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issue of multiple testing within a set of correlated SNPs, 
still have an important role to play. Indeed, this is sup-
ported by the recommendation of Salyakina et al. (2005) 
that ‘any signifi cant result obtained using Nyholt’s proce-
dure which is not already signifi cant using Šidák’s origi-
nal correction should be confi rmed by a permutation 
test’. 

 I almost agree with this recommendation, on the basis 
that a signifi cant (or nearly signifi cant) association using 
the SNPSpD procedure which is not already signifi cant 
using Šidák’s (or Bonferroni’s) original correction, would 
indicate substantial non-independence (i.e., strong link-
age disequilibrium, LD) among the tested SNPs and one 
may therefore benefi t from performing permutations. 
That is, I acknowledge my approach is slightly conserva-
tive in the presence of strong LD. 

 Specifi cally, as in my original publication  [2]  and not-
ed on the SNPSpD webpage (http://genepi.qimr.edu.au/
general/daleN/SNPSpD/) my approach will be conserva-
tive in the presence higher order inter-marker LD and in 
particular, SNPs in perfect LD ( r  = 1). As Salyakina et al. 
(2005) note, the latter is only true when you have a com-
bination of perfectly ( r  = 1) and imperfectly ( r   ! 1) corre-
lated SNPs. Although the note on my webpage did not 
explicitly make this distinction, it does not change the 
interpretation of my recommendation to exclude all SNPs 
but one from any set of SNPs that are in perfect LD (i.e., 
remove ‘redundant’ SNPs). It is therefore unfortunate 

 I welcome Salyakina et al.’s (2005)  [1]  thorough evalu-
ation of my approach to estimate the effective number of 
independent single-nucleotide polymorphisms (SNPs) 
from a set of correlated SNPs  [2] , and I hope their paper 
and this response will stimulate more researchers to think 
seriously about their analysis methods. I emphatically 
agree with the author’s main conclusion that my proce-
dure (SNPSpD) is a useful exploratory tool and is not a 
 replacement  for using a permutation test. 

 The development of high throughput and inexpensive 
SNP genotyping platforms coupled with the availability 
of numerous SNP databases and their high frequency 
throughout the genome has lead to the enthusiastic utili-
zation of SNP markers in genetic trait association studies. 
Indeed, an NCBI PubMed search using (SNP, associa-
tion, gene, 2005) indicates approximately 1000 studies 
testing SNPs for association to a trait will be published in 
2005 alone. Furthermore, this fi eld is shifting toward a 
more (thorough) gene-based approach in which many 
variants within a candidate gene (region) are considered 
(see for example  [3] ). 

 However, although both the number of studies being 
performed and the development of powerful statistical 
analysis techniques are proceeding at an astounding rate, 
the reality exists that the knowledge and computational 
skills of many researchers who are performing these stud-
ies has not kept pace. Therefore, access to simple approx-
imate approaches such as SNPSpD, which address the 
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Salyakina et al. (2005) did not follow this recommenda-
tion in their evaluation of the SNPSpD procedure, as 
their failure to do so would clearly have biased their re-
sults. Despite this short coming, the results of Salyakina 
et al. (2005) indicate my procedure produces type I errors 
very close to the desired 5%. 

 To address this conservativeness and assist users of the 
SNPSpD web-based procedure I have updated the code 
to now restrict analysis to individuals who are genotyped 
at all loci and automatically remove redundant SNPs. 

 Finally, I do not agree that a signifi cant fi nding using 
the SNPSpD procedure must be  confi rmed  via permuta-
tion and I am somewhat puzzled by the fi nding of Salya-
kina et al. (2005) that my procedure ‘may also be anti-
conservative when there is strong LD between SNPs’. I 
can think of no theoretical justifi cation for why my pro-
cedure would  underestimate  the approximate number of 
independent SNPs ( M  eff ), nor is one provided by Salya-
kina et al. (2005). That is, although it seems reasonable 
to describe dependencies between SNPs by pairwise cor-
relations, because LD associated with alleles from three 
or more markers decays more rapidly than that from two 
markers  [4, 5] , higher order SNP correlations which are 
not captured via pairwise measures could only contribute 

to an  overestimate  of  M  eff . Instead, I wonder whether their 
few ‘anti-conservative’ fi ndings result from a peculiarity 
in their simulations and/or the assumption that their sim-
ulated minimum p values correspond to a beta distribu-
tion for the SNP sets in question. 

 In closing, I wish to make clear that I never intended 
the SNPSpD approach to  replace  permutation proce-
dures. Instead, I envisaged the procedure to be utilized 
by a wide variety of researchers who will appreciate its 
convenience and useful measure of SNP independence. 
Results from SNPSpD enable researchers to make an in-
formed decision on whether future analyses, namely per-
mutations, would be benefi cial. Furthermore, besides 
from using  M  eff  estimates to adjust signifi cance thresh-
olds after SNP genotyping, one can incorporate  M  eff  esti-
mates calculated from HapMap data  [6]  at the study de-
sign stage, to obtain a less conservative estimation of the 
number of planned independent tests for use in power 
calculations. 
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