
Nucleophosmin 1 (NPM1) is a phosphoprotein ex-

pressed mainly in the nucleolus; it shuttles be-

tween the nucleus and cytoplasm and is involved

in many cellular activities. The NPM1 gene is in-

volved in numerous diverse cellular processes,

such as ribosome biogenesis, centrosome duplica-

tion, protein chaperoning, and transcriptional con-

trol. In humans, NPM1 is an essential nucleolar

protein with acute loss of expression resulting in

severe attenuation of cellular proliferation and in-

creased apoptosis (Brady et al. 2004). In agree-

ment with these in vitro findings, 2 reports have

shown that NPM1 is required for embryonic de-

velopment and that fibroblasts derived from

NPM1-deficient embryos have a reduced capacity

to grow and proliferate (Grisendi et al. 2005). Cu-

mulative evidence has indicated that one aspect of

cell growth control in which NPM1 might be in-

volved is transcriptional regulation. In mice, it is

an essential protein for development and cell

growth (Maggi et al. 2008).

The bovine NPM1 gene is located on chromo-

some 9. It contains a single exon and encodes 295

amino acids. Here, we report for the first time a

12-bp deletion mutation in its coding region.

Moreover, we assess the association of the muta-

tion in the NPM1 gene with growth traits in cattle,

which may contribute to animal breeding and ge-

netics.

Genomic DNA samples were obtained from

1035 individuals of 4 cattle breeds: Nanyang

(N = 265), Qinchuan (N = 235), Jiaxian (N = 441),

and Chinese Holstein (N = 94). These cattle breeds

represent the main breeds of China. The animals

were reared in the provinces of Henan and

Shaanxi. After weaning at 6 months age, they were

fed ad libitum on concentrated feed and straw to

24 months of age. Growth traits (body weight,
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body height, body length, heart girth, hucklebone

width, average daily gain) were recorded at birth

and after 6, 12, 18, and 24 months for 265

Nanyang cattle (Gilbert et al. 1993). Genomic

DNA samples were isolated from 2% hepa-

rin-treated blood samples and stored at –80oC.

Primers used to amplify the bovine NPM1 gene

were designed from a published gene sequence

(GenBank NC_007307). These included primer

NPM1-P1 forward 5’-GCT TCT CTC CCA CAT

AAG-3’ (nt 75-92) and reverse 5’-CGT CTT ATT

TCA TTT CTG TA-3’ (nt 1027-1046) as well as

NPM1-P2 forward 5’-GAG GAG GAG GAG

GAG GTG AAA CTC C-3’ (nt 490-514) and re-

verse 5’-CTT CCT CAT CAA AAT CGT-3’ (nt

650-667). The product of NPM1-P1 was a 972-bp

fragment, which contained the whole coding re-

gion involved. NPM1-P2 was designed to detect

the polymorphism. PCR amplification and se-

quencing were performed according to the stan-

dard protocol. Aliquots of 5 L of PCR products

each were loaded on 10% polyacrylamide gel

(80 mm × 73 mm × 0.75 mm) in 1 × TBE buffer

and constant voltage (180 V) for 1-1.5 h. The gel

was stained with ethidium bromide.

The products of primer NPM1-P2 showed

polymorphism in the studied populations. A

shorter allele was designated as D (166 bp) and the

longer allele as W (178 bp). All 3 genotypes were

detected (Figures 1 and 2) in most of the studied

populations. The frequencies of WW/WD/DD in

the investigated breeds were: 2/194/70 in

Nanyang, 1/185/49 in Qinchuan, 2/311/128 in

Jiaxian, and 0/23/71 in Chinese Holstein. Fre-

quencies of the D allele in the analyzed popula-

tions were 0.630, 0.602, 0.643, and 0.878,

respectively. Homozygotes WW were very infre-

quent in our study. This suggests that frequencies

of allele W decrease in the course of artificial se-

lection, migration, and genetic drift. On the other

hand, allele W may be a negative mutation for ani-

mals, as homozygotes WW were nearly absent. In

the POU1F1 locus, a comparable population

lacked the D2D2 genotype (Lan et al. 2007), and in

the PRL locus almost no genotype AA was de-

tected (Lan et al. 2009). The DNA sequence dis-

covered in the present study was deposited in the

GenBank database (GenBank GQ153529). The

comparison of the nucleotide sequence of the bo-

vine NPM1 gene (GenBank NC_007307) and the

GQ153529 sequence revealed a 12-bp deletion

(Figure 1). The observed segregation of the bovine

NPM1 alleles can be explained rather by a nega-

tive or sublethal effect of the missing genotype.

The 12-bp deletion variant may negatively

influence the growth of fetuses during prenatal de-

velopment.

The polymorphism information content (PIC),

gene heterozygosity (He), and effective allele

number (Ne) were calculated according to Nei et

al. (1974). The results indicate that the genetic di-

versity within the bovine NPM1 gene was not very

high in the analyzed populations. The values (PIC,

He, Ne) in NY, QC, JX and CH were (0.36, 0.47,

1.87), (0.36, 0.48, 1.92), (0.35, 0.46, 1.85), (0.19,

0.21, 1.27), respectively.

Statistical analysis was performed on records

of growth traits in Nanyang breed. The 265 indi-

viduals of Nanyang breed come from a common

ancestor (pedigrees of the core breeding popula-

tion animals were traced back 3 generations). The

SPSS software (Version 16.0) was used to analyze

the relationships between the genotypes and traits

in cattle. The following linear model was used:

Yijk = ì + Ai + Gj + Eijk ,

where Yijk is the trait measured on the ijkth animal;

ì is the overall population mean; Ai is the fixed ef-

fect due to the ith age group; Gj is the fixed effect

associated with jth genotype; and Eijk is the random

error (Gan et al. 2008). The least square means

(LSM) estimates with standard errors for 2 geno-

types and growth traits were used. The 6 growth

traits were analyzed at birth and after 6, 12, 18, and

24 months. The animals with the DD genotype had

higher body weight than those with genotype WD

(P < 0.01) at birth and 12 months. Body length and

heart girth for the animals with genotype DD were

significantly larger than for those with genotype

WD (P < 0.05 or P < 0.01, respectively) at 6 and 12

months (Table 1), but not at 18 and 24 months of

age. This suggests that the insertion mutation in

the bovine NPN1 gene affects growth traits, result-

ing in larger birth weight, body weight, body

length, and heart girth in the first year after birth.

This is a 12-bp deletion mutation in the coding re-

gion of the gene, so it may affect the level of trans-

lation efficiency of NPN1. Thus the mutation may

indirectly contribute to growth performance and

fat-quality characteristics of cattle at a young age.

The other recorded growth traits (body height,

hucklebone width, and average daily gain) were

not significantly associated with genotype

(P > 0.05, data not shown).

The NPM1 gene plays essential roles in mouse

development and cell growth. NPM1 directs the

nuclear export of both 40S and 60S ribosomal sub-

units. The transduction of NPM-shuttling-defec-

tive mutants or the loss of NPM1 inhibited the
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nuclear export of both ribosomal subunits, re-

duced the available pool of cytoplasmic poly-

somes, and diminished overall protein synthesis

without affecting rRNA processing or ribosome

assembly. These results support the idea that

NPM-regulated ribosome export is a fundamental

process in cell growth (Maggi et al. 2008). In hu-

mans, NPM1 mutations are the most frequent mo-

lecular aberration that can be identified in more

than 30% of the patients with acute myelogenous

leukemia (AML). The first and most frequent one

consists of a 4-nucleotide insertion downstream

from nucleotide 959; the second is a deletion of a

GGAGG sequence at positions 965 through 969

and substitution with 9 extra nt (GenBank

NM_002520) (Emanuele et al. 2005). In the hu-

man NPM gene, C-terminal tryptophans 288 and

286 are important for nucleolar localization of the

NPM protein, as their substitution results in NPM

displacement to the cytoplasm (Yuki et al. 2002).

In the 12-bp deletion mutations in the coding re-

gion of the bovine NPM1 gene, 4 amino acids are

inserted into the peptide chain in the transcription
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Figure 1. Sequencing results of the bovine NPM1-WW genotype (A) and NPM1-DD genotype (B).

Figure 2. Polyacrylamide gel electrophoretic patterns of

the NPM1 gene in Chinese cattle. M = molecular marker;

genotypes; WW = 178 bp; WD = 178 bp and 166 bp;

DD = 166 bp.

Table 1. Association between genotype at the NPM1 gene and growth

traits in Nanyang cattle

Age (months) Growth traits Mean±SE P

DD (N = 70) WD (N = 194)

0 Birth weight (kg) 32.214±0.422 29.120±0.265 <0.001

6 Body weight (kg) 164.893±3.565 157.817±2.239 0.096

Body length (cm) 107.788±1.078 104.718±0.677 0.018

Heart girth (cm) 132.071±1.351 127.549±0.849 0.006

12 Body weight (kg) 233.321±4.165A 219.845±2.616 0.007

Body length (cm) 120.214±1.358 115.761±0.853 0.007

Heart girth (cm) 145.250±1.399 139.887±0.878 0.002

18 Body weight (kg) 299.036±5.589 298.225±3.510 0.903

Body length (cm) 130.036±1.320 129.394±0.829 0.682

Heart girth (cm) 156.250±1.552 155.704±0.975 0.767

24 Body weight (kg) 379.821±7.531 364.085±4.729 0.080

Body length (cm) 139.214±1.440 137.634±0.905 0.355

Heart girth (cm) 169.714±1.886 168.711±1.184 0.653



process. This possibly enables changes in the sec-

ondary and tertiary structure of the NPM1 protein,

and affects its biological function.
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