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SUMMARY 

The present study represents a preliminary analysis of the 16S rRNA and 

12S rRNA mitochondrial sequences in five salmonid species adapted in 

Romania: Salmo trutta fario, Salmo labrax, Salvelinus fontinalis, 

Onchorhynchus mykiss and Thymallus thymallus. By comparing the obtained 

sequences with similar sequences from GenBank database and analysis of 

nucleotide variations we establish that 16S rRNA and 12S rRNA mitochondrial 

sequences are more suitable for the phylogenetic framing of the Romanian 

salmonids rather than for population genetic studies.  

Key words: salmonids, mitochondrial DNA, rRNA, polymorphism. 

 

 

INTRODUCTION 

Salmonids are a heterogeneous group of fish, reunited in the Salmonidae 

family, including three subfamilies (Coregoninae, Thymallinae and 

Salmoninae) (Nelson, 2006) classified into nine genera and 68 species with a 

very wide distribution in the Northern Hemisphere.  

In our study we analyzed the following salmonid species from Romania: 

Salmo trutta fario, Salmo labrax, Salvelinus fontinalis, Onchorhynchus mykiss 

and Thymallus thymallus. 

Salmo trutta comprises several distinct ecological and geographical forms, 

sometimes considered species or subspecies (Berg, 1948, Giuffra et al., 1994, 

Patarnello et al., 1994, Osinov and Bernatchez, 1995). In Romania, Salmo trutta 

fario (Linnaeus, 1758) is very frequent in a large number of water streams from 

mountainous areas. The Black Sea trout, Salmo labrax (Pallas, 1814) is endemic 

to the Black Sea area. In Romania, it is present along the Black Sea coastline 

and migrates for reproduction up the Danube River and its tributaries. 

Salvelinus fontinalis (Mitchill, 1815) is predominantly raised in fish farms for 

food consumption, but there still are a small number of native populations in the 

mountain waters of Romania. Thymallus thymallus (Linnaeus, 1758) is the only 

native salmonid species for which no imports of biological material and 

restocking programs were completed in Romania. Onchorhynchus mykiss 

represents the most suitable salmonid species for intensive rearing. This species 
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originated in the north-eastern Pacific and due to its increased adaptability, it 

has been introduced in Europe, Asia, South America, Africa, etc.  

Even though Romanian salmonids have been characterized from a 

taxonomical point of view (Bănărescu et al., 1964), no molecular analysis of 

these species was undertaken until the present study.  

The aim of our preliminary study is to analyze the 16S rRNA and 12S 

rRNA in Romanian salmonids and to test the suitability of these markers for 

further population genetics and phylogenetic studies of Romanian salmonids.   

 

 

MATERIAL AND METHODS 

Sample collection and DNA extraction 

Samples, represented by fin fragments or muscle tissue were collected from 

five salmonid species originating in different basins from Romania (Table 1). 

DNA was extracted using the method described by Taggart et al., 1992, with 

minor modifications. 

 
Table 1. Data collection for samples used in this study. 

Species Samples number Collection place 

Salmo trutta fario 4 samples Dambovita River, Romania 

5 samples Bratia River, Romania 

4 samples Gilau River, Romania 

6 samples Latorita River, Romania 

6 samples Cerna River, Romania 

5 samples Nera River, Romania 

Salmo labrax 6 samples Danube Delta, Romania 

Salvelinus fontinalis 8 samples Bratia River, Romania 

7 samples Gilau River, Romania 

Thymallus thymallus  10 samples Cerna River, Romania 

Onchorhynchus mykiss 20 samples Salmonid farms, Romania 

 

Amplification, purification, sequencing  

The nucleotide sequences of primers used for the 16SrRNA and 12SrRNA 

genes amplification and sequencing are listed in Table 2. Amplifications were 

carried out with 50 ng DNA, 10 pmols of each primer, 100 μM of each dNTP 

and 1 unit AmpliTaq Gold Polymerase (Applied Biosystems). The following 

amplification program was used: a 10 minutes denaturation step at 95°C, 35 

cycles of 30 seconds of denaturation at 95°C, 40 seconds annealing at 56°C, 90 

seconds of extension at 72°C and a final polymerization step at 72°C for 10 

minutes.  

PCR products were purified with Wizard SVGel and PCR Clean-Up 

System (Promega) sequenced using Big Dye Terminator v3.1 kit (Applied 

Biosystems) and analyzed on ABI 3130 DNA Genetic Analyzer (Applied 

Biosystems). Some of the sequences of salmonid species from Romania 

determined by us have been submitted to GenBank with the following accession 
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numbers: GU214390-GU214392 (tRNA Val/16S rRNA genes, partial 

sequence) and GU233801-GU233803 (tRNA Phe/12S rRNA genes, partial 

sequence). 

 
Table 2. 16S rRNA and 12S rRNA primers and their nucleotide sequences.  

Species Gene Primer name  Primer sequence 

Salmo trutta fario 

Salmo labrax 

Salvelinus fontinalis 

Thymallus thymallus 

16S 

rRNA 

16S rRNA F cacctcccttacaccgagaa 

16S rRNA R gccgagttccttctcttcct 

Salmo trutta fario 

Salmo labrax 

Salvelinus fontinalis 

12S 

rRNA 

St12S rRNA F ctagaaagtcccgcgagca 

St12S rRNA R tttcacagcgtggttcgtag 

Thymallus thymallus 12S 

rRNA 

Tt12S rRNA F cacctcccttacaccgagaa 

Tt12S rRNA R gccgagttccttctcttcct 

Onchorhynchus mykiss 16S 

rRNA 

OmARNr12S F cacctcccttacaccgagaa 

OmARNr12S R gccgagttcctcttcct 

12S  

rRNA 

OmARNr16S F tgtgaggatgcccttaatcc 

OmARNr16S R ttacgacttgcctccccttt 

 
Sequence alignment  

The 16S rRNA and 12S rRNA sequences obtained were edited with the 

BioEdit program and aligned with Clustal W program (Thompson et al., 1994) 

with similar sequences from the GenBank Database (Table 3). A number of 865 

nucleotides for the 16S rRNA and 745 nucleotide sites for 12S rRNA were 

analyzed in terms of nucleotide diversity. 

For the phylogenetic positioning of our salmonids within the Salmonidae 

family we used the neighbor-joining method implemented in PHYLIP program 

version 3.68. Distance analyses were performed using DNADIST with an 

optimum corresponding transition to transversion rate. A pairwise distance 

matrix was constructed for the sequences from 16S rDNA and 12S rDNA using 

different models of substitution (F84, Kimura2P, Jukes-Cantor, LogDet). 

Bootstrap values based on the analysis of 1000 bootstrap replicates were 

calculated using the SEQBOOT and CONSENSE software programs software 

from PHYLIP package. In the phylogenetic analysis as outgroup we used the 

osmerid species Plecoglossus altivelis (Table 3). 

 
Table 3. Genbank sequences used in the study 

Species GenBank accesion number  

Salmo trutta trutta NC_01007 

Oncorhynchus mykiss NC_001717 

Thymallus thymallus FJ853655 

Salvelinus fontinalis NC_000860 

Brachymystax lenok AF125513 

Coregonus lavaraetus NC_002646 
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Oncorhynchus clarcki henshawi AY886762 

Oncorhynchus gorbuscha NC_009261 

Oncorhynchus keta NC_009261 

Oncorhynchus kisutch NC_009263 

Oncorhynchus masou NC_008747 

Oncorhynchus mykiss L29771 

Oncorhynchus nerka NC_008615 

Oncorhynchus tshawytscha NC_009263 

Plecoglossus altivelis NC_002734 

Salmo salar AF133701 

Salmo trutta trutta NC_010007 

Salvelinus alpinus  NC_000861 

Thymallus articus FJ872559 

 

 

RESULTS  

Our sequences from Salmo trutta fario were aligned with a similar 

sequence from GenBank DataBase. The GenBank 16S rRNA sequence that we 

selected for the alignment and comparison with our sequences originated from 

Salmo trutta trutta (Sea Trout). This is the nearest species of the genus Salmo to 

the Romanian salmonids Salmo trutta fario and Salmo labrax and it was 

selected because for these species there were no sequences available for 16S 

rRNA and 12S rRNA in the GenBank DataBase. The alignment between the 

16S rRNA partial sequence from Salmo trutta fario and a similar sequence from 

GenBank reveals the existence of six mononucleotide polymorphisms between 

the analyzed sequences. Thus, the following mutations were identified: 301 

A>G, 360 C>T, 454 T>C, 479 A>G, 587 A>G, 655 G>A (Figure 1).  
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Figure 1. Polymorphisms in 16S rRNA sequences from Romanian Salmo trutta fario 

compared to the similar sequence from Salmo trutta trutta (GenBank Accesion number: 

NC_010007). The alignment was performed with Clustal W.   

 

The 16S rRNA sequences from Salmo labrax were aligned with the 

GenBank sequence NC_010007 and we identified the following polymorphisms 

614 A>G, 728 A>G.  

 

     
Figure 2. Polymorphisms in 16S rRNA sequences from Romanian Salmo labrax 

compared to the similar sequence from Salmo trutta trutta (GenBank Accesion number: 

NC_010007). The alignment was performed with Clustal W. 

 

   

   
Figure 3. Polymorphisms in 16S rRNA sequences from Romanian Onchorhynchus 

mykiss compared to the similar sequence from Onchorhynchus mykiss (GenBank 

Accesion number: NC_001717). The alignment was performed with Clustal W.  

 

Our 16S rRNA sequences from Onchorhynchus mykiss were aligned with a 

similar sequence from GenBank (NC_001717) and we detected a relatively 

large number of polymorphisms such as transitions, transversions and insertions 

(Figure 3). The following polymorphisms were identified: 72 C>T (O_m IV), 
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115 G>A (O_m IV), 148 G>A, 188 G>A (O_m I and O_m II), 543 A insertion, 

795 G>A (O_m III). 

The 16S rRNA sequences of the Thymallus thymallus specimens from the 

Cerna River were aligned with a similar sequence (FJ853655) (Figure 4) and the 

following two polymorphism were identified: 166 G>A and 673 C>T.  

    
Figure 4. Polymorphisms in 16S rRNA sequences from Romanian Thymallus thymallus 

compared to the similar sequence from Thymallus thymallus (GenBank Accesion 

number: FJ853655). The alignment was performed with Clustal W.  

 

The sequences of 16S rRNA specific to Salvellinus fontinallis from two 

different Romanian rivers (Bratia and Gilau) were aligned and compared with a 

similar sequence from GenBank (NC_000860) and in this case no 

polymorphisms were detected between our sequences and the GenBank 

sequence.  

The partial sequences for the 12S rRNA obtained from our salmonids were 

aligned and compared with similar sequences from GenBank and the resulting 

polymorphisms were analyzed. Thus, in the case of the Salmo trutta fario 

specimens from different Romanian basins the alignment of the 12S rRNA 

sequences with the similar GenBank sequence (NC_01007) from Salmo trutta 

trutta revealed the existence of three new polymorphisms 27 C>T, 28 A>C, 387 

T>C (Figure 5).  

 

    
Figure 5. Polymorphisms in 12S rRNA sequences from Romanian Salmo trutta fario 

compared to the similar sequence from Salmo trutta trutta (GenBank Accesion number: 

NC_01007). The alignment was performed with Clustal W.  

 
The alignment of the 12S rRNA sequences from Romanian Salmo labrax 

with the similar 12S rRNA sequence from Salmo trutta trutta (NC_010007) 

revealed a single nucleotide difference between these two species, 391 G>A 

(Figure 6).  
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Figure 6. Polymorphism in 12S rRNA sequences from Romanian Salmo labrax 

compared to the similar sequence from Salmo trutta trutta (GenBank Accesion number: 

NC_01007). The alignment was performed with Clustal W.  

 
The Romanian Onchorhynchus mykiss 12S rRNA sequences were aligned 

with a similar sequence (DQ288268) from GenBank and two new 

polymorphisms (Figure 7) and two haplotypes were detected.  The identified 

polymorphism are 374 A>G and 438 A>G.  

 

           
Figure 7. Polymorphism in 12S rRNA sequences from Romanian Onchorhynchus 

mykiss compared to the similar sequence from Onchorhynchus mykiss (GenBank 

Accesion number: DQ288268). The alignment was performed with Clustal W.  

 
For the Thymallus thymallus 12S rRNA sequences the alignment with a 

similar GenBank sequence revealed the existence of the following 

polymorphisms: 314 A>G, 502G>A (Figure 8).  

 

  
Figure 8. Polymorphism in 12S rRNA sequences from Romanian Thymallus thymallus 

compared to the similar sequence from Thymallus thymallus (GenBank Accesion 

number: FJ853655). The alignment was performed with Clustal W.  

 
The sequences of 12S rRNA Salvellinus fontinallis from two different 

Romanian rivers (Bratia and Gilau) were aligned and compared with a similar 

sequence from GenBank (NC_000860), but no nucleotide variation was shown.  

For the neighbor joining distance method we tested several substitution 

models (F84, K2P, JC, LogDet) in order to generate the appropriate distance 
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matrix. The resulted trees are similar, so their topology is not affected by the 

substitution model. 

 

 
Figure 9. Mitochondrial genes (16S rRNA + 12S rRNA) Neighbor Joining tree, distance 

model - Kimura 2 Parameters, transition/ transversion ratio 2.2;  Bootstrap value: 1000 

replications.  

 

 
DISCUSSION 

The 16S rRNA sequences from Romanian Salmo trutta fario populations 

revealed one intraspecific polymorphism for the Cerna River individuals. The 

confirmation of this polymorphism in a larger number of individuals might 

represent an important marker for differentiation of Cerna River brown trout 

population from other populations from Romania.  

In our analysis we indentified two mitochondrial haplotypes for the 16S 

rRNA gene in the Romanian Salmo trutta fario populations: 16S rRNA H1 

(brown trout from Dambovita and Nera River) and 16S rRNA H2 (brown trout 

from Cerna River). These appear to be silent mutations which do not affect the 

function of 16S rRNA and play only a minor role in the evolutionary process. 

In the case of Salmo labrax 16S rRNA, there is a reduced number of 

nucleotide variation compared to Salmo trutta fario 16S rRNA observed by 
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making reference to the similar sequence NC_01007. Thus, it seems that 

between the Black Sea trout (Salmo labrax) and the Sea Trout (Salmo trutta 

trutta) from north-western Europe (the Atlantic coast) and the Baltic Sea, there 

is a closer relationship than previously thought. This aspect is demonstrated 

both by the high similarity of the analyzed nucleotide sequences and the similar 

anadromous behavior of these two species.  

In the case of 12S rRNA, the number of nucleotide variations between our 

sequences from Salmo trutta fario and Salmo labrax and similar GenBank 

Salmo trutta trutta sequence is smaller compared with the 16S rRNA gene, 

indicating that the 12S rRNA gene is better conserved in the various species of 

the genus Salmo. 

The existence of intraspecific polymorphisms and of several mitochondrial 

haplotypes for the 16S rRNA and 12S rRNA genes in O. mykiss might be 

explained by the fact that over the years this species was selectively crossed all 

over the world in artificial reproduction programs. A large number of varieties 

were generated, some of which were also introduced in Romania, to the 

salmonid species present here. 

In the case of Thymallus thymallus the number of the nucleotide variations 

is similar in both the 16S rRNA and 12S rRNA genes. Thus, we might conclude 

that these mitochondrial genes possess a similar degree of evolutionary 

conservation in this species. 

Both 16S and 12S rRNA sequences from Salvelinus fontinalis from 

Romania shown no nucleotide variation comparing with similar sequences from 

the GenBank in the same species.  

It appears that in this case these are not suitable molecular marker for the 

characterization of geographically distinct and reproductively isolated 

Salvelinus fontinallis populations, both at micro and macro geographical levels.  

By the neighbor joining analysis of the five species of salmonids adapted in 

Romania using 16S rRNA and 12S rRNA phylogenetic markers we obtained a 

correct placement of our species in the Salmonidae family. Our data reveal that 

primitive salmonid species such as Coregonus lavaraetus and the 

representatives of genera Thymallus, Thymallus thymallus and Thymallus 

articus have basal positions in the tree topology.  

The species of genus Salmo form a distinct clade and our data reveal a 

close relationship between the sea trout Salmo trutta trutta from the northwest 

of Europe and Black Sea trout Salmo labrax clade; these, however, are not 

surprising results considering some characteristics of the life history and 

reproductive behavior of these species.  

Our results reveal a close relationship between Salvelinus and 

Oncorhynchus genra and are not in agreement with previous studies based on 

morphology (Norden, 1961; Kendall and Behnke, 1984; Stearley, 1992) that 

claim that Oncorhynchus and Salmo are sister taxa. Although, our data are 

confirming some molecular phylogenetic studies (Oakley and Phillips, 1998; 
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Crespi et al., 2004) according to which there is a closer relationship between 

Salvelinus and Oncorhynchus than between Salmo and Oncorhynchus. 

 

CONCLUSIONS 

Our preliminary study of the 16S rRNA and 12S rRNA sequences in five 

salmonid species from Romania showed that these mitochondrial genes present 

a varied number of polymorphisms in our species compared to reference 

sequences from the GenBank database. These polymorphisms are nucleotide 

variations which do not affect the function of the mentioned genes, but play an 

important evolutionary role. Despite the existing nucleotide variation, 16S 

rRNA and 12S rRNA are not suitable for population genetics studies in 

salmonids because they are not highly variable enough. For these types of 

studies other mitochondrial genes with superior sequence variability are more 

appropriate. Instead, the mitochondrial 16S rRNA and 12S rRNA due to some 

of their features such as moderate variability (or reasonable conservation) and 

appropriate nucleotide information content can be important phylogenetic 

markers and can be used for an accurate phylogenetic positioning of the 

salmonid species from Romania within the Salmonidae family. In the future, we 

propose to extend the phylogenetic analysis of our species using a higher 

number of mitochondrial markers.  
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