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ABSTRACT

The aim of this study was to identify quantitative trait loci (QTLs) influencing teat number traits in an F2 intercross 
between Landrace and Korean native pigs (KNP). Three teat number traits (left, right, and total) were measured in 
1105 F2 progeny. All experimental animals were genotyped with 173 informative microsatellite markers located 
throughout the pig genome. We detect that seven chromosomes harbored QTLs for teat number traits: genome regions 
on SSC1, 3, 7, 8, 10, 11, and 13. Six of fourteen identified QTL reached genome-wide significance. In SSC7, we 
identified a major QTL affecting total teat number that accounted for 5.6 % of the phenotypic variance, which was 
the highest test statistic (F-ratio = 61.1 under the additive model, nominal P = 1.3×10-14) observed in this study. In 
this region, QTL for left and right teat number were also detected with genome-wide significance. With exception 
of the QTL in SSC10, the allele from KNP in all 6 identified QTLs was associated with decreased phenotypic values. 
In conclusion, our study identified both previously reported and novel QTL affecting teat number traits. These results 
can play an important role in determining the genetic structure underlying the variation of teat number in pigs.
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INTRODUCTION

There are two kinds of Korean native pigs: the indigenous 
pig raised on the Korean Peninsula and the Jeju native pig 
inhabited on Jeju Island. Owing to being raised on an island 
that has been isolated for more than 1,000 years, the Jeju 
native pig (hereafter, the Jeju native pig is referred to as KNP) 
has exclusive genetic properties that are different from those 
of the pigs raised on the Korea Peninsula (Cho et al., 2009). 
The coat color of KNP is black, and its feed efficiency and 
growth rate are low, as with most native breeds. However, 
KNP is famous for their meat quality features, such as reddish 
meat color and a high degree of marbling. 

The teat number traits are important in swine industry due 
to the fact that it is a part of lactation organs and is related 
with the mothering ability and live litter size. Teat numbers 
vary between-breed and also within-breed. When the teat 

numbers of Duroc, Large White and Landrace pig breeds were 
measured, the average values were 13.6, 14.3, and 14.4, 
respectively. Compared to the Western breeds, the teat number 
of KNP is lower; it is on average 13.2 for KNP (I-.C. Cho, 
Unpublished data). The teat number traits show low (0.20) to 
medium (0.50) heritabilities (Ding et al., 2009). Thus, it is 
important to elucidate the genetic foundation of this trait to 
improve genetic potentials of postnatal care of piglet. Several 
genome scanning analyses have been conducted to delineate 
the genome-wide map of QTL for teat number traits (left, 
right, and total) in pigs with the exception of SSC9, 13, 14, 
18, and Y-chromosome (summarized in PigQTLdb: http://www. 
animalgenome.org/cgi-bin/QTLdb/SS/index). In this study, we 
identified QTL affecting teat number traits using an F2 
intercross between Landrace and Korean native pigs (KNP). 
We also present the identification of previously reported and 
novel QTL for teat number traits in pigs. 
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Table 1. Summary of identified QTL for teat number traits

95% SIc

SSC Traits
Position

(cM)
F-ratioa Mode of 

inheritanceb cM Marker
Additive

(SE)d
Dominance

(SE)e %Varf

1 TotalTN 49 15.7* A 27-72 SW1515-SW2035 -0.23 (0.058) ‡ 1.51
LeftTN 49 13.0* A 0-74 SW1514-SW2035 -0.13 (0.035) ‡ 1.25

RightTN 49 9.0 A 0-86 SW1514-S0331 -0.10 (0.034) † 0.87
3 TotalTN 1 9.6 A 0-55 APR22-SW487 -0.15 (0.049) † 0.93

LeftTN 35 7.7 AD 21-59 SW2021-SW487 -0.11 (0.037) † -0.19 (0.066) † 1.48
7 TotalTN 66 61.1** A 60-78 S0102-SW147 -0.40 (0.051) ‡ 5.63

LeftTN 67 36.7** A 56-80 207G8-4-SW147 -0.19 (0.031) ‡ 3.46
RightTN 65 48.3** A 56-80 207G8-4-SW147 -0.21 (0.030) ‡ 4.51

8 LeftTN 13 6.2 AD 0-32 SW2410-SW1345 -0.06 (0.030) * -0.13 (0.045) † 1.21
10 TotalTN 99 8.5 A 82-135 SWR1849-SW2067 0.15 (0.052) † 0.82

RightTN 115 7.9 A 79-135 SWR1849-SW2067 0.11 (0.041) † 0.76
11 LeftTN 62 6.1 A 0-81 SW1460-SW1135 -0.09 (0.035) * 0.59
13 TotalTN 67 9.9 A 38-106 SW864-S0215 -0.16 (0.052) † 0.96

RightTN 80 13.0* A 45-104 SW864-S0215 -0.11 (0.031) ‡ 1.26
a Test statistic and level of significance genome-wide significance (**1%, *5%) thresholds.
b A represents additive effect; AD represents additive and dominance effects.
c 95% support intervals estimated by the 1.5-LOD drop method. Flanking markers for the QTL support intervals.
d Additive effect and standard error. A positive value means the Jeju native pig allele has an increase effect on a trait, and a negative value

indicates that the Landrace allele has an increase effect on a trait.
e Dominant effect and standard error.
f Var % is the reduction in residual variance of the F2 population obtained by inclusion of a QTL at the given position.
* P<0.05, †P<0.01, ‡P<0.001

MATERIALS and METHODS

1. Experimental animals and phenotypes

A three-generation resource population was generated and 
managed as described by Cho et al. (2011). Nineteen purebred 
KNP were crossed with 17 purebred Landrace. From these 
crosses, 91 F1 progeny and 1105 F2 progeny from 79 full-sib 
families were produced. Each of the F2 progeny, teat numbers 
at the left- (LeftTN) and the right- (RightTN) hand side were 
recorded by simple counting. The total teat number (TotalTN) 
was the sum of the teat number at both sides. 

2. Genotypes and genetic map

A total of 173 informative microsatellite markers covering 
the autosomes and X chromosome were PCR-amplified in 
1232 pigs. The map order and genetic distance were 
determined using the build option in the CRIMAP software 
version 2.4 (Green et al. 1990). The total map length was 
2348.8 cM

3. Statistical analysis.

An interval mapping model based on least squares 
regression was used for QTL analysis, including the cofactors 
of sex, full-sib, along with additive and dominance effects (2 
d.f.) for a putative QTL. We used a web-based GridQTL 
program to conduct QTL analysis (Seaton et al., 2006). 
Identification of QTL was based on an F-ratio test statistic 
comparing a full model with a reduced model (with the 
cofactors only). The F-ratios were calculated at 1-cM intervals 
across the genome. Selection of the final genetic model for the 
QTL analysis was according to Cho et al. (2011). To detect 
a single QTL, genome-wide empirical significant thresholds of 
the test statistic (i.e., F-ratio) were obtained by 1,000 
permutations of data (Churchill and Doerge, 1994). 
Genome-wide thresholds for highly significant (a=0.01) and 
significant linkage (a=0.05) were employed. Suggestive 
linkage was employed using a 5% chromosome-wide 
threshold. The 1.5-LOD (logarithm of odds) drop method was 
used to estimate support intervals for identified QTL at the 
suggestive and significant levels of significance (Dupuis and 
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Siegmund, 1999). The verifications of novel QTL were done 
by comparing the flanking markers of previously reported 
QTL in the pig QTLdb (http://www.animalgenome.org 
/QTLdb/pig) with those of newly detected QTL in this study.

RESULTS and DISCUSSION

We identified six significant QTL and eight suggestive QTL 
in seven chromosomes (SSC1, 3, 7, 8, 10, 11, and 13) (Table 
1). In SSC1, we detected two significant QTL for the TotalTN 
(nominal P = 8.1×10-5) and LeftTN (nominal P = 0.0003), and 
one suggestive QTL for RightTN at the same position (49 cM) 
(Fig. 1A). These QTL explained up to 1.51% of the 
phenotypic variance. At these QTL loci, alleles from the KNP 
were associated with decreased phenotypic values. QTL region 
affecting TotalTN overlapped with previously reported QTL 
regions in other studies (Wada et al., 2000; Guo et al., 2008; 
Ding et al., 2009), while the previous studies did not report 
the QTL for LeftTN and RightTN. In SSC3, we identified two 
suggestive QTL for TotalTN (1 cM) and LeftTN (35 cM). The 
QTL at 35 cM showed decreased teat number with the 
estimated additive effect of -0.11±0.037 and the dominance 
effect of -0.19±0.049. These QTLs accounted up to 1.48% of 
the phenotypic variance, and overlapped with QTL regions 
reported in previous studies (Guo et al., 2008; Ding et al., 
2009). In SSC7, we identified most of the significant QTL 
(Fig. 1B). QTL for TotalTN (66 cM, nominal P = 1.3×10-14), 
LeftTN (67 cM, nominal P = 1.9×10-9), and RightTN (65 cM, 
nominal P = 6.4×10-12) were detected highly significant QTL 
and explained up to 5.63% of the phenotypic variance. With 
only an additive effect, the alleles at these QTL from KNP 
were associated with decreased phenotypic values. In SSC7, 
many QTL affecting teat number traits were reported in 
previous studies (Cassady et al., 2001; Wada et al., 2000; Sato 
et al., 2006; Zhang et al., 2007; Bidanel et al., 2008; Guo et 

al., 2008; Ding et al., 2009). In our current study, QTL for 
TotalTN, LeftTN, and RightTN were overlapped with QTL in 
previous studies with exception of QTL reported in Cassady et 

al. (2001) and Sato et al. (2006). Sato et al. (2003), Mikawa 
et al. (2005), and Ding et al. (2009) were reported 
co-localization of QTL for vertebra number in a QTL region 
affecting teat number traits. The KNP alleles at these QTL 
were associated with decrease phenotypic value likewise QTL 

affecting teat number traits. In SSC8, we identified one 
suggestive QTL for LeftTN at 13 cM. This QTL explained 
1.21% of the phenotypic variance, and it was novel. The QTL 
at this position showed estimated additive effect of -0.06 
±0.030 and the dominance effect of -0.13±0.045. In SSC10, 
we detected two suggestive QTL for TotalTN (99 cM) and 
RightTN (115 cM). QTL for TotalTN is overlapped with 
previous reported QTL (Rohrer, 2000; Hirooka et al., 2001; 
Dragos-Wendrich et al., 2003; Rodriguez et al., 2005; Guo et 

al., 2008), but QTL for RightTN was novel. At these loci, 
allele from KNP was associated with increased phenotypic 
value unlike other QTL. QTL affecting LeftTN was detected 
with suggestive level in SSC11 (62 cM), and it was novel. In 
SSC13, we identified QTL affecting TotalTN (67 cM) and 
RightTN (80 cM). QTL for RightTN was detected with 
significant level (F-ratio = 13.0 under the additive model, 
nominal P = 0.0003), explained 1.26% of the phenotypic 
variance; this QTL was novel. 

No QTL associated with teat number traits was detected in 
the X chromosome. In all of the identified QTL affecting teat 
number traits, the KNP allele was always associated with 
lower teat number, whereas the Landrace allele was associated 
with higher phenotypic values with the exception of QTL in 
SSC10. These results are consistent with the observed increase 
of teat number in Western breeds through selective breeding. 

In conclusion, we conducted a genome-wide QTL analysis 
for teat number traits using an F2 intercross between KNP and 
Landrace pigs. A total of 14 QTLs were identified for teat 
number traits. The results from this study not only revealed 
novel QTLs but also verified previously reported QTLs. The 
results presented herein can play an important role in 
investigating the genetic structure of phenotypic variation of 
teat number traits in pigs. 
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Fig. 1 Test statistic profiles for teat number traits on (A) SSC1 and (B) SSC7 using an F2 intercross between Landrace and Korean
native pigs. Marker map with genetic distance between microsatellite markers in Kosambi cM is given on the x-axis. The y-axis represents
the F-value testing the hypothesis of a single QTL in a given position on the chromosome. The thick horizontal line indicate the 5%
genome-wide significant threshold and thin horizontal line indicate the 5 % chromosome-wise significant threshold. Trait abbreviations 
are listed in Supplementary table 1.
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Supplementary table 1. Statistics of teat number traits in the F2 progeny of an intercross between Landrace and Korean native pigs

Correlation coefficients
Trait Abbr. N Mean SD Range TotalTN LeftTN RightTN

Total teat number TotalTN 1105 13.7 1.3 10-18 1
Left teat number LeftTN 1105 6.8 0.7 5-9 0.872‡ 1

Right teat number RightTN 1105 6.9 0.7 5-9 0.875‡ 0.525‡ 1
‡P<0.001
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