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of 6168 Dutch Europeans from the 
Rotterdam Study [16]. 67.6% of the 
population sample had blue eyes, 
22.8% brown eyes and 9.6% neither 
blue nor brown and categorized as 
intermediate color. We performed 
prediction analyses with several 
models and parameters. Population 
characteristics, phenotype collection, 
SNP ascertainment, genotyping 
methods and details of prediction 
models and parameters are 
described in the Supplemental Data. 
All SNPs genotyped were significantly 
associated (p < 0.01) with eye color 
variation (Supplemental Data), except 
one in the ASIP gene (but, see 
below). 

A prediction model based on 
multinomial logistic regression 
constructed in the model-building 
set (n = 3804, 61.7%) using 24 SNPs 
from eight genes revealed excellent 
accuracy for predicting blue and 
brown eye color in the model-
verification set (n = 2364, 38.3%) 
based on five parameters (Table 1). 
13 SNPs were removed because 
of strong linkage disequilibrium 
with other markers in this set 
(Supplemental Data). Considering the 
area under the receiver characteristic 
operating curves (AUC) as an overall 
measure for prediction accuracy, 
whereby a completely accurate 
prediction is obtained at an AUC 
of 1, we obtained very high values 
for brown eyes at 0.93 and for blue 
eyes at 0.91. The prediction of 
intermediate color was less accurate 
with an AUC of 0.73. Predicting eye 
color using four alternative models 
yielded similar results (Supplemental 
Data). The lower prediction accuracy 
for intermediate eye color may be 
explained by unidentified associated 
SNPs as well as imprecise phenotype 
characterization; future investigations 
with more information on subtle 
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Predicting complex human 
phenotypes from genotypes 
has recently gained tremendous 
interest in the emerging field of 
consumer genomics, particularly 
in light of attempting personalized 
medicine [1,2]. So far, however, 
this approach has not been shown 
to be accurate, thus limiting its 
practical applications [3,4]. Here, 
we used human eye (iris) color 
of Europeans as an empirical 
example to demonstrate that 
highly accurate genetic prediction 
of complex human phenotypes is 
feasible. Moreover, the six DNA 
markers we identified as major eye 
color predictors will be valuable in 
forensic studies.

Facilitated by recent genome-
wide studies, single nucleotide 
polymorphisms (SNPs) in various 
genes have been identified that 
are unambiguously associated 
with human eye color variation in 
Europeans [5–7], demonstrating that 
eye color is a genetically complex 
phenotype. Thus, eye color may 
be used to exemplify the feasibility 
of accurate genetic prediction of 
complex human phenotypes. Recent 
attempts in predicting eye color have 
obtained promising results using 
SNPs in OCA2 [15], or in combination 
with HERC2 [5], or additionally in 
SLC24A4 and TYR [6]. However, 
a number of genetic variants with 
strong eye color association were 
not used in these previous prediction 
analyses; most of them were only 
identified in parallel or later studies 
[7–10]. To investigate the power of 
DNA-based eye color prediction, 
we genotyped 37 SNPs from eight 
genes [5–15], representing all 
currently known genetic variants 
with statistically significant eye 
color association (Supplemental 
Data), in a large population sample 

phenotype characterization are 
warranted.

Furthermore, to assess the 
contribution of each SNP to the 
prediction accuracy of eye color, we 
measured AUC in a step-wise manner 
by iteratively excluding individual 
SNPs from the multinomial logistic 
regression model. Six SNPs from six 
genes (HERC2 rs12913832, OCA2 
rs1800407, SLC24A4 rs12896399, 
SLC45A2 rs16891982, TYR 
rs1393350, and IRF4 rs12203592) 
were revealed as major genetic 
predictors of eye colour with an 
overall AUC of 0.93 for brown, 0.91 
for blue, and 0.72 for intermediate 
colored eyes (Figure 1). Nine 
additional SNPs (from TYRP1, OCA2, 
HERC2, and ASIP; Supplemental 
Data) had only minimal additive 
effects (Figure 1). The remaining 
nine SNPs had no additive value to 
the predictive accuracy (Figure 1; 
Supplemental Data); although they 
all were significantly associated with 
eye color in the single-SNP analysis, 
their effects were most likely being 
covered by other markers from the 
same genes included in the set of 
15 SNPs. The prediction accuracies 
presented here were improved 
considerably compared to our 
previous attempt using three SNPs in 
OCA2 and HERC2 (e.g. AUC = 0.82 
for brown eyes) [5], or compared to 
another prediction analysis [6] based 
on four SNPs in OCA2, HERC2, 
SLC24A4, and TYR that applied 
different methodology but estimating 
AUC in the Rotterdam Study using 
these four SNPs gave 0.83 for brown 
eyes.

The genetic prediction values 
obtained here for blue and brown 
eyes in Europeans represent the 
highest accuracies revealed so far in 
genetic prediction of human complex 
phenotypes. We thus demonstrated 

Table 1. DNA-based prediction of human eye (iris) color based on multinomial logistic regression 
 using 24 eye-color associated single nucleotide polymorphisms in Dutch Europeans of the 
 Rotterdam Study.

Blue Intermediate Brown

AUC 0.91 0.73 0.93
Sensitivity1 93.4   1.1 88.4
Specificity1 77.1 99.6 88.0
PPV1 89.8 25.0 67.1
NPV1 84.4 90.0 96.5

1Calculated from three two-by-two contingency tables of predicted and observed color types, where 
the predicted eye color type was obtained as the eye color with the highest predicted probability 
based on the multinomial logistic regression model. (AUC, area under the receiver operating charac-
teristic (ROC) curves; PPV, positive predictive value; NPV, negative predictive value.)
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that highly accurate DNA-based 
prediction of complex human 
phenotypes is feasible if strong 
genetic variants are implicated. Our 
findings of statistically significant eye 
color association of several genes, 
together with the high predictive 
value of SNPs therein, underline 
the importance of these genes 
in determining human iris color 
variation. Additionally, we provide 
a small set of DNA markers that 
are expected to serve as reliable 
biological evidence in suspect-
less forensic cases potentially 
allowing the police to concentrate 
investigations for tracing unknown 
persons of European descent 
according to DNA-predicted eye 
color. However, predicting with high 
accuracy the European descent 
of an unknown person using 
ancestry-sensitive DNA markers, 
as a prerequisite for a meaningful 
interpretation of the proposed 
forensic eye color prediction test, 
remains a challenging task [17,18]. 

Supplemental Data
Supplemental data are available at http://www.
current-biology.com/supplemental/S0960-
9822(09)00597-1.
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Figure 1. Contribution of 24 SNPs to the prediction accuracy of human eye (iris) color in Dutch 
Europeans of the Rotterdam Study.
Prediction performance measured by AUC for the model based on multinomial logistic regres-
sion (Y-axis) was plotted against the number of SNPs included in the model (X-axis). For each 
step, the lowest contributor in the model-building set (n = 3804) was excluded from the model; 
the model was rebuilt and used to predict eye color in the model-verification set (n = 2364).
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