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Suitability of real-time quantitative PCR to estimate the 
relative telomere length in European Hake (Merluccius 
merluccius Linnaeus, 1758)   
Estíbaliz López de Abechuco1, Manuel Soto2, Miguel Angel Pardo3, Mark 
Haussmann4 and Guzmán Díez1

Abstract
Telomere length measurement has been proposed as a promising tool to estimate the age of individuals 

in natural populations. We used real-time quantitative PCR (qPCR) to measure relative telomere length in 
four tissues (brain, kidney, liver and muscle) of European hake (Merluccius merluccius) in different groups 
based upon body length an otolith age estimate. We observed a high level of inter-individual differences in 
the measurements of relative telomere length in hakes of similar age and body length groups. The results 
of qPCR analysis showed a great variability in all measures and a lack of repeatability and reproducibility 
with  significant  statistical  differences  in  the  results  of  the  different  assays.  The  paper  discusses  the  technical  
reasons for the variability in qPCR obtained in this work and by other authors. 

Keywords: telomere, ageing, hake, qPCR, stock assessment.

Resumen
En este trabajo se ha realizado la puesta a punto y la estandarización de las condiciones para la PCR a tiempo 

real  (concentración  de  cebadores  tel1b  y  tel2b,  diseño  de  cebadores  para  el  gen  de  copia  única,  perfiles  térmicos)  
en diferentes órganos (cerebro, músculo, hígado y riñón) de merluza europea Merluccius merluccius. 

A continuación se diseñó una batería de ensayos en los mismos órganos procedentes de individuos con 
edades diferentes. El rango de tallas elegido fue de 250 mm a 750 mm, que se corresponde con una edad 
entre 2 y 7 años estimada a partir de la lectura de los anillos de los otolitos de los ejemplares analizados. 

No se ha encontrado ninguna tendencia clara en la medida de la longitud de los telomeros en ninguno 
de los órganos estudiados debido a la alta variabilidad interindividual observada en individuos de la misma 
edad. Estas diferencias interindividuales pueden deberse a factores biológicos-genéticos o ambientales pero 
también a las limitaciones del método en términos de reproducibilidad que se demostró con diferencias 
estadísticamente  significativas  en  los  resultados  de  los  diferentes  ensayos.

Palabras clave: telomero, estima de edad, merluza, qPCR, evaluación de stocks.
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Introducción
The   determination   of   the   age   structure   of   fish   commercial  

populations is essential for their management and conservation. 
However, current methods to estimate the age of important 
commercial  fish  species  by  means  of  traditional  aging  techniques  
such as otolith reading are proving not as reliable as once thought. 
This is especially noticeable in the European hake Merluccius 
merluccius   due   to   the   difficulty   in   counting   and   differentiating  

between the opaque and hyaline rings (García-Rodríguez and 
Esteban, 2002; Horn et al., 2010; Izzo, 2010; Morales-Nin 
and Aldebert, 1997; Piñeiro, 1997). Recent tagging studies in 
M. merluccius in the Bay of Biscay have also questioned the 
traditionally accepted growth rate for this species, as a result of 
overestimation of internationally agreed age-estimation criteria 
(de Pontual et al., 2003). Assumptions of stock dynamics based 
on inaccurate age estimation criteria could lead to incorrect 
predictions of the status of the stock and improper management 
advice  to  the  fishery  (Izzo  et al., 2011b). 

Studies carried out in a wide variety of eukaryotic organisms 
have reported that telomeres shorten with age and that this 
shortening could be potentially used as a marker of biological age. 
This relationship has been shown in humans (Harley et al., 1990), 
mammalians (Izzo et al., 2011a, b; McKevitt et al., 2002), birds 
(Bize et al., 2009; Haussmann and Vleck, 2002; Haussmann and 
Mauck, 2008; Haussmann et al., 2003a; Haussmann et al., 2003b; 
Vleck et al., 2003, Horn et al., 2011) and reptiles (Hatase et al., 2008; 
Scott et al.,  2006).  In  fishes,  there  is  no  agreement,  as  some  studies  
find  a  significant  relationship  between  telomere  shortening  and  age  
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(Hartmann et al., 2009; Hatakeyama et al., 2008; McChesney et al., 
2005). whereas others do not (Horn et al., 2010; Izzo, 2010).

Telomeres are complexes of short tandem repeated sequences 
of non-coding DNA found at the end of eukaryotic chromosomes. 
Telomeres consist of a variable number of a short G-rich 
evolutionary conserved DNA sequence (TTAGGG)n, (de Lange et 
al., 1990; Hartmann et al., 2009; Haussmann and Vleck, 2002; 
Klapper et al., 1998; Meyne et al., 1989). The main function of 
telomeres is to maintain the structural stability of chromosomes 
protecting them from degradation and fusion events (Aubert and 
Lansdorp, 2008; Blackburn, 1990; Blasco, 2002) and to control of 
replicative senescence (Grabowski et al., 2005).

During the normal cell cycle the enzyme DNA polymerase is 
unable to replicate completely the end of the telomere, resulting in 
the loss of base pairs and telomere shortening (Chan and Blackburn, 
2003). This loss is compensated by the enzyme telomerase that 
consists of an RNA subunit (TERC, Telomerase RNA Component) 
which acts as a template and a catalytic protein subunit (TERT, 
Telomerase Reverse Transcriptase) that catalyzes the elongation of 
telomeres (Blackburn, 1990). The end-replication problem and the 
lack of telomerase activity are not the only factors that contribute 
to telomere shortening, heritable components or oxidative stress 
may also contribute to telomere loss (von Zglinicki, 2002).

In  fishes,  we   still   lack   the  basic  knowledge  of  how   telomere  
length is regulated (Hartmann et al. 2009). Nevertheless, some 
studies have determined telomerase activity in different tissues of 
rainbow trout (Oncorhynchus mykiss),  channel  catfish (Ictalurus 
punctatus),  zebrafish  (Danio rerio) or Japanese medaka (Oryzias 
latipes) as an indirect way to quantify aging and cell proliferation of 
these tissues (McChesney et al., 2005). Other studies have focused 
on the localization of repetitive telomeric sequences in different 
fish  species  to  study  chromosome  evolution  and  speciation  several  
species of sturgeon (Fontana et al., 1998), selachian (Rocco et 
al., 2001) Mugilidae (Gornung et al., 2004) or Atlantic salmon 
Salmo salar (Perez et al., 1999). Very recently, some studies have 
explored the relationship between age and telomere dynamics in 
the European sea bass, Dicentrarchus labrax, (Horn et al., 2008), 
O. latipes (Au et al., 2009; Hatakeyama et al.,   2008),  Killifish  
(Nothobranchius furzeri) (Hartmann et al.,   2009),   flathead  
(Platycephalus bassensis), snapper (Chrysophrys auratus) or 
golden perch (Macquaria ambigua) (Izzo, 2010). 

Knowledge  of  age  in  important  commercial  fish  is  necessary  to  
improve information related to growth, reproduction, and overall 
stock health. More reliable age estimates would also allow more 
accurate calculations of a population’s age structure, and provide 
information of whether the population is increasing, stable or 
declining. 

Several experimental procedures have been developed to 
measure telomere length. Some of the most widely used methods 
like Telomere Restriction Fragments analysis (TRF) (Harley et al., 
1990),  fluorescence  in  situ  Hybridization  methods  Q-­FISH  (Zijlmans  
et al., 1997) or Flow-FISH (Rufer et al., 1998) are challenging, 
expensive and time-consuming (Callicott and Womack, 2006). In 
the last decade new techniques, including Single Telomere Length 
Analysis (STELA) (Baird et al., 2003), Telomeric-Oligonucleotide 
Ligation Assay (T-OLA) (Cimino-Reale et al., 2001) and Telomere 

measurement by quantitative PCR (qPCR) (Cawthon, 2002) have 
been developed to solve these drawbacks. 

In this work we have adapted the qPCR method to measure 
telomere length in European hake (Merluccius merluccius). 
The major advantages of this technique are that it is relatively 
simple, fast, less costly and highly sensitive being able to measure 
telomere length from very small amounts of DNA (Nakagawa et 
al., 2004). Since the publication of Cawthon’s technique in 2002 
it  has  proven  its  usefulness  in  many  studies  carried  out  in  the  field  
of biomedicine and epidemiology (Epel et al., 2004; O’Sullivan 
et al., 2006; Zhang et al., 2007). Recently, some authors have 
attempted to use this approach in ecological and evolutionary 
studies in turtles (Hatase et al., 2008), birds (Bize et al., 2009; 
Criscuolo et al.,  2009)  and  fishes  (Hartmann  et al., 2009).

The main objective of the present work was to test whether 
the measure of telomere length by qPCR is a suitable technique 
to estimate the individual age and population age structure in 
different tissue samples of wild M. merluccius.

Materials and methods 

Sample collection

Female specimens (n=15) of M. merluccius were collected 
from  commercial  trawlers  fishing  in  Bay  of  Biscay  and  Great  Sole  
(Northeast Atlantic) in 2007 and 2008. Length, total weight, gutted 
weight and estimated age according to otolith reading of the selected 
specimens are shown in Table 1. Specimens ranged in age from 2 to 
8 years according to otolith reading and Age-Length Keys used by 
the International Council for the Exploration of the Seas (ICES) in 
the Divisions VIII a, b, c and d and VII (ICES, 2007, 2008). Because 
larger  fish  came  from  commercial  boats  without  gonads  we  could  
not determine the gender of two individuals. Sagittal otoliths were 
also removed and stored in dry condition.

Table 1.  Summary of the biological data of the samples used in the assays 
and the groups of age classes. F: Female; Undet.: Undetermined.

Total length (cm) Estimated age (years) Sex

age class 1 26.5 2 F

26.7 2 F

27.6 2 F

27.9 2 F

 35.8 3 F

age class 2 42.3 4 F

43.6 4 F

44.3 4 F

45.3 4 F

 55.1 5 F

age class 3 62.3 6 F

64.0 6 F

64.1 6 F

65.0 6 Undet.

 75.4 7-8 Undet.
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DNA extraction

Tissue samples (brain, muscle, liver and kidney) from each 
individual were collected and stored in 1.5 ml eppendorf tubes 
at -20ºC until DNA extraction. Genomic DNA from all tissues 
was   extracted   using   the  Wizard   Genomic   DNA   Purification   kit  
(Promega Corporation, Madison, WI, USA). The integrity of DNA 
was checked by gel electrophoresis in 0.8 % agarose D-1 Medium 
EEO (Pronadisa, Conda Laboratory, Madrid, Spain) stained with 
Gel-Red (Biotium, Hayward, CA, USA), and after this the DNA 
was stored at -20ºC until its use.

Telomere length measurement by quantitative PCR

Telomere length measurement was carried out according 
to the qPCR method developed by Cawthon (2002) with some 
modifications  in  the  primer  design  and  concentration.  The  original  
primers designed by Cawthon were changed to have a similar GC 
content and closer melting temperatures (Cawthon, 2006; Gil and 
Coetzer, 2004).

As  with  the  first  designed  primers,  the  optimized  ones  contained  
a mismatch every six bases in the 3’ to the 5’ direction. Since the 
last  five  bases  of  the  3’-­end  match  perfectly  to  the  target  sequence,  
the DNA polymerase can synthesize the complementary strand to 
the telomeric sequences. The primer sequences were as follows:

te11b; 5’-CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGG
TTTGGGTT-3’;

te12b; 5’-GGCTTGCCTTACCCTTACCCTTACCCTTACC
CTTACCCT-3’ (Callicott and Womack, 2006; Gil and Coetzer, 
2004). 

The   telomere   reaction   contained   12.5   μl   SYBR  Green   PCR  
Master Mix (Applied Biosystems, Warrington, UK), 250 nM 
of the tel1b and 200 nM of the tel 2b, 1 ng genomic DNA, and 
enough  double-­distilled  water  to  yield  a  25  μl  reaction.  

The selected single copy gene to normalize the telomere PCR 
was the rhodopsin gene since this is one of the few sequences that 
has been obtained from hakes (GenBank accession no. EU492240, 
(Noren et al., 2008)). The rhodopsin gene is considered a single-
copy gene that encodes proteins in the photoreceptors of the eye 
and  only  in  tetraploid  fish  such  as  salmonids,  catastomids  and  the  
carp Cyprinus carpio more than one copy has been found (Bailey et 
al.,  1978;;  Larhammar  and  Risinger,  1994).  A  pair  of  gene  specific  
primers  and  a  gene  specific  probe  were  designed  with  Primer  Express  
software (Applied Biosystems, Foster City, CA) to amplify an 85 
bp amplicon. Forward and reverse primers for the hake rhodopsin 
gene were Rhod-F 5’-CGTGGCCTGGTACATCTTCA-3’ and 
Rhod-R 5’-ACGCCGGCAGGGTCAT-3’. The TaqMan probe 
was 5’-CACCAGGGCAGCATATTCGGACCC-3’. For the 
rhodopsin  PCR,  we  added  12.5  μl  TaqMan  Master  Mix  (Applied  
Biosystems), 300 nM of the Rhod-F and 250 nM of the Rhod-R, 
150 mM of rhodopsin TaqMan probe, 1 ng genomic DNA, and 
enough  double-­distilled  water  to  yield  a  25-­μl  reaction.  All  samples  
were run in an Applied Biosystems 7000 Real-Time PCR System 
(Applied Biosystems, Foster City, CA). Thermocycler conditions 
for telomere qPCR were set at 95°C for 10 min followed by 25 
cycles of data collection at 95°C for 15 s, with 54°C annealing for 

2 min. The rhodopsin gene cycling conditions were 95°C for 10 
min followed by 40 cycles at 95°C for 15 s, with 54°C annealing 
for 2 min. 

A primer optimization matrix and an adjustment of the thermal 
cycling   profile  were   performed   for   both   reactions   to   obtain   the  
most adequate concentration for each reagent and to establish the 
setting of each reaction selecting the ones that gave the lowest 
background in the minimum Ct. 

Each   plate   contained   dilutions   of   five   DNA   concentrations  
(ranging from 10 ng to 0.01 ng) of tissues from the same reference 
hake. Each DNA sample and negative controls were analysed in 
quadruplicate,   and   specific   DNA   samples   were   analysed   in   the  
same wells for telomere and rhodopsin reactions. 

Results of each run were analysed using an ABI PRISM 7000 
SDS Software 1.0 (Applied Biosystems, Foster City, USA). 
The Ct values (the fractional cycle number at which the well’s 
accumulating  fluorescence  crosses  a  set   threshold   that   is  several  
standard  deviations  above  baseline  fluorescence)  of  the  telomere  
and the single copy gene were calculated as the mean of the four 
aliquots of each tissue sample and sampling group. 

According  to   the  qPCR  equipment  specifications   if   the  mean  
of the Ct obtained for each sample had a standard deviation higher 
than 0.38, the aliquot of which Ct value increased the deviation of 
the mean obtained for each sample was rejected and the average 
recalculated. If there were more than two Ct values that deviated 
from the mean, then the entire qPCR plate was redone in order to 
minimize error in the assay. 

For each tissue, analysis regression lines for PCR (telomere 
and rhodopsin gene) were compared using the serial dilution of the 
reference  sample.  From  the  value  of  the  slope,  PCR  efficiency  was  
calculated according to the equation E=(10(-1/slope)  −  1)  ×  100  where  
E  is  the  PCR  efficiency,  and  S  is  the  slope  of  the  standard  curve.  
For  the  telomere  PCR  reaction  the  obtained  efficiency  ranged  from  
89 and 113 % and for the rhodopsin gene reaction it was between 
91 to 99 %.

In order to know the factor by which a DNA sample differs 
from a reference DNA in its ratio of telomere repeat copy number 
(T) to a single copy gene number (S), T/S ratio was calculated 
according to the following formula: T/S = 2-iCt(2-iCtaverage)-1; 

iCt = increment of Ct
where iCt = Ct 

rhodopsin – Ct 
telomere

and iCt
average is the average of all the iCt obtained in the plate. 

The assay for each tissue and age class was performed on three 
different days under the same experimental conditions and placing 
the samples always in the same wells in each repetition and using 
four DNA replicates of each tissue. 

Otolith preparation and reading

The otolith preparation and age determination were in 
accordance with the methodology described in the EU BIOSDEF 
(Anon., 1998) and DEMASSESS international projects (Anon., 
2000). Each otolith was mounted in a black resin block and cut in 
a section of 0.5 mm. Sections were mounted on glass slides and 
read in a stereomicroscope. Otolith interpretation started from the 
nucleus towards the edge and only the hyaline rings were counted. 
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Rings were counted twice by two readers trained according to the 
experience obtained from international workshops on hake ageing 
studies.

Statistical analysis

Fisher’s   Least   Significant   Difference   (LSD)   and   Mann-­
Whitney   (Wilcoxon)   tests   were   used   to   determine   significant  
differences between T/S ratio obtained in eight DNA replicates 
of each tissue grouped in three different age classes (Table 1). 
For these analyses Statgraphics Plus 5.0 (Statpoint Technologies, 
Inc.,  Virginia,  USA)  and  Microsoft  Office  Excel  2003  (Microsoft  
Corporation, USA) computing and graphics software were used.

Results 
Regression analysis was used to examine the relations between 

the dependent variables of telomere shortening (T/S ratio), and 
the age of hakes estimated by otolith reading and the independent 
variable of length size in each of the four tissues analysed (Figure 
1). The ratio obtained for each samples is a result of the medium 
value obtained after performing the assay on three different days.

The   coefficient   of   determination   (R2) between the estimated 
age by otoliths and length size of hakes was higher than 0.98 
indicating the increase of age estimated by the number of rings in 
the can be explained by the increase of the length of hakes.

It was observed high variability between the results of three 
qPCR replicas in all tissues analysed. Thus, in some samples the 
coefficient  of  variation  of  T/S  ratio  replica  reached  values  higher  
as 31% in brain and muscle, 38% in kidney and 53% in liver. 

Discussion 
Many   fish   species,   unlike   mammals,   show   indeterminate  

growth coupled with slow senescence (Reznick et al., 2002; 
Woodhead, 1998) which makes the age estimation in these species 
very  difficult.  

The variability of the qPCR method (Criscuolo et al., 2009; 
Hatase et al., 2008; Shen et al., 2007) didn´t allow estimating 
telomere   length,   and   therefore  we   could   not   confirm   nor   reject  
correlation between age and relative telomere length. In the 
present study to reinforce the value of the test the qPCR analysis 
was repeated with the same aliquots and under the same conditions 
in three different time series showing a relatively high variation 
among the results obtained in the different repetitions. This poor 
repeatability is in agreement with the results studies that showed 
a  lack  of  significant  or  low  correlations  among  different  measures  
and considerable variability among different batches of samples 
(Shen et al., 2007). 

Although many papers state the reliability of the qPCR method, 
the repeatability of this relative method is discussed, not often 
tested, reported or is relatively high (Bize et al., 2009; Horn et al., 
2010; O’Callaghan et al., 2008; Svenson and Roos, 2009). 

The qPCR it is a technique that does not provide an absolute 
measure of telomere length and needs the use of a single-copy-
gene as a reference to estimate the ratio by which the number of 
telomeric repeats differ in the number of copies of a single-copy-
gene. Thus, the precision of the method depends on the nucleotide 
sequence of single gene whose number of copies is assumed 
invariant  under  the  experimental  conditions  (Lin  and  Yan,  2005).  

Figure 1.  Comparison of measures of telomere length. Combined linear regressions between TS-1 ratio and Age estimated by otolith reading vs Length in 
four tissues of Northern hake of different sizes. Upper equation in each plot belongs to the TS-1 ratio vs Length regression and lower equation to 
Age estimated by otolith vs Length.



E. López de Abechuco, M. Soto, M.A. Pardo, M. Haussmann and G. Díez

Revista de Investigación Marina, 2013, 20(3) | 34

Besides in a qPCR analysis all telomeric sequences of different 
cells   of   a   tissue   sample   are   amplified   in   the   same   reaction.  We  
do not know up to what point the heterogeneity of the different 
individual  cells  within  the  same  tissue  influence  the  results  of  this  
assay.

Some studies have also questioned the validity of the results 
published  by  other  studies  based  upon  the  efficiency  of  the  telomere  
reaction and the differences between the standard curve and the Ct 
values (Horn, 2008a; Zhang et al.,  2007).  Constant  amplification  
efficiency  is  an  important  factor  for  reliable  comparison  between  
samples  since  small  efficiency  differences  between  two  reactions  
can generate a false T/S ratio (Bustin et al., 2005; Dunshea et al., 
2011;;  Pfaffl,  2001).  Although  the  deviation  between  the  efficiencies  
of the samples run in the same day was generally in an acceptable 
range (± 10%) (Applied_Biosystems, 2003; Stratagene, 2004), 
the values for this parameter obtained in different days and in the 
same samples showed a high variability as well. 

Taken together, this suggests that the measurement of telomere 
length by qPCR method needs more methodological consensus 
and   optimization   to   solve   the   methodological   difficulties   in  
telomere measures.

O’Callaghan et al.  (2008)  modified  the  qPCR  method  designed  
by Cawthon introducing a standard oligomer to obtain absolute 
measures of telomere lengths. This new approach provides more 
reproducible data than the relative method. Nonetheless, the use 
of  this  Absolute  qPCR  in  Australian  sea  lions  showed  a  coefficient  
of variation and a measure of precision of 47.16 % and 33.35 % 
respectively (Izzo et al., 2011b).

Recently, a new method developed by (Cawthon, 2009) 
has improved the reliability of the qPCR telomere assay. This 
improvement increases the correlation between the measure 
obtained by means of a multiplex qPCR and the TRF length 
measured by Southern blot. 

Acknowledgements
This work was funded by AZTI-Tecnalia and the Department 

of  Medio  Ambiente,  Planificación  Territorial,  Agricultura  y  Pesca  
of the Basque Country Government. We are very grateful to 
the Department of Zoology and Animal Cellular Biology of the 
University of the Basque Country and the Biology department of 
the Bucknell University for their collaboration. We wish to thank 
also the staff from Molecular Biology Laboratory of the Food 
Research Division in AZTI and Marina Santurtún for their help and 
support. Estibaliz Lopez de Abechuco work was supported by a 
research grant from the Iñaki Goenaga Foundation, the Directorate 
of Fisheries and Aquaculture of the Basque Government and the 
Biomera project funded by the Spanish Ministerio de Ciencia e 
Innovación.

References 
Anon. (1998) Biological Studies of Demersal Fish to European 

Commission Annex III of the Final Report to the Commission of 
European Communities (BIOSDEF Study Contract 95/038).

Anon. (2000) Report of New Assessment and Biology of the Main 

Commercial  Fish  Species:  Hake  and  Anglerfish  of  the  Southern  Shelf  
Demersal Stocks in the South Western Europe. Appendix I of Final 
Report to the Commission of European Communities (DEMASSESS 
Study Contract 97/015).

Applied_Biosystems (2003) ABI PRISM 7000 Sequence Detection 
System. User guide. Foster City, CA, A. Biosystems, ed., pp. 227.

Au, D.W.T., Mok, H.O.L., Elmore, L.W., and Holt, S.E. (2009) Japanese 
medaka: A new vertebrate model for studying telomere and telomerase 
biology. Comparative Biochemistry and Physiology Part C: Toxicology 
& Pharmacology Aquatic Animal Models of Human Disease: Selected 
Papers and Recommendations from the 4th Conference, Durham, NC, 
USA, January 31-February 3, 2008 149, 161-167.

Aubert, G., and Lansdorp, P.M. (2008) Telomeres and Aging. Physiol Rev 
88, 557-579.

Bailey, G., Poulter, R., and Stockwell, P. (1978) Gene duplication in 
tetraploid  fish:  model  for  gene  silencing  at  unlinked  duplicated  loci.  
Proc Natl Acad Sci U S A 75, 5575-5579.

Baird, D.M., Rowson, J., Wynford-Thomas, D., and Kipling, D. (2003) 
Extensive allelic variation and ultrashort telomeres in senescent 
human cells.  33, 203-207.

Bize, P., Criscuolo, F.o., Metcalfe, N.B., Nasir, L., and Monaghan, P. 
(2009) Telomere dynamics rather than age predict life expectancy in 
the wild. Proceedings of the Royal Society B: Biological Sciences 
276, 1679-1683.

Blackburn, E.H. (1990) Telomeres: structure and synthesis. Journal of 
Biological Chemistry 265, 5919-5921.

Blasco, M.A. (2002) Telomerase beyond telomeres.  2, 627-633.
Bustin,  S.A.,  Benes,  V.,  Nolan,  T.,  and  Pfaffl,  M.W.  (2005)  Quantitative  

real-time RT-PCR – a perspective. Journal of Molecular Endocrinology 
34, 597-601.

Callicott, R.J., and Womack, J.E. (2006) Real-time PCR Assay for 
Measurement of Mouse Telomeres. Comparative Medicine 56, 17-
22.

Cawthon, R.M. (2002) Telomere measurement by quantitative PCR. Nucl 
Acids Res 30, e47-.

Cawthon, R.M. (2006) Methods of predicting mortality risk by determining 
telomere length (United States: US2006210980 Univ, Utah (US).

Cawthon, R.M. (2009) Telomere length measurement by a novel 
monochrome multiplex quantitative PCR method. Nucl Acids Res, 
gkn1027.

Cimino-Reale, G., Pascale, E., Battiloro, E., Starace, G., Verna, R., and 
D’Ambrosio, E. (2001) The length of telomeric G-rich strand 3’-
overhang measured by oligonucleotide ligation assay. Nucl Acids Res 
29, e35-.

Criscuolo,  F.,  Bize,  P.,  Nasir,  L.,  Metcalfe,  N.B.,  Foote,  C.G.,  Griffiths,  
K., Gault, E.A., and Monaghan, P. (2009) Real-time quantitative PCR 
assay for measurement of avian telomeres. Journal of Avian Biology 
40, 342-347.

Chan, S.R.W.L., and Blackburn, E.H. (2003) Telomeres and telomerase. 
Phil Trans R Soc Lond B 359, 109–121.

de Lange, T., Shiue, L., Myers, R.M., Cox, D.R., Naylor, S.L., Killery, 
A.M., and Varmus, H.E. (1990) Structure and variability of human 
chromosome ends. Mol Cell Biol 10, 518-527.

de Pontual, H., Bertignac, M., Battaglia, A., Bavouzet, G., Moguedet, P., 
and Groison, A.-L. (2003) A pilot tagging experiment on European 
hake (Merluccius merluccius): methodology and preliminary results. 
ICES Journal of Marine Science 60, 1318-1327.

Dunshea,  G.,  Duffield,  D.,  Gales,  N.,  Hindell,  M.,  Wells,  R.S.,  and  Jarman,  
S.N. (2011) Telomeres as age markers in vertebrate molecular ecology. 
Molecular Ecology Resources, no.

Epel, E.S., Blackburn, E.H., Lin, J., Dhabhar, F.S., Adler, N.E., Morrow, 
J.D., and Cawthon, R.M. (2004) From the Cover: Accelerated telomere 
shortening in response to life stress. Proceedings of the National 
Academy of Sciences 101, 17312-17315.

Fontana, F., Lanfredi, M., Chicca, M., Aiello, V., and Rossi, R. (1998) 
Localization of the Repetitive Telomeric Sequence (TTAGGG)_n in 
Four Sturgeon Species. Chromosome Research 6, 303-306.



qPCR to estimate the relative telomere length in European Hake 

35  |  Revista de Investigación Marina, 2013, 20(3)

Frenck, R.W., Blackburn, E.H., and Shannon, K.M. (1998) The rate 
of telomere sequence loss in human leukocytes varies with age. 
Proceedings of the National Academy of Sciences of the United States 
of America 95, 5607-5610.

García-Rodríguez, M., and Esteban, A. (2002) How fast does hake grow? 
A study on the Mediterranean hake (Merluccius merluccius L.) 
comparing whole otoliths readings and length frequency distributions 
data. Scientia Marina 6, 145-156.

Gil, M., and Coetzer, T. (2004) Real-time quantitative PCR of telomere 
length. Molecular Biotechnology 27, 169-172.

Gornung, E., Mannarelli, M.E., Rossi, A.R., and Sola, L. (2004) 
Chromosomal evolution in Mugilidae (Pisces, Mugiliformes): FISH 
mapping of the (TTAGGG)<sub>n</sub> telomeric repeat in the six 
Mediterranean mullets. Hereditas 140, 158-159.

Grabowski, P., Hultdin, M., Karlsson, K., Tobin, G., Aleskog, A., Thunberg, 
U., Laurell, A., Sundstrom, C., Rosenquist, R., and Roos, G. (2005) 
Telomere length as a prognostic parameter in chronic lymphocytic 
leukemia with special reference to VH gene mutation status. Blood 
105, 4807-4812.

Harley, C.B., Futcher, A.B., and Greider, C.W. (1990) Telomeres shorten 
during  ageing  of  human  fibroblasts.    345,  458-­460.

Hartmann, N., Reichwald, K., Lechel, A., Graf, M., Kirschner, J., Dorn, 
A., Terzibasi, E., Wellner, J., Platzer, M., Rudolph, K.L., et al. (2009) 
Telomeres shorten while Tert expression increases during ageing of 
the   short-­lived   fish  Nothobranchius   furzeri.  Mechanisms   of  Ageing  
and Development 130, 290-296.

Hatakeyama, H., Nakamura, K.-I., Izumiyama-Shimomura, N., Ishii, A., 
Tsuchida, S., Takubo, K., and Ishikawa, N. (2008) The teleost Oryzias 
latipes shows telomere shortening with age despite considerable 
telomerase activity throughout life. Mechanisms of Ageing and 
Development 129, 550-557.

Hatase, H., Sudo, R., Watanabe, K.K., Kasugai, T., Saito, T., Okamoto, H., 
Uchida, I., and Tsukamoto, K. (2008) Shorter telomere length with age 
in the loggerhead turtle: a new hope for live sea turtle age estimation. 
Genes & Genetic Systems 83, 423-426.

Haussmann, M., and Vleck, C. (2002) Telomere length provides a new 
technique for aging animals. Oecologia 130, 325-328.

Haussmann, M.F., and Mauck, R.A. (2008) Telomeres and Longevity: 
Testing an Evolutionary Hypothesis. Mol Biol Evol 25, 220-228.

Haussmann, M.F., Vleck, C.M., and Nisbet, I.C.T. (2003a) Calibrating 
the telomere clock in common terns, Sterna hirundo. Experimental 
Gerontology Proceedings of the 2nd Symposium on Organisms with 
Slow Aging (SOSA-2) 38, 787-789.

Haussmann, M.F., Winkler, D.W., Huntington, C.E., Nisbet, I.C.T., and 
Vleck, C.M. (2007) Telomerase activity is maintained throughout the 
lifespan of long-lived birds. Experimental Gerontology 42, 610-618.

Haussmann, M.F., Winkler, D.W., O’Reilly, K.M., Huntington, C.E., 
Nisbet, I.C.T., and Vleck, C.M. (2003b) Telomeres shorten more 
slowlyin long-lived birds and mammals than in short-lived ones. 
Proceedings of the Royal Society of London Series B: Biological 
Sciences 270, 1387-1392.

Horn,   T.   (2008a)   Comments   on   Quantitative   Real-­Time   PCR   for  
Measurement of Telomere Length. Cancer Investigation 26, 867-867.

Horn, T., Gemmell, N.J., Robertson, B.C., and Bridges, C.R. (2008) 
Telomere length change in European sea bass (Dicentrarchus labrax). 
Australian Journal of Zoology 56, 207-210 

Horn, T., Robertson, B.C., and Gemmell, N.J. (2010) The use of telomere 
length in ecology and evolutionary biology.

Horn, T., Robertson, B.C., Will, M., Eason, D.K., Elliott, G.P., and 
Gemmell, N.J. (2011) Inheritance of Telomere Length in a Bird. PLoS 
ONE 6, e17199.

ICES (2007) Report of the Working Group on the Assessment of Southern 
Shelf Stocks of Hake, Monk and Megrim (WGHMM) 8 - 17 May 
2007/ACFM:21 (Copenhagen: ICES Headquarters), pp. 714.

ICES (2008) Report of the Working Group on the Assessment of Southern 
Shelf Stocks of Hake, Monk and Megrim (WGHMM) 30 April - 6 
May 2008. CM 2008/ACOM:07 (Copenhagen: ICES Headquarters), 

pp. 622.
Izzo, C. (2010) Patterns of telomere length change with age in aquatic 

vertebrates and the phylogenetic distribution of the pattern among 
jawed vertebrates. In School of Earth  and Environmental Sciences 
(South Australia: University Adelaide ), pp. 141.

Izzo, C., Hamer, D.J., Bertozzi, T., Donnellan, S.C., and Gillanders, 
B.M. (2011a) Telomere length and age in pinnipeds: The endangered 
Australian sea lion as a case study. Marine Mammal Science, no.

Izzo, C., Hamer, D.J., Bertozzi, T., Donnellan, S.C., and Gillanders, 
B.M. (2011b) Telomere length and age in pinnipeds: The endangered 
Australian sea lion as a case study. Marine Mammal Science 27, 841-
851.

Klapper, W., Heidorn, K., Kühne, K., Parwaresch, R., and Krupp, G. (1998) 
Telomerase  activity  in  `immortal’  fish.  FEBS  Letters  434,  409-­412.

Larhammar, D., and Risinger, C. (1994) Molecular Genetic Aspects 
of Tetraploidy in the Common Carp Cyprinus carpio. Molecular 
Phylogenetics and Evolution 3, 59-68.

Lin,  K.-­W.,  and  Yan,  J.  (2005)  The  telomere  length  dynamic  and  methods  
of its assessment. Journal of Cellular and Molecular Medicine 9, 977-
989.

McChesney, P.A., Elmore, L.W., and Holt, S.E. (2005) Vertebrate Marine 
Species as Model Systems for Studying Telomeres and Telomerase. 
Zebrafish  1,  349-­355.

McKevitt, T.P., Nasir, L., Devlin, P., and Argyle, D.J. (2002) Telomere 
Lengths in Dogs Decrease with Increasing Donor Age J Nutr 132, 
1604S-1606.

Meyne, J., Ratliff, R.L., and Moyzis, R.K. (1989) Conservation of 
the human telomere sequence (TTAGGG)n among vertebrates. 
Proceedings of the National Academy of Sciences 86, 7049-7053.

Morales-­Nin,  B.,  and  Aldebert,  Y.  (1997)  Growth  of  juvenile  Merluccius  
merluccius in the Gulf of Lions (NW Mediterranean) based on otolith 
microstructure and length-frequency analysis. Fisheries Research 30, 
77-85.

Nakagawa, S., Gemmell, N.J., and Burke, T. (2004) Measuring vertebrate 
telomeres: applications and limitations. Molecular Ecology 13, 2523-
2533.

Noren, M., Kullander, S.O., and Kallersjo, M. (2008) Merluccius 
merluccius voucher NRM 49448 rhodopsin (rhod) gene. FishTrace: 
Genetic Catalogue, Biological Reference Collections and Online 
Database of European Marine Fishes. Department of Vertebrate 
Zoology and Molecular Systematics Laboratory, Swedish Museum of 
Natural History, EU492240.

O’Callaghan, N.J., Dhillon, V.S., Thomas, P., and Michael, F. (2008) A 
quantitative real-time PCR method for absolute telomere length. 
BioTechniques 44, 807–809.

O’Sullivan, J., Risques, R.A., Mandelson, M.T., Chen, L., Brentnall, T.A., 
Bronner, M.P., MacMillan, M.P., Feng, Z., Siebert, J.R., Potter, J.D., 
et al. (2006) Telomere Length in the Colon Declines with Age: a 
Relation to Colorectal Cancer? Cancer Epidemiol Biomarkers Prev 
15, 573-577.

Okuda, K., Bardeguez, A., Gardner, J.P., Rodriguez, P., Ganesh, V., 
Kimura, M., Skurnick, J., Awad, G., and Aviv, A. (2002) Telomere 
Length in the Newborn. Pediatric Research 52, 377-381.

Perez, J., Moran, P., and Garcia-Vazquez, E. (1999) Cloning and physical 
mapping of Atlantic salmon (Salmo salar L.) telomeric sequences. 
Heredity 82, 409-414.

Pfaffl,  M.W.  (2001)  A  new  mathematical  model  for  relative  quantification  
in real-time RT-PCR. Nucl Acids Res 29, e45-.

Piñeiro, C. (1997) Report on workshop on hake otolith age reading (Vigo: 
European Fish Ageing Network (EFAN)), pp. 32.

Reznick, D., Ghalambor, C., and Nunney, L. (2002) The evolution of 
senescence   in   fish.   Mechanisms   of   Ageing   and   Development   The  
Biology of Ageing 123, 773-789.

Rocco, L., Costagliola, D., and Stingo, V. (2001) (TTAGGG)n telomeric 
sequence in selachian chromosomes.  87, 583-588.

Rufer, N., Dragowska, W., Thornbury, G., Roosnek, E., and Lansdorp, P. 
(1998) Telomere length dynamics in human lymphocyte subpopulations 



E. López de Abechuco, M. Soto, M.A. Pardo, M. Haussmann and G. Díez

Revista de Investigación Marina, 2013, 20(3) | 36

measured  by  flow  cytometry.  Nature  Biotechnology  16,  743-­747.
Scott, N.M., Haussmann, M.F., Elsey, R.M., Trosclair, P.L., and Vleck, 

C.M. (2006) Telomere Length Shortens with Body Length in Alligator 
mississippiensis. Southeastern Naturalist 5, 685-692.

Shen,  J.,  Terry,  M.B.,  Gurvich,  I.,  Liao,  Y.,  Senie,  R.T.,  and  Santella,  R.M.  
(2007) Short Telomere Length and Breast Cancer Risk: A Study in 
Sister Sets. Cancer Res 67, 5538-5544.

Stratagene   (2004)   Introduction   to   Quantitative   PCR,   Methods   and  
application guide.  IN#70200-00, 50.

Svenson, U., and Roos, G. (2009) Telomere length as a biological marker 
in malignancy. Biochimica et Biophysica Acta (BBA) - Molecular 
Basis of Disease Cellular Immortality and Cancer: From Telomerase 
to Cancer Stem Cells 1792, 317-323.

Vleck, C.M., Haussmann, M.F., and Vleck, D. (2003) The natural history 
of telomeres: tools for aging animals and exploring the aging process. 
Experimental Gerontology 38, 791-795.

von Zglinicki, T. (2002) Oxidative stress shortens telomeres. Trends in 
Biochemical Sciences 27, 339-344.

Woodhead, A.D. (1998) Aging, The Fishy Side: An Appreciation of Alex 
Comfort’s Studies. Experimental Gerontology 33, 39-51.

Zhang,  Y.,  Shen,  J.,  Ming-­Whei,  Lee,  Y.P.-­H.,  and  Santella,  R.M.  (2007)  
Telomere Length in Hepatocellular Carcinoma and Paired Adjacent 
Non-­Tumor  Tissues   by  Quantitative   PCR.  Cancer   Investigation   25,  
668-677.

Zijlmans, J.M.J.M., Martens, U.M., Poon, S.S.S., Raap, A.K., Tanke, H.J., 
Ward, R.K., and Lansdorp, P.M. (1997) Telomeres in the mouse have 
large inter-chromosomal variations in the number of T2AG3 repeats. 
Proceedings of the National Academy of Sciences of the United States 
of America 94, 7423-7428.



w
w

w.
az

ti.
es

Txatxarramendi ugartea z/g 
48395 Sukarrieta (Bizkaia)
Tel.: +34 94 657 40 00
Fax: +34 94 657 25 55

Herrera Kaia, Portualdea z/g 
 20110 Pasaia (Gipuzkoa) 

Parque Tecnológico de Bizkaia
Astondo bidea. Edificio 609. 
48160 Derio (Bizkaia)


	Suitability of real-time quantitative PCR to estimate the relative telomere length in European Hake (Merluccius merluccius Linnaeus, 1758)
	Recommended Citation

	tmp.1391776945.pdf.gQsUt

