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males). Patients were clinically diagnosed by a dentist as having gingivitis with 

red and bleeding gums, pain, pocket discharge, and bad breath. The patients, aged 16-65, visited 

private dental clinics in Diwaniyah between February 2025 to August 2025. Each patient's name, 

age, gender, medical condition, and sample collection date were recorded, and the sample was 

transported to the laboratory for preservation. 

 

Sequencing of PCR Products 

 
    All PCR products obtained above were purified and sent for sequencing as follows: 

1. After PCR amplification , noting that the target region of the fimA gene is 514 base pairs long 

using the new primers, the PCR product was purified from amplification primers using the 

Gel/PCR DNA Extraction Kit (Geneaid, USA). 

2. The purified DNA was sequenced at Macrogen (Korea) using sequencing primers for each gene 

as listed in Table (8-3). 

3. Sanger sequencing was performed in both directions using an Applied Biosystems 3730 xl DNA 

Analyzer. 

 

Table (1): Sequencing Primers Used in This Study 

Gene  Primer 

Name 

Sequence 3_5 Product 

Size (bp)  

Reference 

FimA 

P.gingivalis  

FimA-F ATGAGGTTGAGGCCTTGACG  

278 

 

Current Study 

FimA-R GGCTGCGATTTTAGCGTCAG 

adpC 

P.intermedia  

adpC-F CACAAGCAAACGCACTCGAA 584 Current Study 

adpC-R CTGCCAACGGGTAAGCTACA 

 

Statistical analysis  

   Data were collected, compiled, analyzed, and presented using Microsoft Office Excel 2010 and 

the Statistical Package for Social Sciences (SPSS) version 25. The chi-square test was used to 

determine if any two category variables were related. P-values under 0.05 and 0.01, respectively, 

were considered to be at the highly significant level of significance. 

 

 



Result and Discussion 

Investigation of bacterial distribution 

      The present study included 120 clinical isolates from patients with a suspicion of gingivitis or 

periodontitis during the period from February 2025 to August 2025. The subjects varied in age 

between 16 and 65 years (mean: 36.77). P. gingivalis was detected in 37.5% (n = 45) of samples 

and P. intermedia in 78.33% (n = 94) by molecular analysis using real-time PCR. These results 

are visualised in Figure 1 and summarized in Table 2. 

 

 
Figure 1: Detection rates of P. gingivalis and P. intermedia in clinical samples. 

This bar chart illustrates the proportion of patient samples (total = 120) in which P. gingivalis and 

P. intermedia were identified through qPCR analysis. Notably, P. intermedia was present in a 

much higher percentage of cases (78.33%) compared to P. gingivalis (37.5%), suggesting that P. 

intermedia might participate in a more prominent part in periodontitis among the studied 

population.  

X-axis: Bacterial species (P. gingivalis, P. intermedia), Y-axis: Detection rate (%) 

 

Table 2: Relative distribution of bacteria detected in patients with gingivitis and periodontitis by 

qPCR analysis 

Percentage Number Percentage Number Result 

78.33% 94 37.5% 45 Positive 

21.67% 26 62.5% 75 Negative 

100% 120 100% 120 Total No 

0.001* 0.006* p value 

 

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

P. gingivalis P. intermedia

37.50%

78.33%

62.50%

21.67%

positive

Negative



Figures 2 and 3 show the amplification plots of real-time PCR for P. gingivalis and P. intermedia, 

respectively. These results demonstrate a positive standard curve to correlate with patient copy 

numbers (exponential amplification phase) and assay robustness. 

 

 

 
Figure 2: Amplification plot for P. gingivalis detection by real-time PCR. 

This amplification plot illustrates real-time PCR analysis results of P. gingivalis in 120 clinical 

samples. Standard curve dilutions from 10-fold serial dilution of positive control DNA were taken 

as a reference for precise approximation of bacterial copies. Curves for the patient samples are 

plotted independently, with the exponential phase of amplification occurring. The “dR” signal is 

from the baseline subtracted fluorescence (ΔRn), which represents the difference in fluorescence 

due to DNA amplifcation. 

X-axis: Cycle number (Ct), Y: ΔRn (change in fluorescent intensity), Legend: Curves represent 

patient sample; quantification is performed by means of standard curve points; negative controls 

have flat lines (nonamplification). 

 

 



were classified into 8 main genotypes as 

follows: Genotype 1 includes isolates PG 42 and PG 45, while isolate PG 68 represents Genotype 

2. Genotype 3 is represented by isolate PG 66, while Genotype 4 includes isolate PG 41. Genotype 

5 includes isolate PG 64, while Genotype 6 includes isolates PG 11 and PG 24. Genotype 7 

includes isolate PG 43, and finally Genotype 8 includes isolate PG 90. From the results, we note 

that Genotype 1 includes isolates PG 42 and PG 45, and Genotype 6 includes isolates PG 11 and 

PG 24, as they cluster together.  On a common branch and close to the reference type of 

P.gingivalis isolate, indicating its genetic closeness to it. This homogeneity could be the result of 

local transmission or stability of strains in a limited area, while the remaining genotypes lie on an 

independent evolutionary branch, indicating the possibility of being a new species or distinct 

lineage. In the study of (13) Chen et al.  they noted that the evolutionary tree of eight P.gingivalis 

isolates. Lineages 381, ATCC33277, and HG66 appeared closest to the likely common ancestor, 

based on the tree inferred from the presence of a close species as an outgroup sequence. While the 

other lineages gradually diversified to deeper branching nodes, the sequences of two lineages, 

F0566 and TDC60, were the most branched and mutated from the common ancestor, which was 

inferred using the sequence of a neighboring species (PaDSM20707) as an outgroup. 

 



 
Figure (4) shows the regularity of the multiple FimA gene and detection of variants (base 

substitutions) for the studied isolates of P. gingivalis. 

 
Figure (5) The gene summary shows the proportions of conserved and gap regions in the FimA 

gene among the studied P. gingivalis isolates. Note: The conservation color represents the 

similarity ratios between the studied samples. 

 

 



 

Figure (6) Schematic diagram of the evolutionary tree of P. gingivalis. This tree was constructed 

using the maximum likelihood method. Branch lengths for each sample were added to illustrate 

the distance between the studied isolates
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Figure (7) Regularization of the multiple FimA genes and detection of variants (base substitutions) for 

the studied isolates of P. intermedia 
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Figure (8) shows the gene summary of the proportions of conserved regions and gaps in the FimA gene 

among the studied P. intermedia isolates. Note: The conservation color represents 

 

 

comparisons of the 16 rRNA 

sequences of the (rrs) gene of the epidemiologically and geographically diverse P. nigrescens, P. 

intermedia, and P. gingivalis isolates. The divergence was also lower than in P. intermedia, with a 

maximum of 13 out of 1363 nucleotides diverging between different strains, most of which exhibit 

ambiguous nucleotides. This genetic diversity detected among isolates reflects the presence of clear 

differences in genetic composition.  It may be due to environmental adaptation or diversity of the source 

of isolates.  
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Figure (9) Schematic diagram of the evolutionary tree of P. intermedia, This tree was constructed using 

the maximum likelihood method, and the branch lengths of each sample were added to illustrate the 

distance between the studied isolates 

 

 

       The findings agreed with those of Papone et al.,  study of 51 chronic periodontitis patients. A. 

actinomycetemcomitans (33%) and black-pigmented anaerobic bacteria (100%) were found in the samples 

according to the results of the conventional microbiological technique, but by using multiplex PCR, we 

were able to determine that the most common species were F. nucleatum (100%), T. forsythia (92%), and 

P. gingivalis (88%) (14). A. actinomycetemcomitans (33%) and P. intermedia (39%) were the least 

common species, on the other hand. The findings also concurred with Alazemi et al., who discovered that 

P. gingivalis was isolated from individuals with periodontitis less frequently (33.3%) than other 

periodontitis-causing bacteria (15).  
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bacterium was F. nucleatum, which differed significantly from all other bacteria. The copy 

numbers of DNA were Compared to the microorganisms listed above, the prevalence of P.intermedia, 

T.forsythia and A.actinomycetemcomitans is significantly lower (20). Different sample and DNA 

extraction methods may contribute to the variation in proportions between studies, but other factors like 

regional, ethnic, etiological, genetic, environmental, and dental hygiene habit differences may also play a 

role (15).  

       The findings were in line with those of Mahdi et al., who demonstrated that out of thirty samples from 

patients receiving endodontic treatment, only ten isolates (33.3%) of P. intermedia emerged by culture 

and biochemical testing, compared to six isolates (20%) that emerged during molecular detection (21)  . 

This result is nearly in line with the research by Milsom et al., which found that the polymerase chain 

reaction likewise demonstrated P. intermedia detection rates of 33% greater than the culture method (13%) 

(22). However, Riggio et al. discovered that 38 samples (39%) of the 97 samples examined by the 

polymerase chain reaction tested positive for P. intermedia in subgingival plaque samples from 

individuals with adult periodontitis (23) .  

     The distribution of P. intermedia and the levels of pathogens in the gums in saliva samples from 

infected individuals compared to healthy controls, however, exhibited higher mean levels in individuals 

with periodontitis and significantly different levels for P. gingivalis, P. intermedia, and T. forsythia, 

according to multiple studies. Each of these bacteria had mean levels that 
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