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Developmental Expression Changes of Specific Genes in
Adipose Tissue for Different Pig Breeds by Using Pathway-
Focused Microarray
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Abstract: The expression changes of genes associated with adipose metabolism and regulation of cell growth in backfat tissue at
five growth stages (1, 2, 3, 4 and 5 months) of Landrace (a leaner Western breed) and Taihu pigs (a fatty indigenous Chinese breed)
were measured by using pathway-focused Oligo microarray. The comparative results between two pig breeds of change ratios
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showed that the fold changes of 10, 6, 11, 8 and 19 genes were over two times at same month from 1 to 5 months respectively.
Variance analysis (ANOVA) revealed that 25 genes in Landrace pigs showed significantly altered in expression among five growth
stages (P<0.05). Principal components analysis (PCA) revealed that angiopoietin-like 4 (ANGPTL4), cathepsin K (CTSK), isocitrate
dehydrogenase 2(NADP") (IDH2), lipoprotein lipase (LPL), malic enzyme 1 (ME1), stearoyl-CoA desaturase (SCD) and uncoupling
protein 2 (UCP2) displayed distinctive expression patterns from other genes, which suggested that these genes may be subject to
special regulation during the period from 1 to 5 months. K-means clustering analysis revealed that genes in Landrace pigs which
showed up-regulation were mainly related to the positive regulation of fatty acid metabolism and genes in Taihu pigs which showed
slight fluctuation were mainly related to the regulation of cell growth. Quantitative real-time RT-PCR was used to verify the
microarray data for five modulated genes, and a good positive correlation between the two measures of expression was observed for
both two pig breeds at different growth stages. These results highlight some possible candidate genes for porcine carcass and meat
quality traits, reveal the expressional disciplinarian of correlative genes and provide some data on which to base further study of the
dynamic balance process for fatty acid biogynthesis and hydrolyzation.
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Fig. 1 Modified loop microarray experimental designs for
temporal and breed studies
The arrow from tail to head indicates Cy5 to Cy3 dye. Temporal
gene expression changes within breeds were analyzed with
microarrays using a direct loop design that included two
independent loops, for a total of five arrays per loop. Breed changes
in gene expression at same month were analyzed with microarrays
using a matched-pair design that included five arrays.
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Table 1 Information on the primers used for quantitative real-time PCR?
Gene symbol Primer sequence(5'—3") Amplicon length/bp Tm/°C GenBank
Accession No.
ACTB TCTGGCACCACACCTTCT 114 62 DQ178122
TGATCTGGGTCATCTTCTCAC
TBP GATGGACGTTCGGTTTAGG 124 60 DQ178129
AGCAGCACAGTACGAGCAA
TOP2B AACTGGATGATGCTAATGATGCT 137 60 AF222921
TGGAAAAACTCCGTATCTGTCTC
IGF-11 ACACCCTCCAGTTTGTCTGCG 108 61 X56094
CAGCTACGGAAGCAGCACTCT
IGFBP3 CCAGCGCTACAAGGTCGACTAC 73 61 AF085482
TCTCGCGCTTGGACTCAGA
SCD AAGGAACTAGAAGGCTGCTC 211 61 AY487829
TGTAGAGCAGCAGCCATCAC
ME] TGAAGAACCTAGAAGCCATT 242 60 X93016
AAGAGTGACCGGATCAAAAG
UCP3 ACGATGGATGCCTACAGGAC 200 61 DQ530368

TCCGAAGGCAGAGACAAAGT

a: ACTB (f-actin), TBP (TATA box binding protein) and TOP2B (topoisomerase II §) are the internal control genes™.
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Table 2 List of differential expression genes between Landrace and Taihu pigs at the same month(fold change>4)

a

Differential expression

ID Gene name S)(/};EZI (Landrace versus Taihu pigs)®
Monl Mon2 Mon3 Mon4 Mon5
1 Acyl-CoA dehydrogenase, long chain ACADL 0.94 0.36 1.27 5.55 1.40
2 Angiopoietin-like 4 ANGPTL4 1.67 0.80 1.15 0.70 6.25
3 Cathepsin K CTSK 0.17 3.73 1.24 2.92 1.44
4 Isocitrate dehydrogenase 2(NADP™) IDH2 2.37 0.67 7.18 0.49 0.24
5 Insulin-like growth factor binding protein 2 IGFBP2 0.38 0.10 0.99 0.89 0.16
6 Hormone-sensitive lipase LIPE 0.44 0.22 0.69 1.00 2.01
7 Lipoprotein lipase LPL 0.24 1.19 0.28 1.56 7.66
8 Malic enzyme 1,NADP(")-dependent ME] 1.08 1.37 0.55 10.93 1.20
9 Peroxisome proliferative activated receptor y PPARG 0.65 1.64 0.72 1.68 4.39
10 Stearoyl-CoA desaturase S¢D 1.86 6.09 0.56 2.61 0.85
11 Uncoupling protein 2 uce2 3.80 0.45 4.29 5.65 1.52
12 Uncoupling protein 3 UCP3 0.23 0.62 0.45 0.66 1.10

a. All genes showed above were found to have the fold change was greater than four times at least on one month and their fold change

values are markered in bold.

b. The differential expression represents the change ratios of the gene expression levels of Landrace versus Taihu pigs and without

logarithmic transformed.
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Table 3 List of differential expression genes of Landrace pigs among 1 to 5 months (P<0.05)?

Differential expression®

ID Gene name Gene P Value®
symbol - Mon2/1  Mon3/l  Mon4/l  Mon5/1

1 See table 2 ANGPTL4 0.21 0.19 0.07 0.22 0.016
2 See table 2 CTSK 3.37 2.04 3.39 5.33 0.043
3 Dehydrogenase/reductase(SDR family) 3 DHRS3 3.84 1.92 4.92 5.80 0.031
4 Enoyl CoA hydratase, short chain, 1 ECHSI 2.49 4.53 3.37 3.23 0.037
5 Enolase 33 ENO3 0.52 0.22 0.10 0.10 0.037
6 Fatty acid binding protein 3,muscle and heart FABP3 1.48 1.87 2.74 2.88 0.037
7 See table 2 IDH?2 0.24 0.19 0.10 0.07 0.026
8 Insulin-like growth factor binding protein 3 IGFBP3 0.33 0.13 0.27 0.38 0.043
9 Lactate dehydrogenase A LDHA 3.29 1.09 0.37 0.40 0.047
10 See table 2 LPL 7.08 2.72 4.72 7.78 0.035
11 Myoglobin MB 0.37 0.13 0.13 0.07 0.036
12 See table 2 MEI 2.11 20.46 28.05 7.15 0.026
13 Myosin, heavy polypeptide 2b MYH2B 1.28 0.63 0.16 0.15 0.037
14 Myosin, heavy polypeptide 7 MYH7 0.25 0.12 0.25 0.06 0.026
15 Myosin, light polypeptide 1 MYLI1 1.92 0.59 0.12 0.07 0.012
16 Leptin OB 3.34 3.18 3.78 4.51 0.043
17 Propionyl CoA carboxylase, Bpolypeptide PCCB 4.59 3.93 3.89 4.60 0.031
18 Phosphoglucomutase 1 PGM1 0.60 0.34 0.30 0.26 0.047
19 Ryanodine receptor 1 RYRI 0.45 0.19 0.13 0.05 0.016
20 Sterol-C4-methyl oxidase-like SC4MOL 8.74 5.61 9.48 5.73 0.039
21 See table 2 SCD 1.90 4.46 8.40 3.67 0.033
22 Titin-cap (telethonin) TCAP 0.41 0.27 0.08 0.04 0.012
23 Troponin I type 1 TNNII 0.17 0.08 0.23 0.05 0.026
24 Titin TTN 1.14 0.68 0.54 0.05 0.016
25 See table 2 UCP2 0.24 0.24 0.33 0.17 0.043

a. All genes showed above were found to have P<0.05 in mixed linear model analysis at 1 to 5 months
b. The differential expression represents the change ratios of gene expression levels versus the level at 1 month and without logarithmic

transformed

c. P value is the adjusted permutation P value after false discover rate (FDR) control which obtained from empirical Bayes test statistic, the

iterative number was 10 000!
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Fig. 2 Two-dimensional map of principal component analysis (PCA) used the time-series data of Landrace (a)
and Taihu (b) pigs
All genes plotted with respect to first and second principal components. Each black point represents a gene. The first two components of two
pig breeds both accounted for over 70% of the variance which allowed most of the information to be visualized in rotated and dimensionally
reduced ichnography
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Fig. 3 K-means clustering results of gene expression profiling for Landrace (a) and Taihu (b) pigs by using Euclidian

distance and five preconcerted clusters

A total of 93 genes of two pig breeds were clustered based on their expression profiling among five growth stages. X-axes correspond to a

successive time point. Y-axes denotes the logarithmic transformed expression value at each time point

24 WHREE RT-PCR IIE IGFBP3 (r=0.986, P<0.01, n=5),
5 SCD (r=0.768, P>0.05, n=5)
, 0.874=-0.071, (4
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Table 4 Pearson correlation analysis of selected gene expression changes between microarray and quantitative
real time RT-PCR

Gene symbol Breed r value P value
L i . .
1670 Tai s 0575 0052
L i . .002
167573 Tain s 0594 0041
L i 781 11
s i o o
s 0 o
s o o

Pearson correlation test was executed based on the expression data of five selected genes were normally distributed (One-Sample

Kolmogorov-Smirnov test, P>0.05).
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