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Confidence level analysis of detecting chromosome

copy number detection using SNP array
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(Department of Electronic Science and Technology of China, University of Science and Technology of China, Anhui Hefei 230027, China)

Abstract ; Recently, using SNP arrays to detect chromosomal copy number aberrations of tumor cells gains its popularity.
Several methods that devoted for copy number dissection have been proposed. However, there is no study being
performed regarding the error rate of results of copy number detection comparing with true copy number profile. In this
study, by using GPHMM and ASCAT, which are both devoted for copy number detection, examinations on the
relationship between entropy and accuracy are conducted and results show that accuracy and entropy demonstrate a strong
correlation. By testing the accuracy and entropy under different tumor cell proportions , results show that with the
increase of the proportion of the tumor cells, average entropy of detection results become larger and the variance becomes
smaller. Also, study finds that the average rate of correct detection is significantly increasing when the variance is
decreasing, indicating that the proportion of tumor cells can affect the accuracy of detection and information entropy at
the same time. At last, by taking an error detection case of tumor samples with high proportion of tumor cells, study
shows that limited kinds of aberrations and small entropy are likely to cause the occurrence of serious bias in average
copy number estimation. In conclusion, all results suggest that entropy can act as confidence level indicator for copy
number detection ; the higher entropy is likely to produce the better reliability regarding copy number detection.
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Fig.1 Petection results
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Notes: (a)refers to relationship between GPHMM, ASCAT detection accuracy and detection results entropy respectively; (b)refers to dividing entropy

intervals of 0.2, the proportion of detection accuracy bigger than 90% in every interval distribution curve. Abscissa stands for mid-value entropy of every

interval.
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Fig.2 Detection accuracyof GPHMM with respect to four different proportions of cancer cells

I YA LA 43 Ry 20%

Notes ; Four different proportions of cancer cell; 20%,

30%,

40% ,

50% .

30%, 40% , and 50%.

— 2B TG Bl MR LU AR AR S 2 0 T

= SRRl

45 R fE B, 45 R 3 R R,

GPHMM T e HE 45135 31 40% I, - 24 G 00 v 4 %
AR, 7 22 WA /N TR EL AR AR A 268
R 22 5 X BEARRE IE A R ARG ok o 7R MR EE

B2 20% I, 23 A7 580 i Jed R AR A2 S R 0 o A, 1

S5RGBT 1.6, 9 HAP R R 515 5
22
2.0
= 1.8

{3
a2 1.6
* 14
12
1.0
02 03 04 05
i A A e 2

B3 PR E A L Bl A

W J7 22 HBAR K, GPHMM R BT , B AE A
o PR 3 Ze A M ], 4 R s B iR 400 L LE
BN A5 SR E 2 W0 K, T7 22 B H08/)S , [R) ip
A 00 TE B R I (E AN B4 2 ,Eﬁ%ﬂiﬂéﬂd\,ﬁﬁfﬁ
JIlesRE A e A e T (5 Ll A R

PETE, X R I S ] DL SN AR AR R 1) He o 1
SN RN T A 5 AT DR A R e T 4 SR A TR o

1.0

0.9 +
% 0.8
ﬁi 0.7
E 0.6
ﬂ
B- 05

0.4

0.3

02 03 04 05
il e M e 25

SRMSKRNERETEER

Fig.3 Entropy and GPHMM detection accuracy error bar for four different proportions tumor cell samples
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Notes : The bars present average entropy or average accuracy rate, the vertical lines represent the variance.
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Notes : (a)refers to real copy number distribution; (b)stands for GPHMM detection results, the proportion of tumor cells in the sample is 50%.

2 % B

A5 GPHMM , ASCAT Wi Fp#] F SNP array
KA AN o 2 L 2 €5 A P DRSS Sy i, AR SR
BRI 235 505 05 55 R0 T 2 2 A7 AEAR 5 ) A
N, B TR 2R DAy ) U ARG D0 5 2R 02 1 m A

AR « 15 S ey, G0 45 2L B ] i, >4 £ AR
RIS, RGN 235 SR A AR oy (3 L, X o A N 245 24

VERATE R P B2 ok —FA SO e T HE 2R . S
NGS( Next Generation Sequencing)&jﬁ?’i%“ﬂ S HI
NGS Bt i 4% DK vt i b 2217 ] i
T 3 — BBkt ", A SC 4R ) A D ot v L i —
AHESE NGS i ot

27 ik ( References )

[1] WANG K, LI M,HADLEY D, et al. PennCNV ; an inte-
grated hidden Markov model designed for high-resolution

copy number variation detection in whole-genome SNP

genotyping data [ J]. Genome Research, 2007, 17(11) .
1665-1674.

[2] ALBERTSON D G, COLLINS C, MCCORMICK F, et al.
Chromosome aberrations in solid tumors [ J]. Nature Ge-
netics, 2003, 34(4) . 369-376.

[3] SCHAAF C P, WISZNIEWSKA J, BEAUDET A L. Copy
number and SNP arrays in clinical diagnostics [ J]. An-
nual Review of Genomics and Human Genetics, 2011,
12. 25-51.

[4] GIRIRAJAN S, CAMPBELL C D, EICHLER E E. Hu-
man copy number variation and complex genetic disease
[J]. Annual Review of Genetics, 2011, 45. 203-226.

[5] NAVE C, KEREN B, MIGNOT C, et al. Prospective di-
agnostic analysis of copy number variants using SNP mi-
croarrays in individuals with autism spectrum disorders
[J]. European Journal of Human Genetics, 2013, 22
(1), 71-78.

[6] PEIFFER D A, LE J M, STEEMERS F J, et al. High-
resolution genomic profiling of chromosomal aberrations u-
sing Infinium whole-genome genotyping [ J]. Genome Re-

search, 2006, 16(9) : 1136-1148.



286

£ 0 £

A

F %12 &

[7]

(8]

(9]

[10]

[11]

[12]

[13]

VAN LOO P,NORDGARD S H, LINGJERDE O C, et
al. Allele-specific copy number analysis of tumors [ J].
Proceedings of the National Academy of Sciences, 2010,
107(39) : 16910-16915.

LI A, LIU Z,LEZON-GEYDA K, et al. GPHMM: an inte-
grated hidden Markov model for identification of copy num-
ber alteration and loss of heterozygosity in complex tumor
samples using whole genome SNP arrays [ J]. Nucleic Acids
Research, 2011, 39(12) . 4928-4941.

YAU C, MOURADOV D, JORISSEN R N, et al. A sta-
tistical approach for detecting genomic aberrations in het-
erogeneous tumor samples from single nucleotide polymor-
phism genotyping data [ J]. Genome Biology, 2010, 11
(9): R92-R92.

SUN W, WRIGHT F A, TANG Z, et al. Integrated study
of copy number states and genotype calls using high-den-
sity SNP arrays [ J]. Nucleic Acids Research, 2009, 37
(16) : 5365-5377.

ECKEL-PASSOW J E, ATKINSON E J, MAHARJAN S, et
al. Software comparison for evaluating genomic copy number
variation for Affymetrix 6.0 SNP array platform [J]. BMC
Bioinformatics, 2011, 12(1): 220.

MOSEN-ANSORENA D, ARANSAY A M, RODRIGUEZ-
EZPELETA N. Comparison of methods to detect copy
number alterations in cancer using simulated and real gen-
otyping data [ J]. BMC Bioinformatics, 2012, 13(1):
192.

WHEELER E, HUANG N, BOCHUKOVA E G, et al.
Genome-wide SNP and CNV analysis identifies common
and low-frequency variants associated with severe early-

onset obesity [ J]. Nature Genetics, 2013, 45(5) ; 513-

[14]

[16]

[17]

[20]

517.

TREFF N R, SU J, TAO X, et al. Single-cell whole-ge-
nome amplification technique impacts the accuracy of SNP
microarray-based genotyping and copy number analyses
[J]. Molecular Human Reproduction, 2011, 17 (6) .
335-343.

MARDIS E R. The impact of next-generation sequencing
technology on genetics [ J]. Trends in Genetics, 2008,
24(3) . 133-141.

YOON S, XUAN Z, MAKAROV V, et al. Sensitive and
accurate detection of copy number variants using read
depth of coverage [ ] ]. Genome Research, 2009, 19(9) .
1586-1592.

BOEVA V, POPOVA T, BLEAKLEY K, et al. Control-
FREEC : a tool for assessing copy number and allelic con-
tent using next-generation sequencing data [ J]. Bioinfor-
matics, 2012, 28(3) . 423-425.

CONWAY C, CHALKLEY R, HIGH A, et al. Next-gen-
eration sequencing for simultaneous determination of hu-
man papillomavirus load, subtype, and associated genom-
ic copy number changes in tumors [ J]. The Journal of
Molecular Diagnostics, 2012, 14(2) . 104-111.
BICKHART D M, HOU Y, SCHROEDER S G, et al.
Copy number variation of individual cattle genomes using
next-generation sequencing [ J ]. Genome Research,
2012, 22(4) . 778-790.

TEO S M, PAWITAN Y, KU C S, et al. Statistical chal-
lenges associated with detecting copy number variations
with next-generation sequencing [ J]. Bioinformatics,

2012, 28(21) . 2711-2718.



