
Matrix metalloproteinase-2 (MMP2) is a member

of the gelatinase subfamily of matrix

metalloproteinases, and it can degrade all compo-

nents of the extracellular matrix and activate many

proteases and receptors by proteolysis (Skittone

et al. 2008). The MMP2 gene was significantly as-

sociated (P < 0.05) with hip structure (Fan et al.

2009) and it has been mapped around the SW1302

locus on SSC6 (Onteru et al. 2008). Moreover, in

pigs with level hip structure and strongly curved

ribs, larger loin muscle area was observed than in

pigs with steep hip and relatively flat ribs (Nikkilä

et al. 2008). Recently three quantitative trait loci

(QTLs) for longissimus dorsi muscle area (LMA)

were found on SSC6 (Edwards et al. 2008), so in

this study we performed association analyses with

the MMP2 gene to investigate its association with

lean meat production.

The genotyping was performed in two popula-

tions by using a MassARRAY system (Sequenom

Inc, San Diego, CA, USA) for the sin-

gle-nucleotide polymorphism (SNP) c.-1959C>G

(dbSNP acc. no. ss86352465) present at the puta-

tive MMP2 promoter region (Fan et al. 2009).

Population A consisted of 2066 sows of various

breed crosses from Newsham Choice Genetics.

The 10th-rib LMA was measured using real-time

ultrasonic imaging with a Pie Medical 200 (Clas-

sic Medical Supply Inc., Tequesta, FL, USA). For

population A, the association analyses used the

mixed procedure (SAS9.0; SAS Institute, Cary,

NC, USA), including genetic line, measurement

date and genotype as fixed effects, sire as a ran-

dom effect, and body weight as a covariate. Popu-

lation B was the Iowa State University Berkshire ×

Yorkshire (B×Y) pig family composed of 515 F2

animals (Malek et al. 2001), and the association

analyses were implemented as described by

Grapes and Rothschild (2006). Data on all animals

were obtained under approved animal care condi-

tions.

The SNP c.-1959C>G was polymorphic in

both populations A and B (minor allele frequency

MAF > 0.05) and it was significantly associated
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with differences in LMA (P < 0.05, Table 1). The

C allele was associated with a relatively large ad-

ditive effect on LMA when compared to that of the

G allele in the two populations.

During muscle atrophy in a mouse model, the

MMP2 gene expression was higher due to in-

creased promoter/enhancer activity, caused by

higher levels of c-jun and FosB transcription fac-

tors (Skittone et al. 2008). The SNP c.-1959C>G

used in the present study is in a putative promoter

region. As the C base in the promoter may be more

prone to methylation, the animals with the CC ge-

notype may have a lower expression of MMP2 and

hence promote more loin muscle area growth. Fur-

ther functional analyses of the c.–1959C>G and an

additional causative SNP discovery are required to

confirm the association of MMP2 with LMA in

pigs.
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Table 1. Results of association analyses between MMP2 c-1959C>G and longissimus dorsi muscle area in two pig

populations

Population Sample size No. of samples with un-
successful genotyping

Least Squares Mean* (SE) (cm2) P value

CC CG GG

A 2066 43 51.14 (0.59)ab

(n = 74)
50.92 (0.25)a

(n = 635)
50.07 (0.07)b

(n =1314)
0.001

B 515 0 –

(n = 0)

37.04 (0.76)a

(n = 73)

35.70 (0.56)b

(n = 442)
0.03

*Different superscripts in the same row indicate significant differences between means (P < 0.05)


