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FINGERPRINT PATTERN SIMILARITY: AZYGOSITY

TEST CLASSIFIER IN A THAI TWIN STUDY
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ABSTRACT: This study aims to establish zygosity determination which is essential in twin
studies by using a simple, economical, and rapid method that relies on dermatoglyphic data.
Fingerprints (FP) were collected from 138 twin pairs residing in northeastern and central
Thailand. The FP patterns were identified and the FP pattern similarity score was measured,
after which these scores were utilized to plot the Receiver Operating Characteristic (ROC) curve
and to generate the area under the ROC curve (AUC). Results showed that the mean scores of
FP pattern similarity for monozygotic (MZ) twins are statistically greater than for dizygotic
(DZ) twins. The AUC of both hands with a cut-off point equal to or greater than 5.5 provided
excellent accuracy and the highest sensitivity and specificity to differentiate between MZ and
DZ twins. The present study explores the usefulness of the FP pattern similarity of both hands to
identify the zygosity among Thai twins.
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INTRODUCTION

The fingerprints (FPs) are the epidermal ridges that
form on the fingertips of a foetus between 11 and
25 weeks of gestation and remain unchanged
throughout life [1, 2]. Because the FPs are constituted
by both genetic and environmental factors during
maternal pregnancy [3, 4], no two individuals,
including monozygotic twins, share the identical
fingerprints [5].

The zygosity determination is a basic and essential
requirement in twin studies. The misclassification
of zygosity can lead to the generation of biased
results [6]. Several empirical studies have been
conducted by developing questionnaires for the
zygosity determinations with validation [7-14].
These zygosity questionnaires have many
advantages, like simplicity and relative accuracy [9,
10, 14], such that they are the preferred method to
study twins in large-scale and population-based
epidemiological studies. A questionnaire of zygosity
determination (QOZD) usually comprises two
following sections: the degree of resemblance
perception and the confusion by others [11].
Although QOZDs use similar questions among
various studies, differences in QOZD accuracy have
occurred [9, 10, 12-14]. Therefore, it is necessary to
validate study-specific QOZDs and to examine their
validity.
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The Receiver Operating Characteristic (ROC)
analysis is a well-established method to ascertain
the efficacy of clinical diagnostic and prognostic
tests in correctly classifying diseased and non-
diseased individuals [15, 16]. The ROC analysis has
been applied to formulate questionnaires that
discriminate alcohol use disorder (AUD) from non-
AUD [17, 18]. The area under the ROC curve
(AUC) provides a measurement of how well the
questionnaire tests for the classifier. The genetic
interpretation of the AUC can be utilized to
delineate whether a test classifier is an accurate
predictor of genetic risk [19].

In a previous study of dermatoglyphics among Thai
twins [20], a modified QOZD coupled with ABO-
blood typing was used to determine zygosity.
However, a problem arose because numerous
participants did not know their blood type.
Employing FPs rather than blood group analysis to
verify zygosity may be an alternative method for
efficiently undertaking large-scale and population-
based twin research. -In this study, we intended to
investigate the FP pattern similarity between Thai
twins and validate a zygosity test classifier for
prediction of the zygosity of Thai twins.

MATERIAL AND METHODS

Fingerprints were collected using the modified
adhesive tape method [21]. Prior to fingertip
printing, the participants signed informed consents,
however when the participants were younger than
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Figure 1 Images of fingerprint patterns obtained from the adhesive-tape technique. The loops (ulnar and radial) have
only one triradius, 2 triradii for the whorls and no triradius for the arches.

18 years old, the informed assents were used. Most
of the twin pair participants were students in
primary or junior high schools located in north-
eastern and central Thailand. A snowball technique
for recruiting eligible twin pairs was employed. The
use of mass media, such as television programs,
made it easier to access the availability of the twins
to participate in the study.

Ten (10) FPs of each individual were scanned and
enlarged using an HP Scanjet G2410 to facilitate
the identification of FP patterns. The FP patterns
were identified and classified into the 4 basic types:
arch (A), radial loop (RL), ulnar loop (UL), and
whorl (W) [3, 22, 23]. The various FP patterns were
shown in Figure 1.

The FP pattern similarity was evaluated by
matching the same type of FP patterns on
homologous fingers of co-twins. Thus, when
considering the 10 digits of both hands, the minimal
FP pattern similarity score was 0, indicating that no
compatible FP patterns were observed on the
homologous fingers. If the score was 10, all 10
homologous fingers among the co-twins shared the
same FP patterns.

The type of twin was classified based on two
variables, the biological sex and FP pattern similarity
score of 6 or greater. For example, if the twin
subjects show similar gender and the FP pattern
similarity score greater than or equal to 6, the twin
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pair was classified as MZ. In contrast, if gender
difference of twin subjects was observed but the FP
pattern similarity score was greater than or equal to
6, their zygosity status was classified as DZ.

The ROC was plotted by considering two variables,
the FP pattern similarity score and twin type. While,
the theoretical ROC was plotted by the true positive
rate (referred to the sensitivity or the probability of
a diseased test), against the false positive rate which
can be calculated as 1 minus the specificity [16]. In
this study, we modified the ROC analysis between
MZ and DZ twins as classified by using the
constructed index for zygosity determination
(biological sex plus an FP pattern similarity score of
6 or over). Moreover, the area under the ROC curve
(AUC) was calculated for the observed twin
zygosity scale using SPSS (Serial No. 5068054)
[24]. The AUC value yielded an efficient phenotype
prediction (MZ or DZ twins) using a test classifier
[25]. The test classifier of the FP pattern similarity
score among co-twins was considered in this study.

STATISTICAL ANALYSIS

The statistical analyses were carried out by using
the SPSS for Windows [24]. Mean values of FP
pattern similarity within each twin type
(monozygotic, MZ and dizygotic, DZ) as well as
the differences among twin types were tested by an
independent t-test.
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Figure 2 Fingerprint (FP) pattern similarity of female twins-A and B: 7 homologous fingers are the same FP patterns
while the other three fingers (marked in underline) are different in FP patterns (adhesive-tape technique = up-side palm

looking).
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Figure 3 Fingerprint (FP) pattern similarity of male twins-A and B: 8 homologous fingers are the same FP patterns

while the other two fingers (marked in underline) are different in FP patterns (adhesive-tape technique = up-side palm
looking).
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Figure 4 The AUCs were calculated to evaluate the efficiency of test classifiers: (1) 2-hands FP pattern similarities; (2)
left-hand FP pattern similarities; (3) right-hand FP pattern similarities. The values were 0.985, 0.920, and 0.858,

respectively.

Table 1 The cut-off point, sensitivity, and specificity of each test classifier

Test classifier Cut-off point that give positive  Sensitivity  Specificity

(fingerprint pattern similarity score) if greater than or equal to (%) (%)

10 homologous fingers of 2-hands (sim_LR) 55 100.0 90.3
6.5 83.2 96.8

5 homologous fingers of the left-hand 25 925 74.2

(sim_L12345) 35 72.0 96.8

5 homologous fingers of the right-hand 25 90.7 54.8

(sim_R12345) 35 69.2 90.3

RESULTS

In this study, 138 twin pairs were classified as 107
pairs of MZ twins and 31 pairs of DZ twins using
the constructed index for zygosity determination.
Subject ages ranged from 5 to 66 years.

The FP pattern similarity mean scores from 10
homologous fingers ranged from 1 to 10, with an
average score of 7.01 (SD = 1.83) for all of the twin
subjects. In Figure 2, FP pattern similarity score is
7 of female twins while 8 homologous fingers of
male twins exhibited similar FP pattern which score
is 8 were shown in Figure 3. The mean scores of
7.77 (1.17) for the MZ twins and 4.39 (1.12) for the
Dz twins were significantly different (t = 14.30, df
= 136, p = 0.000). When comparing FP pattern
similarity for the 5 homologous fingers of the left-
hand, mean FP pattern similarity scores of MZ
twins was statistically greater than in DZ twins
[3.87 (0.88) and 2.03 (0.84), respectively; t = 10.34,
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df = 136, p = 0.000]. For the right-hand, the MZ
twins show a statistically higher mean FP pattern
similarity score than the DZ twins [3.90 (0.97) and
2.35 (0.98), respectively; t = 7.76, df = 136, p =
0.000].

The ROCs of the 3 following classifiers: the FP
pattern similarities of 10 homologous fingers
(sim_LR), 5 homologous fingers on the left-hand
(sim_L12345), and 5 homologous fingers on the
right-hand (sim_R12345) were shown in Figure 4.
The AUCs were 0.985 0.920, and 0.858,
respectively, indicating satisfactory efficiency for
differentiating between MZ and DZ twins. Table 1
showed the cut-off point along with the sensitivity
and the specificity of each classifier. It can be seen
that the classifier named sim_LR (the FP pattern
similarities of 10 homologous fingers) yields the
best sensitivity and specificity (100.0% and 90.3%,
respectively) at a cut-off point of equal to or greater
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than 5.5.

DISCUSSION

In twin research, an efficient determination for
zygosity is essential. Currently, genetic markers are
applied to several biological analyses, including
twin studies. Zygosity is usually used to determine
from either placenta types [13, 26] or polymorphic
blood types system [27] or DNA types [9, 10, 28].
However, DNA or blood type analyses to specify
zygosity are not generally feasible in most twin
studies if the volunteers do not consent for the
researcher to take biological samples from them.
Thus, other methods to assess zygosity are chosen,
such as QOZD [7-14], and dermatoglyphic variables
[9, 26-28]. However, QOZD is time-consuming.
Therefore, the alternative method in this study to
differentiate between MZ and DZ twins was the
utility of dermatoglyphic variables especially the FP
pattern similarity scores. This goal was achieved by
plotting the ROC using the different twin types as
determined by the construction of an index that
included requirements for individuals of the same
sex and an FP pattern similarity score of 6 for both
hands. The AUC that yielded an excellent accuracy
and demonstrated sensitivity and specificity values
as high as 100.0% and 90.3%, respectively, was the
FP pattern similarity of both hands with a cut-off
point of 5.5. This meant that if the unknown co-
twins show FP pattern similarity equal to or greater
than 6 for homologous fingers on their both hands,
they might be MZ twins, with a 95% confidence
interval from 0.96 to 1.00. Thus, dermatoglyphic
variables (e.g., FP pattern similarity) might be an
alternative way of identifying zygosity with a
simple, practical, economical, and reliable method
in population-based and large-scale twin studies.
Previous study [9, 26-28] used dermatoglyphic
variables and correctly classified MZ and DZ twins
between 87% to 100% compared to DNA
fingerprint or placental types. However, it should be
cautioned that this validation is not regarded as a
gold standard of zygosity testing, like placental
examination or DNA fingerprint. Therefore, in a
future study, the true discrimination power of this
test classifier would be explored to affirm this
dermatoglyphic characteristic in determining the

zygosity.

CONCLUSIONS

A dermatoglyphic data of 138 pairs of twins was
investigated with the intention of delineating MZ
twins from DZ twins by using FP pattern similarity.
The ROC analysis that yielded the AUCs was the
statistical tool used to accomplish this purpose. The
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FP pattern similarity scores of both hands with a
cut-off point equal or greater than 5.5 provided an
excellent accuracy and the highest sensitivity and
specificity in differentiating between MZ and DZ
twins.

ACKNOWLEDGEMENTS

The authors are grateful to all of the twin subjects
and schoolteachers for cooperating in the
fingerprinting process. We thanked the American
Journal Experts reviewers for their critical
comments and editing the manuscript, the KKU
Publication Clinic for providing professional
editing service. The study was funded by Khon
Kaen University, Thailand, under the Incubation
Researcher Project.

DECLARATION OF
INTERESTS
No financial or other conflicts of interest exist.

CONFLICTING

REFERENCES

1. Holt SB. The genetics of dermal ridges. Springfield:
Charles C. Thomas; 1968.

2. Penrose LS, Ohara PT. The development of the
epidermal ridges. J Med Genet. 1973; 10: 201-8.

3. Holt SB. Quantitative genetics of finger-print patterns.
Brit Med Bull. 1961; 17: 247-50.

4. Babler WJ. Embryonic development of epidermal
ridges and their configurations. Birth Defects Original
Articles Series. 1991; 27: 95-112.

5. Saladin KS, Miller L. Anatomy physiology: the unity of
form and function. Boston: McGraw-Hill Higher
Education; 2004.

6. Evans DM, Martin NG. The validity of twin studies.
GeneScreen. 2000; 1: 77-9.

7. Eisen S, Neuman R, Goldberg J, Rice J, True W.
Determining zygosity in the Vietnam Era Twin
Registry: an approach using questionnaires. Clin
Genetics. 1989; 35: 423-32.

8. Goldsmith HH. A zygosity questionnaire for young
twins: A research note. Behav Genet. 1991; 21: 257-69.

9. Spitz E, Moutier R, Reed T. Busnel MC, Marchaland C,
Roubertoux PL, et al. Comparative diagnosis of twin
zygosity by SSLP variant analysis, questionnaire, and
dermatoglyphic analysis. Behav Genet. 1996; 26: 55-
63.

10. Chen W), Chang HW, Wu MZ, Lin CC, Chang C, Chiu
YN, et al. Diagnosis of zygosity by questionnaire and
poly marker polymerase chain reaction in young twins.
Behav Genet. 1999; 29: 115-23.

11. Rasmussen F, Johansson-Kark M. The Swedish young
male twins register: A resource for studying risk factors
for cardiovascular disease and insulin resistance. Twin
Research. 2002; 5: 433-5.

12. Christiansen L, Frederiksen H, Schousboe K, Skytthe
A, von Wurmb-Schwark N. Christensen K, et al. Age-
and sex- differences in the validity of questionnaire-
based zygosity in twins. Twin Res. 2003; 6: 275-8.

J Health Res e vol.27 no.3 June 2013



134

13.

14,

15.

16.

17.

18.

19.

20.

Forget-Dubois N, Perusse D, Turecki G, Girard A,
Billette JM, Rouleau G, et al. Diagnosing zygosity in
infant twins: physical similarity, genotyping, and
chorionicity. Twin Res. 2003; 6: 479-85.

Song YM, Lee D, Lee MK, Lee K, Lee HJ, Hong EJ.
Validity of the zygosity questionnaire and
characteristics of zygosity-misdiagnosed twin pairs in
the healthy twin study of Korea. Twin Res Hum Genet.
2010; 13: 223-30.

Metz CE. Basic principles of ROC analysis. Semin in
Nuclear Med. 1978; 8: 283-98.

Murphy JM, Berwick DM, Weinstein MC, Borus JF,
Budman SH, Klerman GL. Performance of screening
and diagnostic tests: application of Receiver Operating
Characteristic analysis. Arch Gen Psychiatry. 1987; 44:
550-5.

Nanakorn S, Fukuda K, Tangseree T, Ogimoto I,
Treethiptikhun S. Validation of the Michigan
Alcoholism Screening Test-Thai version in northeast
Thailand. Kurume Med J. 1998; 45: 313-9.

Nanakorn S, Fukuda K, Ogimoto I, Tangseree T,
Treethiptikhun S. Validation of the short-Michigan
Alcoholism Screening Test Thai version in northeastern
Thailand. Southeast Asian J Trop Med Public Health.
2000; 31: 780-8.

Wray NR, Yang J, Goddard ME, Visscher PM. The
genetic interpretation of area under the ROC curve in
genomic profiling. PLoS Genet. 2010; 6(2): €1000864.
doi:10.1371/journal.pgen.1000864

Daungvao U, Nanakorn S. Fingerprint pattern and
finger ridge count of Thai Twins; proceeding of the 1°
ASEAN plus Three Graduate Research Congress; 2012
May 1-3; Chiang Mai, Thailand.

J Health Res »vol.27 no.3 June 2013

21.

22.

23.

24.

25.

26.

27.

28.

Original Article

O’Leary E, Slaney J, Bryant DG, Fraser FC. A simple
technique for recording and counting sweat pores and
the dermal ridges. Clin Genetics. 1986; 29: 122-8.
Thurmon TF. A Comprehensive Primer on Medical
Genetics. New York: The Parthenon Publishing Group
Inc; 1999.

U.S. Department of Justice, Federal Bureau of
Investigation. The science of fingerprints: classification
and uses. United States: Government Printing Office;
1990.

SPSS Inc. SPSS for Windows, version 17.0 (Serial No.
5068054): Chicago: 2009.

Lu Q, Elston RC. Using the optimal receiver operating
characteristic curve to design a predictive genetic test,
exemplified with type 2 diabetes. Am J Human Genet.
2008; 82: 641-51.

Reed T, Uchida IA, Norton Jr. JA, Christian JC.
Comparison of dermatoglyphic patterns in
monochorionic and dichorionic monozygotic twins. Am
J Hum Genet. 1978; 30: 383-91.

Colletto GMDD, Kolya M, Zimberknopf S. Diagnosis
of twin zygosity by dermatoglyphic index. Rev Brasil
Genet. 1987; 10: 289-99.

Reed T, Sprague FR, Kang KW, Nance WE, Christian
JC. Genetic analysis of dermatoglyphic patterns in
twins. Hum Hered. 1975; 25: 263-75.

http://www.jhr.cphs.chula.ac.th



