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ABSTRACT 

The complete coding sequence of one pig gene, CDK20, was amplified by RT-PCR. Sequence 
analysis revealed that the porcine CDK20 gene encodes a protein of 343 amino acids which has high 
homology with the cyclin-dependent kinase 20 (CDK20) of eight species: cattle (96%), giant panda 
(96%), mouse (96%), rabbit (96%), rat (96%), dog (95%), human (93%) and Sumatran orangutan 
(93%). This novel porcine gene was then deposited into the GenBank database and finally assigned 
to GeneID: 100157041. This gene is structured in eight exons and seven introns as revealed by 
computer-assisted analysis. Polymorphism analysis revealed that there was a T/C substitution at 
the position of 96-bp of exon 4 and this led to the amino acid alteration from the Arg residue to the 
Cys residue. PCR-Alu I-RFLP analysis indicated that eight pig breeds displayed obvious genotype 
and allele frequency differences at this mutation locus. Association analysis showed that this 
polymorphic locus was significantly associated with the litter size of all parities in Large White and 
Landrace sows. Therefore, CDK20 gene could be a useful candidate gene for increasing the litter 
size of pigs. These data serve as a foundation for further insight into the porcine CDK20 gene. 
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INTRODUCTION 

Cyclin-dependent kinase 20 (CDK20) is a protein encoded by CDK20 gene 
containing a kinase domain most closely related to the cyclin-dependent protein 
kinases. The encoded kinase may activate cyclin-dependent kinase 2 and is 
involved in cell growth. However, latest studies have shown that CDK20 gene 
also functions in cell division, multicellular organismal development, protein 
phosphorylation and is also involved in the biological processes of transferase 
activity, nucleotide binding, cyclin-dependent protein kinase activity and ATP 
binding (Liu et al., 2004; Wohlbold et al., 2006; Qiu et al., 2008; Wu et al., 2009; 
Zimin et al., 2009; An et al., 2010).

As mentioned above, CDK20 gene is an important gene which has many 
biological functions. Until today, CDK20 gene has been reported in human, mouse, 
cattle and other animals, but the swine CDK20 gene has not been reported yet.

In the present experiment, we will clone the complete coding sequence of  
porcine CDK20 gene, and further do sequence analysis and polymorphic analysis. 
Furthermore, we will examine the swine CDK20 gene as a candidate gene for 
porcine reproductive traits through association analysis with the litter size.

MATERIAL AND METHODS

Animals and sample preparation

Six Large White pigs were slaughtered. Large intestine, spleen, lung, muscle, 
fat, liver, heart, kidney and ovary samples were collected, frozen in liquid 
nitrogen, and then stored at -80°C. The total RNA was extracted using the Total 
RNA Extraction Kit (Gibco, USA).These RNA samples were used to perform the 
RT-PCR for cloning the coding sequence.

Ear samples were collected from 795 unrelated animals belonging to eight pig 
populations presented in Table 1. Genomic DNA isolated from these ear samples 
would be used to perform the polymorphism analysis.

Table 1. The information on 795 unrelated pigs from eight populations

Breed Sampling location Sample size
total male female

Large White Guangdong Province 100  0 100
Landrace Guangdong Province 100  0 100
Saba Dongchuan county of Yunnan Province 100 50   50
Tibetan Xianggelila county of Yunnan Province   95 50   45
Mingguang small-ear Tengchong county of Yunnan Province 100 50   50
Diannan small-ear Banna state of Yunnan Province 100 50   50
Wujin pig Qujing city of Yunnan Province 100 50   50
Baoshan Baoshan city of Yunnan Province 100 50   50
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Both the total number of piglets born (TNB) and the number of piglets born 
alive (NBA) of 100 Large White sows and 100 Landrace sows listed in Table 1 
were recorded for 700 litters. The litter size traits data and genomic DNA of these 
pigs would be used to perform association analysis.

Isolation of the coding sequence for the porcine CDK20 gene

RT-PCR was performed to isolate the coding sequence for the porcine 
CDK20 gene using the cDNAs from different tissues above. The 25 µl reaction 
system was: 2.0 µl cDNA (100 ng/µl), 2.5 µl 2 mM mixed dNTPs, 2.5 µl 
10×Taq DNA polymerase buffer, 2.5 µl 25 mM MgCl2, 2.0 µl 10 µM forward 
primer1, 2.0 µl 10 µM reverse primer1, 2.0 units of Taq DNA polymerase  
(1U/1 µl), and 9.5 µl sterile water. The primers for porcine CDK20 gene isolation 
were designed based on the conserved coding sequence information from human 
and mouse CDK20 genes and their highly homologous pig EST sequences: 
CV874425 and CJ031871. The PCR primers were: 5'- ATG GAG CAG TAC 
TGC ATC -3' (forward primer1), 5'-TCA GCC CTC CAG GAT GAA -3' (reverse 
primer1). The PCR programme initially started with a 94°C denaturation for 4 
min, followed by 35 cycles of 94°C/50s, 55°C/50s, 72°C/50s, then 72°C extension 
for 10 min, finally 4°C to terminate the reaction. 

 The PCR products were then cloned into pMD18-T vector (TaKaRa, Dalian, 
China) and sequenced bidirectionally with the commercial fluorometric method 
(SHENGGONG, Shanghai, China). At least five independent clones were 
sequenced for each PCR product.

Sequence analysis

The gene analysis for cDNA sequence was conducted using GenScan software 
(http://genes.mit.edu/GENSCAN.html). The protein prediction and analysis were 
performed using the Conserved Domain Architecture Retrieval Tool of BLAST at 
the National Center for Biotechnology Information (NCBI) server (http://www.
ncbi.nlm.nih.gov/BLAST) and the ClustalW software (http://align.genome.jp/). 
The theoretical isoelectric point (pI) and molecular weight (Mw) of proteins was 
computed using the Compute pI/Mw Tool http://www.expasy.org/tools/pi_tool.
html). 

PCR-RFLP

The DNA from the above pigs (Table 1) was used as a template to perform 
PCR with primers: 5’- AC ACC AGC TCC GGG AGC A -3’ (forward primer2), 
5’- CCT CGG GCC AGC TCA AGA -3’ (reverse primer2).The PCR product size 
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is 204-bp. The 25 μl reaction system was: 2.0 μl DNA (100 ng), 2.5 μl 2 mM 
mixed dNTPs, 2.5 μl 10×Taq DNA polymerase buffer, 2.5 μl 25 mM MgCl2, 
1.0 μl 20 μM forward primer, 1.0 μl 20 μM reverse primer, 1.0 units of Taq DNA 
polymerase (1 U/1μl) (JINMEI, BIOTECH), and 12.5 μl sterile water. PCR was 
run as follows: 94°C for 4 min, followed by 35 cycles of 94°C for 50 s, 61°C for 
50 s, 72°C for 1 min, then 72°C extension for 10 min, finally 4°C to terminate 
reaction. The 31 μl PCR-RFLP reaction volume was: 10 μl PCR product, 18 μl 
sterile water, 1 μl Alu I (10 U), 2 μl 10 × buffer. The mixture was incubated in an 
air incubator at 37°C for 4 h, and then the genotypes were analysed on the agarose 
gel (2.5%) containing ethidium bromide.

Statistical analysis

The relationships between CDK20 genotypes and litter size traits of Large 
White (n=100) and Landrace (n=100) sows were evaluated with the general linear 
model (GLM) procedure of SAS version 8.1 (SAS Institute Inc. Cary, NC, 2000). 
Both additive and dominant effects were also estimated using REG procedure, 
where the additive effect was estimated as -1, 0 and 1 for CC, CT and TT genotype, 
respectively; and the dominant effect represented as 1, -1 and 1 for CC, CT and TT 
genotype, respectively (Zhang et al., 2009). The model was: 

Yijkl =μ+ Pi +Sj + Fk+ Gl + eijkl

where: Yijkl - the observation of the trait, μ - the least square means, Pi - the 
effect of ith parity (i =1, 2, 3, 4,5,6,7 (parity ≥ 7)), Sj - the effect of jth season,  
Fk - the effect of kth farm (k=1, 2), Gl - the effect of lth genotype (l = 1-3),   
eijkl - the random residual (Niu et al., 2009).

RESULTS

Isolation of the coding sequence for the porcine CDK20 gene

For pig CDK20 gene, through RT-PCR, one PCR product of 1041-bp was 
obtained (Figure 1). 

Sequence analysis

The cDNA nucleotide sequence analysis using the BLAST software revealed 
that this gene was not homologous to any of the known pig genes and it was 
then deposited into the GenBank database (Accession number: GU373708). The 
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Figure 1. RT-PCR result for pig CDK20 gene. M - DL2000 DNA markers; 1 - PCR product for pig 
CDK20 gene

sequence prediction was carried out using the GenScan software and result showed 
that the 1041-bp cDNA sequence represented one single gene which encoded 346 
amino acids. The theoretical isoelectric point (pI) and molecular weight (Mw) of 
these deduced proteins of this pig gene were computed using the Compute pI/
Mw Tool. The pI of pig CDK20 is 6.05. The molecular weight of this putative 
protein is 38449.45. This novel porcine gene was finally assigned to GeneID: 
100157041.

BLAST analysis revealed that the pig CDK20 protein has high homology 
with the cyclin-dependent kinase 20 (CDK20) of eight species: cattle (accession 
number: NP_001092403; 96%), giant panda (accession number: XP_002919653; 
96%), mouse (accession number: NP_444410; 96%), rabbit (accession number: 
XP_002708330; 96%), rat (accession number: NP_001020923; 96%), dog 
(accession number: XP_533555; 95%), human (accession number: NP_001034892; 
93%) and Sumatran orangutan (accession number: NP_001126328; 93%). 

To obtain the genomic DNA of CDK20, the publicly available pig genome 
database at the NCBI Pig Genome Resources (http://www.ncbi.nlm.nih.gov/ 
projects/genome/guide/pig/)  was screened using the full-length cDNA sequence 
of CDK20 as a seed. A bacterial artificial chromosome (BAC) clone (Sus scrofa 
chromosome 14 clone CH242-21I12, GenBank accession no. CU571022) which 
encompasses entire CDK20 gene was identified by BLASTGen analysis. The pig 
CDK20 gene (nucleotides 8,531-15,223 in the Sus scrofa chromosome 14 clone 
CH242-21I12) is 7,693 bp in length and consists of eight exons. All exon–intron 
splice junction sequences conform to the GT-AG rule (Figure 2).

Not to scale  ■  exon              intron

Figure 2. The genomic sequence organization representing the ORF of the pig CDK20 gene
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Polymorphism

Based on the sequence of pig CDK20 gene, primers (forward primer 2 and 
reverse primer 2) were used to amplify the DNA of Large White and Landrace. The 
products were then cloned into PMD18-T vector and sequenced bidirectionally 
with the commercial fluorometric method. One T/C mutation was found at the 
position of 96-bp of the exon 4. This led to mutation of one Alu I restriction site 
and the amino acid alteration from the Arg residue to the Cys residue. This was 
confirmed by PCR-Alu I-RFLP (Figure 3). 

Figure 3. The polymorphism analysis of pig CDK20 gene by PCR-Alu I-RFLP. CC: 196 bp; CT: 196 
bp+136 bp+60 bp; TT: 136 bp+60 bp

Subsequently, PCR-Alu I-RFLP were performed using the DNA from 795 
unrelated animals belonging to eight pig populations including Large White, 
Landrace, Saba, Tibetan, Mingguang small-ear, Diannan small-ear, Wujin and 
Baoshan pigs. Results revealed that the frequency of T allele in the two European 
pig breeds: Large White (0.425) and Landrace (0.450) is higher than that in other 
six Yunnan local pig breeds: Saba (0.340), Tibetan (0.320), Mingguang small-
ear (0.275), Diannan small-ear (0.330), Wujin (0.405) and Baoshan pigs (0.370). 
The two European pig breeds: Large White and Landrace have more animals of 
genotype CT and TT. This indicated that Yunnan local pig breeds and European 
pig breeds displayed obvious genotype and allele frequency differences at this 
C/T mutation locus.

Table 2. Allele frequency and genotype of Alu I polymorphic locus in different pig breeds

Breed Number  
of pigs

Genotype  Allele frequency
CC CT TT   C      T

Large White 100 26 63 11 0.575 0.425
Landrace 100 23 64 13 0.550 0.450
Saba 100 39 54   7 0.660 0.340
Tibetan pig   95 45 46   4 0.680 0.320
Mingguang  small-ear 100 49 47   4 0.725 0.275
Diannan small-ear 100 39 56   5 0.670 0.330
Wujin 100 26 67   7 0.595 0.405
Baoshan 100 33 60   7 0.630 0.370



572 REPRODUCTIVE TRAITS OF PORCINE CDK20 GENE
Ta

bl
e 

3.
 A

ss
oc

ia
tio

n 
be

tw
ee

n 
pi

g 
C

D
K

20
 g

en
e 

PC
R

- A
lu

 I 
-R

FL
P 

ge
no

ty
pe

s a
nd

 li
tte

r s
iz

e 
tra

its

B
re

ed
Tr

ai
ts

G
en

ot
yp

e,
 m

ea
n 

± 
SE

  G
en

et
ic

 e
ffe

ct
s, 

m
ea

n 
± 

SE
C

C
C

T
TT

ad
di

tiv
e

do
m

in
an

t

La
rg

e 
W

hi
te

1st
 p

ar
ity

N
26

63
11

TN
B

   
10

.6
29

 ±
 0

.3
37

   
 1

1.
34

2 
± 

0.
28

0
 1

1.
04

7 
± 

0.
37

9
0.

20
9 

± 
0.

18
1

  0
.5

04
 ±

 0
.1

88
N

B
A

   
  9

.0
64

 ±
 0

.3
16

   
   

9.
05

7 
± 

0.
27

9
   

9.
11

9 
± 

0.
36

7
   

 0
.0

27
 ±

 0
.1

76
 -0

.0
34

 ±
 0

.2
09

A
ll 

pa
rit

ie
s

N
   

   
   

   
  2

6
   

   
   

   
   

63
   

   
   

   
11

TN
B

   
11

.2
06

 ±
 0

.2
88

A
   

 1
1.

57
1 

± 
0.

29
5

 1
2.

24
3 

± 
0.

32
9B

0.
51

8 
± 

0.
17

6
 -0

.1
49

 ±
 0

.2
16

N
B

A
9.

71
4 

± 
0.

36
7A

   
   

9.
95

7 
± 

0.
31

5
 1

0.
78

7 
± 

0.
41

5B
0.

53
6 

± 
0.

20
9

 -0
.2

93
 ±

 0
.1

81

La
nd

ra
ce

1st
 p

ar
ity

N
   

   
   

   
  2

3
   

   
   

   
   

64
   

   
   

   
13

TN
B

   
11

.0
90

 ±
 0

.3
45

   
 1

1.
42

6 
± 

0.
34

8
 1

1.
72

5 
± 

0.
44

8
0.

31
7 

± 
0.

21
5

  0
.0

18
 ±

 0
.1

77
N

B
A

  9
.6

00
 ±

 0
.3

85
14

   
   

9.
76

4 
± 

0.
26

4
 1

0.
05

0 
± 

0.
36

3
0.

22
5 

± 
0.

19
8

 -0
.0

61
 ±

 0
.2

14

A
ll 

pa
rit

ie
s

N
   

   
   

   
  2

3
64

   
   

   
   

13
TN

B
   

11
.1

52
 ±

 0
.3

15
A

   
 1

1.
68

1 
± 

0.
24

4 
 1

2.
16

4 
± 

0.
31

2B
0.

50
6 

± 
0.

24
4

  0
.0

23
 ±

 0
.1

81
N

B
A

   
10

.2
77

 ±
 0

.2
14

a
   

 1
0.

56
0 

± 
0.

31
9 

 1
1.

05
2 

± 
0.

36
9b

0.
38

7 
± 

0.
27

4
 -0

.1
04

 ±
 0

.2
21

N
 - 

nu
m

be
r o

f i
nv

es
tig

at
ed

 li
tte

rs
; T

N
B

 - 
to

ta
l n

um
be

r o
f p

ig
le

ts
 b

or
n;

 N
B

A
 - 

th
e 

nu
m

be
r o

f p
ig

le
ts

 b
or

n 
al

iv
e;

 le
as

t s
qu

ar
e 

m
ea

n 
va

lu
es

 w
ith

 
di

ffe
re

nt
 le

tte
rs

 a
re

 si
gn

ifi
ca

nt
ly

 d
iff

er
en

t: 
sm

al
l l

et
te

r -
 P

<0
.0

5;
 c

ap
ita

l l
et

te
r -

 P
<0

.0
1



  573LIU Y.G., XIA X.H.

Association of the SNP and litter size was assessed in two populations (purebred 
Large White and purebred Landrace sows). Statistical analysis demonstrated that 
for the first parity, no significant difference was found between animals of the three 
genotypes in the experimental purebred Large White sows and in the experimental 
purebred Landrace sows. For all parities, in the purebred Large White sows, those 
with the TT genotype had an additional 1.037 piglets born compared to the CC 
animals (P<0.01) and an additional 1.073 piglets born alive compared to the CC 
animals (P<0.01). In addition, for all parities, in the purebred Landrace sows, TT 
animals had 1.012 more piglets born (P<0.01) and 0.775 more piglets born alive 
(P<0.05) than the CC animals.

DISCUSSION

In the current study, we first get the complete coding sequence of the porcine 
CDK20 gene. CDK20 gene had been reported to be an important reproduction 
related gene for it has been identified to be associated with the cell division, 
multicellular organismal development and protein phosphorylation (Liu et al., 
2004; Wohlbold et al., 2006; Qiu et al., 2008; Wu et al., 2009; Zimin et al., 2009; 
An et al., 2010). Thus, this provides a molecular basis for association analysis of 
this gene DNA polymorphism with litter size traits of pig.

With the development of modern bioinformatics and establishment of specific 
pig NCBI EST database along with different convenient analysis tools, it is much 
easier for researchers to find the useful ESTs which are highly homologous to 
the coding sequence of human genes. Based on these pig EST sequences, we can 
obtain the complete coding sequences of some pig genes through some modern 
experimental methods such as RT-PCR. From the clone and sequence analysis of 
pig CDK20 gene, it could be seen that this is an effective method to isolate some 
novel pig genes. 

The pig industry is now actively using this information to improve the pig 
production by marker assisted selection (MAS). So it is of utmost importance 
to find more candidate genes or DNA molecular markers in order to improve 
pig production. From association analysis results, it could be found that the 
polymorphism of the Alu I locus of porcine CDK20 gene can significantly affect 
litter size. The TT genotype animals obviously have better litter size of all parities 
than the CC animals in purebred Large White and Landrace sows. The pig industry 
can select and retain more TT animals to improve the reproductive performance of 
sows in pig production. We also noticed that only small Large White and Landrace 
populations had been used to perform the association analysis, and this, whether it 
will affect the association analysis results or not, should be validated in the future 
study using a larger size of samples.
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CONCLUSIONS

In conclusion, we first isolated the pig CDK20 gene and performed necessary 
sequence analysis, polymorphic analysis and association analysis. This established 
the primary foundation for further insight into this novel pig gene.
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