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Abstract. Nuclear receptor-interacting protein 1 (NRIP1) specifically interacts with the hormone-dependent
activation domain AF2 of nuclear receptors to inhibit transcription. Previous work has demonstrated this protein
to be a key regulator in modulating transcriptional activity of many transcription factors, some of which are
closely related to development and growth. In this study, we have successfully genotyped two newly identified
bovine NRIP1 single-nucleotide polymorphisms (SNPs) (c.605A>G and ¢.1301G>A) using the T-ARMS-PCR
method and validated the accuracy by means of PCR-RFLP assay using 1809 individuals of 9 different cattle
breeds. The association analyses results indicated that c.605A>G locus was significantly associated with body
weight and average daily gain in Nanyang cattle at 18 months (P <0.05). Thus it can be inferred that T-ARMS-
PCR is a rapid, reliable, and cheap method for SNP genotyping and that c.605A>G polymorphism in bovine
NRIP1 is associated with growth traits. These findings will be of benefit for the application of DNA markers
related to growth traits in marker-assisted selection (MAS), and will improve the promotion of beef cattle.

1 Introduction

Known as RIP140, nuclear receptor-interacting protein 1
(NRIP1) regulates the expression of clusters of genes in the
pathways of glucose uptake, glycolysis, TCA cycle, fatty
acid oxidation, and oxidative phosphorylation (Powelka et
al., 2006). It also modulates transcriptional repression by nu-
clear hormone receptors and regulates gene expression in
metabolic tissues including the heart (Fritah et al., 2010),
skeletal muscle (Seth et al., 2007), and the liver (Herzog et
al., 2007). In addition, as a corepressor for nuclear receptors
that regulates energy expenditure in adipose tissue, NRIP1
suppresses the expression of metabolic genes involved in glu-
cose and lipid metabolism (Nichol et al., 2006). NRIP1 is
even essential for female fertility (White et al., 2000).

The expression of NRIP1 is also essential for oocyte re-
lease in ovulation (Steel et al., 2005). Moreover, NRIP1 is
involved in some human disease processes, like morbid obe-
sity (Catalan et al., 2009) and breast cancer (Docquier et al.,
2010).

Although NRIP1 has an important role in metabolism, un-
til now there have been no studies on it in cattle. Here, we
studied 1809 individuals from 9 different cattle breeds in or-
der to scan the single-nucleotide polymorphisms (SNPs) and
developed a sensitive, quick, and low-cost T-ARMS-PCR as-
say for reliable detection. We also investigated the genetic
effects of these polymorphisms on economically valuable
growth traits of Nanyang cattle.

2 Material and methods

2.1 Cattle populations, genomic DNA isolation, and data
collection

Genomic DNA samples were obtained from blood samples
of 1809 cattle, including Qinchuan (QC, n = 510), Nanyang
(NY, n=225), Luxi (LX, n=183), Jiaxian (JX, n =410),
Chinese Red Steppe cattle (CRS, n=139), Chinese Hol-
stein (CH, n=87), Angus (AGS, n =60), Hasake (HSK,
n=66), and yak (YAK, n=_83) breeds. These cattle were
separately from Shaanxi, Henan, Shandong, Jilin, and Qing-
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Table 1. Primer information for PCR amplification of bovine NRIP1 gene.

Loci  Primers (5-3') Fragments AT (°C)*
(XM_603300.3)

p1 F: AAGCCCTCGTGAACACTTCTATTG 860b 56
R:TGCTGTAAATGGGCTTCACT P

P2 F: CCAAACCCAGTGTTGCCTGTAGC 742 b 56
R: CCAAGCAGCAACTGAAGAAG P
F: ATTCGCACCAGAAAGTAACCCT

P8 R CTATCTGTATGTTCCTGAGTGC 754p 56

P4 F: GGGAAGACTGAAAAGAAAGAGAAG 599 56
R: ACTCAAGATCACTTCTGCTAAG P

P5 F: GCTGAAACTTAGCAGAAGTGATCTT 793bp 56

R: GGCAGGTCCATTTTATTCTGATTC

* AT: annealing temperature.

hai provinces of China. DNA samples were extracted from
1 mL of whole blood according to standard procedures (Sam-
brook and Russell, 2001). Records of growth traits (body
weight, body height, body length, heart girth, hucklebone
width, average daily gain) at birth, 6 months, 12 months, and
18 months of age for 225 NY cattle were collected for asso-
ciation analysis.

2.2 SNP discovery

DNA of 30 randomly chosen individuals from the same breed
were mixed into one DNA pool; therefore nine pools from
nine different breeds were prepared for PCR amplification.
Five pairs of primers (Table 1) were designed to amplify the
single exon of the bovine NRIP1 (GenBank accession num-
ber XM_603300.3). Each PCR reaction was carried out in a
25 L reaction mixture, and the cycling program was 5min
at 95°C, 34 cycles of denaturing at 94°C for 30s, anneal-
ing at 56 °C for 30s, extension at 72 °C for 30s, and a final
extension at 72 °C for 10 min, and subsequently cooling at
4°C. All PCR products were then sequenced to screen the
variations.

2.3 Genotyping

Two new polymorphisms (c.605A>G and ¢.1301G>A) were
found in the NRIP1 gene CDS region; these were used to de-
sign the primers for genotyping. The T-ARMS-PCR method
utilizes two primer pairs to amplify two different alleles in
one PCR reaction (Ye et al., 2001; Rincon and Medrano,
2003), and it does not need enzymes to digest for genotyp-
ing. Detailed information of these SNPs and their respective
two genotyping approaches is listed in Table 2.
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2.4 Statistical analysis

Genotypic and allelic frequencies were directly calculated.
He (gene heterozygosity), Ne (effective allele numbers), and
PIC (polymorphism information content) were calculated ac-
cording to the methods of Nei (1973). SPSS software (ver-
sion 16.0) was used to evaluate the relationship between
genotypes of c.605A>G and growth traits in the NY popu-
lation.
The statistical model used as follows:

Yijk =+ A; + G + (AG);j + eiji, [€h)

where Y;; is the observation of growth traits, 1. is the over-
all mean of each trait, A; is the effect due to ith age, G;
is the fixed effect of jth genotype, (AG);; is the interaction
between the ith age and the jth genotype, and ¢; jy is the ran-
dom residual error.

3 Results and discussion

3.1 Results of TARMS-PCR

The T-ARMS-PCR method was successfully applied for
genotyping of NRIP1 c.605A>G and c¢.1301G>A. The
amount of inner to outer primers at a ratio of 5:1 was the
most favorable in ensuring amplification efficiency and allele
specificity. In addition, the use of touchdown PCR also per-
mitted enhancement of the amplification of the allele-specific
fragments and reduced artificial products (Li et al., 2014).
To verify the accuracy of genotyping by T-ARMS-PCR, we
also performed forced PCR-RFLP in all samples (Table 2).
The concordance of these two SNPs between the two differ-
ent methods was very high, indicating its reliability in SNP

genotyping.
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Table 2. PCR primers for genetic variants identified in the bovine NRIP1 gene.

SNPs?  Varianttypes Mutation types ~ Genotyping Restriction Sequences of primersb (F/IR) Genotype pattern (bp)
methods enzyme
SNP1  c.605A>G Missense T-ARMS-PCR Outer F: AGCGGAAGAGGCTGTCTGATTCCATC
R: ATAGCCTGCATTTTTGGGGGAAGAAG  791bp (outer) 501 bp (G)
Inner  F: GCTAAAGATCAAAAGCCCGATACAAG  341bp (A)

PCR-RFLP Alul

R: AAGGGTTTTCGTGACATCAGGGAGGT
F: CCTAAAGGCAAACAGGACAGCA

C
R: GGTTTTCGTGACATCAGGGAAG 205/183 + 22" bp

SNP2  ¢.1301G>A Silent

Inner

PCR-RFLP Hinf |

T-ARMS-PCR Outer

F: CTGGAAAGAAACAATATAAAACAGGC
R: ACTGAACGTGGCCGAGTTTTGTGCAC  783bp (outer) 597 bp (A)
F: AGCAGTGGCGATGAAAGTTCTTAATT  237bp (G)

R: AGACAAGTCTATGGGAACACAGTGGG
F: GCAGTGGCGATGAAAGTTCTGACT

C
R: TCAACTTCGGGGACTTTTGGA 154/133 + 21bp

@ SNPs: single-nucleotide polymorphisms. © Specificity is increased by the introduction of a deliberate mismatch at position —2 of the polymorphism site, indicated by underlined letters, and the framed base shows
that the mismatch changes for creating restriction sites. ¢ The pattern size was too short to be visible in the gel.

Table 3. Genetic diversity at Alu | and Hinf I locus of the bovine NRIP1 gene.

Locus Breeds®  Genotypic frequency  Allelic frequency He?  Ne©  PICY  HWE P value®
AA AG GG A G

SNP1 QC 0.113 0.287 0.600 0.257 0.743 0.382 1.617 0.309 <0.05
NY 0.067 0.100 0.833 0.117 0.883 0.206 1.260 0.185 <0.05
LX 0.300 0.400 0.300 0.500 0.500 0.500 2.000 0.375 >0.05
CRS 0.050 0.150 0.800 0.125 0.875 0.219 1.280 0.195 <0.05
JX 0.035 0.103 0.862 0.086 0.914 0.158 1.187 0.145 <0.05
CH 0.040 0.080 0.880 0.080 0.920 0.147 1.173 0.136 <0.05
AGS 0.018 0.056 0.926 0.046 0.954 0.088 1.097 0.084 <0.05
HSK 0.046 0.227 0.727 0.159 0.841 0.268 1.365 0.232 <0.05
YAK 0.000 0.107 0.893 0.054 0.946 0.101 1.113 0.096 <0.05

SNP2 QC 0.000 0.044 0.956 0.022 0.978 0.043 1.044 0.042 <0.05
NY 0.000 0.035 0.965 0.018 0.982 0.035 1.036 0.034 <0.05
LX 0.000 0.087 0.913 0.044 0.956 0.083 1.091 0.080 <0.05
CRS 0.000 0.034 0.966 0.017 0.983 0.033 1.034 0.033 <0.05
JX 0.000 0.010 0.990 0.005 0.995 0.010 1.010 0.010 <0.05
CH 0.000 0.015 0.985 0.008 0.992 0.015 1.015 0.015 <0.05
AGS 0.000 0.026 0.974 0.013 0.987 0.025 1.026 0.025 <0.05
HSK 0.000 0.012 0.988 0.006 0.994 0.012 1.012 0.012 <0.05
YAK 0.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 <0.05

2 Breeds: QC, Qinchuan cattle; NY, Nanyang cattle; LX, Luxi cattle; CRS, Chinese Red Steppe cattle; JX, Jiaxian cattle; CH, Chinese Holstein;
AGS, Angus; HSK, Hasake; YAK, yak. b He: expected heterozygosity. ¢ Ne: effective allele numbers. dpiC: polymorphism information content. ©

HWE P value: Hardy-Weinberg equilibrium P value.

3.2 Genetic diversity analyses

Genetic indices (He, Ne and PIC) in these nine cattle pop-
ulations are presented in Table 3. The observed He val-
ues ranged from 0.000 to 0.500, while Ne values ranged
from 1.000 to 2.000. The minimum and maximum PIC val-
ues were 0.000 and 0.375, respectively. The frequency of
genotype GG (allele G) was dominant in all tested popula-
tions, although only the LX cattle in SNP1 was in Hardy—
Weinberg equilibrium (P >0.05). The x? test showed that
the genotype distributions within other cattle populations
were deviated from HWE (P <0.05) (Table 3), which indi-
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cates that there was no dynamic equilibrium even in artificial
selection, migration, and genetic drift function. According
to the classification of PIC (PIC value <0.25, low polymor-
phism; 0.25<PIC value <0.5, intermediate polymorphism;
0.5 <PIC value, high polymorphism), in SNP1, the QC and
LX breeds possessed intermediate polymorphism and the
other seven breeds possessed low polymorphism. Compared
with yellow cattle, genotype AA was not found in YAK, and
the A allele frequency was very low, implying that this mu-
tation is possibly associated with some quantitative traits (Li
et al., 2014). In the other six cattle breeds, genotype GG was
predominant, with frequencies ranging from 0.600 to 0.926.
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Table 4. Significant associations of SNP at c.605A>G locus with growth traits in Nanyang cattle.

Age Growth traits SNP genotypes (mean + SE)
AA GG AG
Birth BW (kg) 29.52+0.51 29.85+0.64 29.73+0.38
6 months BW (kg) 155.03+3.69  137.13+6.78 156.35 + 2.54
ADG (kg) 0.69 +0.02 0.59+0.04 0.70+0.01
12 months BW (kg) 220.66 £4.03  210.87+7.41 224.88+2.78
ADG (kg) 0.36 £0.02 0.41+0.04 0.38+£0.02
18 months BW (kg) 304.25ab+2.21 29547a+3.15 324.20b+12.18
ADG (kg) 0.47ab £ 0.04 0.40a+0.02 0.60b +0.11

Mean + SE: means =+ standard error of means. Letters a and b denote values that differ significantly at P <0.05.

BW: body weight; ADG: average daily gain.

This means that GG has existed for a long time and is more
adapted to steppe environments (Huang et al., 2011). For
SNP2, all nine breeds possessed low polymorphism. Geno-
types AG and GG were detected and genotype GG was pre-
dominant in all nine cattle breeds, with frequencies ranging
from 0.913 to 1.000. Interestingly, only genotype GG was
found in YAK, which might result from a specific selection
history and/or a smaller sample size.

3.3 Association analyses in NY cattle

The results of the association analyses between single mark-
ers and growth traits (body weight and average daily gain)
are shown in Table 4. The other recorded growth traits (body
height, body length, heart girth, and hucklebone width) were
not significantly associated with genotypes (P >0.05; data
not shown).

Among these two loci, ¢.605A>G significantly associ-
ated with body weight (P <0.05) and average daily gain
(P <0.05) at 18 months between cattle with genotypes AG,
AA, and GG. Individuals with genotype AG appeared to
be superior in body weight and average daily gain at 18
months compared with those with genotype AA, which in-
dicates that the heterozygosis of this locus was associated
with an increase in these two traits at 18 months in the pop-
ulation. Strangely, the highest performance appeared in het-
erozygotes, so there may not be any additive effects. There-
fore, it may be the interactions between other effects that
caused the heterozygotes to have highest performance; this
requires further study. This SNP is located in the CDS region
of the bovine NRIP1, which resulted in a missense mutation,
Asn > Ser. Growth traits are physiological functions that are
controlled by multiple genes. Genes proven to have signif-
icant correlation with related traits could be candidates in
the successful application of MAS. When used in practice,
the positive-effect genes should be chosen simultaneously
as molecular markers. Previous work has demonstrated that
NRIP1 plays an important role in regulating the expression
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of clusters of genes in many metabolism pathways (Powelka
et al., 2006), so NRIP1 could be an important candidate gene
for the study of growth traits.

In conclusion, two novel polymorphisms (c.605A>G and
€.1301G>A) in the bovine NRIP1 gene were detected in
this study using T-ARMS-PCR, which is a rapid and cost-
effective method; this implies that T-ARMS-PCR is a reli-
able method for genotyping. In addition, the SNP ¢.605A>G
was demonstrated to have a significant association with body
weight and average daily gain of NY cattle at 18 months of
age. These findings will be of benefit for cattle breeding and
genetics.
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