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ABSTRACT. In trout farming males exhibits lower growth rate and precocious sexual maturation in contrast to 
females. Since these traits are detrimental for intensive production, all females populations are most appreciated 
by fish farmers. Molecular markers sex-specific have been developed for rainbow trout that can be useful to 
diagnose the phenotypic sex of individuals. We evaluated the use of two SCAR markers (OmyP9 & Omy163), 
which show polymorphisms between males and females in rainbow trout as a diagnostic test for sexing farmed 
trout. Adult trout (n = 131) were genotyped to assess the association of the SCAR markers with phenotypic sex. 
To evaluate the correct performance of the SCAR marker in sex diagnosis, each marker and both were analyzed 
to estimate its specificity (the proportion of males that are correctly identified), sensitivity (the proportion of 
females that are correctly identified) and predictive value (the probability of the correct positive or negative 
female identification). Significant associations with phenotypic sex of both SCAR markers with sex were found. 
The sensitivity and predictive (positive and negative) indexes show higher values when both SCAR markers were 
considered (95.7, 77.4 and 94.4%, respectively). For joined SCAR markers a likelihood ratio (LR+) of 3.43 was 
obtained indicating its utility to establish a diagnostic test for sexing trout by use of marker-based analysis. 
Keywords: Oncorhynchus mykiss, OmyP9, Omy163, sex marker, diagnostic test. 

 
 

   Evaluación de un test diagnóstico para identificar el sexo en truchas arcoíris  
   por medio de marcadores moleculares específicos 

 
RESUMEN. En el cultivo de truchas los individuos del sexo masculino presentan menor tasa de crecimiento y 
maduración sexual precoz, características que no presentan las hembras. Debido a estos rasgos indeseables para el 
cultivo intensivo, el uso de poblaciones todo hembra es una práctica habitual en el cultivo de truchas. Para trucha 
arcoíris se han desarrollado marcadores moleculares sexo específico que pueden utilizarse en el diagnóstico temprano 
del sexo, en condiciones de cultivo. Se evaluó la aplicación de dos marcadores SCAR (OmyP9 y Omy163), que 
muestran polimorfismos entre los sexos en esta especie. Con ambos marcadores se genotipificaron 131 truchas para 
evaluar su asociación con el sexo fenotípico. Para determinar la utilidad en diagnóstico del sexo de cada marcador 
SCAR por separado, y en conjunto, se determinó la especificidad, sensibilidad y valores predictivos en la detección de 
un individuo de sexo femenino. Se comprobó la asociación significativa descrita para ambos SCAR con el sexo 
fenotípico. La mayor sensibilidad y valores predictivos positivo y negativo se obtuvo usando ambos marcadores 
simultáneamente (95,7; 77,4 y 94,4%; respectivamente). El valor de razón de verosimilitud (LR+ =3,43) mostró que la 
mejor prueba de diagnóstico para detectar hembras es usar conjuntamente OmyP9 y Omy163.  
Palabras clave: Oncorhynchus mykiss, OmyP9, Omy163, marcador de sexo, test diagnóstico. 

___________________ 
Corresponding author: CristianAraneda (craraned@uchile.cl) 

 

Fish have different reproductive strategies, where the 
chances of reproduction are based on the sex and size 
of individuals, often showing sexual dimorphism for 
growth (Parker, 1992; Brantley et al., 1993). Indivi-
duals of one sex have better production characteristics 
than those of the other sex, such as faster growth or 

delayed sexual maturation. Increased growth can 
occur in either sex, but in most cultured fish species, 
females show higher growth rates than males (Piferrer 
et al., 2007).  

In rearing conditions, sex-related growth generates 
excessive size dispersion during fattening. Hence, size 



Latin American Journal of Aquatic Research 
 
 

1086 

classifications or unfolding must be performed in 
order to avoid cannibalism or size hierarchies 
affecting social relations (Dou et al., 2004). This 
represents more work in animal husbandry, increased 
need for labor, and an increased number of production 
units to accommodate different growth groups 
(Piferrer et al., 2007). 

In addition to the problem of differential salmon 
growth between sexes, variability on the sexual 
maturation onset also exists (Zanuy et al., 2001). Early 
maturation in salmonids occurs differentially in males 
and females and creates negative outcomes for 
production (Felip et al., 2006). Precocious fish present 
reduced growth, since much of the food energy is spent 
on the maturation of gonads and gamete formation 
(Thorpe, 1994). Also, there is an increased 
susceptibility to diseases (Schreck et al., 2001) and a 
significant change in organoleptic properties of the 
edible parts, due to the alteration of fat stores and their 
lipid profiles (Johnston et al., 2000). 

Sex determination in salmonids is regulated by 
factors contained in specific chromosomes. In rainbow 
trout and other salmonids, the sex determination system 
corresponds to the XY system, being the sex 
chromosomes morphologically undifferentiated (no 
heteromorphism between X and Y chromosomes) or 
small differences (Thorgaard, 1977; Hartley, 1987; 
Oliveira et al., 1995; Colihueque et al., 2001; Iturra et 
al., 2001b; Ocalewicz et al., 2007). Molecular methods 
have allowed the development and characterization of 
sex-specific markers, which are useful for sex diagnosis 
at any stage of development. To date, a number of 
molecular markers have been developed for sex 
identification in Pacific salmon (Devlin et al., 1991; 
Noakes & Phillips, 2003; Brunelli & Thorgaard, 2004), 
brown trout and Atlantic salmon (Li et al., 2011), and 
rainbow trout (Iturra et al., 2001a; Felip et al., 2005). 
However, these markers have not been extensively used 
for sexing salmons in practical cultures. The aim of this 
study was to evaluate two sex associated SCAR 
markers (Sequence characterized amplified regions) to 
assess the phenotypic sex in farmed rainbow trout. A 
SCAR marker is a PCR-based marker representing a 
single genetically defined locus (Paran & Michelmore, 
1993). 

We studied a rainbow trout family composed of 131 
individuals obtained from a cross between a F1 female 
(Wytheville strain x Steelhead strain) and a Steelhead 
strain male. Genomic DNA was extracted using the 
phenol chloroform method (Taggart et al., 1992), from 
fin clip samples obtained at the alevin stage for all 
individuals in 2008. All alevins were tagged with an 
electronic tag (passive integrator transponder or PIT-
tag) allowing correlating the phenotypic sex (determi-

nated at the first spawning time, between April and 
June 2010) with the genotypic data. 

We used two SCAR markers (OmyP9 and 
Omy163) located on the rainbow trout sex cromo-
somes, which shows polymorphisms between sexes. 
SCAR OmyP9 (Iturra et al., 2001a) shows size 
polymorphisms and a different RFLP pattern between 
males and females, while SCAR Omy163 (Felip et al., 
2005) is linked to the Y sex chromosome, where allele 
segregation allows us to identify the sex of the 
offspring. For OmyP9, the B genotype corresponds to 
female and the AB genotype is male (Fig. 1a), while for 
SCAR Omy163, the C genotype corresponds to 
females, while D and E genotypes represent male (Fig. 
1b). 

OmyP9 was amplified with the PCR reaction mix 
modified from Iturra et al. (2001a): 1x PCR Buffer, 2 
mM MgCl2, 0.1 mM dNTPs, 0.3 µM of each primer, 
0.5 U of recombinant Taq DNA Polymerase 
(Fermentas®) and 40 ng of DNA, in a final volume of 
15 µL. The amplification profile consisted of an initial 
denaturation step, at 94°C for 2 min, followed by 30 
cycles at 94°C (45 s), 55°C (45 s) and 72°C (45 s), and 
a final elongation step at 72°C for 10 min. Then, 10 µL 
of this reaction were digested with 2 U of RsaI 
(BioLabs ®) in a final volume of 14 µL at 37°C for 2 h.  

The PCR reaction mix for Omy163 consisted of: 1x 
PCR Buffer, 4 mM MgCl2, 0.2 mM dNTP, 0.2 mM of 
each primer, 0.9 U of recombinant Taq DNA 
Polymerase (Fermentas ®) and 40 ng of DNA in a final 
volume of 15 µL. The amplification profile in this case 
had an initial denaturation step at 94°C for 3 min, 
followed by 30 cycles at 94°C (50 s), 58°C (50 s) and 
72°C (50 s) and final elongation step at 72°C for 2 min. 
Digestion products for OmyP9 and the amplification of 
Omy163 were visualized on agarose gels 1.5% p/v, 
stained with ethidium bromide.  

The level of association between the gender on the 
individual obtained with both molecular markers and 
the gender obtained at the phenotypic level was 
assessed with a Fisher's exact probability test (Zaykin 
& Pudovkin, 1993). Furthermore, to determine its 
usefulness in sex diagnosis, specificity and sensitivity 
to detect a female trout (positive assignation) was 
determined for each marker (Altman & Bland, 1994a). 
In this case Sensitivity is the proportion of true 
(phenotypic) females that are correctly identified by 
the SCAR markers and Specificity is the proportion of 
true males that are correctly identified by these 
markers.  
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Figure 1. a) SCAR OmyP9 amplification in 17 rainbow trout individuals, b) SCAR Omy163 amplification in 15 rainbow 
trout individuals. 
Figura 1.  a) Amplificación del SCAR OmyP9 en 17 individuos de trucha arcoíris, b) amplificación del Omy163 SCAR en 
15 individuos de trucha arcoíris. 

 
Where; MP is male phenotypic sex, FP is female 

phenotypic sex, MG is male genotypic sex and FG is 
female genotypic sex, obtained with SCAR markers.  

To evaluate the probability that these SCAR 
markers will give the correct gender identification, 
positive predictive value (PPV), i.e., the females rate 
with positive results correctly sexed, and negative 
predictive value (NPV), i.e., the females rate with 
negative results correctly sexed, were estimated using 
the frequency of female (0.5), in a normal population, 
as the Prevalence (Altman & Bland, 1994b). 
 
 

 
 
The analysis of Specificity, Sensitivity, PPV and 

NPV was also performed on selected females and 
males that only exhibited both markers positive for the 
respective sex. Finally, the value of the likelihood ratio 
(LR+) was assessed to evaluate the usefulness of the 
molecular SCAR markers for sex diagnosis (larger 
values indicate greater utility of the test): 
 

 

The association analysis showed a significant level 
of association (P < 0.0001) of OmyP9 and Omy163 
SCAR markers with phenotypic sex (Table 1), which 
agrees with data reported previously (Iturra et al. 

2001a; Felip et al. 2005). The sensitivity, specificity 
and predictive values of both markers individually and 
jointly are shown in Table 2. OmyP9 showed higher 
Specificity (74.5%). On the other hand, when both 
markers were used together, Sensitivity increased to 
95.7%, along with PPV and NPV, with values of 77.4% 
and 94.4% respectively. Likelihood ratio ranges from 
2.66 for Omy163 to 3.43 for both markers used 
altogether, the higher the value of LR+ indicate greater 
utility of the test for diagnosis. Therefore, the joint 
application of both sex markers (Omy163 and 
OmyP9), allows us to differentiate reliably the 
phenotypic sex of individuals before this trait was 
expressed. This result indicates that, in a hatchery 
population, males can be effectively identified to be 
discarded from culture prior to their sexual maturity 
using Omy163 and OmyP9 SCAR markers. An 
interesting application of this diagnostic test is to be 
used in neomales offspring sexing, as a verification of 
genotypic female sex. A neomale is an individual 
genetically female (XX), which has been masculinized 
using androgens previous to gonadal differentiation, 
with 17α-methyl testosterone for example. These 
neomales are used in hatcheries to be mated with a 
normal female in order to produce all female fertilized 
eggs. A usual practice is to produce neomales from a 
normal population, with a mix of male and female 
individuals. In such conditions a molecular sexing test 
is useful to discard normal males (XY) from neomales 
(XX), before fertilization. 
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Table 1. Association analysis between real phenotypic sex and sex determined by OmyP9 and Omy163 markers in 
rainbow trout. 
Tabla 1. Análisis de asociación entre el fenotipo sexual real y el sexo determinado por los marcadores OmyP9 y Omy163 
en trucha arcoíris. 
 

Phenotypic Sex  OmyP9 
AB(♂) B (♀) P  Omy163 

D and E(♂) C (♀)  P 

Male      35      12          31          16 
Female      12      72 

0.00001 
           8          76 

0.0001 

 
Table 2. Sensitivity, specificity and predictive values from SCAR marker-based sexing tests for rainbow trout. PPV: 
positive predictive value, NPV: Negative predictive value, LR: likelihood ratio. 
Tabla 2. Sensibilidad, especificidad y valores predictivos obtenidos desde test de sexados basados en marcadores SCAR 
para trucha arcoíris. PPV: valor predictivo positivo, NPV: valor predictivo Negativo, LR: razón de verosimilitud. 
 

Marker  Specificity Sensitivity PPV NPV LR+ 
OmyP9  0.7446 0.8571 0.7704 0.8390 3.36 
Omy163  0.6596 0.9048 0.7266 0.8739 2.66 
OmyP9+Omy163  0.7209 0.9571 0.7742 0.9438 3.43 

 
ACKNOWLEDGEMENTS 

We are grateful to Francisco Estay, Darío ("Antonio") 
Avendaño, Alfredo Arriagada and all the staff of 
Piscícola Huililco Ltda. who collaborated in the tissue 
sampling, and in obtaining spawning (sexing) records. 
Fondecyt Grant 1060623.  

REFERENCES 

Altman, D.G. & J.M. Bland. 1994a. Statistics Notes: 
Diagnostic tests 1: sensitivity and specificity. BMJ, 
308 pp. 

Altman, D.G. & J.M. Bland. 1994b. Statistics Notes: 
Diagnostic tests 2: predictive values. BMJ, 309 pp. 

Brantley, R.K., J.C. Wingfield & A.H. Bass. 1993. Sex 
steroid levels in Porichthys notatus, a fish with 
alternative reproductive tactics, and a review of the 
hormonal bases for male dimorphism among teleost 
fishes. Horm. Behav., 27: 332-347. 

Brunelli, J.P. & G.H. Thorgaard. 2004. A new Y-
chromosome-specific marker for pacific salmon. 
Trans. Am. Fish. Soc., 133: 1247-1253. 

Colihueque, N., P. Iturra, F.J. Estay & N.F. Díaz. 2001. 
Diploid chromosome number variations and sex 
chromosome polymorphism in five cultured strains of 
rainbow trout (Oncorhynchus mykiss). Aquaculture, 
198: 63-77. 

Devlin, R.H., B.K. McNeil, T.D. Groves & E.M. 
Donaldson. 1991. Isolation of a Y-chromosomal 

DNA probe capable of determining genetic sex in 
chinook salmon (Oncorhynchus tshawytscha). Can. J. 
Fish Aquat. Sci., 48: 1606-1612. 

Dou, S.Z., R. Masuda, M. Tanaka & K. Tsukamoto. 
2004. Size hierarchies affecting the social interactions 
and growth of juvenile japanese flounder, Para-
lichthys olivaceus. Aquaculture, 233: 237-249. 

Felip, A., W.P. Young, P.A. Wheeler & G.H. Thorgaard. 
2005. An AFLP-based approach for the identification 
of sex-linked markers in rainbow trout (Oncorhyn-
chus mykiss). Aquaculture, 247: 35-43. 

Felip, A., S. Zanuy & M. Carrillo. 2006. Comparative 
analysis of growth performance and sperm motility 
between precocious and non-precocious males in the 
european sea bass (Dicentrarchus labrax, L.). Aqua-
culture, 256: 570-578. 

Hartley, S. 1987. The chromosomes of salmonid fishes. 
Biol. Rev., 62: 197-214. 

Iturra, P., M. Bagley, N. Vergara, P. Imbert & J.F. 
Medrano. 2001a. Development and characterization 
of DNA sequence OmyP9 associated with the sex 
chromosomes in rainbow trout. Heredity, 86: 412-
419. 

Iturra, P., N. Lam, M. de la Fuente, N. Vergara & J. 
Medrano. 2001b. Characterization of sex chromo-
somes in rainbow trout and coho salmon using 
fluorescence in situ hybridization (FISH). Genetica, 
111: 7. 

Johnston, I.A., R. Alderson, C. Sandham, D. Mitchell, C. 
Selkirk, A. Dingwall, D. Nickell, R. Baker, B. 



Evaluation of diagnostic test to identify sex in rainbow trout 
 
 

1089

Robertson, D. Whyte & J. Springate. 2000. Patterns 
of muscle growth in early and late maturing 
populations of Atlantic salmon (Salmo salar L.). 
Aquaculture, 189: 307-333. 

Li, J., R.B. Phillips, A.S. Harwood, B.F. Koop & W.S. 
Davidson. 2011. Identification of the sex chromo-
somes of brown trout (Salmo trutta) and their 
comparison with the corresponding chromosomes in 
Atlantic salmon (Salmo salar) and rainbow trout 
(Oncorhynchus mykiss). Cytogenet. Genome Res., 
133: 25-33. 

Noakes, M.A. & R.B. Phillips. 2003. OtY1 is a Y-linked 
marker in Chinook salmon but not in rainbow trout. 
Anim. Genet., 34: 156-157. 

Ocalewicz, K., I. Babiak, B. Kasprzycka, S. Dobosz, H. 
Kuzminski & K. Goryczko. 2007.Occurrence of two 
forms of Y chromosome in rainbow trout (Onco-
rhynchus mykiss) males from Rutki strain. 
Aquaculture, 270: 546-551. 

Oliveira, C., F. Foresti, M.G. Rigolino & Y.A. Tabata. 
1995. Synaptonemal complex analysis in sperma-
tocytes and oocytes of rainbow trout Oncorhynchus 
mykiss (Pisces, Salmonidae): the process of autosome 
and sex chromosome synapsis. Chromosome Res., 3: 
182-190. 

Paran, I. & R.W. Michelmore. 1993. Development of 
relieble PCR-based markers linked to downy mildew 
resistance genes in lettuce. Theor. Appl. Genet., 85: 
985-993. 

Parker, G.A. 1992. The evolution of sexual size 
dimorphism in fish. J. Fish Biol., 41: 1-20. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Piferrer, F., A. Felip & R.M. Cal. 2007. Inducción de la 
triploidía y la ginogénesis para la obtención de peces 
estériles y poblaciones monosexo en acuicultura. En: 
P. Martínez & A. Figueras. (eds.). Genética y 
genómica en acuicultura. Observatorio Español de 
Acuicultura, Madrid, pp. 401-471.  

Schreck, C.B., W. Contreras-Sanchez & M.S. 
Fitzpatrick. 2001. Effects of stress on fish repro-
duction, gamete quality, and progeny. Aquaculture, 
197: 3-24. 

Taggart, J.B., R.A. Hynes, P.A. Prodöuhl & A. Ferguson. 
1992. A simplified protocol for routine total DNA 
isolation from salmonid fishes. J. Fish Biol., 40: 963-
965. 

Thorgaard, G.H. 1977. Heterogametic sex chromosomes 
in male rainbow trout. Science, 196: 900-902. 

Thorpe, J.E. 1994. Performance thresholds and life-
history flexibility in salmonids. Cons Bio., 8: 877-
879. 

Zanuy, S., M. Carrillo, A. Felip, L. Rodrı́guez, M. 
Blázquez, J. Ramos & F. Piferrer. 2001. Genetic, 
hormonal and environmental approaches for the 
control of reproduction in the European sea bass 
(Dicentrarchus labrax L.). Aquaculture, 202: 187-
203. 

Zaykin, D.V. & A.I. Pudovkin. 1993. Two programs to 
estimate significance of χ2 values using pseudo-
probability tests. J. Heredity, 84: 152-152. 
 

Received: 22 December 2011; Accepted: 2 October 2012 


