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Abstract Genetic polymorphisms in the glycogen de-
brancher enzyme (AGL) gene were assessed with regard to
their association with growth and carcass traits in the F,
population crossbred Landrace and Jeju (Korea) Black pig.
Three genotypes representing the insertion and/or deletion
(indel) polymorphisms of short interspersed nuclear ele-
ment were detected at frequencies of 0.278 (L/L), 0.479
(L/S), and 0.243 (S/S), respectively. The AGL S allele-
containing pigs evidenced significantly heavier body
weights at birth, the 3rd week, 10th week, and 20th week
during developmental stages and higher average daily gains
during the late period than were noted in the L/L homozy-
gous pigs (P < 0.05), respectively. However, average daily
gains during the early period were not significantly asso-
ciated with genotype distribution (P > 0.05). With regard
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to the carcass traits, the S allele pigs (S/-) evidenced sig-
nificantly heavier carcass weights and thicker backfat than
was measured in L/L homozygous pigs (P < 0.05). How-
ever, body lengths, meat color, and marbling scores were all
found not to be statistically significant (P > 0.05). Conse-
quently, the faster growth rate during the late period and
backfat deposition rather than intramuscular fat deposition
cause differences in pig productivity according to geno-
types of the AGL gene. These findings indicate that the AGL
genotypes may prove to be useful genetic markers for the
improvement of Jeju Black pig-related crossbreeding
systems.
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Introduction

In the livestock industry, the selection of animals with
faster growth rates, better body compositions, and better
meat quality is crucial for the production of high-grade
meats. Recent advances in molecular biology techniques,
such as DNA sequencing and mutation mining, facilitate
the detection of genetic polymorphisms and aid in the
development of potential markers associated with or linked
to desirable characteristics of livestock breeds, including
meat quality traits such as intramuscular fat deposition.
The AGL gene encodes for the glycogen debrancher
enzyme consisting of 35 exons in humans, which evidences
2 catalytic activities: amylo-1,6-glucosidase and 4-alpha-
glucanotransferase. Together with phosphorylase, AGL
functions as a critical enzyme in carbohydrate metabolism
and directs the complete degradation of glycogen [1-3].
Functional deficiency of AGL activities induces an auto-
somal recessive disease; glycogen storage disease type III
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(GSDIII) is characterized by hepatomegaly, hypoglycemia,
short stature, growth retardation, variable myopathies, and
cardiomyopathy in humans [4]. Mutations associated with
GSDIII have been reported in ethnic populations [5—11]. In
canines, a single nucleotide deletion in AGL exon 32
introduces a frameshift and truncation of the protein and
induces GSDIII in curly retrievers [12]. A new alternative
splicing isoform mRNA was documented in equine skeletal
and heart muscle and novel SNPs [13]. In the pig, AGL is
located on Sus scrofa chromosome (SSC) 4q and two
polymorphisms have been described via SINE-indel and
Avall-RFLP. Avall genotypes were polymorphic in all
eight of the tested pig breeds, but the SINE indel evidenced
breed-specific distribution in some breeds, including the
Large White and Pietrian [14].

Recently, the potential quantitative trait loci (QTL) for
porcine meat quality and productivity were described on
SSC4, SSC6, and SSC7 [15-18], but the major QTL
remain unclear, because many pig breeds have different
genetic backgrounds, and molecular markers have been
developed only from a few of the broadly distributed
industrial pig breeds such as the Large White, Duroc,
Landrace, and Chinese Meishan. Using native Korean pig
breeds, previous molecular studies have described the
relationships between genetic polymorphisms and eco-
nomic traits [19-21]. the meat quality-related QTL on
SSC4 was described in Landrace x Korean Native pig
breeds (KNP) reared in the Korean Peninsula [17]. We
reported on the relationships among the genetic polymor-
phisms of four candidate genes, including FABP3 encoding
on SSC4 and growth traits in the F, population generated
between Landrace x Jeju Black pigs (JBP) reared only on
Jeju Island, Korea [22]. Meat quality and productivity
might be associated principally with glycogen metabolism;
however, thus far no reports have been published regarding
the relationship between the polymorphisms and pheno-
typic traits in pigs. Therefore, this study assessed the
association between the AGL genotypes generated by SINE
indel and growth and carcass traits in the Landrace x JBP
F, population.

Materials and methods
Animals and DNA isolation

Blood, muscle or tail samples were collected from F,
animals generated via reciprocal intercrosses among F,
crossbreds which produced between 17 (8 boars and 9
sows) Landrace and 19 (8 boars and 11 sows) JBP foun-
ders. All experimental procedures were conducted at the
Jeju-Substation of the National Institute of Animal Science,
Rural Development Administration of Korea. A total of
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415 F, animals were utilized for the association test, except
in certain cases (stillbirth, mummy and early death in
before lactation). Growth traits were measured according to
developmental stages during production. All carcass traits
were determined in accordance with the legal grading
standard parameters endorsed by the professional meat
quality graders of the Animal Products Grading Service in
Korea, as well as the measurement of several additional
traits, including backfat and body length, by the authors.
Genomic DNA was isolated from blood and muscle via the
sucrose—proteinase K method, with slight modification, and
utilized as a template for polymerase chain reaction (PCR)
amplification.

PCR amplification, genotyping, and DNA sequencing

Enzymatic amplification by PCR utilized primers for the
AGL gene (aglF: 5-CTCAACCTTTGGGAGGTATGT-3'
and aglR: 5-GCTCAGCGAACAGTGACAATA-3) as
previously reported by [14]. PCR was conducted using 20
ul of reaction mixture, including 100 ng of DNA, 0.5
nmole of each primer, and 1 units of LA-Tag DNA poly-
merase (TaKaRa, Japan). PCR consisted of initial heating
at 95°C for 3 min, 35 cycles of 45 s for denaturation at
94°C, 45 s for annealing at 60°C and 90 s for extension at
72°C, followed by a 5 min extension at 72°C. The PCR
products were separated on agarose gels and visualized via
UV illumination, and then genotyped. Genotypes for AGL
were identified via insertion/deletion patterns (L, inserted
and S, deleted) according to [14]; the L and S alleles evi-
denced 1,467-bp and 1,192-bp bands on the agarose gels,
respectively. Following the purification of the PCR prod-
ucts, for each homozygous genotype the PCR amplified
fragments from three individuals were selected and
sequenced with an ET Dye-Terminator Sequencing kit
(Amersham Pharmacia, USA) with a MegaBacel000
automatic DNA sequencer (Amersham Pharmacia, USA).

Statistical analysis

Allele frequencies for AGL indel were calculated using the
CERVUS 3.0.3 program [23]. Growth traits included
weights (at birth, BWB; 3rd week, BW3; 10th week,
BWI10; 20th week, BW20), average daily gains (early
duration from 3 to 10 weeks, eADG; late duration from 10
to 20 weeks, 1ADG), and carcass traits included carcass
weight (BWC), backfat thickness (BF), loin muscle area
(LMA), marbling score (MS), meat color (MC), and body
length (BL). The carcass data were collected within 24 h
postmortem. Traits and genotypes were statistically ana-
lyzed via least squares analysis of variance using the
General Linear Model procedure (PROC GLM) of SAS
[24]. The Duncan’s multiple range test from PROC GLM
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was utilized to separate the means. Results were considered
significant at P < 0.05.

Results and discussion
Allele frequency and genotype distribution

Genetic polymorphisms were detected in F, animals
crossbred between Landrace and JBP. Table 1 showed the
allelic distribution and frequencies of the AGL gene in the
founder breeds, Landrace and JBP, F;, and F, animals. In
the founder breeds, the AGL gene was polymorphic in both
parents. In the F, population, three genotypes of the AGL
gene were also detected at frequencies of 0.278, 0.479, and
0.243 for L/L, L/S, and S/S, respectively. However, geno-
type distribution was not significantly related to Hardy-
Weinberg equilibrium (data not shown), thereby suggesting
artificial planning for intercrossing among F; animals.

AGL genotype and growth traits

For the AGL gene, the F, animals harboring the S allele
evidenced significantly heavier body weights at the 10th
and 20th week than those of the L/L homozygotes
(P < 0.05), respectively, but at birth only the SS homozy-
gotes evidenced significantly heavier body weights than
those of the L/ pigs (P < 0.05) (Table 2). For average
daily gains, IADG was statistically significant, with the S
allele group evidencing higher levels than the L/L homo-
zygotes (P < 0.05), but this was not the case with eADG.
This result demonstrated that the pigs harboring the AGL S
allele evidenced heavier or similar body weights at birth,
but they grew more rapidly than the L/L homozygote pigs,
particularly during the late rearing period after 10 weeks
after birth, which suggested that the AGL S allele may
contribute to increased body weight in the later period of
pig production.

Table 1 Genotypes and frequencies of the AGL gene in Land-
race x Jeju black pig F, population

Population Genotype Allele

L/L L/S S/ L S
JBP (19) 0.158 0.474 0.368 0.395 0.605
Landrace (17) 0.588 0.235 0.177 0.706 0.294
F, (69) 0.261 0.638 0.101 0.580 0.420
F, (415) 0.278 0.479 0.243 0.517 0.483

Note: Numbers in the parentheses indicate the number of animals
tested in this study

Table 2 Mean and SD of traits in Landrace x Jeju black pig F,

population
Trait' Genotype Significance
L/L L/S 5/8

BWB  142°40.02 146" +0.02 156+ 0.03 *
BW3  578° 4 0.11 6.04™ £0.08 626"+ 0.12 *
BWI0 26.50° 4+ 047 27.69* + 0.35 2720 + 0.5 *
BW20 68.76° + 0.92 73.46° &+ 0.69 73.77° + 0.97 ns
eADG 042 4+ 001 044 £001 043 £+ 001 *
IADG  0.60° + 0.01 0.65* = 0.01 0.67* & 0.01 *
BWC 8231°+ 1.15 86.28" + 0.86 87.02% & 1.21 *
LMA 2209 + 043 22.1 +0.33 2298 + 046 ns
BF  34.69° 4+ 0.76 36.89* £ 0.57 36.62% &+ 0.81 *
BL 10445 4 0.53 10544 + 0.4 105 + 0.56 ns
MC 390 +£0.07 398 +005 3.98+0.07 ns
MS 1924+ 0.13  1.96 £ 0.1 1.91 + 0.14 ns

Note: LS Mean £ SD values in the same row with different letters are
significantly different at 5% significance thresholds

! All abbreviations for each trait are given in the section Materials

and methods

AGL genotype and carcass traits

According to the results of association analysis between
AGL genotypes and carcass traits, the pigs harboring the S
allele evidenced heavier carcass weights and thicker
backfat than the L/L homozygote pigs (P < 0.05). How-
ever, no significant association was detected with the loin
muscle area, meat color, body length, and marbling score
(P > 0.05). Among these factors, the marbling scores
represented the levels of intramuscular fat deposition in
M. longissimus dorsi; consequently, the lack of a detected
relation between the AGL genotypes and marbling scores
indicates that the significant difference in carcass weights
according to AGL genotypes was not caused by intramus-
cular fat deposition. On the other hand, because the backfat
thickness was significantly associated with AGL genotypes,
the observed differences in body weights at different
developmental stages and at carcass probably caused
backfat deposition, but not intramuscular fat deposition.

Conclusion

Thus far, a number of molecular markers have been tested
and developed for meat production in pigs. In Korea, the
Jeju Black pig has been regarded as a Korean native ani-
mal, and Korean people prefer black pork meat, particu-
larly from native black pigs-thus, a genetic improvement
program for native black pigs is highly recommended.
However, most black pigs in Korea actually appear to be
mixed pigs of untraceable origin, because they have been
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maintained in farms exposed to exotic pig breeds, including
other black-colored pig breeds such as Hampshire and
Berkshire pigs. Since the twentieth Century, many indus-
trial exotic pig breeds have been either directly or indi-
rectly imported from other countries in efforts to improve
pig production. They have been confused with native pig
resources, and most native black pigs in Korea have long
since disappeared. At present, small populations of native
pigs were separately maintained on the Korean Peninsula
(KNP) and Jeju Island (JBP).

In our previous report, genetic polymorphisms of
FABP3 were associated with early stage body weights, and
those of MC4R, FABP3, MYL2 and ADCYAPIRI were
associated with late-stage body weights and body lengths
in the Landrace x JBP F, population [22]. Among these,
the FABP3 gene was also encoded on SSC4, which harbors
the AGL gene tested in this study. The results of association
analysis between AGL genotypes and growth traits were
shown to be similar to those of FABP3 analysis; a signif-
icant association with body weights and average daily gain
was noted during the late period, but not with body length.
The potential QTL for meat quality was the first to propose
on SSC4 in the pig [15]. However, molecular reports have
suggested that the SSC6 be the major QTL containing
chromosome that determines the levels of intramuscular fat
deposition from the studies of Landrace x KNP intercross
[17, 18] rather than SSC4.

According to the results of statistical association anal-
yses of AGL genotypes with growth and carcass traits in
the Landrace x JBP F, population, the pigs harboring the
AGL S allele evidenced heavier weights, faster growth in
the late production period, and thicker backfat than those
of the L/L homozygous pigs. These findings indicate that
the S allele AGL protein may be more efficient for gly-
cogen-related metabolism for pig productivity than those
of the L allele. However, no comparative functional anal-
yses of AGL proteins containing each allele have yet been
conducted, and thus further studies of the molecular
function of this protein in glycogen metabolism and its
related development in the pig should definitely be con-
ducted. The present findings of significant associations of
AGL genotypes with phenotypic traits also indicate that it
is possible to use this genetic approach to improve the
meat productivity or quality of JBP-related populations
using this molecular marker for sire-based predictions.
More breed combination studies using the JBP breed and
genome-scale molecular approaches will be required in
order to develop molecular marker-based improvement
systems.
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