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Abstract

An Atlantic salmon (

 

Salmo salar

 

 L.) expressed sequence tag (EST) database consisting of 58
146 ESTs was screened for microsatellite sequences. Subsequent development of 75
polymorphic EST-associated microsatellite markers in this species is described together
with cross-species amplification results of 133 gene-associated tandem repeat markers in
five salmonid species (

 

Salmo trutta, Oncorhynchus mykiss

 

, 

 

Salvelinus aplinus

 

, 

 

Thymallus
thymallus

 

, 

 

Coregonus lavaretus

 

). The number of alleles among EST-linked microsatellites
in Atlantic salmon ranged from two to 41 with an average of 12 alleles per locus. Cross-species
amplification resulted in detection of a total of 111 polymorphic locus-species combina-
tions (12–32 loci per species).
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The Atlantic salmon (

 

Salmo salar

 

 L.) is a highly prized fish
because of its widespread use in fisheries, recreational
angling and aquaculture. It also serves as a prominent
species in a wide range of research areas. Large-scale cDNA
sequencing efforts have substantially expanded the amount
of available information from the protein coding parts of
the genome in salmonids during the recent years (e.g. Rise

 

et al

 

. 2004). Currently, over 91 000 Atlantic salmon expressed
sequence tags (ESTs — short single-pass sequence reads
from cDNA; representing its corresponding mRNA) are
publicly available providing a rich source for screening for
single nucleotide and insertion/deletion (indel) polymorph-
isms, as well as for developing gene-associated micro-
satellite markers from untranslated regions. Such highly
variable markers therefore represent an attractive source of
loci for the screening of selective footprints in the expressed
part of the genome.

Here, we describe the EST database search and develop-
ment of 75 EST-associated polymorphic microsatellite
markers in the Atlantic salmon and report the transferability
of 133 Atlantic salmon gene-associated primer-pairs in five
species from the family Salmonidae (brown trout, 

 

Salmo
trutta

 

; rainbow trout, 

 

Oncorhynchus mykiss

 

; Arctic charr,

 

Salvelinus aplinus

 

; European grayling, 

 

Thymallus thymallus

 

;
common whitefish, 

 

Coregonus lavaretus

 

).
In total, 58 146 Atlantic salmon EST sequences from

GenBank were screened for mono-, di-, tri- and tetranucleotide
microsatellite repeats using 

 

tandem repeats finder

 

 (Benson
1999) with the following parameters: match 2; mismatch
7; indel 7; minimum alignment score 50. Microsatellites
were detected in 1154 (2.0%) of the sequences. Because EST
databases are highly redundant, microsatellite containing
ESTs were clustered using 

 

cap

 

3 program with 40-bp overlap
and 95% identity criterion in order to identify homologous
loci (Huang & Madan 1999). Altogether, 144 contigs and 510
singletons were detected. Polymerase chain reaction (PCR)
primers flanking 124 dinucleotide and seven tetranucleotide
microsatellites with more than 11 and seven repeat units,
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respectively, were designed using 

 

primer

 

3 software (Rozen
& Skaletsky 1998) with targeted amplicon size from 95 to
400 bases. Similarity searches with the microsatellite con-
taining EST sequences for identifying gene homology were
conducted using 

 

blastn

 

 and 

 

blastx

 

 with the default
parameters (Altschul 

 

et al

 

. 1990) and matches were con-
sidered to be significant when the probability was less than
1 

 

×

 

 10

 

−

 

4

 

. In seven cases, 

 

blastn

 

 search resulted in significant
(

 

P <

 

 1 

 

×

 

 10

 

−

 

4

 

) matches against published Atlantic salmon
genomic microsatellite sequences. However, these ESTs
likely do not correspond to the already published micro-
satellite loci as significant similarities were restricted only
for short stretches of the whole sequences. One mini-
(

 

MHCII

 

α

 

) and two microsatellite markers (

 

MHCI, TAP2B

 

)
linked to genes associated with the immune response
(Grimholt 

 

et al

 

. 2002; Stet 

 

et al

 

. 2002) were also included for
cross-species amplification. An initial screen for amplifica-
tion reliability was performed using four unrelated salmon
specimens (each from a different European population)
and 12 progeny from two families.

A 5

 

′

 

-GTTT ‘tail’ was added to every reverse primer to
improve scoring quality (Brownstein 

 

et al

 

. 1996). Each
forward primer was 5

 

′

 

 end-labelled with a fluorescent dye.
PCR amplifications were performed using MJ Research
PTC-100/200 thermal cyclers in 10-

 

µ

 

L volumes with 

 

c.

 

 100 ng
of DNA, 0.3 

 

µ

 

m

 

 of each primer, 0.2 units of Bio

 

Taq

 

 DNA
polymerase (Bioline), 250 

 

µ

 

m

 

 of each dNTP, 1.5 m

 

m

 

 of MgCl

 

2

 

and 1 

 

×

 

 NH

 

4

 

 reaction buffer [160 m

 

m

 

 (NH

 

4

 

)

 

2

 

SO

 

4

 

, 670 m

 

m

 

Tris-HCl pH 8.8, 0.1% Tween-20]. Initially, a touchdown
PCR profile (TD:60–50) was used which consisted of an initial
denaturation step of 2 min at 94 

 

°

 

C, followed by 20 cycles
of 30 s at 94 

 

°

 

C, 30 s at 60 

 

°

 

C, 30 s at 72 

 

°

 

C, with the anneal-
ing temperature decreasing 0.5 

 

°

 

C per cycle, followed by
15 cycles of 30 s at 94 

 

°

 

C, 30 s at 50 

 

°

 

C, 30 s at 72 

 

°

 

C and a final
elongation step was lengthened to 5 min. When the initial
amplification was unsuccessful, an alternative touchdown
PCR protocol (TD:55–45) was used where the initial anneal-
ing temperature 55 

 

°

 

C was lowered to 45 

 

°

 

C as described
previously. All cross-amplification tests were performed
using TD:55–45 protocol involving two individuals of
each species. Electrophoresis was performed using 

 

mega-
bace

 

 1000 96-capillary sequencer and allele sizing was
conducted using 

 

megabace genetic profiler

 

 version
2.0 software (Amersham Biosciences) followed by manual
corrections.

Altogether, 75 EST loci that gave high quality ampli-
fication products were selected for further genotyping
of 196 individuals from six anadromous and two land-
locked salmon populations in northern Europe. Of these 75
ESTs, 31 showed significant (

 

P <

 

 0.001) similarities to other
sequences in GenBank (Table 1). The number of alleles per
locus ranged from two to 41 with an average of 12 alleles
per locus. No loci were found to be monomorphic indicating
that the threshold value for minimum number of tandem

repeats (11 and seven uninterrupted di- or tetranucleotide
repeats, respectively) could possibly be decreased when
screening for polymorphic microsatellites in Atlantic salmon.
Fifteen markers revealed a significant (

 

P <

 

 0.05) hetero-
zygote deficiency before correction for multiple testing (

 

c

 

. five
significant 

 

P

 

 values are expected to occur by chance alone)
using the Markov chain method implemented in 

 

genepop

 

3.1 (Raymond & Rousset 1995). Information of all 133 tested
primer pairs are available at the journal website (Appendix I).
Electrophoregrams of the 78 markers that gave high quality
amplification products generated using software 

 

mega-
bace genetic profiler

 

 version 2.0 are available at http://
www.helsinki.fi/

 

∼

 

primmer/. Exact tests for linkage dise-
quilibrium between loci within eight populations gave 1314
significant 

 

P

 

 values (

 

P <

 

 0.05; uncorrected for multiple test-
ing) out of 35 093 tests using the Markov chain method
implemented in 

 

genepop

 

 3.1 (Raymond & Rousset 1995).
For majority of cases, linkage disequilibrium (LD) did not
involve the same pair of loci. However, significant (

 

P <

 

 0.05;
uncorrected for multiple testing) LD was observed three
times in seven locus pairs (CA053162 & CA057681;
CA060177 & CA056586; CA040282 & CA046540; CA054978
& CB515794; CA058128 & TAP2B; MHCI & TAP2B;
CA058586 & Ssa422) and four times in three locus pairs
(CA767838 & CA058557; CA062068 & Ssa197; Ssa422 &
Ssa289).

Cross-species amplification in five salmonid species
revealed the highest number of polymorphic loci with little
or moderate stutter in brown trout and rainbow trout (32
loci; Fig. 1). The number of polymorphic markers detected
in Arctic charr, European grayling and common whitefish
was lower (22, 12 and 13 loci, respectively with little or
moderate stutter). These are likely very conservative poly-
morphism estimates because only two individuals of each
species were assessed. Nevertheless, the number of poly-
morphic markers in the tested species is generally nega-
tively correlated with their evolutionary divergence from
Atlantic salmon. Detailed cross-amplification results of 133
gene-associated markers are reported at the journal website
(Appendix II) and at http://www.helsinki.fi/

 

∼

 

primmer/.

Fig. 1 Cross-species amplification summary results in five
salmonid species shown as pie diagrams with the number of
markers classified to each category. Black, polymorphic, little or
moderate stutter; grey, monomorphic, little or moderate stutter;
striped, considerable stutter and/or multiple bands and/or weak
amplification; white, no amplification.
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Table 1

 

Characterization of 75 expressed sequence tag (EST) linked microsatellite markers in the Atlantic salmon and their amplification in five other salmonid species. Additional details
of all 133 tested gene-associated markers can be found in the online Appendices I and II (http://www.helsinki.fi/

 

∼

 

primmer/)

Accession no./
Locus name Motif Temp.

 

A

 

Size 
range (bp)

 

H

 

E

 

H

 

O

 

HWE Homology/Identity Primer 5

 

′

 

–3

 

′

 

Cross-species amplification

 

S.t. O.m. S.a. T.t. C.l.

 

CA046540 (

 

AT

 

)

 

24

 

TD:60–50 18 314–348 0.86 0.69 0.024

 

O. mykiss

 

 vitellogenin 
receptor (vtg receptor gene)

F: 

 

TCCACTATATGATCACAATAACCTTTT

 

R: 

 

GTTTCCAGACACAAATGAGAGACC

 

? ? + ? P

CA048828 (

 

CA

 

)

 

19

 

TD:60–50 24 251–307 0.73 0.59 ns — F: 

 

GAGGGCTTCCCATACAACAA

 

R: 

 

GTTTAAGCGGTGAGTTGACGAGAG

 

 
P + + 0 P

CA048687 (

 

AG

 

)

 

19

 

TD:60–50 2 203–205 0.05 0.04 ns

 

D. rerio

 

 Rh blood group-associated 
glycoprotein (rhag)

F: 

 

CAGAGACAGAGGGTCAGCCTA

 

R: 

 

GTTTCCCATCATCGTAGTCCACA

 

+ P + 0 ?

CA048302 (

 

AC

 

)

 

20

 

TD:60–50 23 201–255 0.93 0.74 < 0.001 — F: 

 

TTGCCACCTCTAAACGCTTC

 

R: 

 

GTTTAAATGAACCCCAGCCATACA

 

P 0 0 + 0

CA048136 (

 

CT

 

)

 

12

 

TD:60–50 4 347–355 0.57 0.39 ns — F: 

 

CCACATCAACAAGGCAAGAA

 

R: 

 

GTTTGATTGACAGAGAGCGGTGA

 

 
0 0 ? 0 P

CA047718 (

 

AT

 

)

 

31

 

TD:55–45 13 242–288 0.74 0.61 ns

 

O. mykiss

 

 atrial 
natriuretic peptide (anp)

F: 

 

ATTTACCGCCTGGTGATGTC

 

R: 

 

GTTTGCAAAGCCCTCATGTTGATT

 

+ P 0 + ?

CA047634 (

 

GT

 

)

 

13

 

TD:60–50 6 248–262 0.73 0.66 ns — F: 

 

GCTCTCACACAGACGCTGAC
R: GTTTCTGACTTGAGACGTCGGACA

+ 0 0 0 0

CA047220 (AT)13 TD:60–50 9 357–373 0.62 0.57 ns — F: AGCGTTTACGTCGAATCCAA
R: GTTTCTCATGGAGGGTGGAAGTGT

0 + ? ? ?

CA047146 (AT)29 TD:55–45 24 306–368 0.79 0.58 ns — F: AACAGAGATGGAAACCAGCA
R: GTTTCCCAATCTAGCAGGGGAAAT

+ + P 0 0

CA060208 (CA)19 TD:60–50 11 186–214 0.76 0.5 ns — F: GCAACAATTCCCTTTTGACC
R: GTTTCGTGCAGTAGGAAAGGGGTA

P 0 0 0 0

CA044002 (GT)25 TD:60–50 9 205–223 0.77 0.57 ns O. mykiss carbonyl reductase/ 
20beta-hydroxysteroid 
dehydrogenase B gene 

F: TTCTTGAGATGCCACACCTG
R: GTTTGTTGTTCCCATGTTTCACGA

? ? ? ? ?

CA043931 (GT)14 TD:60–50 17 142–202 0.63 0.51 0.003 — F: TGTGTGTGCATGTGTCCTTG
R: GTTTGTCCCTGCTGTTTCCACTCT 

? ? + ? ?

CA042613 (GT)21 TD:60–50 14 107–149 0.71 0.64 ns — F: GCCAAGTGTCTTCCTGTGAAA
R: GTTTCAGTCCACCTCGGAAAATC 

+ P P 0 +

CA041953 (TA)15 TD:60–50 13 140–166 0.76 0.69 ns — F: TCACAGTCGCAGGAGGTAAG
R: GTTTTGACCCAGAGACAGATGACCT 

+ P + + 0

CA042465 (AT)12 TD:60–50 7 236–248 0.59 0.49 ns — F: CAGGAAAAGCCCATTGAGAC
R: GTTTCATTGTTTCATAACGCACCA 

+ P + + +

CA061261 (CA)22 TD:55–45 19 286–332 0.87 0.34 < 0.001 — F: GGAGTTATCAGGTGGGCAAA
R: GTTTGCGGAGACCGTTTGGTATTA 

+ + 0 0 ?

CA039983 (GT)13 TD:60–50 6 269–279 0.52 0.48 ns — F: GCGGCCCTTAGTGTAATCAA
R: GTTTCTCGCCAGTCACTCTTCAA 

+ P ? ? ?

CA039543 (AT)26 TD:60–50 41 158–250 0.95 0.66 < 0.001 — F: CACACAAGATTGGATTGAGCTT
R: GTTTCTCCCTTGTTTTTCCCCAAT 

P + ? 0 0

CA039240 (AT)26 TD:60–50 2 135–137 0.25 0.18 ns O. mykiss GalNAc alpha 2.6-
sialyltransferase (rtST6GalNAc)

F: GCTGACCTAAATAACAGTTTGGTGT
R: GTTTGGAAATCCCTCAAACCCTTC 

? ? + 0 P
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CA038592 (AT)12 TD:60–50 24 340–426 0.89 0.81 ns — F: AAGCATCAAACCAACCTCATT
R: GTTTCGGGGGTGAAGATGTCTACT 

+ 0 P P 0

CB515794 (GT)26 TD:60–50 16 265–309 0.84 0.71 ns G. gallus similar to Claudin-12 F: CTCAGTGCCATGTCTCCAAC
R: GTTTCATCCTGTCCTGCTGACTG 

P ? P ? +

CB514761 (AC)26 TD:55–45 22 144–202 0.73 0.57 0.002 M. musculus Ariadne-1
protein homolog (ARI-1)

F: CTGTCCTTGGGCACATTTTT
R: GTTTACAGCTCTGGTTCCGACA 

0 + + + 0

CA045807 (AC)12 TD:60–50 3 138–144 0.11 0.12 ns D. rerio clone DKEY-29 N1
in linkage group 7

F: GGGACTCAGATAACGGCAAA
R: GTTTGTAAATATGGGCGTGTGTGA 

? ? ? ? ?

CB514369 (AG)12 TD:60–50 2 197–199 0.17 0.15 ns — F: CAATCATGCCTTCAGACTGTG
R: GTTTCCCATTTCTCCCACAATCAC

+ 0 ? 0 ?

CB514068 (AC)14 TD:60–50 9 206–222 0.77 0.69 ns — F: TCTCAAATTCATACAATGTACAAAGC
R: GTTTGGGAAAGGAACAGGAGAA

? 0 0 0 0

CB512797 (AC)13 TD:60–50 20 268–436 0.58 0.47 0.048 S. salar for synapsin2 (SYN2) F: GGACGAAGGACCACTCCAAT
R: GTTTGGGGGTGCTGAGGAGTATTT

P + P + +

CB512617 (GT)12 TD:60–50 2 198–200 0.11 0.09 ns — F: GACCCGATTAGGCAGGACTT
R: GTTTGAGCAACTGTCCCAGAGAGG 

P ? ? ? ?

CB517778 (GA)13 TD:60–50 6 398–408 0.65 0.61 ns T. nigroviridis full-length cDNA F: CCCAGCTGAGGCTCTTTATG
R: GTTTCCTCCACATGTTCGTCA

+ + + + 0

CB517710 (TA)17 TD:60–50 6 132–148 0.28 0.27 ns — F: GGATATTGTTGGCGCTCTGT 
R: GTTTCCATTCTCCCATCCTTCCTT

+ ? + + 0

CB517044 (TA)21 TD:55–45 28 351–425 0.87 0.82 ns — F: CACCAAGCATGGGAAGCTAT
R: GTTTGCTGCCACACAGGCTACTTT

0 0 + 0 0

CA060177 (TGAG)18 TD:60–50 27 294–374 0.91 0.83 ns — F: CGCTTCCTGGACAAAAATTA
R: GTTTGAGCACACCCATTCTCA

P 0 + 0 +

CA767838 (AT)18 TD:60–50 5 214–224 0.63 0.5 0.007 O. mykiss clone pOT53m4006u19 F: GCAGGGAGAGATCGAGAACA 
R: GTTTTTGACTGCTGGCTGATG

+ + + 0 +

CA050122 (AG)12 TD:60–50 4 149–159 0.32 0.29 ns O. mykiss interleukin-1
beta (IL1B1S)

F: TCCAAGGCGTTCATGTGTTA
R: GTTTCCCAGTCTCCCTCTGCTTAG

+ + 0 0 +

CA769358 (AC)22 TD:60–50 18 111–163 0.65 0.36 < 0.001 O. mykiss VHSV-induced protein-5 F: TGACGCCATATGCAAAGAGA
R: GTTTCCTTTGTCTGCAAAACGTGA 

P 0 0 0 0

CA064581 (GT)16 TD:60–50 6 119–135 0.64 0.55 ns G. gallus putative scavenger
receptor MARCO 

F: GATGCAACAAGTCTCAATACCA
R: GTTTCCATCGAAAAGACTGGAGGA

? 0 ? + 0

CA064333 (AT)16 TD:60–50 19 138–186 0.84 0.63 ns — F: CATGGGTTTGTGTCAGGATG
R: GTTTGCTGATACGGGGATTTTTCC

? 0 + ? ?

CA064557 (GA)19 TD:60–50 6 345–361 0.30 0.29 ns S. salar microsatellite Rsa180 F: CACAGGCACACACTCCTCAT
R: GTTTCAGGTGAAGAGCATGACCAA 

? 0 + + P

CA061687 (GT)14 TD:60–50 3 251–255 0.45 0.39 ns S. salar Ran protein F: ACAGCGAGCGAACAAAGTCT
R: GTTTCTTCAGTGTTCTGGGGGTGT 

+ ? + ? ?

CA061021 (GT)12 TD:60–50 3 98–102 0.36 0.31 ns — F: TCACAACAAGAAGTCCCAGATG
R: GTTTCCTCCCTGACACTCTCGT

? P + P +

CA039588 (AT)13 TD:60–50 3 90–96 0.30 0.25 ns O. mykiss G-protein (P-ras) F: TTGAGTAACGTAAGGGACAGTCTTC
R: GTTTGTGTTGTCGCTGTGTGATG 

+ 0 ? + ?

CA058000 (AT)12 TD:60–50 10 276–294 0.73 0.62 ns — F: CAAACTCCGCGTCCTCTCTA
R: GTTTGACCCTTCCCCCATTAGTGT 

+ P + 0 0

Accession no./
Locus name Motif Temp. A

Size 
range (bp) HE HO HWE Homology/Identity Primer 5′–3′

Cross-species amplification

S.t. O.m. S.a. T.t. C.l.
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CA053293 (AC)13 TD:60–50 5 151–163 0.71 0.59 ns — F: TCTCATGGTGAGCAACAAACA
R: GTTTACTCTGGGGCATTCATTCAG

P P + + +

CA040282 (AT)24 TD:60–50 11 125–147 0.78 0.74 ns — F: TGCAAGTAAAGGCAGGGTTT
R: GTTTGTGGTAGGATTGGGGTTCCT 

P P ? + +

CA040580 (AT)12 TD:60–50 5 114–124 0.59 0.45 ns O. mykiss Wilms’ tumour
suppressor 1a (WT-t1a)

F: TCAATGGGGAACAATAACAACA
R: GTTTGGTCTGTTCCCCTCTGTTT 

? + + + P

CA047944 (AC)13 TD:55–45 7 276–288 0.47 0.26 ns — F: GCCGCCCAGATTATCAGTAA
R: GTTTGTTTCCAAACCAAAAACTGAA 

+ + 0 0 +

CA053162 (AC)17 TD:55–45 12 332–372 0.63 0.41 < 0.001 — F: CTCAACTCGTTCCCCTTCTG 
R: GTTTCAGAAAATCCTTTTGGCTCA

+ 0 + 0 0

CA054538 (AC)14 TD:60–50 6 108–118 0.50 0.39 ns D. rerio Cyclin E F: AGCTACTGGTCCCCAAACCT
R: GTTTAAGGTGGACTTGGCTTGATG 

+ P + + 0

CA054957 (GT)15 TD:60–50 8 219–239 0.66 0.57 ns O. mykiss Cu/Zn-superoxide
dismutase (SOD1)

F: GGGTCATTTGGGACACAGTT 
R: GTTTGGAGACAACGAGGAGAGTCG 

? P ? 0 ?

CA055873 (TG)12 TD:60–50 3 347–351 0.42 0.36 ns S. salar CHA(6.3) gene F: GCACAGAGCTGGGTTCAGTA 
R: GTTTGTGTTTGGGAGACTGGTCA 

P + + ? ?

CA063143 (CA)21 TD:60–50 12 190–216 0.71 0.62 ns — F: CATGAACATCGAGCAGGCTA
R: GTTTAGCTCATTTCTCCACGTTTGA 

+ ? 0 + +

CA058128 (AC)12 TD:60–50 6 144–156 0.64 0.54 ns D. rerio ATPase. H + transporting.
V1 subunit G isoform 1

F: GCACTGTATTTTGGTCTCCACA
R: GTTTCTGTTTCCCATCTTCATTGC 

+ + + + +

CA058580 (GT)12 TD:60–50 4 199–209 0.46 0.46 ns — F: ATAACATGCAAGCGGTTTCC
R: GTTTGCTGGAAGTGTTGAGTTGC

+ P + ? ?

CA059521 (TA)15 TD:60–50 3 146–158 0.48 0.36 0.012 D. rerio COP9 constitutive photo-
morphogenic homolog subunit 7A

F: GGCGTCAAGTCTGTCACTCA
R: GTTTCGATAACGTGACCAATGCAC 

+ + + P +

CA056586 (AG)14 TD:60–50 11 366–388 0.77 0.6 ns O. gorbuscha microsatellite
locus Ogo2

F: GCCTACATCGCACACCATAA
R: GTTTCCACTCATTCTCGCTTTTCA 

+ P 0 ? ?

CA038562 (GT)20 TD:60–50 8 139–157 0.62 0.53 ns D. rerio proto galectin (Gal1-L2) F: TAGTGGCTCCATCCATTGGT
R: GTTTCATTGGCTTTCCAGAGGTC

? P ? P +

CA058557 (AT)17 TD:60–50 8 188–208 0.75 0.62 0.009 – F: TCCAACACCACAATCTTCAAGT
R: GTTTGTCGTTTCGGGTGTAAATG 

+ + + P P

CA037514 (CT)12 TD:60–50 3 280–286 0.18 0.16 ns S. salar peroxisome proliferator
activated receptor gamma 
(PPAR gene)

F: TGAACATCGGCAGTACCTGA
R: GTTTATGAGGGAGGGAAAGAAGGA 

? ? + 0 0

CA062844 (CA)13 TD:60–50 5 189–201 0.70 0.6 ns — F: TGACACTGTGGCCTGTCTCT
R: GTTTGAGTTCTGGGTTATTTATTCACA 

+ + + 0 +

CA057681 (CA)15 TD:55–45 6 357–375 0.15 0.16 ns — F: CTATTGCTCCCCGATGTTGT
R: GTTTCCATCCAGGCTTCTTATTTCA 

0 P + 0 +

CA062621 (TA)17 TD:60–50 11 348–372 0.68 0.55 ns — F: TTAAAACTCCTGCCCTGTGG
R: GTTTCTTCCAAGGCTTGATGTCC 

0 + ? P +

CA062068 (CT)13 TD:60–50 10 227–249 0.69 0.62 ns — F: TCATCAAGGCTTTGTTGCAG
R: GTTTGTGCCAAATTATTGGCCGTA 

+ P + 0 0

CA059136 (TA)22 TD:60–50 27 318–380 0.93 0.85 ns — F: AGGGTAGTGAGAAAGCAGCAA
R: GTTTAACTGGCTGGCCATAGG 

P P + P P

Accession no./
Locus name Motif Temp. A

Size 
range (bp) HE HO HWE Homology/Identity Primer 5′–3′

Cross-species amplification

S.t. O.m. S.a. T.t. C.l.
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CA058902 (TA)35 TD:60–50 2 180–182 0.35 0.26 0.011 — F: CCAGCCAGAGAGGAACAGAC
R: GTTTGATAGCCCATCACACCAACC 

P P + P ?

CA058902 (TA)35 TD:60–50 34 201–271 0.84 0.67 0.028 — F: CCAGCCAGAGAGGAACAGAC
R: GTTTGATAGCCCATCACACCAACC 

P P + P ?

CA058586 (AT)16 TD:60–50 22 202–278 0.65 0.26 < 0.001 O. cuniculus glycogen
debranching enzyme

F: CCACACAAGTTTGGACTGGA
R: GTTTGGGGTGAATTGTCCCTTCTT 

? ? P 0 +

CA055420 (TGTA,TG)18 TD:60–50 21 356–442 0.63 0.51 ns Rattus sp. transmembrane protein F: AGGCAGTATTTGGCGACATC 0 + + 0 +
R: GTTTGCTGCTTCCCTTATGTCCTG

CA054978 (AC)22 TD:60–50 12 314–330 0.57 0.5 ns — F: ACACAACCCAGACACCAACA
R: GTTTTCTGCCCTTCCTGTCCTAA 

+ + 0 ? 0

CA054565 (AG)19 TD:60–50 4 112–126 0.38 0.36 ns — F: TCTGTGGTTCCCGATCTTTC
R: GTTTCAACATTTGCCTAGCCCAGA 

P ? P 0 0

CA053480 (AC)15 TD:60–50 16 254–290 0.84 0.71 ns — F: TGGTCACAAACCAAATGGAA
R: GTTTCCACTCCAGGGTGCTGTAA 

? ? P ? ?

CA055301 (CA)29 TD:60–50 21 217–263 0.87 0.8 ns — F: AGAACCAAGGGTACCGATCC
R: GTTTGGGAAATGGGTGGTAAGAAAA 

+ + P P +

CA052545 (CA)47 TD:60–50 3 257–263 0.03 0.02 ns — F: CCAAAGGCTCGCTAAAAACA
R: GTTTCAGTGACAGCATGAGGACAAA 

? 0 + 0 0

CA050657 (TA,CA)13 TD:55–45 12 102–126 0.85 0.74 ns S. fontinalis steroidogenic F: GGTTTCTGGGTCAAAAGGAA P 0 + 0 0
acute regulatory protein (StAR)* R: GTTTGAATGAGTGGCTGTCCAAA

CA050376 (GT)17 TD:60–50 10 301–319 0.69 0.64 ns — F: AGAGAACCATGAGGGGGAAC
R: GTTTCTTTCTGATGTGGGATGGA 

P P P 0 ?

BG935488 (CAAT)23 TD:60–50 18 166–234 0.92 0.83 ns O. mykiss neutrophil F: TGACCCCACCAAGTTTTTCT P + + 0 +
chemotactic factor (LECT2) R: GTTTAAACACAGTAAGCCCATCTATTG

BG934281 (TCTG)14 TD:60–50 27 193–267 0.88 0.8 ns T. nigroviridis unnamed protein* F: ACTGCTTCTCCCCTGCTACA 
R: GTTTGCGAACCACACATATACCAC 

? 0 0 ? ?

TD:X-Y refers to touchdown PCR protocol (see text); A, number of alleles; HE, expected heterozygosity; HO, observed heterozygosity; HWE, significance value from Hardy–Weinberg equilibrium test 
uncorrected for multiple testing; ns, P > 0.05.
Underlined sequences indicate added 5′-GTTT ‘tail’ (see text).
References: *Vasemägi et al. in press; cross-amplification results of Salmo trutta (S.t.), Onchorhynchus mykiss (O.m.), Salvelinus aplinus (S.a.), Thymallus thymallus (T.t.), Coregonus lavaretus (C.l.): P, denotes 
polymorphism, little or moderate stutter; +, indicates single band with little or moderate stutter; ? indicates considerable stutter and/or multiple bands and/or weak amplification; 0, indicates absence 
of PCR product.

Accession no./
Locus name Motif Temp. A

Size 
range (bp) HE HO HWE Homology/Identity Primer 5′–3′

Cross-species amplification

S.t. O.m. S.a. T.t. C.l.

Table 1 Continued 
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