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Table 1. Characteristics of CNVs detected by two QuantiSNP and PennCNV algorithms in Baluchi sheep 

genome  
PennCNV QuantiSNP Measurement 

201 916 Total CNVs 
24.08 89.89 Total CNVs length (Mb)  
119.84 98.13 Average CNVs length (Kb) 
98.64 66.05 Median CNVs length (Kb) 
160 789 Loss 
41 127 Gain 

CNVs length range 
- 0.39 <10 kb 

1.33 8.79 10-50 kb 
29.63 24.89 50-100 kb 
66.92 59.03 100-500 kb 
2.12 0.55 500-100 kb 

- 3.4 >1Mb 

  

 

 

Fig. 1. Chromosomal distribution of detected CNVs using two algorithms of PennCNV and QuantiSNP  
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 ��-]2-  '�{W" CNVR13�*$K	 �% �% �NPennCNV   �.QuantiSN  
Table 2. Characteristics of CNVRs in two  algorithms of PennCNV and QuantiSNP  

QuantiSNP PennCNV Measurement 
316 91 Total CNVRs 

38.77 12.21 Total length (Mb) 
122.67 134.18 Average length (Kb) 
80.35 110.82 Median 
1.45 0.46 Percentage of genome covered by CNVRs (%) 
267 66 Loss 
49 23 Gain 
- 2 Mixed 

5.7- 1280 18.75-517.7 CNVR ranges (Kb) 
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0�! PennCNV  
Table 3. The sheep autosomal chromosome characterization for CNVR coverage of genome segment using PennCNV algorithm 

Chromosome 
coverage (%) 

CNVR 
count 

CNVR 
length (Mb) 

Length 
(Mb) 

Chromosome Chromosome 
coverage (%) 

CNVR 
count 

CNVR length 
(Mb) 

*Length 
(Mb) 

Chromosome 

0.08 1 0.07 84.52 OAR12 0.56 13 1.7 301.31 OAR1 
0.47 4 0.43 90.32 OAR15 0.52 12 1.38 265.69 OAR2 
0.47 4 0.37 78.35 OAR16 0.16 3 0.39 241.14 OAR3 
0.54 5 0.44 82.58 OAR17 0.38 5 0.50 130.07 OAR4 
0.76 3 0.57 70.86 OAR18 0.23 2 0.27 117.63 OAR5 
0.23 2 0.14 62.71 OAR19 1.30 11 1.69 129.79 OAR6 
0.27 2 0.15 55.94 OAR20 1.05 5 1.13 107.7 OAR7 
0.58 2 0.32 55.67 OAR22 0.79 5 0.78 98.77 OAR8 
0.76 2 0.36 47.66 OAR25 0.30 2 0.31 104.71 OAR9 
1.79 4 0.88 49.39 OAR26 0.15 1 0.14 97.21 OAR10 

 0.34 3 0.20 60.98 OAR11 

*  The chromosomes length was obtained from NCBI site. 

 ��-]4 - * �/# '�{W" !) p�*? ��dK C� -�O�*0 )�!*9�	 ��NCNVR  � *�E C�Le !	 
%�O1�	 �� 13�*$K	 QuantiSNP 
Table 4. The sheep autosomal chromosome characterization for CNVR coverage of genome using QuantiSNP algorithm 

Chromosome coverage 
(%) 

CNVR 
count 

CNVR length 
(Mb) 

Length 
(Mb) 

Chromosome Chromosome coverage 
(%) 

CNVR 
count 

CNVR length 
(Mb) 

*Length 
(Mb) 

Chromosome 

1.19 10 1.04 87.26 OAR13 1.91 40 5.76 301.31 OAR1 
1.20 6 0.85 71.11 OAR14 1.12 27 2.98 265.69 OAR2 
1.91 14 1.73 90.32 OAR15 1.21 25 2.93 241.14 OAR3 
0.93 7 0.73 78.35 OAR16 0.89 14 1.16 130.07 OAR4 
2.95 12 2.44 82.58 OAR17 1.00 15 1.18 117.63 OAR5 
1.62 12 1.15 70.86 OAR18 2.06 19 2.67 129.79 OAR6 
0.86 5 0.54 62.71 OAR19 1.09 13 1.17 107.7 OAR7 
1.41 8 0.79 55.94 OAR20 1.46 14 1.44 98.77 OAR8 
0.81 7 0.43 52.95 OAR21 1.63 13 1.70 104.71 OAR9 
2.46 8 1.37 55.67 OAR22 2.19 13 2.13 97.21 OAR10 
2.39 6 1.14 47.66 OAR25 1.64 7 1.00 60.98 OAR11 
1.62 7 0.80 49.39 OAR26 1.95 14 1.65 84.52 OAR12 

*  The chromosomes length was obtained from NCBI site. 
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Table 5. Comparison of the number and size detected (CNVRs) in this study with previous studies in sheep 

References Algorithm Platform Assembly Sample size CNVR number Mean size (Kb) Median (Kb) Size range (Kb) 
Fontanesi et al. (2011)  Bovine 385 k aCGH Btau_v4.0 11 135 77.6 55.9 24.6-505 

Liu et al. (2013) PennCNV OvineSNP50 K OaiAri1 329 238 253.57 186.92 13.66-1300 

Ma et al. (2015) PennCNV OvineSNP50 K Oar_v 3.1 160 111 123.84 100.53 - 

Zhu et al. (2016) PennCNV OvineSNP600 K Oar_v 3.1 11 490 225 - - 

Hou et al. (2011) - 1.4 M aCGH OaiAri1 5 51 304.86 - 52–2000 

Jenkins et al. (2016) - 2.1 M aCGH UMD3_OA 36 3488 19 - 1–3600 

Yan et al. (2017) 

SVS 

OvineSNP50 K Oar_v3.1 385 

749 189 118 15.3-6600 

11.4-2108.8 

87-12093.7 

PennCNV 464 305.5 218.1 

CNVPartion 104 1521.3 395.4 

This study PennCNV 

OvineSNP50 K OaiAri3.1 87 

91 134.18 110.817 18.75-511.7 

5.7-1280 
 

QuantiSNP 316 122.67 80.35 
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Abstract 

Copy number variation (CNV), one of the most important structural changes in the genome, has been known as 
an important source of genetic and phenotypic variations. The purpose of this study was to compare the two 
different algorithms in CNV detection consisting PennCNV and QuantiSNP in Baluchi sheep. Data analysis was 
performed using the Illumina OvineSNP50k BeadChip on 96 Baluchi sheep. After CNV calling, the copy 
number variation regions (CNVRs) were determined using the CNVRuler program. 91 CNVRs with a length 
range of 18.75 up to 511.7 kbp were identified by the PennCNV algorithm, covering 0.46% of whole sheep 
genome. Also, 316 CNVRs with the length range of 7.5 up to 1280 kbp were obtained using QuantiSNP 
algorithm, covering 1.33% of whole sheep genome. The number of loss events was about five and three times 
more than the number of gain events for QuantiSNP and PennCNV algorithms, respectively. Also, the number 
of CNVs detected by QuantiSNP was about four times higher than PennCNV. Also, 86.6% of total CNVs (174 
CNVs with average length of 12.62 kb) identified by PennCNV were common with CNVs detected by 
QuantiSNP. In general, the results showed that the use of several algorithms could improve the accuracy for 
detecting the structural variation in the genome and led to a better understanding of the sheep genome.   

Keywords: Genotyping array, PennCNV and QuantiSNP algorithms, Structural variation, Copy number 
variation 
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