
can be eliminated as candidates for DCM in IWs. However, the

detected sequence differences between the IWs and the boxer

reference sequence (Table S2) might be useful in further linkage

and association studies of DCM in other dog breeds.

Acknowledgements: The authors acknowledge the breeders of

Irish wolfhounds for donation of blood and tissue samples.

References
1 Osterziel K. J. (2005) Herz 30, 529–34.

2 Broschk C. & Distl O. (2005) Dtsch tierärztl Wschr 112,

380–5.

3 Distl O. et al. (2007) Heredity 99, 460–5.

4 Vollmar A. (2000) J Am Anim Hosp Assoc 36, 125–32.

5 Abecasis G. R. et al. (2002) Nat Genet 30, 97–101.

6 Kong A. & Cox N. J. (1997) Am J Hum Genet 61, 1179–88.

Correspondence: O. Distl (ottmar.distl@tiho-hannover.de)

Supplementary material
The following supplementary material is available for this

article online from http://www.blackwell-synergy.com/doi/full/

10.1111/j.1365-2052.2007.01684.x

Appendix S1 Background information on candidate genes.

Table S1 Primer pairs used, reference sequences, canine

GeneIDs, annealing temperature (Ta), positions of PCR products

within loci and size of PCR products.

Table S2 Identified polymorphisms in the six candidate genes,

their chromosomal locations (CFA), their corresponding alleles

of the boxer reference sequence and the alleles found in Irish

wolfhounds (IW).

Table S3 Genotypic and allelic association using v2-tests, their

degrees of freedom (DF) and error probabilities (P).

Please note: Blackwell Publishing is not responsible for the

content or functionality of any supplementary materials sup-

plied by the authors.

doi:10.1111/j.1365-2052.2007.01670.x

GEAMM v.1.4: a versatile program for mixed
model analysis of gene expression data
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Source/description: This note presents the program GEAMM v.1.4

(Gene Expression Analysis with Mixed Models), a versatile

software program to analyse appropriately normalized gene

expression data by a heteroskedastic mixed model, and allowing

for both discrete and continuous effects in model. Although the

analysis of gene expression data is an area of intensive software

development, available programs are focused on the compari-

son between discrete-type effects1 (e.g., health vs. cancerous

cells2), whereas continuous effects like age3 cannot be easily

accommodated. To our best knowledge, this is the first micro-

array-specific program allowing for an easy and flexible mod-

elling of continuous effects on gene expression analysis. Mixed

model equations are implemented under Bayesian inference

and solved through Gibbs sampling. The program, user’s guide

and example files can be downloaded free of charge from http://

www.bdporc.irta.es/Publicacions/GEAMM.zip. A user’s guide is

also available as Appendix S1.

Mixed model analysis: Taking an appropriately normalized gene

expression data set from p probes and q arrays as the starting

point (a base 2 logarithm transformation is assumed), this

program allows for a highly versatile mixed model analysis4

based on the following equation:

y ¼ Xaþ
Xn

i¼1

ZiDi þ
Xm

j¼1

cjbj þ e;

where y (pq · 1 elements) is the vector of gene expression

data sorted by array and probe within array, and is influenced

by the overall effect of each array (a, q · 1 elements), as well

as n discrete (Di) and m continuous (bj) within-probe effects

defined by the user (both Di and bj with dimensions p · 1).

Incidence matrices (or vectors) are appropriately constructed

as X, Zi and cj respectively and e accounts for the residual

term. Note that X is a q · q identity matrix Kronecker product

with a p-dimensional vector of ones. Under a standard

Bayesian development, a heteroskedastic mixed model is

assumed with the Bayesian likelihood defined as multivariate

normal distributed:

pðyja;D1;...;Dn;b1;...;bm;RÞ�N Xaþ
Xn

i¼1

ZiDiþ
Xm

j¼1

cjbj;Iq�R

 !
;

where R is the p · p matrix of residual (co)variances with

probe-specific residual variances and null residual covariances

between probes, and Iq is a q · q identity matrix. A priori

distributions for Di and bj are assumed multivariate normal,

pðDijr2
i Þ � Nð0; Ipr

2
i Þ and pðbjjr2

j Þ � Nð0; Ipr
2
j Þ;

where Ip is a p · p identity matrix, and r2
i and r2

j are the

variance components of the ith discrete and jth continuous

effects respectively. Priors for r2
i and r2

j are a scaled-v)2

distribution with hyper-parameters S2 and m (it converges to a

flat prior when S2 ¼ 0 and m ¼ )2). Alternatively, a flat

prior is also allowed for bj. A priori distributions for the

remaining parameters in the model are assumed flat. All the

unknowns in the model are easily sampled from their joint

posterior distribution by Gibbs sampling.5 This program runs

with only a Monte Carlo Markov chain where length of burn-in

and sampling periods are appropriately defined by users in the

parameter file.

Technical issues: Programming was in FORTRAN90 and the

executable file runs in DOS-Windows operating systems.

The program requires three (space-delimited) input files: (i)

parameter file (input/output options and analysis settings);

(ii) model file (description of the operational model); and (iii)

gene expression files; it accommodates up to 20 files with base 2

logarithm of gene expression scores sorted by array (columns,

up to 100 arrays in a single file or distributed in several files)

and probe (rows, up to 50 000). The model is solved through

Bayesian inference and therefore, inference is made on the
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posterior distribution of each parameter of interest (difference

between each pair of levels of a given discrete effect or regres-

sion coefficient of a given continuous effect), providing its

posterior mean, posterior standard deviation and posterior

probability above (negative posterior mean) or below zero

(positive posterior mean). GEAMM v.1.4 can accommodate gene

expression data from both one-channel and two-channel

microarray platforms,6 and supports a wide range of analytical

models. This flexibility on discrete and continuous effects

highlights GEAMM v.1.4 as an appealing statistical tool in the

gene expression analysis framework.
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Source/description: Tiger grouper Epinephelus fuscoguttatus is a

highly prized foodfish with consistently good flavour and suit-

able texture. Because of its habit of hiding in nooks and crevices

throughout its life, the difficulty in harvesting means that

capture fisheries cannot meet market demands.1 In aquacul-

ture, poor quality fingerlings and the strong tendency for

cannibalism among juveniles remain as challenges to over-

come. We report the development of the first set of 13 poly-

morphic microsatellites in E. fuscoguttatus, which will

potentially be useful in stock management and selective

breeding,2 and we assess their use in analysing the genetic

diversity of a broodstock in Singapore.

Isolation of microsatellites: A partial genomic library enriched

for GACA-repeats was constructed using 350 ng DNA

extracted from muscle tissue.3 Clones with inserts between 300

and 1200 bp were sequenced in both directions using BIGDYE

3.0 chemicals with an ABI 3730xl sequencer (Applied Biosys-

tems). Of the 48 sequenced clones, 20 yielded microsatellite

sequences for primer design.

PCR conditions and genotyping of microsatellites: A panel of three

E. fuscoguttatus samples was used to screen each of the 20 pri-

mer pairs. Amplification reactions (25 ll) contained 1 · PCR

buffer with 1.5 mM MgCl2, 0.2 lM each primer, 200 lM dNTP,

40 ng DNA and 1.0 U Taq polymerase. The PCR programme on

a PTC 100 PCR machine (MJ Research) consisted of 33 cycles of

denaturation at 94 �C for 30 s, annealing at 55 �C for 30 s,

extension at 72 �C for 30 s and final extension at 72 �C for

5 min. PCR products were visualized on 2% agarose gels. Based

on strength and clarity of the banding patterns, 13 loci were

selected for further investigation using fluorescently labelled

(either 6-FAM or HEX) primers. These loci were used to screen

60 E. fuscoguttatus samples from a farm in Singapore using the

same PCR programme and reaction. Fluorescent dye-labelled

fragments were separated and analysed using an ABI 3730xl

sequencer and its software GENEMAPPER v3.5.

Genetic diversity in an E. fuscoguttatus broodstock: Table 1 shows

attributes of 13 microsatellites in 60 broodstock samples.

Average allele number of the 13 markers was 10.1, ranging

from 3 for Efu09 to 19 for Efu08. This is slightly higher than

that (allele number ¼ 8.0–9.6) of another marine fish species,

the Asian seabass.4 Observed and expected heterozygosity val-

ues were 0.74 and 0.72 respectively. Fixation index (f ¼
1 ) HO/HE) was quite low (0.03). Twelve of the 13 markers

conformed to Hardy–Weinberg equilibrium (HWE). All these

data implied that the broodstock contained high genetic vari-

ability, and could be used as a founder population for selective

breeding.

Multiplex PCR: In addition, we developed two multiplex PCRs

for rapid and precise genotyping.5 Besides differing primer

concentrations, other components in the PCR and cycling

programme were the same as that of single-locus PCR. Multi-

plex PCR set 1 included 0.2 lM each Efu08 primer, 0.16 lM

Efu04, 0.08 lM each Efu07 primer, 0.08 lM Efu16, 0.12 lM

Efu10 and 0.12 lM Efu15. Set 2 comprised 0.32 lM Efu02,

0.2 lM Efu18, 0.2 lM Efu19, 0.12 lM Efu4.1, 0.12 lM Efu06,

0.08 lM Efu12 and finally 0.04 lM each Efu09 primer. The

developed microsatellites and multiplex PCRs will gather initial
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