–100% query 
coverage. Identity among the study sequences ranged from 96.21% to 
100.00%. Fourteen ambiguous positions (0.343% of analyzed bases) 
occurred in nine of the ten sequences. In the phylogenetic analysis the study 
sequences fell within the wider Ralstonia-associated group. 
Conclusions: The ten sequences are highly similar to one another and are 
most closely related to the genus Ralstonia. The partial 16S rRNA 
fragments analyzed here may not provide sufficient resolution for definitive 
species-level identification, and detection of bacterial DNA does not 
establish bacterial viability or a causal role in MI. These sequences provide 
an initial molecular dataset of Ralstonia-associated 16S rRNA sequences 
detected in MI blood samples from Pakistan. 
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1. Introduction 
Myocardial infarction (MI) arises mainly from 
coronary atherosclerosis followed by acute 
thrombosis. Atherosclerosis is now regarded as 
a chronic inflammatory disease, driven by 

endothelial dysfunction, lipid deposition and 
the recruitment of immune cells [1,2]. Beyond 
the usual cardiovascular risk factors, 
microorganisms and their products have been 
proposed as one possible source of vascular 
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inflammation. Several molecular studies have 
reported bacterial DNA in atherosclerotic 
plaques, coronary thrombi and peripheral 
blood. The organisms named most often 
include Chlamydia pneumoniae, Helicobacter pylori 
and a number of periodontal bacteria [3-5]. 
Finding bacterial DNA, however, is not the 
same as finding living bacteria or an active 
infection, so these results need careful 
interpretation [6]. 
The 16S rRNA gene is among the most widely 
used markers for bacterial identification and 
phylogeny. Its conserved regions allow broad-
range primers to work across taxa, while its 
variable regions carry the signal used to tell taxa 
apart [7]. A BLAST search against GenBank 
gives a first taxonomic assignment, and 
alignment [8], with a phylogenetic tree can then 
show how the sequences relate to each other 
and to reference organisms [7,9]. Ralstonia is a 
genus of Gram-negative, non-fermenting 
bacteria found in water, soil and plant-
associated habitats. Some species, notably R. 
pickettii, R. mannitolilytica and R. insidiosa, have 
been isolated from clinical specimens and 
behave as opportunistic pathogens in certain 
settings. They are easily confused with other 
non-fermenters, which makes molecular 
characterization useful [10,11]. 
Most work linking bacteria to cardiovascular 
disease has concentrated on recognized 
cardiovascular or periodontal pathogens [3-5]. 
Published information on Ralstonia-associated 
sequences in blood from patients with MI 
appears to be limited, particularly in the 
Pakistani context. The present manuscript 
focuses exclusively on the molecular 
characterization of the sequenced bacterial 16S 
rRNA fragments and does not repeat the 
clinical or screening analyses conducted in the 
broader study. The relationship of this 
sequence-focused analysis to the broader study 
is stated explicitly to distinguish the present 
work from the primary screening report. The 
aim of the present study was to characterize the 
nucleotide features of the sequenced fragments, 
assess their similarity to database sequences and 
to each other, identify ambiguous nucleotide 
positions, and determine their phylogenetic 
placement among representative Ralstonia 
reference sequences. The study was not 

designed to evaluate clinical associations or test 
relationships between bacterial DNA detection 
and patient characteristics. 
 
2 Materials and Methods 
2.1 Study Population and Sample Collection 
This sequence-focused molecular analysis was 
conducted using peripheral blood samples 
collected from 50 clinically confirmed 
myocardial infarction (MI) patients admitted to 
tertiary care hospitals in Lahore, Pakistan. 
Samples were collected following ethical 
approval and written informed consent from 
participants. Patients meeting standard clinical 
diagnostic criteria for acute MI were included, 
whereas individuals with recent antibiotic 
exposure, ongoing acute infection, 
immunocompromised conditions, or other 
conditions that could interfere with bacterial 
DNA detection were excluded. 
 
 
2.2 DNA Extraction and 16S rRNA Gene 
Amplification 
Genomic DNA was extracted from peripheral 
blood samples under sterile conditions using a 
standard DNA extraction protocol. Initial 
bacterial screening was performed by 
conventional PCR targeting the 16S rRNA 
gene using the universal primer pair 27F (5′-
AGAGTTTGATCMTGGCTCAG-3′) and 
1492R (5′-
TACGGYTACCTTGTTACGACTT-3′), which 
generated an expected amplicon of 
approximately 1465 bp. 
Samples showing detectable or weak 
amplification were subsequently examined by 
nested PCR using the internal primer pair 
341F (5′-CCTACGGGNGGCWGCAG-3′) and 
805R (5′-GACTACHVGGGTATCTAATCC-
3′), targeting the V3–V4 region and generating 
an expected product of approximately 460–465 
bp. The nested-PCR reaction was performed in 
a final volume of 14 µL containing 1 µL 
template DNA, 1 µL each of forward and 
reverse primers, 7 µL PCR master mix, and 4 
µL nuclease-free water. 
Initial amplification was performed with an 
initial denaturation at 95°C for 5 min, followed 
by 30–35 cycles of denaturation at 95°C for 30 
s, annealing at 55°C for 30 s, and extension at 
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74°C for 90 s, followed by a final extension at 
72°C for 7 min. The annealing temperature 
was subsequently optimized to 56°C for 
subsequent amplification and re-amplification 
of PCR-positive samples. 
 
2.3 Gel Electrophoresis and Selection of 
Sequencing Products 
PCR products were separated by 
electrophoresis on 1% agarose gels prepared in 
TAE buffer and stained with ethidium bromide. 
Electrophoresis was performed at 100 V for 45 
min, and amplicons were visualized under UV 
illumination. A GeneDireX DNA ladder was 
used for amplicon-size estimation. 
Fourteen samples showing the expected nested-
PCR amplification were selected for further 
sequence analysis. These samples were re-
amplified under the optimized PCR conditions 
in a final reaction volume of 40 µL. Following 
amplification, 5 µL of each product was 
examined by agarose gel electrophoresis, while 
the remaining 35 µL was retained for 
sequencing. Ten samples showing the strongest 
and clearest amplification products and 
sufficient material for sequencing were selected 
for Sanger sequencing. PCR products selected 
for sequencing were purified by ethanol 
precipitation. 
 
2.4 Sanger Sequencing and Sequence 
Processing 
Purified PCR products were subjected to 
Sanger sequencing using the 341F primer. 
Resulting chromatograms were examined for 
sequence quality and edited using BioEdit to 
obtain cleaned nucleotide sequences [12]. The 
resulting sequences were used for downstream 
taxonomic and phylogenetic analyses. 
 
2.5 BLASTn-Based Taxonomic 
Characterization 
The cleaned nucleotide sequences were 
compared against sequences available in the 
NCBI GenBank database using BLASTn [8]. 
The closest database matches were evaluated 
based on percentage sequence identity and 

query coverage. GenBank accession numbers 
were recorded for the sequences generated in 
the present study. 
 
2.6 Multiple Sequence Alignment and 
Phylogenetic Analysis 
The ten study sequences were aligned with 20 
reference sequences representing the genus 
Ralstonia retrieved from GenBank. Multiple 
sequence alignment was performed using 
MUSCLE [13] implemented in MEGA version 
12. Phylogenetic relationships were inferred 
using the Neighbor-Joining method based on 
Maximum Composite Likelihood distances [14]. 
Gaps and missing data were treated using 
pairwise deletion, and branch support was 
evaluated using 500 bootstrap replicates. 
 
2.7 Sequence Characteristics and Descriptive 
Analysis 
Descriptive analyses were performed to 
summarize the characteristics of the ten Sanger-
derived sequences. Sequence length, GC 
content, BLASTn percentage identity, and 
query coverage were summarized using 
descriptive statistics. Ambiguous nucleotide 
positions identified in the cleaned sequences 
were recorded and summarized according to 
their frequency and distribution. The overall 
ambiguity rate was calculated as the number of 
ambiguous nucleotide positions divided by the 
total number of cleaned nucleotide bases. 
 
3. Results 
3.1 Sequence generation and characteristics 
Fourteen of the 50 screened samples produced 
the expected nested-PCR amplicon, of which 
10 were selected for Sanger sequencing. Only 
these ten sequences are analyzed here. After 
trimming, the sequences were 391–420 bp long 
(mean 408.3 bp; 4,083 bp in total) with GC 
contents of 52.40–54.18% (mean 53.53%) 
(Table 2). Length differences reflect the 
removal of poor-quality ends. Sequence S6, for 
example, went from about 445 bp raw to 417 
bp cleaned. 
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Table 2. Characteristics of the ten cleaned 16S rRNA sequences. 

Sample GenBank accession Length (bp) GC (%) Ambiguous positions 

S1 PZ626114.1 417 54.11 3 

S2 PZ626115.1 416 53.38 2 

S3 PZ626116.1 391 53.96 0 

S4 PZ626117.1 406 52.99 2 

S5 PZ626118.1 403 53.48 1 

S6 PZ626119.1 417 52.40 1 

S7 PZ626120.1 420 54.18 1 

S8 PZ626121.1 410 53.79 1 

S9 PZ626122.1 405 53.71 1 

S10 PZ626123.1 398 53.28 2 

Total / mean — 4,083 / 408.3 53.53 (mean) 14 

 
 

 
Figure 2. Representative Sanger chromatogram showing the quality-controlled region of a study 

sequence. 
 
3.2 BLASTn similarity 
The closest BLASTn matches for the ten study 
sequences were predominantly Ralstonia-
associated or uncultured bacterial sequences. 
Identity ranged from 95.82% to 99.75% and 
query coverage from 99% to 100% (Table 3). 

Several top hits were uncultured bacterial 
clones or environmental sequences rather than 
named species, and identity varied from 
sequence to sequence. We therefore read these 
results as genus-level similarity and not as 
species identification. 

 
Table 3. Closest BLASTn match for each study sequence. 

Sample Closest BLAST description Identity (%) Query cover (%) 

S1 Ralstonia sp. strain NEM22 97.83 99 

S2 Uncultured bacterium isolate BII-2-9 96.63 100 

S3 Ralstonia sp. strain NEM22 99.74 100 
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Sample Closest BLAST description Identity (%) Query cover (%) 

S4 Ralstonia pickettii 95.82 100 

S5 Uncultured Ralstonia sp. clone 3F05 96.80 100 

S6 Uncultured Ralstonia sp. DGGE band R56 98.06 99 

S7 Uncultured bacterium isolate BII-2-9 99.27 100 

S8 Uncultured Ralstonia sp. DGGE band R56 99.51 99 

S9 Uncultured prokaryote clone 152125 99.51 100 

S10 Uncultured bacterium clone EHB-P0145 #01 99.75 100 

 
3.3 Identity and distance among study 
sequences 
Pairwise identity among the ten sequences 
ranged from 96.21% (S4 vs S6) to 100.00% (S3 
vs S10 and S8 vs S10) (Table 4). Pairwise 
nucleotide identity among the study sequences 
ranged from 96.21% to 100.00%, indicating 
substantial sequence similarity with some 

nucleotide-level variation among the analyzed 
fragments.Maximum Composite Likelihood 
distances agreed with the identity values pairs 
with high identity had small distances and pairs 
with lower identity had larger ones. Distances 
ranged from 0.00000 (S3–S10) to 0.04276 (S1–
S6); the full matrix is in Supplementary Table . 

 
Table 4. Pairwise nucleotide identity (%) among the ten study sequences. 

  S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

S1 — 97.53 99.48 96.73 97.49 97.32 99.02 99.25 99.00 99.49 

S2 97.53 — 97.94 96.49 97.74 98.27 97.80 97.54 98.25 98.22 

S3 99.48 97.94 — 97.15 97.68 98.72 99.74 99.74 98.97 100.00 

S4 96.73 96.49 97.15 — 97.49 96.21 97.49 97.24 97.19 97.16 

S5 97.49 97.74 97.68 97.49 — 97.49 97.75 97.74 98.22 97.94 

S6 97.32 98.27 98.72 96.21 97.49 — 98.53 98.51 98.76 98.73 

S7 99.02 97.80 99.74 97.49 97.75 98.53 — 99.51 99.26 99.75 

S8 99.25 97.54 99.74 97.24 97.74 98.51 99.51 — 99.50 100.00 

S9 99.00 98.25 98.97 97.19 98.22 98.76 99.26 99.50 — 99.75 

S10 99.49 98.22 100.00 97.16 97.94 98.73 99.75 100.00 99.75 — 
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Figure 3: Heatmap showing pairwise nucleotide identity (%) among the ten study 16S rRNA 
sequences (S1–S10). Higher values indicate greater sequence similarity between the corresponding 
sequence pairs. 
 
3.4 Ambiguous nucleotide positions 
Fourteen ambiguous positions were found 
across the ten sequences, which is 0.343% of 
the 4,083 bases analyzed. Nine sequences had 
at least one; S3 had none. W (A/T) was the 

most common code (7 of 14), followed by R (3) 
and K (3), with Y seen once (Table 5). The 
positions lay between about base 38 and base 
400 (Figure 4; exact positions in Supplementary 
Table S1). 

 
Table 5. IUPAC ambiguity codes found in the ten sequences. 

IUPAC code Bases Count Share of ambiguous positions (%) 

W A/T 7 50.00 

R A/G 3 21.43 

K G/T 3 21.43 

Y C/T 1 7.14 

Total — 14 100 
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Figure 4: Distribution of ambiguous nucleotide positions (W, R, K, and Y) across the ten cleaned 
16S rRNA sequences. Positions are shown relative to the respective cleaned sequence lengths. 
 
3.5 Phylogenetic placement 
The tree contained 30 taxa: the ten study 
sequences and 20 Ralstonia references (Table 6). 
Consistent with the BLASTn results, the study 
sequences grouped within the wider Ralstonia-
associated clade (Figure 5). They were not 

identical across the aligned region and sat at 
different distances from the reference taxa. 
Because the fragments are short, branch 
positions show sequence relatedness. They do 
not establish species identity, geographic origin, 
transmission or epidemiological linkage. 

 
Table 6. Reference sequences used in the phylogenetic analysis. 

No. Accession Taxon Country 

1 PZ267054.1 R. solanacearum China 

2 NR_025385.1 R. mannitolilytica Belgium 

3 NR_043152.1 R. pickettii USA 

4 LC868264.1 R. pickettii Japan 

5 AM501944.1 R. pickettii Ireland 

6 AM690480.1 R. solanacearum Italy 

7 AJ270258.1 R. thomasii Belgium 

8 NR_134148.1 R. pseudosolanacearum Australia 

9 LC772176.1 R. mannitolilytica Iraq 

10 MW642189.1 R. mannitolilytica India 

11 MW020025.1 R. mannitolilytica Peru 

12 EF427776.1 R. mannitolilytica Australia 

13 MF590120.1 R. mannitolilytica Ghana 

14 MH890459.1 R. mannitolilytica Indonesia 

15 KT933223.1 R. mannitolilytica Brazil 

16 NR_025975.1 R. syzygii Australia 
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No. Accession Taxon Country 

17 AB021403.1 R. syzygii Japan 

18 PX122332.1 R. syzygii China 

19 NR_025242.1 R. insidiosa USA 

20 LT548965.1 R. insidiosa Spain 

 
 

 

 
Figure 5: Neighbor-Joining phylogenetic tree showing the relationships of the ten study 16S rRNA 
sequences (S1–S10) with 20 reference sequences representing the genus Ralstonia. Bootstrap values 
based on 500 replicates are shown at the nodes, and the scale bar indicates substitutions per site. 
 
4. Discussion 
We characterized ten bacterial 16S rRNA 
fragments amplified from the blood of MI 
patients. All ten sequences showed closest 
similarity to Ralstonia-associated sequences, and 
all ten grouped with Ralstonia references in the 
phylogenetic analysis. The agreement between 
the two approaches supports a genus-level 
assignment. That assignment has limits. The 
fragments are about 400 bp of a single gene, 
and closely related Ralstonia species can share 
nearly identical 16S sequences. Several of the 
best BLAST hits were uncultured clones. We 
therefore describe the sequences as Ralstonia-
associated and make no claim about species 
[7,9]. The study sequences were similar to one 
another (96.21–100.00% identity) but not 
identical, and the distance estimates matched 
this. Fourteen ambiguous positions appeared 
among 4,083 bases. Mixed or overlapping peaks 

can arise from sequencing quality, template 
mixtures or other technical causes, so we treat 
them as a data-quality observation, not as 
evidence of mutation or of mixed populations 
[7]. 
Members of the genus have been reported from 
environmental sources and from clinical 
material, including blood [10]. Even so, our 
data do not show that Ralstonia was alive in 
these samples. PCR detects DNA, and low-
biomass work is especially exposed to 
contamination from reagents, the laboratory or 
the environment, as well as to transient 
bacterial DNA [11]. The findings are 
preliminary and need independent 
confirmation. The study also cannot say that 
Ralstonia has anything to do with MI. There was 
no healthy control group in this sequence-level 
analysis, and detecting bacterial DNA does not 
by itself show causation. Likewise, the closeness 
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of our sequences to references from many 
countries says nothing about where the DNA 
came from or how it got there. The work has 
some strengths. Detection was confirmed by 
sequencing and not only by gel electrophoresis, 
BLASTn and phylogenetic analysis were used 
together, the reference set spanned several 
species and regions, and the sequences are 
public in GenBank for others to reuse. 
Its limitations are equally clear. Only ten 
sequences were analyzed, all were partial 16S 
fragments, and there was no control group. 
Viability was not tested. The contamination 
risk of low-biomass samples remains, and the 
few ambiguous positions cannot be interpreted 
biologically. Later studies should use more 
samples, longer 16S reads or whole-genome and 
metagenomic sequencing, matched controls, 
and systematic contamination monitoring. 
5. Conclusions 
Ten Sanger-derived 16S rRNA sequences 
showed closest similarity to Ralstonia-associated 
sequences by BLASTn and phylogenetic 
analysis. They were highly similar to each other 
(96.21–100.00%) and contained 14 ambiguous 
positions across 4,083 bases. This is preliminary 
evidence of Ralstonia-associated bacterial DNA 
in these samples. It is not evidence of viable 
infection or of a causal link with MI, and 
partial 16S data cannot settle species identity. 
The deposited sequences can serve as a starting 
point for larger, controlled studies using longer 
sequences or genome-level methods. 
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