
 
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 

 
Gene Copy Number Detection of AADAT and ZNF622 across Diverse Pig Breeds 

 
Haifei Wang1, Jicai Jiang1, Jiying Wang2, Huimin Kang1, Qin Zhang1 and Jianfeng Liu1* 

1China Agricultural University, Beijing 100193, China,  
2Shandong Academy of Agricultural Sciences, Jinan 250100, China 

 
 

ABSTRACT: Copy number variations (CNVs) are im-
portant forms of genetic variations that could be regarded as 
promising markers for complex phenotypes in humans and 
economically significant traits in domestic animals. Here, 
we identified the gene copies of AADAT and ZNF622 
across six pig breeds of Duroc, Yorkshire, Landrace, 
Meishan, Tibetan and Daweizi. Our findings showed that 
both AADAT and ZNF622 have gene copies above 8.0 in 
average in Meishan pigs reaching approximately 2 to 4 
times higher than those in the other five breeds, which may 
account for in part the typical feature of high prolificacy in 
Meishan pigs. Further work will be required to analyze the 
genetic effects of high gene copies of these two genes and 
the findings will be expected to be applied into selection 
programs for improving reproductive performance in the 
pig. 
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Introduction 
 

Copy number variations (CNVs) are losses and 
gains of genomic sequence over 50kb between two individ-
uals of a species (Mills et al. (2011)). CNVs play a vital 
role in the regulation of gene functions by altering gene 
structure and dosage, changing gene expression and other 
mechanisms (Henrichsen et al. (2009)). As an important 
form of genetic variations, CNVs could be regarded as 
promising markers for complex phenotypes in humans and 
economically significant traits in domestic animals. CNVs 
have been found to be associated with a variety of human 
diseases (Yang et al. (2013); Wong et al. (2013)). In domestic 
animals, CNVs contributing to phenotypic variations were 
also indentified, for instance, the pea-comb phenotype in 
chickens caused by the gene copy number variation in in-
tron 1 of SOX5 (Gamazon et al. (2011)), the dominant white 
coat phenotype in pigs controlled by the duplication of the 
KIT gene (Marklund et al. (1998)). These findings suggest 
that CNVs could be regard as promising genetic markers 
for economically significant traits or disease-related traits in 
domestic animals. 

 
In our initial study, we performed a genome-wide 

CNV identification in 14 individuals derived from diverse 
pig breeds by using SNP genotyping arrays (Wang et al. 
(2013)). We found that gene copy numbers of both AADAT 
and ZNF622 were remarkably increased in Meishan pigs. 
Increased gene copies may lead to the presence of advanta-

geous allele acquiring a new function (Hurles (2004)). 
Therefore we hypothesize that, high gene copies of AADAT 
and ZNF622 may have resulted in functional changes asso-
ciated with breed characteristics specific to Meishan pigs. 
The objective of this study was to examine the copy number 
distributions of AADAT and ZNF622 at population level 
across diverse pig breeds and explore their potential func-
tional variations leading to the unique features of Meishan 
pigs. 
 

Materials and Methods 
 

Resource population. A total of 166 individuals 
were collected to construct the study population. These an-
imals included six pig breeds, Duroc pig (n = 32), Landrace 
pig (n = 30), Yorkshire pig (n = 25), Meishan pig (n = 29), 
Tibetan pig (n = 21) and Daweizi pig (n = 29). 

 
DNA extraction. Genomic DNA of all individuals 

was extracted from the ear tissue by using the Qiagen 
DNeasy Tissue kit (Qiagen, Germany) following the manu-
facturer’s instructions. All DNA samples were analyzed by 
agarose gel electrophoresis and NanoDrop™ ND-2000c 
Spectrophotometer (Thermo Scientific, Inc.). 

 
Quantitative real time PCR (qPCR). All qPCR 

were performed by using LightCycler® 480 SYBR Green I 
Master on Roche LightCycler®480 instrument according to 
the manufacturer’s guidelines. The reactions were per-
formed in triplicate with a volume of 20µl containing 10µl 
SYBRGreen Mixture, 1µl 50ng/µl genomic DNA, 1µl of 
each primer (10pM/µl), 7µl deionized water. The reaction 
conditions were as follows: 95°C for 5min, 45 cycles of 
95°C for 10s, 60°C for 10s, 72°C for 10s. Primer sequenc-
es for amplifying AADAT were: forward 5'-
TCCATACACACACCAGTCCC-3', reverse 5'-
CCATTCTGCCAAACCTACAA-3', and ZNF622 were: 
forward 5'-TGCTGCCTGGGAGACTTG-3', reverse 5'-
GCTGCCCTTAGCCTTGGA-3'. The glucagon gene 
(GCG), which is highly conserved between species and has 
been identified to have a single copy in animals (Bakkester 
et al. (2004)), was used as an internal reference gene for 
normalization and the primers were: forward 5’-	  
GAATCAACACCATCGGTCAAAT-3’, reverse 5’-
CTCCACCCATAGAATGCCCAGT-3’. The copy number 
of each gene was analyzed by the 2-��Ct method (Livak and 
Schmittgen (2001)). 
 



Results and Discussion 
 

In this study, we performed qPCR to measure the 
copy number variables of AADAT and ZNF622 across six 
pig breeds. Our findings showed that both AADAT and 
ZNF622 have gene copies above 8.0 in average in Meishan 
pigs which are well known for high prolificacy, reaching 
approximately 2 to 4 times higher than those in the other 
five breeds (Figure 1 and Figure 2). Concerning potential 
function of AADAT and ZNF622, AADAT catalyzes the 
reversible conversion of aminoadipate to α-oxoapidate in-
volved in lysine metabolism (Han et al. (2009)); ZNF622 
pertains to the zinc finger gene family and has been detect-
ed in mouse as a MPK38-interacting protein that may be 
involved in embryonic development and early T cell activa-
tion (Seong et al. (2002)). Gene duplication is thought to be 
one of the important sources of new biological functions by 
increasing the production of the corresponding proteins 
which may either enhance the efficiency of transport of a 
nutrient or accelerate the synthesis rate of metabolites 
(Kondrashov et al. (2002)). Consequently, the extraordinary 

high gene copies of AADAT and ZNF622 may influence 
their biological functions and further account for in part the 
typical feature of high prolificacy in Meishan pigs. 
 

Conclusion 
 

This work provides insights on the gene copies of 
AADAT and ZNF622 across six pig breeds. We have shown 
that AADAT and ZNF622 gene copy numbers were dramati-
cally increased in Meishan pigs that may be in part respon-
sible for the typical breed feature of high prolificacy. Fur-
ther work will be required to associate the gene copies of 
these two genes with phenotypes of interest using larger 
populations and analyze the genetic effects on typical fea-
tures of Meishan pigs. The findings will be expected to be 
applied into selection programs for improving reproductive 
performance in the pig. 

 
 
 

 

 
Figure 1. Gene copy number quantification for AADAT 
 

 
Figure 2. Gene copy number quantification for ZNF622. Boxes indicate the interquartile range between the first and third 
quartiles, and the bold line indicates the median. Whiskers represent the minimum and maximum within 1.5 times the inter-
quartile range from the first and third quartiles. Outliers outside the whiskers are shown as circles. 
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