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Feasibility of Identification of Fall and Spring Migrating Caspian trout 

(Salmo trutta caspius) by Using AFLP Molecular Marker 

Introduction 
 

Caspian trout (Salmo trutta caspius) is an 

anadromous and endemic subspecies in Caspian Sea 

which reaches the greatest weight, length and growth 

rate inside Salmo trutta complex (Sedgwick, 1995). 

As a result of river pollution, destruction of natural 

spawning regions, poaching and over-fishing, natural 

populations of Caspian trout have decreased 

dramatically and is considered critically endangered 

in the southern part of the Caspian Sea according to 

IUCN criteria (Abdoli, 2000; Coad, 2000; Barannik et 

al., 2004; Niksirat and Abdoli, 2009). Its distribution 

occurs commonly at the western and southern coasts 

of the Caspian Sea. Based on its reproductive life 

cycle, Caspian trout has two immigrant forms named 

fall-run and spring-run. Spring forms migrate to rivers 

at the end of winter and beginning of spring with 

immature gonads and remain in rivers until next fall 

to reach sexual maturity for spawning. Fall forms 

migrations occur between summer and the middle of 

fall with rather mature gonads which are ready for 

spawning. Furthermore, spring forms have more 

fusiform and silver body than fall forms (Kiabi et al., 

1999). Therefore, there is a hypothesis that these two 

immigrant forms may be genetically different and 

probably belongs to different populations. It should be 

regarded that in recent years as activity of propagation 

and stock restoration center in Iran has been just 

limited to fall-run propagation, fall forms proportion 

has been increased. Unfortunately, the efforts have 

not been successful for keeping of spring breeds, 

artificial propagation and spring fries releasing in the 

propagation center.  

Genetic diversity and its measurement have 

great importance in effective management of 

populations and individuals (Okumus and Ciftci, 

2003). The level of genetic diversity may indicate 

obvious information about historical population sizes 

and structure (Sivasundar and Hey, 2003). Range of 

PCR based DNA fingerprinting methods such as SSR, 

RAPD, RFLP and AFLP are used for detection of 

genetic diversity (Money et al., 1996). Molecular 

markers are useful for population genetic studies 

aiming on evaluating the effect of different factors on 

the genetic diversity and population structure 

(Englbrecht et al., 2000; Whitehead et al., 2003). 

Among different types of molecular markers, 

amplified fragment length polymorphism (AFLP) has 

been demonstrated as a useful tool for population 

genetic studies of fish (Liu et al., 2003). The 

advantage of this method is that it does not need 
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Abstract 

 

Salmo trutta caspius is a valuable endemic species in the Caspian Sea. There are two migrating forms of spring and fall 

run with different appearance characteristics. AFLP molecular markers were used to evaluate the possibility of identification 

of fall and spring migrating Caspian trout. 12 different EcoRI  / MseI primer combinations were used, from which a total of 807 

bands were produced that 227 of them were polymorphic loci. Percentage of polymorphism loci in spring-run (85.02%) was 

higher than fall-run (76.21%). The obtained results regarding mean heterozygosity did not show significant differences 

between fall-run and spring-run Caspian trout. Nei’s genetic distance was 0.034% and the variance between and within two 

populations were 6% and 94%, respectively. The results show that the genetic variation between fall and spring migrating 

Caspian trout is not significant. Therefore, spring forms are probably a part of Fall-run population and the difference could be 

attributed to physiology, environment or other related factors. 

 

Keywords: The Caspian Sea, Fall-run, Genetic variation, Spring-run. 
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probe or primary sequence information which is 

necessary for RFLP (Okumus and Ciftci, 2003; Liu, 

2007). Because each AFLP primer combination can 

produce a lot of polymorphism markers in a gel and 

requires only a small amount of DNA, comparatively 

it is an economical choice for population genetic 

studies. Also, since the PCR for AFLP requires higher 

annealing temperature than in RAPD, it allows AFLP 

to yield more PCR product (Blears et al., 1998). This 

technique has been widely applied to study species, 

strain and hybrid identification, gene mapping, 

linkage and genetic diversity of species and 

populations in a wide variety of organisms including 

fishes and shrimp (Liu and Cordes, 2004; Wang et al., 

2004; Kakehi et al., 2005; Sonstebo et al., 2007; 

Kassam et al., 2005).   

In Iran the maintenance of the critical 

endangered Caspian trout populations depends on 

artificial breeding followed by releasing the juveniles 

to the sea, which makes it very important to 

accurately identify the spring and fall immigrant 

forms for further stock restoration program. However, 

with limited genetic diversity information for this 

valuable species, it is very difficult to separate the two 

forms. Considering the difficulties in maintenance of 

Caspian trout, AFLP is among ideal techniques that 

can be used in genetic diversity studies of Caspian 

trout. 

 

Materials and Methods 
 

Fish Sampling  

 

Shahid Bahonar propagation center located in 

Kelardasht is the only trout propagation center in Iran. 

This center receives the brood stock collections of the 

Caspian trout which have been caught from different 

rivers in the south Caspian basin. Taking into 

consideration limitations of collecting samples from 

Caspian trout- particularly spring forms- due to its 

decreased population, in this study 30 fall-run and 15 

spring-run were collected during the autumn of 2007, 

late winter and spring of 2008. 

 

DNA Extraction 

 

DNA was purified from fin-clips in 96% ethanol 

by proteinase K digestion followed by ammonium 

acetate method. Extracted DNA was precipitated by 

100% ethanol, and suspended in ddH2O after washing 

with 70% ethanol. DNA concentration was measured 

with an UV spectrophotometer. The extracted DNA 

quality was assessed by 0.7% agarose gels 

electrophoresis with ethidium bromide. 

 

AFLP Protocol 

 

Procedure of AFLP analysis was essentially 

based on Vos et al. (1995) with some modification. 

Polyacrylamide gel by using of silver staining method 

was applied. DNA templates for AFLP reaction were 

generated by restrictions digestion and ligation. 

Initially, about 250 ng of total DNA was digested 

with 10 U of EcoRI and MseI enzymes (volume of 

0.25 µl for each enzyme) in 10 X PCR buffers (2 µl) 

with final volume of 20 µl at 37°C for 2 h, then at 

65°C for 24 h. In order to generate DNA template for 

subsequent PCR amplification, the sample were 

digested. 

DNA fragment was ligated by 5µl of ligation 

solution contained 5 µM of EcoRI (0.5µl) and 50 µM 

MseI adaptors (0.5 µl) in a reaction containing 1 U T4 

DNA ligase (0.4 µl), 10 mM ATPs (0.5 µl), 10X T4 

DNA ligase Buffer (2 µl) at 22°C for 24 min. The 

ligated sample was diluted 4 times.  

The preselective PCR reaction was performed 

with primers (E01=5´-GACTGCGTACCAATTCA-

3´, M02=5´GATGAGTCCTGAGTAAC-3´) that 

complete to adaptors sequence, but with one selected 

base in 3  َ . Each PCR reaction was performed in 20 

µl final reaction volume by using 5 µl diluted (1:4 

ddH2O) ligated product, primer concentration 10 µM  

(volume of 1 µl for each primer), 2.5 mM dNTP mix 

(1 µl), 50 mM mgcl2 (1 µl), 10X PCR Buffer (2 µl) 

and 5 U Tag DNA polymerase (0.3 µl). AFLP 

reaction was performed for 25 cycles with the 

following cycle profile: 30 s DNA denaturation step 

at 94°C, 1 min annealing step at 56°C, and a 1 min 

extension step at 72°C. The quality of the pre 

selective PCR products was determined on 0.7% 

agarose gel with10 time dilution. 

The selective amplification was performed using 

twelve combinations of primers with two selected 

bases more in the 3´ end (Table 1). Each PCR reaction 

was performed in a 20 µl reaction volume using 5 µl 

diluted pre amplification product, primer 

concentration 10 µM (volume of 1 µl for each 

primer), 2.5 mM dNTP mix (1 µl), 50 mM mg Cl2 (1 

Table 1. MseI\EcoRI primer sequence with 2 selective nucleotides in selective PCR 

 

Type of primer Sequence Type of primer Sequence 

1EcoR I +3 GACTGCGTACCAATTCA AC 2Mse I +3 GATGAGTCCTGAGTAAC AC 

2EcoR I +3 GACTGCGTACCAATTCA AG 3Mse I +3 GATGAGTCCTGAGTAAC AG 

3EcoR I +3 GACTGCGTACCAATTCA CC 4Mse I +3 GATGAGTCCTGAGTAAC AT 

4EcoR I +3 GACTGCGTACCAATTCA CT 5Mse I +3 GATGAGTCCTGAGTAAC CT 

5EcoR I +3 GACTGCGTACCAATTCA GC 6Mse I +3 GATGAGTCCTGAGTAAC GT 

6EcoR I +3 GACTGCGTACCAATTCA CA 7Mse I +3 GATGAGTCCTGAGTAAC CG 

1Mse I +3 GATGAGTCCTGAGTAAC AA 8Mse I +3 GATGAGTCCTGAGTAAC CC 
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µl), 10X PCR Buffer (2 µl) and 5 U Tag DNA 

polymerase (0.3 µl). AFLP reaction was performed 

for 30 cycle with the following cycle profile: 30 s 

DNA denaturation step at 94°C, 1 min annealing step 

(the annealing temperature in the first cycle was 

65°C, was subsequently reduced each cycle by 1°C 

for the next 11 cycle then continues in 54°C) and a 1 

min extension step at 72°C. 

 

Electrophoresis and Silver Staining 

 

The PCR products were mixed with 8 µl 

formamide dye (98% formamide, xylene cyanol, 

bromo phenol blue and 10mM EDTA pH 8.0). The 

product mixture was denaturated at 95°C for 6 min, 

and quickly cooled on ice bath after denaturation. A 

6% denaturating  polyacrylamide gel (40% 

acrylamide, urea, 10X TBE) was prerun at 75 w for 

45 min, each well was loaded with 8-10 µl of product 

mixture. The gel was electrophoresed for 1.5 h in (Bio 

Rad) DNA sequencing gel (38×30 cm) at 50°C.  

After electrophoresis, the gel was fixed in acetic 

acid for 20 min and then stained with silver nitrate for 

30 min; the stained gel was rinsed again with distilled 

water and immersed in developing solution 

(formaldeid and sodium hydroxide). Band sizes were 

estimated using a standard AFLP DNA ladder.  

 

Data Analysis 

 

The bands were scored by presence (1) or 

absence (0) and data were transferred into Excel. 

Percent polymorphic loci (P), average 

heterozygosities (H), genetic distance were estimated 

using the GenAlEx v6 software. The percentages of 

polymorphic loci were estimated based on the percent 

of loci not fixed for one allele; allele frequency were 

analysed following Lynch and Milligan (1994). 

Average heterozygosity were calculated for each 

locus and then averaged over loci according to Lynch 

and Milligan (1994). Genetic distances between 

populations were calculated by Nei’s (1978) distance 

and identity measures. Differentiation between and 

within populations of Salmo trutta caspius was 

estimated by analyzing molecular variance (AMOVA) 

using GenAlEx software and dendrogram based on 

each individual was drawn by TFPGA v1.3 software 

by UPGMA analyses. 

 

Results  
 

The twelve AFLP primers combination 

generated 807 total bands in two populations and 

generally produced 227 polymorphic bands (Table 2, 

Figure 1). These twelve combinations produced range 

53 to 85 total bands and 5 to 35 polymorphic bands 

and percentage of polymorphic bands was 28.12%.  

 

Molecular Analysis  

 

Allele Frequencies by Population (AFP) showed 

band frequency, p, q and H (heterezygosity) for each 

locus per population. At the end of the output, the 

percentage of polymorphic loci for each population 

was calculated. Percentage of polymorphism loci was 

76.21% in fall-run population and 85.02% spring-run 

population and polymorphism loci mean was 80.62%.  

Allelic pattern by population (APT) showed 185 

and 205 bands for fall-run and spring-run, 

respectively and also the number of private bands of 

population was 21 and 41 for fall-run and spring-run, 

respectively (Private bands are equivalent to the 

number of alleles unique to a single population). 

Mean heterezygosity was 0.207 for fall-run and 0.227 

for spring-run populations (Standard error mean 

heterozygosity is 0.012) (Figure 2). Nei’s genetic 

distance of spring and fall migrating Salmo trutta 

caspius was 0.034 and genetic identity was 0.966. 

Two-dimensional diagram of PCA (Principle 

Coordinates Analysis) that were drawn for the 

relationships between the samples (Figure 3) show 

that fall and spring run fishes were not in two separate 

groups and overlap of these two groups represented 

their high similarity.  

Analysis of Molecular Variance (AMOVA) 

showed that the percentage of variation within and 

between populations were 94% and 6%, respectively. 

So difference within population was significant but 

was not significant between populations. Genetic 

differentiation of population (Fst) was 0.0603.  

Table 2. Number of total and polymorphic bands of 12 combinations of MseI\EcoRI primers 

 

COD Primer combination Total bands Polymorphic bands 

A 1E/1M 82 7 

B 1E/4M 63 5 

C 2E/4M 63 6 

D 2E/1M 80 28 

F 2E/5M 56 24 

G 2E/6M 58 20 

H 4E/6M 58 19 

I 5E/7M 85 38 

J 3E/8M 64 32 

K 6E/1M 61 11 

L 6E/2M 84 16 

M 4E/3M 53 21 
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Figure1. A sample of polyacrylamide gel by combination primer of 3E/ 8M. Pop 1: fall-run, and Pop2: spring-run of 

Caspian trout. 
 

 

 

 
Figure 2. Allelic pattern (APT) of spring and fall migrating form of Caspian trout. Pop 1: fall-run, and Pop2: spring-run of 

Caspian trout. 

 

 

 

 
Figure 3. Two-dimensional diagram of PCA for fall and spring migrating forms of Caspian trout.  
Pop 1: fall-run, and Pop2: spring-run of Caspian trout. 
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The UPGMA dendrogram was constructed on 

the basis of the inter population genetic similarity. 

Cluster analysis results produced by UPGMA method 

in TFPGA software revealed that high similarity exist 

in both groups of immigrant fishes (Figure 4). 

 

Discussion 
 

AFLP is a multilocus PCR-based DNA 

fingerprinting technique (Liu, 2007); AFLP’s most 

important point is its capacity for inspecting an entire 

genome for polymorphism and its reproducibility 

(Blears et al., 1998). As compared to other markers 

such as RFLP and RAPD, AFLP provides a much 

greater level of polymorphism and covers large 

genomes well. However, AFLPs has been rarely 

applied in animal ecological and evolutionary studies 

(Sonstebo et al., 2007). 

Due to the importance of accurate identification 

and separation of spring and fall migrating Caspian 

trout (Salmo trutta caspius) and their status of being 

endangered species, AFLP technique was used for 

assessing the genetic variation.  

Concerning Salmo trutta, genetic diversity 

among different populations was studied by using 

various methods (Apostolidis et al., 2008; Ostergren, 

2006; Charles et al., 2005; Elo et al., 1997), but the 

application of AFLP in Salmo trutta L. was only 

carried out by Sonstebo et al. (2007). The number of 

primer combinations that was applied for AFLPs 

usually varied from three to nine, while the number of 

polymorphisms varied from 30 to 400 (Sonstebo et 

 
Figure 4. UPGMA dendrogram showing the phylogenetic relationship among all individual of fall and spring run Salmo 

trutta caspius. Number(s) 1-30: fall run, 31-45: spring run. 
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al., 2007). In this study, 12 primer combinations were 

used which produced 227 polymorphism bands. 

Sonstebo et al. (2007) applied 6 primer pairs to 

identify genetic difference among 11 lake populations 

of brown trout (Salmo trutta L.) which produced 178 

polymorphism bands. Percentage of polymorphism 

loci in spring-run (85.02%) was higher than fall-run 

(76.21%). This difference could relate to the sample 

size. Simmons et al. (2006) in a study on channel 

catfish recognized the effects of sample size on the 

allele frequency; as the sample sizes increase, the 

frequency of alleles can change. In this regard, the 

allele frequency differences could be potentially over-

estimated or under-estimated in some populations 

because of the small sample sizes. There were no 

significant differences as to the levels of 

heterozygosity between fall-run and spring-run. Mean 

heterozygosity in fall-run (0.207) was lower than 

spring-run (0.227). It indicates higher genetics 

diversity in spring-run un comparison with fall-run. 

Sonstebo et al. (2007) found that the mean of gene 

diversity in the Salmo trutta L. was 0.18 which shows 

low genetic diversity in brown trout populations. 

Genetic distance based on Nei’s genetic distance was 

0.034 which indicated high similarity (0.966) between 

fall-run and spring-run population, while Nei’s 

Genetic distance calculated by Sonstebo at al., (2007) 

in Salmo trutta L. at population level was 0.878. 

Analysis of Molecular Variance (AMOVA) showed 

the difference within populations (0.94%) was 

significant, while they were not between populations 

which is due to the genetic difference existed between 

individuals that is similar to the obtained results by 

Sonstebo et al. (2007). They showed there are high 

variations within populations while these differences 

were few among populations of Salmo trutta L. and 

concluded the incident could be due to the migrations 

occurred between lake populations. Likely great part 

of variation observed between populations is due to 

environmental differences and it has been often 

assumed that at least a part of this variation is 

determined genetically (Allendorf et al., 1987). 

Genetic variation between fall run and spring run 

populations, revealed no significant genetic 

differentiation between them (Fst= 0.060).  

The present study was performed by considering 

the high resolution feature of AFLP in genetic 

population, 12 applied primer combinations showed 

that genetic variation was not significant between fall 

and spring migrating Caspian trout. The two 

migrating forms reproduce synchronously in the 

autumn; this way of reproduction is similar to those 

described in brown trout populations consisted of a 

mixture of anadromous and resident individuals 

where no genetic differences are described among 

both life strategies (Hansen et al., 2000, Hansen, 

2002, Charles et al., 2005). Morphological, 

demographical and ecological characteristics differ in 

these two forms (Frost and Brown 1967; Campbell, 

1977; Baglinière et al., 2000). No differentiation 

between the coexisting anadromous and resident 

forms was reported. Charles et al. (2005) concluded 

that resident and anadromous trout have a naturally 

reproducing unit in this river system. Also, Klemesten 

et al. (2003) explained that the body size and 

acclimatization vary in resident and migratory froms 

in the same populations and also between fishes of 

small streams and large rivers in the same area. The 

observed variations appear to be rather the result of 

phenotypic plasticity and partly as an effect of genetic 

selection. Considering that no genetic differences 

were found between two forms, it seems that spring 

type is probably a part of fall run population. 

There is a great plasticity in the migratory 

behaviour of stocks of a wide variety of salmonids, 

influenced by genetic, environmental, biological and 

morphological factors (Jonsson, 1982; Palm and 

Ryman, 1999; Nordeng, 1983; Northcote, 1997; 

Klemetsen et al., 2003). Two of these factors are body 

size and age. Caspian trout fry is usually released at a 

size of 5-15 gr in rivers. In anadromous trout, there 

are differences in body size and age among migrants. 

Larger and older individuals descend to sea earlier in 

the year than smaller and younger ones (Klemetsen et 

al., 2003). The mentioned behavior has been detected 

in smolts (Rasmussen, 1986; Bohlin et al., 1993, 

1996), sub-adults and adults (Jonsson and Jonsson 

2001). There are several possible reasons for the size 

and age segregation including osmoregulatory 

capacity and vulnerability to predation. On the other 

hand, Forseth et al. (1999) studied the time of 

migration in relation to growth and metabolic rate in 

migrating forms of juvenile brown trout. Also, river 

size can affect the time of freshwater brown trout 

ascent (klemetsen et al., 2003). Sea trout, spawning in 

large rivers, mounts fresh water about 6 months 

before arriving at the spawning grounds (Campbell, 

1977), whereas trout spawning in small brooks often 

mount just prior to the time of spawning (Klemetsen 

et al., 2003). It may be concluded that the larger 

individuals migrate first from rivers to the Caspian 

Sea and also return first (in spring) to the rivers for 

spawning. These parameters could be indicative for 

the presence of the two forms in the Caspian Sea.  

It seems that these groups have been originated 

from one population. Therefore, more attention 

should be paid to protect this valuable endemic 

species through monitoring management plans of 

rearing complexes including the modification of sex 

ratios in mating and the prevention of breeding among 

different river populations so that to preclude further 

decrease in the population of this economically and 

genetically valuable species. 
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