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Abstract
Dental diseases are a persistent problem, not only in humans, but very often in companion 

animals as well. Aetiological agents of these diseases are the dental plaque bacteria. In the 
present study, we focused on identifying cultivable bacteria living in the dental plaque of dogs, 
specifically dogs suffering from the early stages of periodontal disease. Canine oral bacteria 
pose a risk to humans that get bitten by the dog, but they also have a zoonotic potential. Dental 
plaque samples were taken from five dogs of small breeds. Samples were cultured under aerobic 
and anaerobic conditions on several types of microbiological agars. All obtained and selected 
bacterial colonies were identified by PCR with universal primers for the 16S rRNA gene and the 
sequences of the 16S rRNA gene were compared with the sequences available in the GenBank 
database using BLASTn analysis. A total of 75 bacteria belonging to five phyla, predominantly 
to Firmicutes and Proteobacteria, were identified. The most frequent species was Pasteurella 
canis which was detected in all samples. In addition, representatives of the genera Actinomyces, 
Bacillus, Bacteroides, Corynebacterium, Frederiksenia, Fusobacterium, Haemophilus, 
Lactobacillus, Leucobacter, Neisseria, Ottowia, Porphyromonas, Pseudomonas, Staphylococcus, 
Stenotrophomonas and Streptococcus were detected in the samples. In the present study, a broad 
spectrum of bacteria in dental plaque samples, including canine periodontal pathogens such as 
Porphyromonas gulae or Porphyromonas macacae were identified. In addition, highly pathogenic 
bacteria, specifically Actinomyces hordeovulneris, Bacillus circulans, and Bacteroides pyogenes, 
which pose a serious risk to human health, were detected in samples.

Dental biofilm, oral bacteria, periodontal disease, bite wounds, dog

Dental plaque is a community of microorganisms found on the surface of teeth as 
a biofilm, embedded in a matrix of organic polymers of bacterial and host origin. Plaque 
is natural and, like the resident microbiota of all other sites in the body, contributes to the 
normal development of host physiology and defense (Marsh 2006). On the other hand, 
dental plaque (supragingival and subgingival) is an aetiological factor in dental diseases 
such as dental caries and periodontal diseases (Gurenlian 2007). 

Periodontal disease is one of the most common and widespread inflammatory diseases in 
dogs, with up to 80% of animals affected (Pereira Dos Santos et al. 2019). Periodontal 
disease refers to a group of inflammatory processes affecting the periodontium. The 
periodontium contains the supporting structure of the teeth and includes the gingiva, alveolar 
bone, periodontal ligament and cementum (Albuquerque et al. 2012). The bacteria of 
dental plaque are capable of initiating the mechanisms of destruction of periodontal tissues. 
Inflammation of tissues surrounding the teeth progresses from an early stage (gingivitis) to 
an advanced stage (periodontitis). Pathological changes associated with gingivitis including 
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oedema, odour, haemorrhage and exudates are reversible. Periodontitis is irreversible, 
leading to periodontal pocket formation, alveolar bone resorption and eventual tooth loss 
(Shoukry et al. 2007).

Periodontal disease in dogs is a naturally occurring disease and as such, it is more likely to 
have the same pathophysiological mechanisms as human periodontal disease. Histological 
traits of the normal and diseased periodontium are similar in humans and dogs. Moreover, 
several comparative studies have shown that the factors involved in canine periodontal 
disease, including bacterial plaque, are similar to those of humans (Albuquerque et al. 
2012). Whereas the transmission of oral bacteria is also possible during normal dog-to-
human contact, potentially zoonotic and periodontopathic bacteria in the canine oral cavity 
can pose a problem for the oral health of humans. The canine oral bacteria involved in 
periodontal disease are also isolated from infected dog bite wounds in human. This is 
not unexpected as periodontitis is a common disease in dogs and organisms present at 
contaminated sites may be transmitted by the biter to the victim (Forsblom et al. 2002).

The aim of the study was to isolate and identify dental biofilm bacteria in dogs suffering 
from early stages of periodontal disease as a potential source of bacterial infections in 
humans. We focused on a group of dogs living in the same household and compared the 
composition of individual dental biofilms.

Materials and Methods
Animals and sampling

Dental plaque samples were taken from five dogs (aged 1.5 to 13 years) at the Clinic of Small Animals, 
University of Veterinary Medicine and Pharmacy in Košice. The owner filled out a questionnaire regarding the 
health condition, type of food, dental care and habits of each dog. The dogs sampled were two Maltese (females, 
neutered), one Yorkshire Terrier (female, neutered), one Jack Russell Terrier (male, neutered) and one Chihuahua 
cross (male, neutered) living in one household. Every dog had clinical signs of early stages of periodontal disease. 
The samples were taken from the buccal surfaces of upper dentes canini and dentes premolares (Plate V, Fig. 1) 
with a sterile syringe needle. They were immediately placed in a sterile Eppendorf tube containing 500 µl 
of sterile phosphate-buffered saline and processed within 2–3 h after collection.

Sample processing
The Eppendorf tubes with samples were vortexed at maximum speed for 20 s (Vortex V-1 plus, Biosan, 

Riga, Latvia) and shook at 400 r.p.m. for 20 min (Orbital Shaker PSU-10i, Biosan) for content homogenization. 
Homogenized samples, specifically at a volume of 50 µl, were inoculated to Brain Heart Infusion broth (BHI 
broth; pH 7.4 ± 0.2, HiMedia, Mumbai, India) and deMan-Rogosa-Sharpe broth (MRS broth; pH 6.2 ± 0.2, 
Carl Roth GmbH, Karlsruhe, Germany). After 2 days of cultivation at 37 °C, 50 µl of BHI broth was spread 
onto the Brain Heart Infusion agar (BHI; pH 7.4 ± 0.2, HiMedia) and 50 µl of MRS broth was spread onto the 
deMan-Rogosa-Sharpe agar (MRS; pH 6.4 ± 0.2, Carl Roth GmbH). Aliquots of homogenized 50 µl samples 
were spread onto the Trypticase soy agar (TSA; pH 7.2 ± 0.1, Carl Roth GmbH, Karlsruhe, Germany) with 
5% ram’s blood and M-Enterococcus agar (ME; pH 7.2 ± 0.2, Becton, Dickinson and Co., Le Pont de Claix, 
France). Samples were cultured under aerobic and anaerobic (BBL GasPak™ Plus, Becton, Dickinson and Co., 
Maryland, USA) conditions at 37 °C. After 2 days of aerobic cultivation and after 3 days of anaerobic cultivation, 
individual solitary colonies with different morphological characteristics were selected and subcultured to obtain 
pure bacterial cultures. After 7 days of anaerobic cultivation, plates were again examined for the detection of 
black-pigmented colonies of Porphyromonas spp. The pure bacterial colonies were transferred to Eppendorf 
tubes containing BHI or MRS broth depending on the type of bacteria. Subsequently, glycerol (20% v/v) was 
added and the isolates were stored at -80 °C.

Phenotypic determination
Individual solitary colonies were characterized by size, colour, shape, growth form and the presence of 

haemolysis. They were subjected to Gram staining to verify the purity and to determine the shape, size, and 
arrangement of the individual bacteria. A test for catalase production was also performed using the standard 
protocol.

DNA isolation and sequencing
DNAzol direct (Molecular Research Center Inc., Cincinnati, USA) was used to isolate the DNA of bacteria. 

Pure bacterial colonies about the volume of one inoculation loop (volume 1 µl, BRAND GMBH + CO KG, 
Wertheim, Germany) were added to 50 μl of DNAzol direct and heated to 95 °C for 15 min. The 16S 
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ribosomal RNA (rRNA) genes from the isolates were amplified by PCR using the universal primers 27F 
(5’-AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-CGGYTACCTTGTTACGACTT-3’). The PCR cycling 
conditions comprised an initial denaturation phase of 5 min at 94 °C, followed by 30 cycles of denaturation at 94 °C 
for 1 min, annealing at 55 °C for 1 min and primer extension at 72 °C for 3 min and finally a primer extension 
step at 72 °C for 10 min. The PCR was performed in a thermal cycler (TProfesional Basic, Biometra GmbH, 
Göttingen, Germany), aliquot PCR products were separated by horizontal 3% (w/v) agarose gel electrophoresis 
in Tris-acetate-EDTA buffer (pH 7.8) and visualized with GelRed (Biotium, Inc., Hayward, CA, USA) under 
ultraviolet light. The amplification products were sent for purification and sequencing using primer 1492R 
(Microsynth, Wien, Austria).

Sequence processing
The obtained chromatograms of sequences of approximately 1100 bases were edited using Geneious 8.0.5 

(Biomatters, Auckland, New Zealand). All isolates were initially identified by performing database searches, 
comparing 16S rRNA sequences obtained from a single reading with sequences available in the GenBank using 
the Basic Local Alignment Search Tools, nucleotide (BLASTn) (http://www.ncbi.nlm.nih.gov/BLAST/) from the 
National Center for Biotechnology Information (NCBI). After identification of all isolates, the sequences of the 
same bacterial species isolated from one dental plaque were compared and the best quality sequence was selected. 
The phylogenetic tree was constructed from the alignment of the 53 selected sequences with a length of 960 bases 
also using the Geneious 8.0.5 program (Biomatters).

Nucleotide sequence accession numbers
The nucleotide sequences have been deposited in GenBank with accession numbers from MT492070 to 

MT492123.

Results

A total of 75 isolates were obtained from the plaque of 5 dogs with early stages of 
periodontal disease. The highest number of bacterial isolates was obtained from dog no. 1 
(n = 18) and the lowest number of bacterial isolates from dog no. 4 (n = 10). The average 
number of isolates per dog reached 15. The predominant bacteria were Gram-negative 
rods, which accounted for 36% (n = 27). The prevalence of cultivable bacteria based on 
Gram staining is shown in Table 1.

Of the 75 isolates sequenced, 70 were identified at the species level and the other 5 were 
identified at the genus level, because in the GenBank database the sequences are deposited 
only at the genus level. The identified isolates belong to five phyla, predominantly 
Firmicutes and Proteobacteria. A summary phylogenetic tree of the identified bacteria with 
accession numbers are shown in Fig. 2 (Plate VI).

Of the total number of isolates, 41 were isolated from media cultured under aerobic 
conditions. However, 34 isolates were isolated from media cultured under anaerobic 
conditions. The distribution of identified bacteria based on the relation to oxygen is shown 
in Table 2. 

The widest spectrum of bacteria was isolated after the cultivation on TSA with 5% 
ram’s blood. Isolates belonged to these species: Actinomyces hordeovulneris, Bacteroides 
heparinolyticus, Bacteroides pyogenes, Corynebacterium canis, Frederiksenia canicola, 
Fusobacterium canifelinum, Haemophilus haemoglobinophilus, Leucobacter spp., 
Neisseria canis, Neisseria shayeganii, Neisseria weaveri, Ottowia spp., Pasteurella canis, 
Porphyromonas gulae, Porphyromonas macacae, Schaalia canis, Schaalia suimastitidis, 
Stenotrophomonas spp. and Streptococcus canis. A wide spectrum of bacteria was isolated 

Table 1. The percentage of isolates by Gram staining.

 Rods Cocci Cocobacilli
Gram-positive 17.33% (n = 13) 26.67% (n = 20) 0% (n = 0)
Gram-negative 36% (n = 27) 8% (n = 6) 12% (n = 9)
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after the cultivation on BHI agar, specifically the following species: Bacillus licheniformis, 
Bacillus circulans, Neisseria canis, Neisseria zoodegmatis, Pseudomonas aeruginosa, 
Staphylococcus epidermidis, Staphylococcus pseudintermedius, Streptococcus gallolyticus, 
Streptococcus cristatus, Streptococcus suis and Streptococcus intermedius. Staphylococcus 
pseudintermedius and Lactobacillus animalis were isolated from MRS agar. Only 
Streptococcus sinensis was isolated from ME agar. The representation of microorganisms 
in individual dental plaques together with anamnestic data of each dog are shown in Table 3.

Discussion

The presence and relative proportion of streptococci in the oral cavity of dogs is a long-
discussed topic. In some studies, the presence of streptococci was not detected or was 
detected in very low numbers; in other studies, several species were detected in the dental 
plaque of dogs (Harvey et al. 1995; Elliott et al. 2005; Sanguansermsri et al. 2017). 
In the present study, we detected Streptococcus sinensis (in 3 of 5 dogs), S. intermedius 
(in 2 of 5 dogs), S. canis (in 1 of 5 dogs), S. suis (in 1 of 5 dogs), S. gallolyticus (in 1 of 
5 dogs) and S. cristatus (in 1 of 5 dogs). Streptococcus canis is the most common 
streptococcal species found in dog infections such as dermatitis, otitis externa, pneumonia, 
infective endocarditis and adult septicaemia. Streptococcus canis is also a zoonotic 
pathogen that is transferred primarily from companion animals such as dogs and cats to 
humans through animal bites and other mechanisms (Pinho et al. 2013; Taniyama et al. 
2017). Streptococcus suis is a major swine pathogen causing meningitis, sudden death, 
septicaemia, polyserositis, arthritis, endocarditis, otitis and pneumonia. Streptococcus suis 
has also been increasingly isolated from a wide range of animal species including dogs 
(Muckle et al. 2014). Streptococcus gallolyticus is commonly found in the rumen flora of 
herbivores. It is an opportunistic pathogen causing septicaemia and endocarditis in elderly 
persons and is also strongly associated with colorectal cancer (Pasquereau-Kotula et al. 
2018). Streptococcus sinensis was for the first time isolated from a patient with infective 
endocarditis (Woo et al. 2002). Later, other patients with infective endocarditis caused by 
S. sinensis were reported (Woo et al. 2004). The natural reservoir of S. sinensis appears 

Table 2. The distribution of isolated bacteria based on oxygen requirements.

 Obligate aerobes   Facultative anaerobes Microaerophiles Obligate anaerobes
Bacillus spp. Actinomyces hordeovulneris Lactobacillus animalis Bacteroides pyogenes
Leucobacter spp.  Bacillus circulans Schaalia canis Bacteroides heparinolyticus
Neisseria canis Corynebacterium canis Schaalia suimastitidis Fusobacterium canifelinum
Neisseria shayeganii Frederiksenia canicola  Porphyromonas gulae
Neisseria zoodegmatis Haemophilus haemoglobinophilus  Porphyromonas macacae
Neisseria weaveri Ottowia spp.   
Pseudomonas aeruginosa Pasteurella canis  
Stenotrophomonas spp.  Staphylococcus epidermidis  
 Staphylococcus hominis  
 Staphylococcus pseudintermedius  
 Streptococcus canis  
 Streptococcus cristatus  
 Streptococcus gallolyticus  
 Streptococcus sinensis  
 Streptococcus suis  
 Streptococcus spp.   
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Table 3. Anamnestic data of dogs and cultivable bacteria identified in their dental plaque.

Dog Anamnesis Identified bacteria of dental plaque
 Age, breed: 13 years, Jack Russell Terrier Bacillus licheniformis
 Sex: Male, neutered Corynebacterium canis
 Present illnesses: Renal hypertension Frederiksenia canicola
 Prior illnesses: Babesiosis, gastritis, enteritis Fusobacterium canifelinum
 Current medications: None Lactobacillus animalis
 Ultrasonic teeth cleaning: Every two years Pasteurella canis
No. 1 Granules for dogs: Specific CKD Heart & Kidney Support Porphyromonas gulae
 Canned dog food: Specific CKW Kidney Support (occasionally only) Schaalia canis
 Homemade food: No Staphylococcus epidermidis
 Raw meat: No Streptococcus canis
 Does he bite pet toys? Yes Streptococcus gallolyticus
 Does he bite chew sticks? No Streptococcus suis
 Does he bite hard objects? No 
 Age, breed: 7 years, Maltese Bacillus circulans
 Sex: Female, neutered  Bacillus licheniformis
 Present illnesses: Food allergy with manifestations on the skin Bacteroides pyogenes 
 Prior illnesses: Gastritis, enteritis Leucobacter spp.
 Current medications: None Neisseria canis
 Ultrasonic teeth cleaning: Every two years Neisseria shayeganii
No. 2 Granules for dogs: Specific CDD HY Food Allergy Management Neisseria zoodegmatis
 Canned dog food: Specific CDW Food Allergy Management Pasteurella canis
 Homemade food: No Porphyromonas macacae
 Raw meat: No Staphylococcus epidermidis
 Does she bite pet toys? Yes Streptococcus intermedius
 Does she bite chew sticks? Yes Streptococcus sinensis
 Does she bite hard objects? Yes 
 Age, breed: 5 years, Yorkshire Terrier Corynebacterium canis
 Sex: Female, neutered  Fusobacterium canifelinum
 Present illnesses: None Haemophilus haemoglobinophilus
 Prior illnesses: Endometritis Neisseria weaveri
 Current medications: None Pasteurella canis
 Ultrasonic teeth cleaning: Every two years Porphyromonas gulae
No. 3 Granules for dogs: Specific CXD-S Adult Small Breed Porphyromonas macacae
 Canned dog food: SPECIFIC CXW Adult All Breeds Schaalia canis
 Homemade food: No Staphylococcus hominis
 Raw meat: No Staphylococcus pseudintermedius
 Does she bite pet toys? Yes Stenotrophomonas spp. 
 Does she bite chew sticks? Yes Streptococcus intermedius
 Does she bite hard objects? Yes Streptococcus cristatus
 Age, breed: 9 years, Chihuahua cross Actinomyces hordeovulneris
 Sex: Male, neutered  Bacteroides pyogenes
 Present illnesses: Epileptiform symptoms Ottowia spp. 
 Prior illnesses: History unknown Pasteurella canis
 Current medications: None Pseudomonas aeruginosa 
 Ultrasonic teeth cleaning: Last year Streptococcus sinensis
No. 4 Granules for dogs: Specific CID Digestive Support  
 and Specific CGD-S Senior Small Breed 
 Canned dog food: No 
 Homemade food: No 
 Raw meat: No 
 Does he bite pet toys? No 
 Does he bite chew sticks? No 
 Does he bite hard objects? No 
 Age, breed: 1.5 years, Maltese Bacteroides heparinolyticus 
 Sex: Female, neutered  Bacteroides pyogenes
 Present illnesses: Food allergy Corynebacterium canis 
 Prior illnesses: History unknown Frederiksenia canicola
 Current medications: None Leucobacter spp.  
 Ultrasonic teeth cleaning: Not yet Pasteurella canis
No. 5 Granules for dogs: Specific CDD HY Food Allergy Management Schaalia canis
 Canned dog food: Specific CDW Food Allergy Management Schaalia suimastitidis
 Homemade food: No Staphylococcus epidermidis 
 Raw meat: No Staphylococcus pseudintermedius 
 Does she bite pet toys? Yes Streptococcus sinensis
 Does she bite chew sticks? Yes 
 Does she bite hard objects? Yes 
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to be the oral cavity, probably the source of infection in human patients with infective 
endocarditis (Woo et al. 2008). Streptococcus intermedius and S. cristatus are common 
members of the human oral microbiota. The present study showed that S. sinensis, 
S. gallolyticus, S. intermedius and S. cristatus are also present in the oral cavity of dogs. 
Streptococcus cristatus has an antagonistic relationship with Porphyromonas gingivalis 
(the keystone pathogen in human periodontitis). Streptococcus cristatus is able to 
repress the expression of several virulence genes of P. gingivalis, which are involved in 
the production of fimbriae and gingipains (Ho et al. 2017). Observation of the negative 
correlation between P. gingivalis and S. cristatus distribution provides opportunities to 
develop therapeutics specifically against P. gingivalis colonization in the subgingival 
plaque (Wang et al. 2009).

In the study of Elliott et al. (2005), Porphyromonas, Actinomyces and Neisseria were 
the most frequently isolated genera from the canine dental plaque. Other genera detected 
in that study (Elliott et al. 2005) were Bacteroides, Fusobacterium, Corynebacterium, 
Haemophilus and Pasteurella, which is in accordance with our results. In the study of Pieri 
et al. (2018), Staphylococcus, Enterococcus and Streptococcus were the prevalent genera in 
the dental plaque of dogs without clinical signs of periodontal disease. Among others, they 
also identified the genera Bacillus, Lactobacillus, Neisseria, Pasteurella, Haemophilus and 
Actinomyces (Pieri et al. 2018). These genera could be associated with the health of the 
oral cavity of dogs. On the other hand, the results of the study of Takada and Hirasawa 
(2000) suggest that bacteria from the family Actinomycetaceae (Corynebacterium and 
Actinomyces) may play an important role in periodontitis in dogs. The bacteria associated 
with periodontal diseases are predominantly Gram-negative anaerobic bacteria in both 
humans and dogs (Lovegrove 2004; Özavci et al. 2019). In the present study, Gram 
staining determined 56% of negative rods, cocci, and cocobacilli, representing 42 isolates. 
The isolates Porphyromonas spp. were catalase-positive, which corresponds with the 
results of previous studies (Harvey et al. 1995; Elliott et al. 2005). Porphyromonas gulae, 
Porphyromonas salivosa (current name Porphyromonas macacae) and Porphyromonas 
denticanis are most frequently isolated from dogs with periodontal disease (Holden 
et al. 2017). The presence of P. gulae and/or P. macacae was detected in 3 from 5 samples 
of dental plaque in present study. Periodontal disease in dogs is associated with a wide 
range of anaerobic bacteria, including fastidious bacteria. In the present study, BHI agar 
and TSA with 5% ram’s blood were used to capture the widest range of bacteria. This media 
supports the good growth of many fastidious and non-fastidious microorganisms, including 
anaerobes. BBL GasPak™ Plus was used to ensure anaerobic conditions. Under these 
conditions, we were able to isolate obligate aerobes, facultative anaerobes, microaerophiles, 
as well as several obligate anaerobes. To detect other fastidious anaerobes, it is necessary to 
use an enriched media supplemented with L-cysteine hydrochloride, haemin and vitamin 
K1. Another way to detect fastidious, difficult-to-culture and also unculturable bacteria is 
to use molecular methods such as amplicon sequencing.

In the study of Özavci et al. (2019), the presence of periodontal pathogens, 
P. gingivalis, P. gulae, and Prevotella nigrescens, was detected by PCR. Another study using 
molecular biological approaches showed that the prevalence of P. gingivalis, Treponema 
denticola, Tannerella forsythia and Fusobacterium nucleatum is similar in humans and 
dogs (Gołyńska et al. 2017). The results of the mentioned studies (Gołyńska et al. 2017; 
Özavci et al. 2019) confirmed that some periodontal pathogens are common to dogs and 
humans. Based on these findings, the oral transmission of periodontal bacteria from dogs 
to humans, especially their owners, can present a risk for human oral health.

Pasteurella canis which is the most common species isolated from infected wounds after 
a dog bite was isolated from all samples in the present study. Other common species isolated 
from infected dog bite wounds detected in present study were Streptococcus intermedius, 
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Staphylococcus epidermidis, Staphylococcus hominis, Neisseria weaveri, Neisseria 
zoodegmatis, Bacilllus circulans, Fusobacterium canifelinum and Porphyromonas 
macacae.

The dogs included in the present study lived under the same conditions, but were fed 
different diets, which could affect the composition of their dental plaque. In dog no. 4, 
the lowest number of bacterial species was identified and Porphyromonas spp. were not 
detected. This may be due to the fact that this dog does not eat soft diets. There is reasonable 
evidence that soft diets are associated with increased frequency and severity of periodontal 
disease, and that harder foods requiring vigorous prehension and mastication are preferable 
for dogs (Gawor et al. 2006).

In conclusion, our results confirmed the presence of several genera often detected 
in studies focused on canine dental bacterial biofilm composition, especially 
Actinomyces, Bacteriodes, Corynebacterium, Fusobacterium, Haemophilus, Neisseria or 
Porphyromonas. In addition, other genera such as Leucobacter, Ottowia, Pseudomonas 
and Stenotrophomonas were identified. Pasteurella canis, the most commonly isolated 
bacterium from human bite wounds, was detected in all canine samples. The presence of 
pathogenic bacteria including Bacillus circulans, Actinomyces hordeovulneris, Bacteroides 
pyogenes was also detected in the canine dental plaque samples. Our findings confirmed 
that bacteria in the canine dental plaque present a serious risk of bacterial infection not 
only in bite wounds but also in oral transmission. All bacteria present high health risks 
after transmission to the bloodstream, especially in the case of highly pathogenic bacteria.
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Plate V
Maďar M. et al.: Cultivable ... pp. 171-178

Fig. 1. Places of sample collection
104 – maxillary right dens caninus; 105 – maxillary right first premolar



Plate VI

Fig. 2. Phylogenetic tree of the identified bacteria with the best quality sequence.
Sequences are identified to the species or genus level. The name of each isolate is followed by the GenBank 
accession number. The tree is based on an alignment of 960 bases and was constructed with Geneious version 8.0 
(Biomatters, available from http://www.geneious.com).


